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MÁRIA RAFFAI

Professor, Széchenyi University, NR in IFIP and IFIP TC 8
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The Journal of the SEFBIS SIG Community (SIG of JvN CS) rovides coverage of the most significant work on
principles and practice in the field of Business Information Systems, broadly construed. The scope of research
we cover encompasses contributions of lasting value to any area of BIS. To be accepted, a paper must be
judged to be truly outstanding in its field. The Editorial Board and also the reader of our Journal are interested in
work in research and developing business applications and at the boundaries, both the boundaries of subdisciplines of BIS and the boundaries between computer science and other fields.
The best indicator of scope of the journal is provided by the areas covered by its Editorial Board. These areas
change from time to time, as the field evolves. The following areas are currently covered by the members of the
Editorial Board:
−
−
−
−
−

new approach to BIS design and development: standards, methodologies, tools
eSolutions: eBusiness, eCommerce, eGovernment, eLearning etc.
planning and implementing ERP systems, especially in Hungarian Business Environment
business solutions utilizing the most up-to-date ICT systems and architectures e.g. Case Studies
the opportunity and business benefits Cloud Computing and Big Data.

The Journal seeks original papers of the highest quality, which will be accessible to a broad audience. Papers
should be written in a way that a nonspecialist can understand the main ideas! Authors submitting papers for
peer-review to SEFBIS Journal publications make a number of representations. In particular, authors should
hold the copyright on all contents of the submitted article, or request permission from the copyright holder.
Submissions to SEFBIS Journal is done electronically through sending a request in email to the Editor iin Chief
(raffai@sze.hu) by sending an abstract that will be checked as a synopsis of your paper with defining the topic of
it. Remember, you, the author, know best which area and sub-areas are covered by your paper; in addition to
clarifying the area where your paper belongs, classification often helps in quickly identifying suitable reviewers
for your paper.
Let it be this current issue a good sample of the papers! Hoping that our Readers will be the future auther of our
Jounal we wish you a useful reading of that volume!

Mária Raffai
Editor in Chief
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The Cultural Feature of Japan
in the Historical Transition of Information Systems Design
TETSUYA UCHIKI
Professor, Graduate School of Cultural Science, Saitama University, uchiki@kyy.saitama-u.ac.jp

ABSTRACT
An information systems design in Japan has been focused on improving the present functional system rather
than understanding the system environment. Therefore the design and analysis of information systems have
been considered only the know-how or the tacit knowledge in the social contexts of the practical works. In fact,
the microscopic system analysis, such as the performance of the computer systems or the fittingness of interface
on the usage, is usually the main theme of the information systems design in Japan. Only an abstract figure as
the information system concept has drawn from a macro viewpoint. In spite of such a situation, the actuality as
which the information system is functional shows the harmonization between the computer systems and the
cultural environment of Japan. On the other hand, the cultural environment has turned a system concept at
system design process into a formality. This paper considers the Japanese situation on the meanings and range
of information systems design through the historical surveys of the social context regarding for the information
system development approaches which are the frameworks of information systems design.

Introduction
An “information system” can be considered an image in the people's recognition as the correlation of
the meanings of the social phenomenon that is
concerned with the technological information
processing system as a functional mechanism, the
regulation as a formal social system, the culture as
an informal social system, and the users' consciousness as humanity. The “information" that a
human needs in their social life is not any symbols,
even an “information media" which exists in the real
world, but the social meanings that an "information
media" brings to people. And the “information system", which people can recognize as a series of
systematic actions about the “information media”
which carries the “information” as a social meaning in
the specific social context in a certain cultural environment, is also a subjective phenomenon without
physical existence. Therefore, we think that the
correlation of the meaning of this social phenomenon
is the cultural environment contained in the society,
and the “information system” is a series of handling
processes of the “information” media, which can be
meaningful in the cultural environment.
2

We consider that the correlation of the meaning of
this social phenomenon is the cultural environment
contained in the society. And the information system can be thought a series of handling processes
of the meaningful information media in the cultural
environment.
It is too difficult to recognize an information
system because an invisible cultural environment
correlates with the social contexts and the phenomena are natural to the people in the society. It is
also the main factor, which leads the social recognition that an “information processing system" is the
same meaning as an “information system”. Since
the arguments based on the same recognition can
be heard in most of the international conferences
and business scenes, we think that the recognition
of an information system in many kinds of cultural
environments is similar to Japan. Such recognition
can be thought as the main reason why it is difficult
to argue the suitability of information processing
systems to the social context in the information
system design.
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However, in the design of the information processing systems to employ the computer systems at the
first era to have started to be used in some business
organizations, we can find out from the historical
books and papers the many arguments of the system design and the recognition of an information
system fundamentally different from present. The
design of information systems is reorganized and
formalized gradually. First the standard development approaches which consist of the formal and
the objective procedures are advocated. And then
an information system design also comes to be
carried out in the same framework. It can be considered that such situation functions as a driving
force, which has taken us to the present information
society that, uses many information processing
systems. On the other hand, such situation has
brought us the present recognition that an information system is an “information processing system"
was formed. We consider that the clarification of the
transition on the social context of information systems is indispensable in order to explore the origin
of the problems in today's information system and to
approach the essence of them. In the meaning, we
believe that some important implications to approach the problems of information systems can be
obtained from the consideration of the historical
transition of the information system development
approaches as the framework of an information
system design.
This paper analyzes the historical transitions of
the information system designs using the framework based on the dimension and range of an information system design. Then, the importance of
designing the harmonization between the range of
the information systems expanded focusing on the
functional mechanisms and the social implications
of the systems is shown based on this analysis.
Finally, the meanings and the cultural feature of an
information system design in Japan are discussed.

Dimension and Range of IS Design
It is thought that the range and social meaning of an
information processing system, which conducts the
functional mechanism, have changed the recognition of an information system. And the range and
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social meaning, which depend on the level and
diffusion of information technologies and correlate
fundamentally, have even directed the requirements of functional mechanisms, the design policy,
and the management politics. The main factor, of
which the social meaning of an information system
has been established, can be clarified through the
analysis of the historical transition of the range of an
information system design.
Regulation
II. Functional

I. Cultural
Norms /
Tacit Knowledge

Technologies /
Infrastructure

Subjective

Objective
Social Systems /
Explicit Knowledge

Idea /
Humanities

III. Structural

IV. Individual

Radical Change
Figure 1.: The Range and Dynamism of Information Systems

The whole phenomena concerning the range of
information systems can be classified into four
quadrants, “Norms and Tacit Knowledge", “Technologies and Infrastructure", “Social Systems and
Explicit Knowledge", and “Idea and Humanities",
according to the paradigm classification axis of the
sociology by G. Burrell and G. Morgan [1], as shown
in Figure 1. The horizontal axis of Figure 1 shows
the differences of the stances on Information Systems, and the vertical axis shows the differences of
the viewpoint of the effectiveness on these usages.
These quadrants are not independent and each of
them has direct and indirect correlations. Also Figure 1 shows the strong relationship between each
diagonally quadrants, it could be discriminated that
one is a technological solution and the other one is
a social solution. The relationships of these quadrants suggest that the essential meaning of an information system design is the activation of the
dynamism of these relationships [2].
The requirements to the information systems and
its design method are adopted by the most important
quadrant in the social context. And, the objective
matters that are located in the left-hand side of Figure
1 can be treated directly in the design. In contrast, the
3
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subjective matters that are located in the right-hand
side of Figure 1 are taken into consideration as the
circumstances and constraints at the design indirectly.
The information system design, as activated without
spoiling the dynamism of the environment to utilize
it, is an analysis of the feasibility and a planning of
the efficient information processing system based
on the electronic information technologies. And the
range of an information system design is changed
by the difference of the social impact and scope,
which can be regarded as a dimension, as shown in
Figure 2. Figure 2a), so-called as the dimension of
the conceptual system model, is the dimension of
whole system design which includes all the quadrants of the information system design. At this dimension, the conceptual image of the information
system is designed for discerning the feasibility of the
whole system containing the means for aiming at
preparation and overall harmony of the environment
involving the functional mechanisms, rather than the
technological development method for the functional
mechanisms.
In contrast, the dimension of the information
system design which made the range only development of an “information processing system"
centering on realization and implementation of a
functional mechanism is a dimension of the functional system model, as shown in Figure 2c. The
information system as a whole image is not in the
range of the design at this dimension because it is
universal or objective precondition, which is given in
advance of design of the functional mechanisms.
The “waterfall" system development approach as a
design methodology is located in this dimension.
Such a design approach is suitable for development
of the functional mechanisms which can be defined
clearly as the formal processes or to solve the
problems, but not suitable for the planning of the
information processing system to provide the main
kind of services for various users.
The dimension of a logical system model, as
shown in Figure 2b, is a dimension of the system
design located in the mean of the two above diametrically opposite dimensions. The dimension of a
logical system model, as shown in Figure 2b, is a
dimension of the system design located in the mean
of the two above diametrically opposite dimensions.
4

Regulation
Norms /
Tacit Knowledge

Technologies /
Infrastructure

Subjective

Objective
Idea /
Humanities

Social Systems /
Explicit Knowledge

Radical Change
a) Dimension of Conceptual System Model
Regulation
Norms /
Tacit Knowledge

Technologies /
Infrastructure

Subjective

Objective
Idea /
Humanities

Social Systems /
Explicit Knowledge

Radical Change
b) Dimension of Logical System Model
Regulation
Norms /
Tacit Knowledge

Technologies /
Infrastructure

Subjective

Objective
Idea /
Humanities

Social Systems /
Explicit Knowledge

Radical Change
c) Dimension of Functional System Model
Figure 2.: Dimension and Range of Information System Design

A logical system model is not a design approach
from the viewpoint of the technological realization of
functional systems as the information processing
mechanism only [3]. The design approach frees a
systems thinking from restrictions in the real world,
such as the concrete processing methods and
equipments and rebuilds the universal system image in the logical meaning. And the goal of the approach is to create the new functional systems
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covering all the quadrants shown in Figure 1, but
not the design of global system image as an ideal
solution. The information system design at this dimension is a realistic and an essential design approach which develops new systems as a compromise under many social constraints, referring to
the present “information processing system", as
described in SDLC (System Development Life Cycle) model.

Social meaning of IS Design
Since the dimension of the mean of conceptual
system design as an ideal dimension and functional
system design as a technological dimension is indefinite positioning, the dimension and range of the
information system design approaches located
there have changed depending on the social contexts. It can be seen from this dimensional viewpoint
that the information system design at the dawn age,
in which the functional meanings of information
processing systems were argued and the usages of
computer system socially were researched is located in the dimension of the conceptual system
design, as shown in Figure 2a. On the other hand,
the information system design in which the information processing system developments, as the
solution of the requirements of numerical calculations and formal processing, under the waterfall
model are centered is located in the dimension of
the functional system design definitely, as shown in
Figure 2c. At the design of the dawn age, the information systems have been designed at a different dimension such as an ideal position and a
practical position, and it means that contention of
the positioning and range of the design has been
argued already.
In the modern industrial society, the design at
the dimension of a functional system model became
the mainstream worldwide. At the same time, the
design at the dimension of a conceptual system
model has been usually no longer practiced except
as an ideal approach in an academic research field.
In order to form the way of thinking such as focusing
on improvement of the existing information processing system under the social structure, the
business information system which must be de-
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veloped based on management strategy originally
is considered to deviate from the organizational
environment, so that the system design concepts,
such as a strategic information systems and BPR
(Business Process Re-engineering), must be advocated.
P. Checkland has proposed the Soft Systems
Approach [4], which aimed at the dimension of
Figure 2a to avoid the limitation of the Hard Systems Approach, located in the dimension of Figure
2c. It can be thought, however, that the dimension of
the design approach was mismatched to the social
situation which most of the organizations have become suitable to the well-structured information
processing systems [5]. Because the realistic system design focusing on the conceptual model,
which can inherit the environment of the present
information systems, has come to be desired rather
than the realization of the ideal information system
designed by the Soft Systems Approach. Therefore,
it could be thought that the Soft Systems Approach
has come to be positioned as the methodology of
the business model design and the social problem
solving.
We consider that an information system design
has been positioned in the dimension of the mean
as an essential meaning which is not a full range but
a planning of the functional mechanism which think
about a full range through the historical transition.
Such design approach can free itself from the simple functional analysis, and can aim at the logical
design based on the functional mechanism logically
existing in the information system.

Considerations
The information system design in Japan as well as
these historical transitions has been changed as the
concrete design methodologies and development
technologies. And, the views that an information
system design in Japan is the practical knowledge
and skill based on the experiences in fields [6],
so-called as tacit knowledge [7] in the social context
or the know-how, are still felt strong even now. It
can be considered the main factor that many information systems currently in Japan have been
required as a traditional social system based on the
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functional mechanism that does not deviate from
the social context as tacit knowledge. From this
viewpoint, the information system design in Japan is
just like a policy and a tactic to build the social
context to accept the developed information processing systems. Since the approach is located in
the dashed line side of Figure 2b, it protects the
functional mechanism developed with the technological methodologies located in Figure 2a, not
redesigns the functional system. It can be thought
that such approach has focused on improving the
present functional system.
Since the design approach on Figure 2b needs
to analyze the social context involving the information system, the range and viewpoint of the approach will differ dependant on the cultural environment. The Structured Systems Analysis is used
in the Europe area consisting mainly of UK and
Northern Europe, and the Object Oriented Systems
Analysis is actually used in the world including the
Asia-Pacific region, some in Japan, centered on the
U.S. Furthermore, the focus of the analysis also
differs dependant on the social context. The business managerial analysis and the sociological
analysis are employed as the range of the logical
system design approach in the world, which is located in Figure 2b. However the engineering
analysis for the technological realization is the main
focus in Japan. In Japan, the object-oriented
analysis also attracts attention as system analysis
methods in the dimension of logical system design.
And the microscopic analysis, as the system performance of the functional mechanism or the user
interface design has been only performed, but not
the conceptual system design as the macroscopic
analysis.
In spite of such a social situation, it is in the state,
which harmonized with the cultural environment of
Japan that many information systems are actually
functioning. And such cultural environment of Japan
is also a main reason why the design approach in
the dimension of a logical system model leads to
practice at a different viewpoint from the fundamental meaning. An information system design is a
development policy of the information processing
system, which can harmonize with the social context, and must make a decision politically. Thus the
6

great difference on the system design in the mean
of dimension dependant on the social context is the
natural.

Concluding Remarks
In an information system design, to make coincide
with the final system image of them, the mutual
understanding of the designer and the users and
the mutual agreements of the requirements have
been considered mainly. It was the same as the
approach, which tried to design an information
system by only the functional information processing system. The state accommodating mutually the
consciousness on the conceptual model that can be
reached by only continuous many arguments on the
contrary is a shortcut to the essential solution. From
this meaning, the dimension of a logical system
design, which is discussed in this paper, as a mean
of a conceptual system model and a functional
system model is considered to be suitable positioning in order to essentially approach the traditional design problems.
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Controlling IT and Technology Innovations at Mature Companies
Assumptions of a Research Initiative
PÉTER KRISTÓF
PhD candidate, Corvinus University of Budapest, kristof.peter@gmail.com
ABSTRACT

As startups are turning into large companies they are losing their ability to innovate. In some extent this is acceptable – whereas the aim of a startup is to find a scalable and repeatable business model, in the focus of a
mature organization is the efficient execution of its validated business model. Both are having tools, methods
and practices for managing their innovation activities: plan, measure and control. The perception is that they do
not apply each other’s methods and they are also not learning from the other one. In the recent years the lean
approach became dominant in building and managing startups. The lean startup concept has spread globally –
and so the multinational companies have also noticed this phenomenon. They recognized that some elements of
the lean startup methodology could be used by them as a pill against their poor innovation performance. The aim
of the research is to elaborate a reference model for using the lean startup method at mature organizations. In
this paper the basic assumptions are covered.

IT, innovation, management
Starting a new enterprise in the tech industry is
about innovation. There should be a problem or a
need on which a profitable business model can be
built up. Running a newly established company has
its own rules and practices, and there are tools and
methods available for this purpose. Similarly, these
techniques are also available for a mature firm. The
two toolsets are showing many similarities.
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As agile application development concepts spread
globally, design thinking is often used in business
development, and the method of customer development is widely accepted among entrepreneurs,
newly established formations can also benefit using
these techniques. With the combination of agile
application development, design thinking and customer development the method of lean startup was
born. In its philosophy, lean startup is concentrating
on eliminating waste while focusing on customer
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needs. It’s most important principle is to only develop a product, a function or a service when there
is a proven, measured and validated market need.
Lean startup supports all the related activities: uncovering and satisfying hidden needs. Doing so, it
can be used by any startup, enterprise or multinational which is currently developing something new.
When we are talking about planning, measuring
and governing enterprises than controlling is the
toolset which provides proper solution for handling
these issues. Controlling itself is a multidisciplinary
field: it is built up of different disciplines like leadership, management, economics (including finance
and accounting) and information technology. If
controlling is extended with innovation management
and lean methodology than the result is such a
toolset which can be used for managing IT and
technology innovation within large enterprises. [6]
Measurement should play a crucial role in the
everyday activities of an enterprise. It is essential
for defining the current position and mapping the
business environment. Using and applying the appropriate tools and methods confronts managers
with the hard facts. Lean thinking helps also with
interpreting these results – decision making should
be based on facts and not on feelings.
The purpose of this paper is to give an introduction of how the lean startup method can be used
within mature organizations. It analyses the methodological background and the hosting business
environments. Later, based on the result of qualitative and quantitative research a toolkit will be unveiled which helps IT and technology enterprises in
their mature stage to stay innovative.

Metrics are indispensable
Entrepreneurs like to lie for themselves. They are so
good in it that they even cannot feel what they are
doing! They are applying irrelevant and so useless
metrics and reports, so they have no clue about
their current situation and aims, but they are always
surprised when the bubble blown by them gets too
big, blows-out and they find themselves on the floor.

8

Instead of lies real numbers should be used when
making business-related decisions. The key to
success is to measure what is going to be built and
to learn from what is being measured, and give a
feedback to the system – regardless the size and
age of the enterprise. “This is all about to plan how
you want to get from A to B while your resources are
limited and arrive finally to C – where C is a much
better station than B would have been.” This is
summarized in the build-measure-learn lifecycle of
the lean startup methodology, shown in Figure 1. [8]

Figure 1: The Build-Measure-Learn loop of lean startup [8]

Business analytics is about continuously tracking
the most important metrics. Usually the most important metrics are those ones which are indicating
cash flows: What are the costs? How many active
users we have? What is the conversion? How efficient is our customer acquisition strategy? [1]
What differentiates startups and mature enterprises is that mature enterprises actually oversee
their market and know their clients, but startups don’t.
So startups will not be in the situation to determine
what to pay attention on, what kind of metrics to use.
They need to use analytics to find the product or
service with which they can cover the needs of their
identified market with before they run out of money.
[4] Mature organizations should concentrate on
staying innovative (and not losing their ability to create new products) while enhancing the execution of
their business model. This is where lean startup
comes into the picture.

SEFBIS Journal 2014. No.9.

Research Results
Lean Startup
Startups need to face a high level of uncertainty
every day – related to their products/services and
clients/users. They handle this situation by quickly
creating and validating hypotheses about their clients. The search process is cyclical and the aim of it
is to build a product/service, to measure the users’
reaction and to provide a feedback which leads to
validated learning. Repeating this loop leads to
quick failure or to awesome success. So the time
and money squandered can be minimized. A
startup is not a smaller version of a large company.
It is an organization formed to search for a scalable
and repeatable business model. After launch, the
business model is mainly built up of ideas and assumptions. At the beginning the company does not
have any clients and has limited knowledge of them.
The lean startup method puts the user in the middle
and builds up the product/service on feedbacks.
Quantifying and forecasting the search procedure is
crucial.
The lean approach includes a lot from agile application development techniques and project management methods. Using cross-functional teams
makes the continuous and iterative elaboration and
development of the planned requirements possible. It
is also typical that the lean approach highly relies on
open initiatives and so eliminates licence fees and
involves the community behind the open technology.
While agile methods can be used in situations
where the problem is known (identified) but we do
not have a solution for it, the lean approach should
be applied while exploring unidentified problems
and their unknown solutions. Lean startup method
builds on both. This is shown in Figure 2.
All factors which stiffens or blocks to follow
customer needs risks the success of a startup.
Being able to change direction quickly can prevent
such situations. In product development the key is
the agile methodology, and in acquiring new customers it is the customer development approach.
Applying these methods help to avoid unnecessary
investments and preserves the startup’s fit and
independence. What can a large and mature enterprise do to be able to steer innovation as it would
be a newly established organization?
SEFBIS Journal 2014. No.9

Figure 2: Agile and lean in the problem-solution matrix
[source: http://kosmothink.com/ own design]

Sustaining, Disruptive Innovation
When searching for new directions a distinction is
required between sustaining and disruptive technologies. Moreover, the level of innovation is important. Third, it should also be recognized that the
advancement of technology can surpass market
needs, and can create such products or services for
which there is not an existing need. A good example
is when in the beginning of the 1900’s the people
wanted faster horses but Henry Ford constructed
the T-Model.
Studies from the 1990’s have shown that most
new technologies enhance the performance of existing products. Such technologies can be categorized as sustaining innovations. These innovations,
based on their power and effect can be incremental
or radical. The result of incremental or radical innovation are additional or slightly enhanced features
provided for existing users on existing markets.
Technologies which transcend former borders
and overwrite paradigms are rare. Disruptive innovations bring new value propositions and thus
also create new markets. At their introduction these
novelties are bought only by few users, despite
being cheaper, simpler, and more easy to use.
Examples could be transistors instead of vacuum
tubes, scooters instead of heavy choppers, or digital
cameras instead of analogue ones. [3] The difference between sustaining and disruptive innovations
is summarized in Table 1.
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Table 1: Sustaining and disruptive innovations [9]
Sustaining innovation
Disruptive innovation
Problem is well understood
Problem is not well understood
Existing market
New market
Innovation improves performance, lowers cost, incremental changes
Innovation is dramatic game changing
Customer is believable
Customer doesn’t know
Market is predictable
Market is unpredictable
Traditional business methods are sufficient
Traditional business methods fail
Executing organization
Learning organization
Focus on mainstream
Focus on early adopters
Market research
Customer development
Test for process optimization
Test for learning

Startups with global reach mainly started their career with a disruptive innovation and created a new
market for themselves. This market, growing exponentially, disrupts the old one together with its
players. Mature and multinational organizations are
unable to predict such movements, the most they
can do is to react somehow, but most of them fail.
This happens because they are operating in execution mode and not in innovation mode. All their
time, efforts and investments are serving incremental changes which are helping them to increase
their efficiency and stay the competition. Players
following this path will disappear.

Startups and Mature Enterprises
Startups and mature enterprises are different. What
is important from this research’s point of view is how
they approach and handle innovation. The aim of
mature enterprises is to cover client needs on the
highest possible level and maximize profits and
shareholder value. At such organizations all initiatives are stopped which aim at fulfilling unknown
customer needs. Organizations like this will not be
able to identify disruptive solutions because the
corporate culture is not about taking higher risks
and lower profit margins. They will never introduce
any product or solution for which there is no need at
the moment. But as customer needs show up it will
be too late to do anything. So mature enterprises
are the best in delivering incremental innovations
and not in creating disruptive ones.
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For the largest multinationals serving global markets it is rarely a problem. Disruptive innovations
seldom happen and if they happen then only a small
market is created. Covering such small markets
cannot add too much to the growth of large enterprises. For them a strategy to follow could be to
establish financially independent units or acquire
such projects, teams or startups which are able to
identify and develop disruptive innovations.
Furthermore, acquiring a startup can buy products and services that the mature firm do not have
the capacity or speed to develop itself, not to mention cutting-edge technology that can rocket the
enterprise ahead of competitors and provide an
entree into new markets. It can bring in people who
possess an entrepreneurial spirit so often missing at
businesses that have grown and matured. Moreover,
a purchase can bring in (at least for awhile) independent-minded talent who would not otherwise
dream of working for a large organization. [7]
Mature enterprises are used to measure and
analyse the market they plan to conquer. But new
markets created by disruptive innovations cannot
be measured and analysed using the same tools
and techniques as for known markets. This makes
them feel uncomfortable but they need to make a
decision: they don’t know anything about the approaching possibility but being the first on a new
and exponentially growing market can bring outstanding results. This is the real dilemma of innovators! [3] For firms in such situations it is highly
recommended to introduce lean and agile methods
within their organizations.
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As the advancement of technology follows an exponential curve and gets faster by time, enhancing
competition. This trend was also confirmed by a
recent study by Deloitte: 50 years ago the expected
lifespan of a Fortune 500 company was 75 years, by
today it has decreased to 15 years. [Humble –
Molesky – O’Reilly, 2014] It also means that by
2020 the S&P 500 index will contain such companies which did not exist by 2012. [5]
The headway of newly established companies is
supported also by the advancement of technology:
starting small with disruptive technologies (rapid
prototyping, 3D printing, mobile applications) can be
done from some hundred thousand or 1-2 million
dollars and reaching global scale can also be
achieved within some years. Software and application development plays a crucial role – fast startup
successes motivate the global players to pay more
attention on information technology. They try to
build up sufficient capacities internally and to stop
outsourcing IT.
Multinational companies of today started they
career with introducing a disruptive innovation and
creating new customer needs and new market
segments. As they were growing and growing they
were loosing their innovativeness. Instead of disruptive technologies they concentrated on sustaining innovations. They have done so because they
already had something to loose: satisfied customers,
significant market share, and investors’ trust. They
decided to go into the direction of reduced risk and
reduced growth opportunities and they were not
thinking of how they will react on somebody else’s
disruptive innovation. Most of them do not have a
proper answer for this question and they do not care
about. [3]
Innovation at mature organization is often
hampered by lack of autonomy, inflexible remuneration and focus on performance improvement.
The objective of a mature company is to concentrate on existing clients, markets and products. Any
deviation can put the operation and survival at risk.
Such internal politics do not motivate creativity and
innovative approaches because the return of such
activities or adventures are uncertain and does not
fit within the frames of day-to-day activities. The
employees will not take any risk if they cannot count
SEFBIS Journal 2014. No.9

on any kind of compensation. They are paid for
fulfilling their tasks laid down in their labour contracts. When planning the budget of the next year
the department responsible for innovation will have
similar rights and possibilities as other ones. As
innovation is usually the result of a long-term research and development activity, this filed will not
be able to provide nice looking figures about the
past quarters, and will lose the battle against other
departments. [7]
Companies facing similar situations can learn a
lot from startups about how to quickly and cheaply
validate new ideas for solving existing problems.
Startups can also show how to use metrics, measure, lead and control progress. A helpful tool is the
innovation accounting (and controlling) which is
about using lean thinking in accounting, monitoring,
controlling and decision making.

Innovation Accounting
General and financial management techniques of
the last decades were planned to be used in
predicable economic environment – and so in many
respects it is disadvantageous for innovation. By
definition startups are operating under conditions of
extreme uncertainty. This not only makes it impossible to use conventional management methods but
if they do so, they commit a crime.
Innovation accounting and controlling makes not
only technology-related innovation but its planning
and steering measurable and quantifiable. Continuously monitoring customer behaviour and reactions opens the path before validated learning and
quick product development. Including lean principles eliminates waste by minimizing delivery and
development time and efforts. All these make the
startup ready to serve customer needs just the right
way. This approach shows many similarities with
the discounted cash-flow (DCF) methodology.
There is one important difference: while the focus of
DCF is income, the focus of lean accounting is the
measured customer behaviour. [7] As this approach
is very similar to traditional accounting its introduction at a mature company is more than possible.
Upon introduction of lean accounting and controlling
the similarities should be emphasized.

11

 Controlling IT and Technology Innovations
Startup founders are working hard on product development. Many of them make the mistake of believing meaningless indicators. They are happy
about constantly growing user numbers and think
that they are on the right track. Technology-oriented
teams relate some new features to development
milestones and do not pay attention on customer
feedbacks. As a consequence they are not clear
about the correlation between new features and
changes in the most important number.
Using the right metrics, tracking its changes,
finding the causes and having a good grip of the
relationships requires a new approach. Innovation
accounting is the right tool for selecting, building
and applying the right metrics. Besides it also helps
to establish and validate the business model and
convert it to a quantifiable financial plan. That plan
provides assumptions about what the business will
look like at a successful point in the future. This
approach helps to spot the three most important
factors of growth:
− The profitability of each customer.
− The cost of acquiring new customers.
− The repeat purchase rate of existing customers.
One centrepiece of lean strategy is collecting data
from the first moment, and concentrating on important questions and functions: initially about the
identified problem and its potential market, than
about the functions of the product and its possible
inception. The client should be in the centre – what
they want should be delivered.
Data in itself is useless. Information extracted
from data is more important but finding the focus is
crucial – not only for startups but also for mature
organizations. Controlling provides the right solution
in finding the focus. Managers should know what
their position and situation is, where their organization is heading. Otherwise their decisions will lead to
the desired state only accidentally and not by design. Focus is not the synonym of tunnel vision or
myopia. As the company is evolving the metric
number one will also change! There will always be
one metric that really matters! [4]
One example can be the so-called pirate metrics
by the well-known angel investor Dave McClure.
The goal of the Acquisition-Activation-Retention-
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Referral-Revenue (AARRR – Speak the acronym
out loud and you will know why he calls his scheme
„pirate metrics”) is to move people through the
funnel in the highest possible volume, at the lowest
possible cost [7].
−

−
−
−

−

Acquisition is the transformation of people into
customers. Important acquisition metrics relate
to channels that bring potential customers including search engine optimization, public relations, advertising, contests, and so on.
Activation refers to the transformation of new
customers into happy customers.
Retention encompasses measures of customer
loyalty.
Referral is simply the rate at which customers
send new people to your offering and how active
those referrals are.
Revenue is self-explanatory. Any measurable
action that affects revenue belongs in this
category

The pirate metrics framework is a useful starting
point for determining the numbers that need to be
included in a metrics model. However, the specific
measurements depend on design, user psychology,
and especially the product or service’s the engines
of growth.
Another example are the three engines of
growth by Eric Ries [8]: the sticky engine, the viral
engine, and the paid engine. But he cautions that
while all successful companies will ultimately use all
three engines, it is better to focus on one engine at a
time. For example, the company might make its
product sticky for its core users, then use that to
grow virally, and then use the user base to grow
revenue. That is focus. In the world of analytics and
data, this means picking a single metric that is incredibly important for the step the company is currently working on. Selecting this metric should be
based on hard facts and not on emotions. Controlling will help with this. Setting up and managing
instrumentation is fairly easy these days with tools
like Geckoboard, Mixpanel or Kissmetrics. The
ability to track everything may distract decision
makers, so the motto should be: “Capture everything, but focus on what’s important.” [4]
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Picking ony one metric let the company run more
controlled experiments quickly and compare the
results more effectively. Besides it helps to tell the
right questions and get the answers. With the one
metric it will be also possible to track and measure
advancement and evaporate illusions. As this is
done by continuous experiments, it makes the
teams more focused. When they are focused on
retention, they may be looking at churn, and experimenting with pricing, features, improving customer support, and so on. The one important metric
changes depending on the current stage, and in
some cases it will change quickly.
The pre-planned, continuously measured and
consciously controlled experiment, and the experience-based learning makes mature companies
to stay innovative like startups. This is effectively
assisted by lean approach, where innovation accounting provides methodological support in
elaborating the required metric model.
A metrics model gives insight to the measures
that are most important to any given offering. It
shows how a change in one metric affects the
business as a whole. This insight helps to determine
which parts of the model are riskiest and thus most
important to fine-tune. Whereas traditional financial
metrics are too small to be meaningful when small
numbers of customers are available, a metrics
model can convey a clear sense of the business’
potential with even a handful of users. Building a
model is a crucial step prior to developing a prototype, because it provides a list of customer actions
that must be measured. To build a model, start by
identifying actionable metrics that reflect the customer journey through the marketing funnel and
how they function in the relevant engine of growth.
Answering the below questions can illuminate the
relevant metrics [7]:
− How will customers find the product?
− When they find it, what percentage will try it?
− When they try it, what percentage will be happy
with it?
− When they’re happy with it, what percentage will
upgrade or pay?
− How often will they use it?
− Will increased usage lead to paying for additional services or features?
SEFBIS Journal 2014. No.9

−
−
−

Can the company become profitable quickly
enough to invest profits in advertising or sales?
Is the product only usable or valuable when used
with friends?
Does the product’s value improve with additional
customers?

Methods and practices used by innovative startups
can help also mature organizations in creating
value. Using those results is changing corporate
culture which is vital for sustaining creativity and
innovation. This helps in finding and exploiting new
business opportunities. [2]
− When talking about business models the most
important for a startup is to find it, and for a
mature company it is to execute it. As a startup
grows the focus will move from search to execution, while it gets more specialized and institutionalized. It is neither good nor bad. By definition the two groups are having different aims.
The startup is not a smaller version of an enterprise and an enterprise is not a larger edition of a
startup. Between them there is a strict line – and
this is also the reason why their management
needs different tools and techniques, why they
are having different focus, why they need to
operate and to motivate innovation differently.
− When a startup begins to grow and evolve and
finds its (first) business model, the hierarchy of its
objectives will also change. Searching for a profitable business model will not be important but its
execution. However, all actions with the aim of
improving performance suffocates innovation.
This is the reason why innovation struggles within
large organizations. What is the answer of big
companies? They create internal groups responsible for innovation. These groups are adapting or
adopting the practices of startups and accelerators – disruption and innovation rather than direct
competition, customer development versus more
product features, agility and speed versus lowest
cost. But paradoxically, in spite of all their seemingly endless resources, innovation inside of an
existing company is much harder than inside a
startup. For most companies it feels like innovation can only happen by exception and heroic
efforts, not by design.
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We know that a startup is a temporary organization
designed to search for a repeatable and scalable
business model. The corollary for an enterprise is: a
company is a permanent organization designed to
execute a repeatable and scalable business model.
Once it is understood that existing companies are
designed to execute then everybody can see why
they have a hard time with continuous and disruptive innovation. Every large company, whether it can
articulate it or not, is executing a proven business
model. In the 20th century business schools and
consulting firms developed an amazing management stack to assist companies to execute. These
tools brought clarity to corporate strategy, product
line extension strategies, and made product management a repeatable process. Examples could be
the BCG-matrix or the Stage-Gate product management tool which assumes that product/market fit
is known, and the products can get specified and
then implemented in a linear fashion.
Being a company starts with finding the scalable,
repeatable and profitable business model. From this
point the ultimate aim is the continuous improvement
of execution performance. This also affects the applied controlling tools: different metrics are required
in order to measure progress. The applied KPIs (key
performance indicators), processes and procedures
are all supporting repeatability and scalability and are
used in measurement, governance and execution.
Paradoxically, these KPIs and processes, which
make companies efficient, are the root cause of
corporations’ inability to be agile, responsive innovators. [2] The chapter gave an overview about how
innovation accounting can support mature companies in being and staying innovative like startups.

Summary
Innovation is chaotic, messy and unpredictable
activity – characteristics detested by mature enterprises. Its planning, measuring and controlling requires very different tools and procedures. Those
ones which ware also used by startups. While
companies intellectually understand innovation,
they don’t really know how to build innovation into
their culture, or how to measure its progress. [2]
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The ultimate aim of this research is to elaborate a
method and a toolset for mature organizations
which help them to sustain and develop their ability
to innovate. This is done by understanding and
applying the theory and the practice of controlling IT
and technology innovations. The paper summarized
and presented the first results of this research. This
will be followed by exploring and discovering
methods of planning and controlling which are used
for IT and technology innovation. The research will
apply qualitative and quantitative research. The
desired outcome will be an IT controlling reference
model which can be used by mature organizations
for planning, measuring and governing their innovation-related activities.
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ABSTRACT
The selection of independent variables in a linear regression model is a problem worth investigating. In this
paper an improved harmony search metaheuristic algorithm (IHSRS) is presented for this problem. First, we
investigate an existing genetic algorithm solution (GARS). GARS can tackle the problem successfully, but the
solution can contain non significant variables - a variable is called non-significant, if when it changes by a unit,
we can not clearly determine that the value of the dependent variable will increase or decrease. So we integrate
a new criterion into the GARS to tackle this problem and find that this new criterion makes the GARS less effective. Second, we compare the performance of the improved GARS and IHSRS. We found that our solution is
more robust and more effective.

Introduction
The selection of independent variables in a linear
regression model (LRM) is a challenging problem.
The number of the possible selections is 2m-1 (m is
the number of independent variables), if the empty
set is excluded. The traditional solutions – forward
and backward eliminations, Monte Carlo simulation
etc. – can often converge to a local optimum and
can not manage the effects of the multicollinearity
phenomenon.
If a population based metaheuristic is used, the
solution will much more likely converge to a global
optimum, and the effects of the multicollinearity
phenomenon will be managed. In this paper a former genetic algorithm solution (GARS) is investigated at first. We will prove that this kind of metaheuristic – although can converge much more likely
to a global optimum than the traditional solutions,
SEFBIS Journal 2014. No.9

can not fit properly to the linear regression selection
problem, because the solution of this metaheuristic
can contain non significant variables. First a new
criterion is integrated into the former objective
functions: the solution must include significant
variables only. This improved GARS can tackle the
problem successfully, but we would like to present
another solution which has better runtime. We will
prove that our harmony search metaheuristic fits
better this problem due to its totally random nature,
and its average solution time and the standard deviation of the solution times are significantly better.
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LRM Selection Problem
Let n be the number of the observations, and let
be the set of
m possible independent variables, Y the dependent
variable in a multivariate linear regression model.
Let’s suppose that this model describes the relationship between the independent and the dependent variables:
where
is the set of
variables –the regressors–, and

independent

is the parameter set, is the disturbance term.
Let’s estimate the set as
by using the Ordinary Least Squares method. Once
this is done, we need to choose the possible inde. We would like
pendent variables containing
to choose this set, such that the
model is optimal. In this paper similarly to the the
authors of GARS – we choose AIC and BIC criteria
to measure the degree of optimality of the model. In
the literature there are a lot of AIC, BIC formulas.
These criteria reward the decrease in the Sum of
Squared Errors (SSE) of the model, and
simultaneously penalize them based on the number
of regressors. The lower the AIC or BIC values are,
the better the model is. To compare GARS and
IHSRS we chose the following formulas [5]: Akaike
information criteria
SSE
(1)
AIC = ln(
)
n
where n is the number of observations, p is the
number of independent variables in the model, and
(2)
where is the ith element of , and is the ith
element of the dependent variable. Bayesian-Schwarz Information Criterion (BIC or SBC):
SSE 2 p
(3)
SBC = ln(
)+
* ln( n )
n
n
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In addition to the above we choose adjusted Rsquare indicator ( ):
(4)
(5)
(6)
where is the average of the elements of the dependent variable. In a multivariate linear regression
model multicollinearity can be interpreted as a type
of redundancy. Let us suppose, that X1 and X2 are
redundant regressors. Furthermore, if X1 is in the
model in itself, gives a value (AIC, BIC or ) which
is closer to the optimum than the value which X2
gives, if that is in the model in itself, so X1 would be
better regressor for us than X2. But if X1 and X2 are
both present in the model r, backward elimination,
for example may prefer X2, and eliminate X1. In this
case X1 becomes a non-significant variable (a
variable is called non-significant, if when it changes
by a unit, we can not clearly determine that the
value of the dependent variable will increase or
decrease - at a given level of certainty, most
commonly 95%), and the solution that includes X2 is
a local optimum, so we lost the better solution that
includes X1 “for ever”.
The traditional solutions such as forward and
backward eliminations, Monte Carlo simulation, etc.
can not manage these effects of the multicollinearity
phenomenon, so they can converge to a local optimum. The population based algorithms, such as
genetic algorithm, harmony search metaheuristic,
etc. can tackle this phenomenon, because these
algorithms work with populations of individuals, so
they can explore the complete search space
simultaneously.

Genetic Algorithm for LRMs
To the best of our knowledge, there exists only one
former metaheuristic procedure for the regression
model selection problem, Minerva and Paterlini
proposed a genetic algorithm solution, called GARS
[4]. GARS has been tested on two real datasets.
Unfortunately, we could find only one of them, so we
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can work only with “Body Fat Measurement” dataset
[1]. In this dataset the dependent variable is the
percentage of the body fat, and the 16 dependent
variables are: age, weight, height, chest and neck
circumference, etc. This set consists of 252 observations.
The authors gave detailed empirical results, but
unfortunately these results were insufficient for us to
compare their algorithm with our solution. For example there is no information on the sequence order of the data when training and validation sets had
been defined, and also, there is no information on
the errors in the dataset – and if they were corrected
by the authors. [1]. We do not know the the names
of the selected independent variables, only their
numbers, so we could not identify them. We do not
know, for example the name of the the third variable.
Therefore we could not use the proposed empirical
results, so if we would like to compare the two solutions, then we need to reconstruct the GARS algorithm according to the article. In the Figure 1 the
reconstruction of GARS is shown.
In the Minerva – Paterlini article the dataset was
partitioned into three disjoint subsets: a training set
(40% of the data), a validation set (40% of the data),
and the test set (20% of the data). The regression
coefficients ( ) were estimated using the training
set. The statistical criteria – AIC, BIC values – were
calculated using the validation set. Adjusted R2 was
computed using the test set.
First the algorithm parameters that are required
to solve the optimization problem are specified.
Unfortunately we could not use the values given in
the article, because the authors did not give the
readers all necessary information. For example we
did not know exactly, what the mutation probability
means: the probability of modifying each genes in
an individual or the probability of modifying an individual. Additionally the authors did not explain some
decisions: why is the crossover point just at the
eight gene of the individual, and why the generation
number equals to 1000, etc. So we specified the
missing decision variables in such a way that results
in the best AIC, BIC and values. The GA individuals are vectors, a string of binary cells. If the i-th
cell has the value 1, than Xi is in the model, other-
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wise it is not. We evaluate each solution with respect to their objective functions, and we would like
to minimize these AIC, BIC values and maximize
the
value. Single point crossover operator,
mutation operator, and elitism selection operator is
used. The population size is 100, mutation probability 2%, the elit rate is 1%. When we changed the
fix crossover point to a random one, the rate of the
stable convergences increased significantly – from
40% to 60% – , so we chose random crossover
point.
After the initialization of the parameters we initialize the first population. It is filled with randomly
generated solution vectors – the individuals - and
sorted by the values of their objective function, AIC
or BIC or . Then the members of the new population are selected from the old population with
respect to the elit rate, and for the residual spaces
the individuals are generated with crossover operators. Afterwards, each gene is modified by the
given mutation probability. At this point we can load
the new population.
New and new populations are generated as long
as the termination criterion will be satisfied. The
original GARS solution has a remarkable drawback:
the solutions of this metaheuristic may include non
significant variables (at significance level of 5%). If
we integrate a new criterion into the former objective function – the solution must include only significant variables – we find that this new criterion
makes the GARS less effective. The average runtime necessary to achieve the same stabil convergence increases significantly. The standard deviation of the runtimes also highlights the drawbacks of
this new objective function in the GARS. All of this
can be seen in Table 1. The termination criterion is
chosen in this way: the algorithms are stopped when
we can regard the results as the global optimum. We
consider a result as the global optimum when the last
values do not change – do not
100 AIC, BIC and
increase, and do not decrease. We can consider
these results as the global optimum, because in this
case if we examine the next 8000 generations, the
results stay the same. While we stop the improved
GARS when the last 200 AIC, BIC and
values do
not change. This modification is necessary to obtain
as stabil convergences as the original algorithm
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obtains. Because in this case if we examine the next
8000 generations, the results stay the same. On the
other hand, according to our examinations, if we
use the termination criterion from the original GARS,
the results change in the next 8000 generations.
values were computed as the
AIC, BIC and
average of 30 runs, as in the cited paper. The final
AIC value is -2.013 and BIC value is -1.987, and we
got only one regressor in both cases: the 1st variable, the “density”. The final
value is 0.9829 and

we got more regressors. In the case of the original
GARS we got 2 insignificant variables: 2 (age) and
11 (thigh circumference).
These algorithms converge to a global optimum
due to its population based nature - according to our
values will not
experience the AIC, BIC and
change if we stop the algorithm anytime later.

Figure 1. Reconstruction of GARS algorithm
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Table 1. empirical results, improved GARS vs original GARS
Variables:1
original GARS
improved GARS
Where Variables

AIC
-2.013
-2.013

BIC
-1.987
-1.987

average
solution
time (sec)
5.9209
11.26783

standard deviation of solution
adjusted R-square
times (sec)
2.750122
0.9829 Variables: 1, 2, 3, 5, 6, 8, 11, 12, 15
8.646739
0.9822 Variables: 1, 3, 5, 6, 8, 12, 15

1: Density, 2: Age, 3: Weight, 5: Adiposity index, 6: Fat Free Weight, 8: Chest circumference,
11: Thigh circumference, 12: Knee circumference, 15: Forearm circumference

This improved GARS can tackle the “selection of
independent variables in a linear regression model”
problem successfully, can manage the effects of the
multicollinearity phenomenon and the problem of
the significant variables. However, we would like to
get another solution which has a better runtime,
because of the worrying increase in both the average runtime (91% increase), and the standard deviation of the runtimes (215% increase) of the improved GARS. We concluded that we should use
another kind of metaheuristic, which nature and
behavior fits better the problem. In an arbitrary
population the rate of the “good solutions “ – solutions which consist of only significant variables - is
very low. If a genetic algorithm is used, when the
crossover and mutation operators are applied, they
can “spoil” these “good solutions” with a high
probability, and the “spoiled solutions” can enter into
the new population instantly. In our opinion harmony
search metaheuristic, for example, would be a
better choice, because of its strong random nature
and its more strict selection rule.

Harmony Search Algorithm
Harmony search metaheuristic was developed in
2005 by Lee and Geem [2] in an analogy with music
improvisation process, where music players improvise to obtain better harmony. In the harmony
memory, (called repertoire) there are vectors (called
melodies in the language of music). The aesthetic
value of a melody is represented by the fitness
function value. Namely, the higher this value is, the
higher the quality of the melody is. With improvisations we would like to maximize (or minimize) the
value of this function, to find the global optimum - in
the language of music: a harmony. We applied this
algorithm to our problem. A HS melody is a vector,
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in our case a string of binary cells. If the ith cell has
value 1, than Xi is in the model, otherwise not. Each
solution is evaluated with respect to their objective
functions, we would like to minimize these AIC, BIC
and
values. First, the algorithm parameters that
are required to solve the optimization problem are
specified. We specified the decision variables in such
a way to obtain the best AIC, BIC and
results. The
harmony memory size is 5. The improvisation process
is driven by two parameters – they are probability
values between 0 and 1: HMCR (harmony consideration rate), PAR (pitch adjusting rate). In our case both
equal to 0.7. After the initialization of the parameters
we initialize the first population. It is filled with randomly generated solution vectors –melodies– and
sorted by the values of the objective function, AIC or
BIC or
. Then the new melody improvisation
phase follows. According to the harmony consideration rate we choose a melody from the memory, or
we generate a totally new, random melody with
probability 1-HMCR. According to the pitch adjusting
rate, the melody, selected from the memory, is
modified with probability PAR.
Afterwards, when the new melody is better than
the worst in the repertoire, the worst one will be
replaced by the better one, otherwise we through
away the new one. A new melody is better for us
than the old one, if its AIC/BIC value lower than the
old one’s value or its
value is higher than the old
one’s value. It is also required that the solution includes only significant variables. If a melody contains a non-significant variable, we through it away.
In the HM, there are only melodies with significant
variables. According to the applied replacement
strategy, the quality of the population is increasing
step by step. New and new melodies are generated
as long as the termination criterion will be satisfied.
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Figure 2. IHSRS algorithm

At this point our algorithm is tested, but we were not
satisfied with the results. So we applied a “finetuning” of the HS. The HS was improved in 2007 by
Mahdavi et al. [3]. In the improved harmony search
(IHS) algorithm the only but very important novelty
is the way of adjusting two parameters: PAR and bw.
To improve the performance of the HS algorithm
IHS algorithm uses variables PAR - the rate of pitch
adjustment, and bw an arbitrary distance bandwidth,
the measure of the modification:
is the new melody,
is the melody chosen
from the memory.
is the bandwith, the size of
the searching space.

is a uniformly distributed random number in the
(-1,1) interval. But in our original algorithm there
was no bw parameter. So we interpreted bw as a
mutation probability of a pitch: during the run of the
algorithm bw value is decreasing from 60% and the
PAR value is increasing from 70% depending on the
generation number. According to our experience,
the finetuning greatly increased the performance of
our algorithm: the standard deviation of the running
time significantly improved from 0.107 to 0.035. In
the Figure 2 the flow chart of IHSRS is shown.

Table 2. empirical results, improved GARS vs. IHSRS
Variables:1
IHSRS
improved GARS

20

AIC

BIC

-2.013
-2.013

-1.987
-1.987

average
solution
time (sec)
0.9682
11.26783

standard deviation of solution
times (sec)
0.035311
8.646739

Adjusted R-square
0.9822 Variables: 1, 3, 5, 6, 8, 12, 15
0.9822 Variables: 1, 3, 5, 6, 8, 12, 15
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Research Results
For comparison, the termination criterion is determined the following way: both algorithms are
stopped when we can consider their results as the
global optimum. The termination criterion of the
improved GARS is defined earlier. The termination
criterion of the IHSRS is set this way: we consider a
result as the global optimum when the last 1500 AIC,
values do not change – do not increase,
BIC and
and do not decrease. We can consider these results
as the global optimum, because in this case if we
examine the next 8000 generations, the results do
not change. Note that the conspicuous difference
between the two termination criteria (200 and 1500)
is due to the different structure and behaviour of the
two metaheuristics. For example, new populations
are created by different operators, and the sizes of
the two populations are conspicuously different (5
and 100), and so on. Both algorithms provide the
same AIC, BIC and
values - due to the termination criteria. The average solution time and the
standard deviation of the solution times of the improved HSRS are significantly better than the improved GARS value (
), based on 30 runs
of each algorithm.

Results
The paper presents an improved harmony search
algorithm for the selection of independent variables
in a linear regression model. First an existing genetic
algorithm solution (GARS) was investigated. We
proved that although the GARS can tackle the “selection of independent variables in a linear regression model” problem successfully, but the solution
can contain non significant variables.

So a new criterion was integrated into the GARS to
tackle this problem. Then, the improved GARS
could tackle this problem successfully, could manage the effects of the multicollinearity phenomenon
and the problem of the significant variables, but we
found that this new criterion makes the GARS less
effective. So our conclusion was that we should use
another kind of metaheuristic, which nature and
behavior fits better to the problem It was shown that
improved harmony search metaheuristic (IHSRS),
is a better choice, because of its strong randomizing
ability. Secondly, the performances of the improved
GARS and IHSRS were compared. We found, that
the average runtime and the standard deviation of
the runtimes of our solution was better, which makes
it more robust and more effective. Computational
results were presented for a real world dataset.

References

[1] Johnson R. W., (1996). Fitting Percentage of Body
Fat to Simple Body Measurements. Journal of Statistics Education 4(1), 265-266.
[2] Lee, K. S., Geem, Z. W. (2005). A new
meta-heuristic algorithm for continuous engineering
optimization: harmony search theory and practice.
Computer Methods in Applied Mechanics and Engineering, 194, 3902–3933.
[3] Mahdavi, M., Fesanghary, M., Damangir, E. (2007).
An improved harmony search algorithm for solving
optimization problems. Applied Mathematics and
Computation, 188, 1567-1579.
[4] Minerva, T., Paterlini, S. (2010). Regression Model
Selection Using Genetic Algorithms. Proceedings of
the 11th WSEAS International Conference on RECENT Advances in Neural Networks, Fuzzy Systems & Evolutionary Computing, 19-27.
[5] Ramanathan, R. (1992). Introductory to econometrics with applications (Vol. 4). Dryden Press.

BLANKA LÁNG received her MSc degree in mathematics from the Eötvös Loránd
University in 1995, and another MSc degrees, one in informatics also from the Eötvös
Loránd University in 1999 and another in economics from the University of Pécs in
2005. Her PhD degree in economics were obtained from the University of Pécs in
2011. Her thesis deals with the resource constrained project scheduling problem with
discounted cash flows – a new metaheuristic. Currently she works as a senior lecturer at the Corvinus University at the Computer Science Department. Her research
interests include metaheuristic algoritms and web development.

SEFBIS Journal 2014. No.9

21

 Relationship between EAM and APM
LÁSZLÓ KOVÁCS is a BSc student in Business Information Systems at Corvinus University of Budapest. He is to recieve his degree in 2015. As a student, he actively
participated in the Scientific Students’ Associations Conferences at Corvinus University in the years 2013 and 2014. His research involving metaheuristics was awarded
both times. He works as a teaching assistant at the Department of Statistics in
Corvinus University. He teaches seminars in Statistics for BSc students.
ICT in Business
Business Solutions

5. Relationship between EAM and APM

The Relationship between Enterprise Architectural Management
and Application Portfolio Management in Large Companies
ALICE LÍVIA MOZSÁR KOVÁCSNÉ – PÁL MICHELBERGER
Application Portfolio Manager, IBM CIO mozsar.livia@kgk.uni-obuda.hu
Associate professor, Vice dean for research, Óbuda University, michelberger.pal@kgk.uni-obuda.hu
ABSTRACT

Architectural management has many points to connect with the different areas in a large organization. Some of
these are: Requirements Management, Project Portfolio Management, Strategy Management, Financial Management, Compliance Management, Risk Management, Process Management, Security Management, Domain
Management and Application Portfolio Management (APM). This article focuses on enterprise architecture and
application portfolio management relationship how the business units and brands can generate long term value
from the strong and effective cooperation of these two areas in long time.

Introduction
The goal of the article is to document and explore
the definition for enterprise information architecture,
architecture process and to show the importance of
enterprise architecture management (EAM). Another goal is to discover the importance of the relationship and connection between architectural
management and application portfolio management
in large companies worldwide. Large companies
need to manage many thousands of business
processes and information systems day by day.
One of the key criteria for quick response in the
marketplace to have a well managed and built by
structural way information accross organization.
Enterprise architecture management helps support
the business to reach strategic goals and to deliver
the solutions to reduce the redudancies between
business processes,and also to reduce the IT costs.
Architectural management has many points to
connect with the different areas in an organization.
22

Some of these are: Requirements Management,
Project Portfolio Mgmt, Strategy Mgmt, Financial
Mgmt, Compliance Mgmt, Risk Mgmt, Process
Mgmt, Security Mgmt, Domain Mgmt and Application Portfolio Mgmt.
The method of the reasearch is secondary research. The article integrates the theory and practices from this discipline and gives a brief overview
about the principles of architectural management
and application portfolio management while integrating the daily tasks and processes into one model.

Definitions: EIA and EIP
The objective of information management is to
support the corporate information and data management with data sharing cross process integrations inside the company and improve the business
values –customer satisfaction, employee productivity, cost avoidance, cost reduction, business
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resources and assets across the enterprise.
They are developed in order to make the information environment as productive and
cost-effective as possible.

partners loyalty etc.- across organizations. Enterprise information architecture (EIA) is a set of requirements, principles, models and guidance to
achieve effective enterprise changes.

Architecture principles are a subset of IT principles that relate to architecture work. They reflect
a level of consensus across the enterprise, and
embody the spirit and thinking of the enterprise
architecture. Architecture principles can be further divided into:

The enterprise information architecture has four
considerations:
1. Enterprise information processes
2. Principles, models
3. Guidance
4. Sharing and exchanging information assets [1]

−

The first viewpoint means designing the assets in a
conceptual and logical way and managing their
implementation. The second and third one includes
different methods, models principles and guidance.
The principles of an architectural management are
very complex and many different enterprise architectural frameworks model can be used such as:

Principles that govern the architecture process,
affecting the development, maintenance, and use of
the enterprise architecture. Principles that govern
the implementation of the architecture, establishing
the first tenets and related guidance for designing
and developing information systems." [3]

DODAF (Department of Defense Architecture
Framework)
MODAF (Ministry of Defense Architecture
Framework)
TOGAF (The Open Group Architecture
Framework)
Zachman Framework [2]

"An architectural disclipline that merges strategic
business and IT objectives with opportunities for
change and governs the resulting change initiatives." [4]

−
−
−
−

The principles give guidance on how to manage the
different applications and their information across in
the organization. The rules may be developed by
the architectural leads, business process owners,
business stakeholders within the company. They
also can be driven by standards and principles
outside the company required to exchange data
between companies.
−

Enterprise principles provide a basis for decision-making throughout an enterprise, and inform how the organization sets about fulfilling its
mission. Such enterprise-level principles are
commonly found in governmental and not-forprofit organizations, but are encountered in
commercial organizations also, as a means of
harmonizing decision-making across a distributed organization. In particular, they are a key
element in a successful architecture governance
strategy.

−

Information Technology (IT) principles provide
guidance on the use and deployment of all IT

SEFBIS Journal 2014. No.9

A base definition for Enterprise Architecture is:

The Importance of EAM
Architecture is about components and connectors
between business processes and information systems. Companies store about 90% of their data in IT
systems in the large companies. Managing of these
IT systems is very important for the organizations.
"The enterprise architecture is the organizing logic
for business processes and IT infrastructure, reflecting the integration and standardization requirements of the company's operating model." [3]
The added values of the architecture management
are: economic, functional. Managing the electronic
information in the information systems is mandatory. The structure of architecture management is
depends on the organization structure, number and
complexity of the business processes, business
impacts and prioritization from the technology level.
Management of structured and unstructured data is
a big challenge for the organizations. Gartner
analysis shows that 33% of Fortune 100 companies
will have an information crisis by 2017. [5]
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The typical areas where the enterprise architecture
management are:

−

I. Business areas
− Business transformation
− Business process management
− Business process rationalization
− Strategic management

Enterprise architecture management can provide
additional valuable insight. It describes the sources
of risks with a multidimensional matrix of processes,
participants, standards, risk indicators to the
stakeholders, representatives of the different areas.

Enterprise architecture can be used in this area to
help the business areas to reach their tactical and
strategic goals. Business strategy defines the key
business capabilities so the technology capabilities
need to support these.

VI. Financial Portfolio Management
1. Total Cost of Ownership
2. Investment management

II. IT planning and optimization:
− IT consolidation
− IT Transformation
− Application Portfolio Management
− Cloud transformation
− Outsource transformation
− Project Portfolio Management
The EA is a framework for the IT transformation
processes how the business and IT goals can
connect with consolidated interfaces, systems, architecture optimizations, shared services and with
cloud computing solutions.
III. Core business transformation
− Enterprise Resource Planning Control
− Standardized Enterprise Resource Planning
− Data management
Number of ERP affects the IT infrastructure, business and IT processes and solutions to create new
interfaces or to integrate existing interfaces.
IV. Service Architecture
− Business service management
− Service Oriented Architecture
− Service Portfolio Management
The architecture framework gives a guideline for the
integration opportunities of different services or
where business services can be service-aware.
V. Governance, Compliance, Risk
− Governance
− Risk
− Compliance
− Auditing

24

−

Change Management
Security Management

Enterprise architecture management supports different investment decisions with technical reviews,
process improvement opportunities, and defines the
cost drivers for systems with high maintenance, development costs.
VII. Domain Portfolio Management
Domain management supports the connection and
communication between stakeholders and enterprise architecture management. An IT roadmap
provides information to the business management
about their applications life cycle, for example: options for cloud environment, changing technical
environments.
The benefit of architectural management is that
for example business areas can design and plan
their processes effectively. Any changes in the direction of the business processes have impact on
the business architecture and IT architect areas and
for the IT systems within the organization. SOA
(Service level oriented) architecture can increase
the added value of the enterprise architecture.
Those organizations that use enterprise architecture can effectively reach their goals, assess risks,
reducing the different IT costs. Centralized and well
managed architecture teams can support the
company's competitiveness in the market. They
can help reduce the number of business processes,
redundancies and can also help prudent decisions.
To stay competitive in the market does not only
mean improving, design use the newest information
technologies but it also means efficient operation
and the optimal usages of its IT and NON IT resources. (See: Figure 1.).
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Figure 1. Model for the enterprise architecture mgmt

The Importance of APM
„An IT asset is defined as anything in the operational
baseline under the domain of IT (e.g., hardware,
software, data and information, people, and processes). The IT asset portfolio provides a framework
to catalog and continuously monitor the business
alignment, value, risks, costs, benefits, and balance
associated with infrastructure, software, human
capital management, processes, data, and information. It represents the largest expenditure for the IT
organization.” [6]. A recent Gartner report concluded
that "35% of IT spending was on applications, 55%
was on inrastructure and 10% was on IT management, finance and administrative activities." [7] All the
information applications affect the business continuity and the effectiveness of the business processes.
Cataloging and managing the information applications across the organization will provide a multidimensional and global view for the management and
support the IT investment planning, business transformation activities. Benefits of the application portfolio management are:
−

−
−

Cost Reduction in what organizations spend on
information technology with a better understanding of cost allocation
Reducing duplication of business and information technology processes
Reducing the various risks in the organization
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Many aspects need to be analyzed by the application portfolio managers and enterprise architecture
managers:
− Strategic goals of the organization
− Supported business units
− Supported business processes
− Cost of maintenance and development
− Application life cycles
− Current Projects and Planned Projects
− Function the application executes i.e. mapped to
process
− Underlying Infrastructure and Technology –
Servers, Platform, Operating environment: middleware and release levels, etc.
− The supporting maintenance and hosting organization and location
Coordinated operation of the two management
areas can support the strategy of the organization
and manage the different impacts of the organizations. The following connection points are basic
line and recommendation for large companies
where many thousands of business processes are
supported by many thousands of information systems worldwide across the organization including
the APM methodologies in the enterprise architecture processes. The model an overview and
represents links between business and IT processes development decisions at different organizational levels (business units, regions). Combinations of enterprise architecture management and
application portfolio management support better
business outcomes.

Connection Points
Baseline strategy requirements: APM and EA
teams need to be involved in strategy management.
They represent and understand how the new
business goals can be implemented in the current
business architecture with the currently used information systems. In this step they can build together scenarios for implementations together. In
this step they look at the portfolio of the information
systems. Changing any process or development of
new processes will lead to changes in the IT envi-
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ronment. Business and technical architectures have
information knowledge about the interfaces between IT applications, data flows, and technical
possibilities. They analyze the business needs according to various criteria. An IT environment continuously needs to provide the end- to -end business processes and avoid duplication of business
and information processes or costs. Application
portfolio leads have knowledge about the applications that will be affected by the changes. In this
step the APM's can start to analyze the costs of
changes with the financial focal points of the different business areas.
After collecting the information about the change
and impacts different scenarios needs to be ready
for the business and strategy management representatives. The APM's control and analyze the different type of IT costs in the IT portfolio with financial leaders. They can suggest proposals for the
architects to analyze the complexity of applications
and reducing the supported processes or reallocate
the sources. One architect can be responsible for
many thousands of applications which are defined
in different application portfolio.
EA and APM management needs to involve the
infrastructure, service delivery areas, business units
and the architects, application designers, data
modelers, data integration specialist, business
analysts, business designs consultants, experts in
compliance and security fields. The number of the
specialists, consultants, experts depends on the
organization structure and the complexity of the
change. The tasks are: to plan, to design the possible solutions in the IT environment and in the
information applications. The difficulty in this step is
that the simplicity and low costs and quick solutions
are the most important criteria for business management.
Gathering requirements and define standardization: The requirements gathering and unification
options are key during the process. The information
exchange must be continuous between the representatives of the different units. The EA's and
APM's need to look at the IT environment and the
different application portfolios which are affected by
the business demands. They need to identify the
business transformation and document the pro26

posals. Several recommendations can be presented by the teams end of these processes.
−
−
−
−
−
−

Change the current IT environment
Process improvement recommendations
Process standardization recommendations
Create new principles, guidance for business
management areas
Develop new assets or integrate existing applications or sunset recent applications
Restructuring the organization

Prioritization of the scenarios: There is a need to
prioritize the completed recommendations by the
stakeholders, business unit and processes owners.
From the business side the time and cost will be the
most important in the decision process. After the
final prioritization the business value and plans will
be managed across the organization in the multiple
levels. Application lifecycle point of view the link
between the two areas how the current or new applications are designed and developed. EAM is part
of the development phase to provide technical information about the platforms, information and data
flows and interfaces. APM in this area should follow
and control all the elements and tasks. With a
strong and integrated architecture and an adequate
application portfolio management it is possible to
avoid the unnecessary development activities and
additional development costs.
The perspective from the IT service management
the architect management focus on data center location, platform, virtualization, software requirements
etc. However the APM manages and coordinates the
service level of the applications in the portfolio. The
analysis of the applications how they are critical is a
connection point between EA and APM.
IT security standards and IT governance is the
next interface between the EA and APM. To follow
the different standards (IT Business Continuity, Security guidelines etc.) is mandatory for both management areas. The level and complexity of the
standards are different but after an architecture solution the application portfolio manager's should follow them. APM can control the compliance status
for the portfolio. It is a long and complex process to
collect all the information from the contact units and
employees but after this with all portfolio compliSEFBIS Journal 2014. No.9.
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ance status the architect management and representative can see the overall status of their areas.
A domain is a type of group of applications in a
higher level than the APM's work. Architecture
management needs to manage many different
domains. Domain leaders are located below of the

architecture management but above or on the same
level as application portfolio management in large
organizations. This connection point helps the
communication exchange between the EA and APM
about the technical developments and financial
management (See: Table 1).

Table 1.: Connection points between architectural management and application portfolio management
Enterprise architecture management
Application portfolio management
Strategy Management

Strategic architecture

Strategic applications

Financial Management

Investment allocation

Application costs

IT Service Management

Standard requirements

Service level control

IT Domain Management

Costs control

Costs allocation

IT Governance
Application life cycle

Complex guidance
Architect design and implementation

Application compliance requirements
Application developments sunsets

Recommendations
All large companies need to face the fast changing
markets and they need to follow the changes in the
information management requirements. Enterprise
architecture and application portfolio management
are a key areas for the companies. Through with
their strong, appropriate and mutual cooperation in
the business processes and information processes,
different type of data, technical and non-technical
interfaces management an organization can reach
better informed decisions and they can allocate the
money for the IT costs more effectively. They are
also a good communication platform between IT
and business and they can ensure that business
needs are delivered.
The article doesn't describe detailed steps and
tasks of the architectural and application portfolio
management. This new approach can help large organizations to rethink their operations within and outside the company and to focus on some parts of IT
management. The detailed organization design and
solutions for the EAM and APM depends on the size
of the company, the numbers of processes, business
units and the number of IT systems. The article outlines a high level approach but it may be a good
starting point for considering the business processes,
values and IT costs.
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Evaluated Knowledge Representation based on BPM Aspects
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ABSTRACT
The need for understanding the value of knowledge has increased in the recent years, not just amongst the
well-developed business entities but in their environment, too. This paper gives an overview about the knowledge representation’s main perspectives and its interrelation with the business process management. The paper
defines the knowledge-based value and it gives a picture about the related concepts. Also the author’s current
research is in this paper which will be the base for his future activities.

Introduction
The knowledge management is identified as the
main value driver in the nowadays business environment. There are many important factors what
should be taken into consideration: limited resources, unstable market conditions, intensive
competition etc., but still the knowledge counts as
the core of the main business and organizational
28

capability [1]. Here the process oriented approach
will be examined. The main research area is to
reveal the value of the knowledge inside of an organization, the idea is to use some generic concepts and recombine them in a practical way. The
expected results are to handle the knowledge and
its value in a framework what might be interpretable
for the most stakeholders.
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difficult to be determined. The main cause of this is:
the contradiction of the tacit and the explicit
knowledge and their practical characteristics [4].
The tacit knowledge is implicit, it is not documented
and its transfer is not simple. They explicit knowledge is codified and can be transferred [5]. In the
coming two sections the source of the knowledge
and the value of the knowledge representation will
be introduced.

The Source of the Knowledge
The identification of the knowledge source is the
first step to provide the logical framework for the
valuation of the knowledge. In the knowledge
management the set of all procedures has to imply
the human and non-human entities as resources. In
one hand these resources store the knowledge
relevant elements of the processes [6], in the other
hand they provide the contextual environment (e.g.
axioms, references, descriptions etc.).

Knowledge Source and Management
For assessing the connection between the knowledge management and the knowledge source related business processes it is worthy to cope with
knowledge management (KM) as a whole. As the
KM process, the Method for Business Process Oriented Knowledge Management (GPO-WM®) is used
here [7]. The method has four steps the Generate,
the Store, the Distribute and the Apply. Figure 1.
model shows the combination of the GPO-WM®
method and the sources of the knowledge.
Knowledge source
a) Internal
b) Mixed c) External
Knowledge
management

In general the business processes (BP) should cover
all the processes what are running inside the specific
organization. However not every BP is documented
and there might be some exceptions where the value
of the process is not evaluated properly. Furthermore
the inherent knowledge’s evaluation might face also
difficulties, because the distinguishing feature between the knowledge added and non-knowledge
added BPs is complex. While assessing the business entity from this perspective, there might be a
good solution to focus on the pure financial perspective. But what happens, if there are more stakeholders or more time horizons involved [2]. In the
latter case the short term financial point of view might
be not sufficient, especially if the business entity has
long term dedication on the market, in this case a
more holistic view is needed.
The initiatives of the business process management (BPM) may answer even the most complicated questions. Thanks to the BPM there is a
more and more stronger common sense about the
BPs. The general processes might be unified, put
into the background, and the value added processes might be raised to a higher priority level.
Once the identification is in progress, the main roles
can be revealed as well. This allows the delimitation
of the responsibilities and gives not just an accountable environment but a transparent one, too.
One of the most mature business process modeling
methodology is the event-driven process chain.
This method gives a pure and granulated overview
about every relevant element of the BP system [3],
what can help the evaluation and measurement
phase. With the help of BPM the value added
processes and the supportive processes can be
separated into two groups. The support BP covers
those business functions where there is no direct
and prompt value delivery, they rather provide a
framework for the value chain, and in the meanwhile
the other group covers the value delivery itself.
If the distinction is set, then the focus should be
taken over to the knowledge. But how are the
knowledge and the value connected? If there would
be a direct connection amongst them, there could
be developed a simple managing procedure that
would be clear, justified and founded on proof of
evidence. But in practice this connection is rather

1) Generate

1a

1b

1c

2) Store

2a

2b

2c

3) Distribute

3a

3b

3c

4) Apply

4a

4b

4c

Figure 1. Source of the knowledge

The sources might be internal, external or the mixture of both, usually the latter one is the practiced
one. The GPO-WM® method’s points answers the
following questions: what, where, for whom, by who
is made the knowledge and by who is used, and all
the steps have a focus on how it was achieved. At
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this analysis the BPM comes into picture, these
processes are already BP oriented ones, they use
intensively the business process management tools
and systems. The knowledge source is in one hand
document management based, in the other hand it
is role based, what is actually fully supported by the
event-driven process chains. Digging deeper in the
latest model it can be seen that the source of the
knowledge will have similar phenomenon when it is
applied in the specific step of the knowledge management.
In the ‘Generate’ step the source might be internal, then it is an own innovation. Or it can be an
external one, in this case the innovation is based on
external knowledge. The most common case is the
mixed knowledge. The situation is very simple in
this case, the interpretation is easy. It has to be
highlighted here that using external knowledge for
generating knowledge, even just a part of it might
need some serious precautions. Does the generating have any legal issues, can the knowledge be
incorporated and what is the level of the usage of
the external knowledge? If it trespasses a specific
level it might be a source of a business risk and
might undermine the business continuity.
In the ‘Store’ step the source might be the internal human resource and a knowledge base. The
mixed storing can have the former ones combined
with references to external sources or with a direct
connection to an external system. Using an external
source has always the risk of unavailability and it
has usually an unknown structure, in addition the
external source can be also a dynamic, ‘living’
business entity and it might collect sensitive data of
the profile of the current knowledge-usages what
may harm the inner business on the long term.
In the ‘Distribute’ step it is a necessity to provide
access to every stakeholder at least for the relevant
knowledge sources, distributing knowledge even
just partly from external source might have legal
and business continuity issues.
The value creation has to be realized in the
‘Apply’ step. Using the internal source should be
built in the normal processes. If the knowledge
comes from an external source it has to be taken
into consideration whether the source can be in-
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corporated or not, if yes with what conditions, if not
what is the possibility of the need of reinvention,
rediscovery.
The combination of the KM process’ steps with
the BPM procedures provides a very clear picture
about the process documentations, the processes
and the workflows, however it is still needed to involve the actors.

Knowledge Bearing
The BPM can clearly define the framework of the
knowledge management systems. The simpler
business processes might run as workflows. But
once it is about value and adding higher value, it
requires higher complexity in the business processes. The tacit knowledge is not that easy to be
revealed, that is the why that the BPM systems can
be made complete just with quality measurements.
The identification of the critical business processes is not sufficient, because the documentation
level and the process flows cannot always cover the
human actors’ actions and their behaviors. Appointing those roles, which are critical for creating value, is
the next crucial element of representing the knowledge. The not documented, but in practice working,
knowledge is at the knowledge bearer, in the KM
these resources have to be handled with higher attention. The human resources where the knowledge
is borne have to be distinguished, if possible in a
dedicated role. The selection of these roles is usually
a multidimensional task, because not just the
knowledge does count, but also the motivation, and
capability to transfer knowledge elsewhere. The
following example shows a good practice for this aim.
In any knowledge-oriented business entity, it is
required to appoint a sponsor, a mentor, a champion,
and a critic [8]. These roles’ involvement enables the
identification of the knowledge-intensive actors. An
actor with the potential of high added value might be
a champion. In the current practice it is more common to identify subject matter experts (SME) as it is
in the Six Sigma® methodology or with ITIL®.
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It is very important to identify those actors who have
the willingness to store and distribute the knowledge. The sharing’s results depend not just on the
SME, but on the process of the knowledge management. If the knowledge transfer suffers from
poor level of knowledge-codification, or if it is not
customized for the audience, then the absorption
capability cannot be used on the highest potential.
The highest level of knowledge bearing can top at
the automatic mind [9], where externalization of the
knowledge is not any more trivial [10].
When building up the measurement system in a
knowledge intensive business environment it is a
must to cover the quantitative processes, the more
granulated the logging of the events the better exploration of the business can be achieved. Since the
KM has not got connection points in every aspect
with the BPM system, there should be set up a
quality measurement system in order to close the
gaps. Anyway the KM should be aligned with the
current BPM as tight as possible.
The research relevant environment and actors
are here touched. In the coming section the valued
knowledge representation will be examined.

Knowledge Representation
The knowledge representation is meant here to
analyze the knowledge and evaluate it from a possible interpretable way. Normally the knowledge
representation is handled symbolically, it is a body
of knowledge, where the following is the definition:
“a set of expression in which each piece of knowledge corresponds to one or more expressions, and
each expression corresponds to one or more pieces
of knowledge” [11]. According Sowa: “knowledge
representation is the application of logic and ontology to the task of constructing computable models for some domain” [12].
Although the ontology is not analyzed here detailed, as the main focus is on the business perspective, it is still required to introduce its definition:
ontology “provides a shared and common understanding of a domain that can be communicated
between people and across application systems”
[13] or “is an explicit specification of a conceptualization” [14].
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Actually the shared and common understanding
is one pillar of this research, as the enabler of the
KM. In this point the knowledge is handled as a
whole. Now the sum of the tacit and explicit
knowledge gives the total knowledge (in the frame
of this paper). This total will be examined with the
proviso that it has a partly unknown, not completely
revealed segment.
During the assessing the specific organization’s
value delivery capability it is worthy to know what
are the main drivers and what is the environment for
the drivers.
The business entity strives for solving business
problems and it uses resources in order to achieve
getting them solved. In the coming simplified model
the business problem is a basic standard, this
serves as a unit of base while measuring the worth
of other factors. The problem’s impact area covers
all the relevant business needs what have to be
satisfied and delivered for the customers. In this
model every resource is on the sufficient level but
knowledge, the one and only variable resource is
the knowledge. Similar to the problem, knowledge’s
impact area is interpreted as the specific level of
business needs, but these needs are satisfied.
The value is defined as the quotient of the
knowledge and the problem (Figure 2). The black
area presents the knowledge’s impact, the white
area presents the problem’s impact, and the broken
line is the level of the business needs covered by
knowledge, this gives the realized value.

Figure 2. Knowledge mapping

The realized value, what is the striped area, does
not exceed the possible maximum of the problem’s
impact, even if there is a plus of the knowledge’s
impact. The model presents the inner value, no
integration of business entities is indirectly derived,
there is no the integration with the environment
meant, just the knowledge and the problem are
showed as simple levels what are in accordance
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grow and expand the knowledge. The KM is well
configured every knowledge granulate might be
realized as value, the focus should be on the
extension of the current level of knowledge.

with each other, so the division is interpretable. This
is called here mapping, the idea is similar to the
process mapping [15].

Knowledge Matching

−

The fourth case is ‘Knowledge > Problem’. Here
the realization potential is completely utilized,
however the knowledge level is above the required one. The surplus is here a slack resource,
the situation is similar to the ‘Partial match’. A
specific plus knowledge might be the source for
process improvements, innovation, or providing
new services.

−

The last case, ‘Knowledge = Problem’, is the
perfect match, in this ideal case the KM’s capacity is fully used, every business need is
covered.

The problem mapping gives the environmental
framework for the maximum value, the knowledge
mapping itself is the matching level of the realized
value (Figure 3).

Figure 3. Knowledge matching

There are five typical cases by matching the levels
of the problem’s impact and the knowledge’s impact:
−

The first case is the ‘Disjoint sets’. The problem
and the knowledge has no intersection at all, the
two sets are completely different. If the business
entity would like to realize business value, then
they have to build up their own knowledge.

−

The second case is the ‘Partial match’. In this
case the business unit has already a covered
part. This realization of the model shows slack
resources [16], and an overwhelming majority of
business needs what is not matched, this latter
might be on minimal level as well by time.
Anyway the fact is that this knowledge model
(KM) is misconfigured and there is an opportunity to benefit more, once this is the practice.
Plus the not used knowledge might be transferred somewhere else, or has to have a cutback.

−

The third case is where the knowledge level is
under the problem level (Knowledge < Problem).
It is the simplified case of the ‘Partial match’,
there is no slack resource, just the opportunity to

32

On short term the fifth case might be the best from
financial view, but on long term the ‘Knowledge >
Problem’ might be better, since it has slack resources to identify new way of business and it might
give flexibility for increasing and changing business
needs in this basic model.

Practical Approach
The idea of the knowledge mapping has to be
somehow revealed not just theoretically but in practical way, too. In order to provide a supportive background: the best practice and process improvement
aspects of the CMMI®, Six Sigma® and ITIL® were
collected and transformed into a questionnaire. The
research ran between 11-22 August 2014, the questionnaire was sent out to 154 different companies in
Hungary, till the deadline 29 answers are received
from different sources (company), 26 of them kept for
the general analysis, and the remaining 3 where
chosen to be a part of an additional one in another
paper. During the process anonymity was warranted
for the answer givers, their data is analyzed and
shown in an aggregated form.
The total 128 questions covered 8 domains which
were the followings: general data, roles, business
process management, knowledge management,
strategic management, sustainability, innovation and
environmental interoperability. For the current research 93 questions were used with focus on struc-
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tured knowledge processes, the spare ones will be
covered in a later analysis. All of the questions had
quantifiable measures, finally the average of those
was transformed to percentages what was used per
company.
In the other hand the net sales and the gross
profits of the companies were collected, the last 5
calendar year were covered (from 2009 to 2013),
and the ratio of those was calculated. The average
of the total years was used further in order to
eliminate as many changes as possible. Normally
the EBITDA should have been used and some of
the financial accounting instruments should have
been excluded e.g. transfer pricing, interrelations of
subsidiaries and parent companies, etc. [17]. Based
on the available resources, the focus relied on public information which could be collected in reasonable timeframe and with valid accuracy.
After collecting both of the averages from the
datasets, those were visually displayed in a scatter
plot diagram. The horizontal dimension shows the
level of the structured knowledge processes and
vertical is the ‘financial effectiveness’ of the given
company (Figure 4).

Figure 4. Realizing value and knowledge awareness

Analyzing the results it can be seen that the different
companies give a very mixed picture. Since the financial data covers 5 business years (in case of 3
newly established companies just the current ones),
it shows a quite balanced value over the years,
keeping in mind that there was a world crisis in the
meantime.
The other dimension shows a more stratified
distribution of the results. The 8 domains show an
interesting picture: the answers for general data,
innovation and environmental interoperability show
SEFBIS Journal 2014. No.9

similarities. The companies deal with exact data
punctually and firmly, they show high awareness
about their environment, especially from the legal
compliance view and they recognize the potential of
innovation, however in the practice they do not have
all the required activities what support this awareness.
The roles and business process management
domains approach the former ones, the compliance
viewpoint is very strict, the companies follow the
legal requirements and the standard procedures on
the operational level. They can identify the roles in
the organization and they have an idea who is responsible for what. The measurement of the existing systems are in place and continuously done. But
the business continuity has some problems, there
are some overlaps amongst the roles, even at large
size companies, the BP documentation is not
up-to-date and the change management is not
properly solved.
The last three domains: knowledge management,
strategic management and sustainability differ. The
knowledge application’s measurement is not really
the part of the practice, the changes are not followed
up. The tacit knowledge has a high importance, the
competences and the skills are not tracked in general,
the situation is the same for the passive knowledge,
and there is the risk to be unable to replace the
suddenly disappearing knowledge, especially the
tacit and/or unique one. Also the incorporation of new
knowledge elements has a lower priority than expected. These three domains are the most interesting, because according to the answers of the connected awareness questions, the respondents are
aware of the importance of the knowledge related
fields, but the knowledge management as a holistic,
ongoing activity is still in an underprivileged status.
Combining the upper dimensions (value and
knowledge) it can be seen that there is no clear
finding at this level, yet. However it can be seen that
the companies with low structured knowledge
awareness can realize higher business value. Even
if the objective is not fully achieved to directly determine a value generating knowledge structure, it
shows the sign of a correlation.
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Results
Mapping the knowledge gives the answer on the
ratio covered of the business needs. For representing the value addition of the knowledge it is
necessary to know in which depth the knowledge is
used. This requires another dimension, this was
introduced in the previous chepter. So there is now
a financial ~ value dimension and a knowledge
structure level ~ intensity. The possible level of
value addition is classified into 2 classes low (L) and
high (H). The other dimension is the knowledge
intensity what is also classified as L or H (Figure 5.).

Value addition

Knowledge intensity
L
H
H

T ype B

T ype A

L

T ype A

T ype C

Figure 5. Relation of the value and the knowledge

The knowledge matching itself was a quantifiable
model, the knowledge intensity is more like a scoring model. Examining the relation of the value and
the knowledge it can be seen that there might be a
linear connection amongst the same level of value
addition and knowledge intensity. The higher is the
knowledge the higher is the added value. In the
model it is marked with ‘Type A’. The ‘Type A’
business entity shows ‘healthy’ behavior, it is the
normal case of the knowledge-based value delivery.
The two extremes, ‘Type B’ and ‘Type C’ are
quite different, they show very unique signs. Based
on the experiences ‘Type B’ is more common than
‘Type C’, this type of business units might have
something very unique instrument or procedure
behind the revealed public business processes. E.g.
this type might have trade secrets, patents, lock-in
etc., what is not incorporated as pure knowledge but
it is more like a private value, what is not revealed
for the publicity [18]. The other factor is the value
problem, since the market value, the real value and
the utilized value might significantly differ [2].
‘Type C’ has significant not realized value, this
type might be overcomplicated, valuated unrealistic.
It might have a wrong knowledge structure that
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allows just a poor KM what at the end causes value
leaks, its symptoms can be easily identified. This
model is not that common in the real economy,
since it would not survive on the long term. It shows
that the business is active in a wrong scenario, in a
planning phase or this is entity might be an element
of a larger structure. There are some connections
between Figure 3. and Figure 5., ‘Type A’ ~
‘Knowledge = Problem’, ‘Type B’ ~ ‘Knowledge <
Problem’ and ‘Type C’ ~ ‘Knowledge > Problem’.
The knowledge mapping and the intensity give
some backgrounds about the value and this might
already enable the stakeholders to have the first
steps in representing the knowledge. Configuration
of the knowledge and the evaluation could be the
keys for the proper identification of the essence; and
there were no typical extreme identified, however the
entities on the boundaries showed some justification
already. Beside the inner processes, the origin of the
knowledge is also a necessity to be covered.

Conclusion
The knowledge is the main value driver of the organizations. Identifying the specific value of the
applied knowledge is possible just in case if there is
a well-structured BPM. The BPM should cover not
just the support functions, but the value added
functions as well as aligned as possible. The BPM’s
results should be translated to a measurement
system which can give a clear view about the current business needs, the available solutions and the
required level of knowledge. The most critical
phenomenon in the knowledge itself, that not every
part of it can be documented and transferred.
Aligning to the reality, requires to have every significant element of the business evaluated. One of
the most important issues is to reveal the current
level of the knowledge, and the desired level of it. For
this purpose the knowledge mapping and matching
can be used. The solution above is based on quantified data, for getting a clear picture it is also needed
to identify the key steps of the knowledge management systems, the source of the knowledge, and the
intensity of the used knowledge. In addition it is
needed to reveal those roles which enable the organization to utilize the combination of these.
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This holistic approach builds the base of the
related studies, but there are some gaps what have
to be closed. The practical approach of the research
show some pathways, one of the findings is that the
companies try to follow the must-to-have requirements (legal, prescribed), the other finding is that
they are aware of the importance of knowledge
management. In contradiction to this they do not
really use the opportunities of the KM, and the
practical knowledge representation might suffer
from this already on human entity level. The research has to be widened and be more focused.
The compliance-like domains should be in the
background, priority should be shifted to the
knowledge management. In addition to this, the
research has to be open up for an international
public.
In the future it should be also examined: how the
knowledge can be visualized in the organization
and how it can be ‘sold’ for a third party. Recognizing the synergies and the patterns is also a key
element for transforming the awareness into actions.
It will be also the part of the coming studies how can
be built and interpret the minimum (reduction),
maximum, and average knowledge level of the
specific business unit. Further elements to be covered are the revealing of the unknown, but used
knowledge, the price of retention of the knowledge
vs. reinventing it.
The stakeholders face many challenges, the
intellectual property management takes many corporate resources and the usage of these resources
has to be justified. In order to make the stakeholders able to show the value of the knowledge
they need a holistic management aspect. They
have to keep in mind that the current BPMs cannot
deliver the best answers for every question; however they are already on a very appealing level.
Taking into consideration the knowledge mapping,
the knowledge intensity and the critical event-driven
process chain elements, like the raised roles and
the sources of knowledge, might be well-defined
inputs for the successful assessment.
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ABSTRACT
After three decades of research on eGovernment, it is now timely to reflect on the direction, how we can use and
develop the methodology. Based on related literature it is evidenced that the theoretical background is very
important, but the utilization of theories by eGovernment researchers appears to be random. In the academic
literature the most popular theory and model is the DeLone and McLean (D&M) Information Systems (IS)
Success Model. Based on the IS Success literature, this paper is concerned with the multidimensional model for
assessing systems success, particularly with system quality, which should be applied in our future research.

Introduction
Due to the spread of eGovernment new requirements for IT developments and operations are
specified at various levels and in different ways. The
main goal is to create high quality, customer-centric
and secure electronic services to the whole society.
The success of IT planning and development is dependent on identifying strategic directions and priority areas with precision, as well as measuring and
assessing IT efficiency in public administration.
We do not yet have a good model for eGovernment that provides for benchmarking and metrics.
There are many approaches to measuring success
of information systems (for example DeLone and
McLean IS Success Model (1992, 2003) [2], [3],
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Technology Acceptance Model (TAM), Diffusion of
Innovation (DOI), Unified theory of Acceptance and
Use of Technology (UTAUT), and Theory of Planned
Behavior (TPB). The theoretical models complement
each other and help explain different contexts of this
field.
The IS success model has been cited in thousands of scientific papers, and is considered to be
one of the most important theories in contemporary
information systems research, so it may be a good
starting point for my research.
This study is focused on the system quality dimension. Without identifying the main characteristics of quality eGovernment systems, it is not obvious whether eGovernment projects would succeed or not. eGovernment has several aspects,
SEFBIS Journal 2014. No.9.
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including social, technical, economic, political, and
public administrative. Some of the major characteristics of public sector1 are following:
−
−
−
−
−
−

The government’s aims are determined by policy
and law.
Governments have to be user-centric, accountable, transparent and reliable.
The public sector’s organizations have generally
hierarchical and centralized structures.
The administration’s procedures, processes and
tasks are standardized and formalized.
Information is often fragmented and spread over
several databases and governmental levels.
Budget of public administration is independent
from market.

Businesses seek maximum efficiency, but governments seek just sufficient efficiency. The public sector
has fewer measures of progress or success than the
private sector, but they can use some methods from
private sector. According to Homburg, “eGovernment is

model include system quality, information quality,
service quality, system use, user satisfaction, net
benefits (see Figure 2.).

Figure 1: The Original D&M IS Success Model, 1992

The D&M model has also been found to be a useful
framework for organizing IS success measurements. The model has been widely successfully
used by IS researchers for understanding and
measuring the dimensions of IS success in different
contexts, including the eGovernment context

defined not as eCommerce for government, but rather as a
redesign of information relations of a public agency with
stakeholders in its environment”. Redesign can apply to
front office and to back office too [4].

The IS Success Model
DeLone and McLean reviewed the large number of
conceptual and empirical studies and they identified
six variables of IS success: system quality, information quality, use, user satisfaction, individual impact,
and organizational impact in 1992. However, these
six variables are not independent success measures, but are interdependent variables in the multidimensional measuring model (see Figure 1.).
In the next years they focused especially on
validation and application of their model. In 2003
DeLone and McLean updated their model. They
added a new dimension, “service quality”, to the
original model and merged “individual” and “organizational impacts” into a single variable, “net benefit”.
So the six major success dimensions of the updated
In the classic public administration paradigm, the organization of the public sector is based on the following principles: an
apolitical public service, hierarchy and rules, permanence and
stability, an institutionalized civil service, internal regulation.
1
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Figure 2: The revised D&M IS Success Model, 2003

System Quality Dimension
Some IS researchers have focused on the processing system itself. Literature does not provide a
unique definition of the information system concept.
The authors write about the information system as a
tool to the service of the organization and of its goals.
Reix (1995) defines the information system as a
set of organized resources: material, software, staff,
data, and procedures allowing acquiring, treating,
storing, communicating information through the
organization [7]. Regarding technological progress,
information system means computer support with
the networking and communication systems (i.e.
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architectures client-server, intranet, internet, distributed databases). In order to determine whether
there is a problem with IS success or not, first we
need to define success for the information systems
function. According to the D&M model, technical
success is measured by system quality, and researchers should determine the dependent and
independent variables associated with technical
success.
Researchers tested a productivity model for
computer systems, including such performance
measures as resource utilization and investment
utilization. For example, Alloway developed 26 criteria for measuring the success of a data processing operation. Technical: developing more monitor
systems; quality of DP system analysts; technical

competence of the DP staff. Security: data security
and privacy. Operations: running current systems
(costs, ease of use, maintenance); availability and
timeliness of report delivery to users; efficiency of
hardware utilization; hardware and system downtime; DP profitability from user bill backs and billable
time ration. Proportion: sophistication of new systems; increasing the proportion of DP effort expended in creating new systems. Cost/Direction:
overall cost-effectiveness; involvement of senior
users in DP policy formulation and evaluation. User
Relation: user oriented systems analysts who know
user operations; appropriate DP budget size or
growth rate; communication with managerial uses;
responsiveness to user needs; DP support for uses
in preparing proposals for new systems.

Table 1. The results of analysis at the individual level and at the organizational level [35].
Relationship
Individual level
Organizational level
System quality  use
Mixed support
Mixed support
System quality  user satisfaction
Strong support
Insufficient Data
System quality  net benefits
Moderate support
Moderate support

Figure 3: Examined characteristics of System Quality in a Chart (based on 40 empirical studies)
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Development: report contents (relevance, currentness, flexibility, accuracy); Training Programs for
users in DP capabilities; attitudes of users to DP;
developing more exception systems; developing
more inquiry systems; developing more analysis
systems. Backlog/Process: the new system request
backlog; improving new system development: time,
cost, quality, disruptions [1]. The 3D model of IS
success extends and separates the dimensions to
development, deployment and delivery levels of
information system, where each level has its own
success factors which can be influenced by several
exogenous factors..
Detailed items for assessing System Quality are
different in the reviewed literature (see Figure 3.).
−

−

−

−

DeLone&McLean (1992): data accuracy, data
currency, database contents, ease of use, ease
of learning, convenience of access, human
factors, realization of user requirements, usefulness of system features and functions, system
accuracy, system flexibility, system reliability,
system sophistication, integration of systems,
system efficiency, resource utilization, response
time, turnaround time [2].
DeLone&McLean (2003): ease of use, functionality, reliability, flexibility, data quality, portability,
integration, importance [3].
DeLone&McLean (2003): usability, availability,
reliability, adaptability, and response time (e.g.,
download time) are examples of qualities that are
valued by users of an eCommerce system [3].
Petter, DeLone, McLean (2008): ease of use,
system flexibility, system reliability, ease of
learning, as well as system features of intuitiveness, sophistication, flexibility, and response
time [5].

For the other literature, see Appendix AWhile researchers have suggested several IS impact
measures such as individual, work group, organizational, interorganizational, consumer and social
impact, they have tested primarily the individual and
organizational impact. Lots of empirical studies
have examined the relationships between system
quality and use, user satisfaction, and net benefit,
but just few studies have considered the relationships from an organizational or other point of view
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(see Table 1.). Governments attempt to increase
effectiveness and efficiency by introducing eGovernment. While IS success models have received
much attention among researchers, just a little research has been conducted to assess the success
of eGovernment systems [6], [8–12]. eGovernment
is connecting the government with citizens, businesses, and other stakeholders, via internet. The
studies focus specifically on web portal. Researchers can compare eCommerce and eGovernment
domain as identical since channel of service delivery is same.
Reviewed studies show that the system quality
in eGovernment context has some important characteristics in accordance with ISO/IEC 25000
standards: functionality, performance efficiency,
compatibility, usability, reliability, security, maintainability, and portability. Each characteristic has
some sub-characteristics 2 with measurable attributes. The definition of the qualitative system's indicators lays the foundations for our further empirical research in public administration.

Conclusion, Recommendations
This study aimed to determine some factors of the
system success of IS success model. In general,
the measure of system quality concentrates on the
specifications of a target system, for example on
eGovernment's web portal. Actually, the eGovernment service process fits nicely into the D&M
updated IS success model and its six success dimensions. However, continued research is needed
to investigate and test a comprehensive model of
eGovernment systems success based on the D&M
model.
Most of the reviewed studies have tested just a
few dimensions of model with a few indicators.
Typical measures of the system quality in the traditional studies have included system reliability, stability, availability, response time and ease of use,
which have mixed the characteristics with
sub-characteristics. Further research should share
Sub-characteristics: accuracy, availability, time-behavior,
ease of use, integrity, interoperability, modifiability, adaptability and so on.
2
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the tests to front-office and back-office systems and
web portal, and they should pay attention to specific
sub-characteristics of those systems. The intention
to use system depends on user, who may be the
member of the government organization's staff or
client, and use of the system is determined and
restricted by law in the public administration. Researchers should analyze business and citizen’s life
events as complex services, underlining the need of
collaboration between different organizations.
Future research should specifically examine the
aspect of the weight between system quality and
user satisfaction. The under-representation of the
dependent variable net benefit should also be
looked into [6]. The identifying and understanding
success factors of eGovernment can be significant
for reliable and effective eGovernment adoption. It
is necessary to my planned empirical test too. Researchers can realize that there is not one solution
that would fit every country. The countries are
characterized by different political, economic, social
and governance contexts, which require different
approaches. According to the literature, it is clear,
that the IS success model researches are more
typical in the developing countries than in the developed ones nowadays, because they want to
develop their eGovernment quickly. It may be useful
in Hungary too, if we want to develop an efficient
eGovernment.
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Appendix A: Measures
Sources
Abugabah et al. (2009)
Bailey and Pearson (1983)
Barti and Huff (1985)
Bejjar and Boujelbene (2013)
Belardo, Karwan, and Wallace (1982)
Conklin, Gotterer and Rickman (1982)
Edward et al. (2005)
Franz and Robey (1986)
Gable et al. (2008)
Goslar ( 1986)
Han and Lim (1997)
Hellstén and Markova (2006)
Hiltz and Turoff (1981)
Jalal and Al-Debei (2012)*
Jeo and Lee (1997)
Jung and Jung (2005)
Kim (2007)
Kim (2007)
Kriebel and Raviv (1982)
Lehman (1986)
Liu and Arnett (2000)
Mahmood (1987)
Morey (1982)
Park et al. (2004)
Rivard et al. (1997)
Sedera et al. (2004)
Sørum et al. (2012)*

Srinivasan (1985)
Teo at al. (2008)*
Wang and Liao (2008)*
Wixom and Todd (2005)
Zaied (2012)
ISO/IEC 9126 Series of Standards
ISO/IEC 25000 Series of Standards

Description of Measure(s)
Response/turnaround time, Accessibility, Flexibility of systems, Integration of systems,
Error recovery, Security of data, Reliability, Correctness, System ease of use, System
usefulness
Convenience of access, Flexibility of system, Integration of system, Response time,
Language
Realization of user expectations
Integration, Correctness, Response Time, Reliability
Reliability, Response time, Ease of use, Ease of learning
Response time
Flexibility, Interoperability, Function ability
Perceived usefulness
Data accuracy, Data currency, Database contents, Ease of use, Ease of learning, Access,
User requirements, System features, System accuracy, Flexibility, Reliability, Efficiency,
Sophistication, Integration, Customization
Usefulness of DSS features
Simplicity of use, Accessibility, Accuracy, Flexibility, Reliability, Efficiency
Ease of use, Ease of learning, Convenience of access, Realization of user requirements,
Usefulness of system features and functions, Data and system accuracy
Usefulness of specific functions
Ease of use, Reliability, Flexibility, Interactivity, Searchability, Security, Accessibility,
Integration
Convenience, Reliability
Ease of use, Usability, Esthetics, Functionality, Certainty, Answerability, Accessibility,
Stability, Convenience, Sympathy
Convenience, Simplicity, Accuracy, Reliability, Speed, Availability, Stability, Compatibility,
Accessibility
Speed, Reliability, Availability
Resource utilization, Investment utilization
I/S sophistication (use of new technology)
Rapid access, Quick error recovery, Security, Correct operation & Computation, Coordination Balanced payment,
Flexibility of system
Stored record error rate
Speed, Stability, Obstacle
Namely, Reliability, Portability, User Friendliness, Understandability, Effectiveness,
Maintainability, Economy, Verifiability.
Ease of use, Ease of learning, Use requirements, System features, System accuracy,
Flexibility, Sophistication, Integration, Customization
Easy to use, Intuitiveness and clarity of navigation structure, Visual design, Download
time, Accessibility requirements, Secure use, Integration with internal data feeding and
processing, Integration with external data feeding and processing, Use of updated
technology
Response time, System reliability, System accessibility
Ease of use, Response time, Usability, Integration
Website design, Reliability, Response time, Usability, Adaptability, Trust, Usefulness,
Availability, Maintainability, Navigation
Accessibility, Timeliness, Flexibility, Integration, Reliability
Reliability, Usability, Adaptability, Trust, Maintainability
Functionality, Portability, Maintainability, Efficiency, Usability, Reliability
Functional suitability, Portability, Maintainability, Performance efficiency, Usability, Reliability, Compatibility, Security

*: web portal.
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Allocating Time-Bound Tasks – an Application of Matching Theory
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ABSTRACT
Matching theory has been one of the most fruitful areas of mathematics as well as economics research of the
20th century. Various everyday life problems are solved with the help of its algorithms. In this paper I study a
specific problem: allocating time-bound tasks among strategic workers, who have preferences over completing
the task at different time-slots. The situation is modelled by the process of applying for courses with the help of
different matching algorithms. I show a new situation where the matching algorithms can be used, and provide a
more efficient solution to the problem at hand.

Introduction
Game theory is an interdisciplinary field of mathematics and economics, in which several scientists
could win Nobel prizes. Among others János Harsányi in 1994, along with Roth and Shapley in 2012.
Shapley and his co-worker received this recognition
for their achievements in a special field of game
theory, namely matching theory. The first article on
matching theory has also been created by Shapley
and Gale (1962), introducing the problem through
the emergence of marriage relations, and the (existence of) stable solutions.
The main point of the basic problem is that we
have two independent sets, the set of males and the
set of females, which we want to match up. Shapley
and Gale (1962) proved the existence of a stable
solution for this problem, with the help of a simple
algorithm, in case the preferences of both males
and females are given. It is important to note that
they did not only create pairs, but created so called
stable pairs (marriages), where there are no
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blocking pairs offering benefits for both of the
partners for leaving their present partners at the
very same time. In marriage problems one male is
always matched up with one female, so it is also
called a one-to-one model, however, the algorithm
is also applicable to one-to-many, or many-to-many
cases.
The first well known application of this problem
that has been going on since the '50s, is the residency problem (placement of resident physicians to
various institutions). Roth (1984) has proved that all
along the algorithm of Shapley and Gale (1962) has
been used in the selection process. This is a
many-to-one problem, since one institution can
welcome more than one residents, however one
resident is only entitled to work for one institution at
a time. As already indicated above, the original
algorithm is perfectly applicable, with the slight difference of not ending the matching process when
we find a suitable resident-institution pair, but going
on and on till all the empty places at the institutions
are occupied. Originally the algorithm has been run
SEFBIS Journal 2014. No.9.
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from the institutions' point of view, however in time
they changed to run it from the residents' standpoint
to favour the applicants. Nevertheless Roth and
Peranson (1999) has proved the difference of the
two approaches to be miniscule.
In Hungary, the same algorithm with slight
modifications is being used in the secondary and
tertiary educational admission. The algorithm is still
being applied from the institutions' point of view
resulting in the worst possible outcome for the
students according to Bíró (2006). In line with the
algorithm a resident or an applicant will not succeed
in getting a position at an institution or entering a
university only if applicants, better than him or
herself have already filled up the institution to its full
capacity, or the applicant has already joined another
more preferred institution. However, this simple
system is not used worldwide. Even in the USA
admission decisions are local and there is no centralised matching system or algorithm.
Kóczy (2009) explored the unique features of the
Hungarian, North American and Western European
admission systems and he pointed out (Kóczy, 2010)
that limiting the number of choices (e.g. universities)
during the application leads to suboptimal solution,
with unoccupied places on the institutions' and
un-enrolled students on the other side. The majority
of the applicants is not aware of this fact, since most
of them do not even use the 5 possible choices
allowed to them - leaving out more desirable but
less probable places when making their choices.
Abdulkadiroğlu and Sönmez (2003) pointed out
that in most American educational institution the
process of selection is vague, application decisions
are often random and arbitrary, and meet the long
well known scientific standards hardly ever. Educational institutions in the UK faced the same problems in the '60s. The solution was the (regionally)
centralised matching algorithms that they initiated more or less based on the American example taking local and regional differences into consideration (Roth, 1991; Kagel & Roth, 2000).
These algorithms offer fail to provide stable pairs,
so it is not astonishing that the number of the (voluntary) participants was less than the desired
amount. Consequently, these mechanisms - due to
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lack of interest - gradually disappeared. The
enlightening lesson of this is that the only two stable
algorithms (applied in Cardiff and Edinburgh) are
still very popular and still prevail. According to Irving
Manlove's (2009) documentation the Scottish
Foundation Allocation Scheme, the Scottish stable
matching mechanism has been implemented in
other regions in the meanwhile. There are also
many-to-many models, such as the students' selection of subjects, where one course can be picked
by many, and one student can pick various courses
in the same semester.
The aim of present paper is to introduce yet another application of the matching theory - students
selecting various seminars of a specific course. In
the forthcoming chapter a short insight is given into
the problems and mechanisms of matching theory.
Afterwards the problem at hand is addressed in
more detail. The present algorithm and regulation of
how students can pick their seminars of a specific
course is introduced and indicators are introduced
with the help of which outcome of various matching
algorithms can be measured and compared.

Problems of Matching Theory
The purpose of the matching is to pair the elements
of two disjunctive sets according to their preference
orders. Matching problems can be described with
the help of the graph theories vocabulary. In this
case each player represents a peak in the graph
and the relations between players are represented
by the edges. The set of edges can be labelled a
matching, if there are no two edges that have
common points, so the set of edges is independent.
The first such matching problem for which a natural
algorithm has been initiated by Gale and Shapley
(1962) was the marriage problem. If the set of peaks
can be distributed into two subsets (e.g. males and
females), where edges are exclusively between the
two subsets the graph can be considered bipartite
graph. There are matching problems, where the
creation of two subsets is not inevitable, such as the
room-mate problem, where each player can be
paired with every other player. Such theories will be
presented in the following part of the chapter.
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Stable Marriage Problem
There exists two disjunctive sets, lets label them
with F and M; F standing for females and M for
males. The elements of the sets can be represented
with f and m characters, where F∩M=0 and
F={f1,f2,…,fn, M={m1,m2,…,mp} when there are n
males and p females in the sets. The preference
order of the females and males are also needed. Let
the preference order for f1 female for example be
P(f1)=n1,n3,n2…., while that of m1 male
(m1)=f3,f1,f2…. . This way the matching possibilities can be described by (F,M,P) relation.
− Theorem 1 (Gale-Shapley, 1962) Stable marriage problems always have a solution.
− Theorem 2 (Gale-Shapley, 1962) Running the
algorithm from men provides optimal solution for
each male.
Marriage takes place between a male and a female
if they are on each other’s' reference list. The main
point of the algorithm to provide the best possible
match regarding the person's preferences the algorithm runs for. If the other party does not decline
the proposal (because he/she has not been proposed to yet, or the previous partner is worse than
the present according to the individual's preferences) the two will be considered a temporary
match. In each round, those who have been declined will search for the next best partner according
to their preferences. The last step is for the temporary partners to become final matches. The
matching created this way will be stable. This is a
matching since each male has at most one female
partner, and in return each female has also at most
one partner. In order to prove the stability of the
system let's look at a male and a female who are not
each other's partner in the final round. This could
have happened because of two reasons. One: the
male has proposed to the female, but has been
rejected; Two: the male has never proposed. If the
male has been rejected at one point of the algorithm, it means the female at that point of the time
had a better proposal. However, since each proposal accepted has been approved if and only if it
had been better than the previous, it is sure, that the
female ended up with a better proposal than the
male in our example. If the male has never pro-
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posed to the female in our example means, that
throughout the algorithm he has been courting females, who were higher on his preference list, and
at the final stage of the algorithm ended up with a
partner, who he preferred to the female in our example.

The Process of School Admission
The university admission process is different from
the marriage problem, since while one male could
only propose to a sole female at a time, a university
intends to admit multiple applicants at the same
time. So one faculty admits several applicants, what
is more, usually a faculty is not started without a
minimum number of students/applicants. The system is complicated, since multiple students can end
up with the same entry score that means the institutions preference list is not unequivocal. In this
situation, if not all with the same point can enter the
institution, none of them will be admitted causing
suboptimal solution both on the institution's as well
as on the students' side. The many-to-one problems
can be reduced to several one-to-one problems, in
which case a faculty is divided into smaller (single
student) units.
Let the universities be labelled by U, and applicants by A and their elements u and a respectively.
Accordingly, U={u1,u2,…um},A={a1,a2,…ap}, and
U∩A=0 when there are m universities and p applicants. The preference order of the universities
and applicants are also needed. Let the preference
order for u1 university be P(u1)=a1,a2,a3…, while
that of a1 applicant P(a1)=u3,u1,u2… . This way the
matching possibilities can be described by a (U,A,P)
relation. According to Kóczy (2010) the main point
of the high-school admittance algorithm in Hungary
is the following:
−

−

−

All applications that are acceptable from the
institutions' point of view are regarded valid,
while all others are labelled invalid.
Each applicant is matched with the best institution according to his/her priority that still considers him/her a valid applicant.
The applicants of a given institution are ranked
on the basis of their scores, and all those whose
rank is lower than the last applicant's still adSEFBIS Journal 2014. No.9.
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−

mitted on the basis of the admission quota will
be labelled invalid from the given institution's
point of view.
If the students, who were turned down this way
are still considered valid at some other institution
we should repeat from step No.2.

It is important to note, that by repeating the second
step it is possible to change the status of students
previously considered as a valid application if their
rank is lower than the newly considered applicants'
and this way they are superfluous bearing in mind
the quota of the institution. Those students, who are
left with only invalid applications will not be admitted
to any institutions. In Hungary in case of tertiary
education admittance there exists a so called score
limit algorithm (Kóczy, 2010).
−
−

−

Each applicant is matched with his/her most
preferred institution.
Each faculty/institution is assigned a score, that
limits the number of applicants in a way their
number will not exceed that allowed by the
quota. If the institution is favoured by less students than its quota, the number of admitted
students equals the number of those applying.
However, if the number of students favouring the
institution is more than the quota, the score will
be the lowest of those that permit admittance to
a number of students not more than the quota.
All applicants, who have scores lower than the
one defined this way, will be turned down, and
their applications will be considered nonexistent.
If the student turned down in the 2nd step has
another institution that he/she has applied to, the
most preferred institution with a vacancy will be
selected. However, if they do not have any other
destined institution they will not be admitted and
the scores for each institution will be finalised.

While the algorithm used for high-school admissions is clearly the Gale-Shapley, the admission
procedure of the tertiary education is more complicated. In case of secondary education the admittance quota is defined by the institutions, in tertiary education the decision is made on multiple
levels. Another problem occurs due to the limited
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opportunities provided for university applicants,
what makes them go for less preferred institutions in
the pursuit of a safe choice.

Resident Allocation Problem
This problem is a variation of the school admission
problem. Let R stand for the set of residents and H
for the set of hospitals. The elements of these sets
are labelled r and h respectively. This way we can
state that R∩H=0 and ={r1,r2,…rm}, H={h1,h2,…hp},
where m is the number of residents and p is the
number of hospitals. The possibilities for matching
can be described by (E,H,P) relation.
The algorithm that was published by Gale and
Shapley in 1962 has been used in North-America
since the '50s in allocating residents to hospitals.
This discovery was exposed by Roth in 1984. Roth
(1990) also demonstrated that the residency problem
in the United Kingdom is solved with the help of
various algorithms. The mechanism used in Scotland
was demonstrated by Irving and Manlove (2009)

Course-Election Problem
As already stated before, the aim of present paper is
to introduce yet another application of the matching
theory - students selecting various seminars of a
specific course. At our university students pick their
actual courses in an online information system,
where they can get into their selected course on a
first come first served basis. It is a principal strictly
followed that the number of courses should be sufficient to provide for each and every student eligible
for the courses in the semester. This way the selection of courses is only a matter of time and
speed, namely being faster than the others in
picking the certain course before it becomes
packed. This solution is suboptimal, since faster
students may take places from others, to whom
those courses are the only possibility (because of
their busy schedule) on a whim, although they
would be equally happy with any or at least some
other courses.
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Table 1 Data of the original course election
C1
(19380)

C2
(6325)

C3
(3270)

C4
(13900)

C5
(20600)

C6
(18935)

C7
(23600)

C8
(18834)

C9
(30830)

S13 (1)

S1 (2)

S12 (2)

S5 (1)

S3 (-)

S4 (1)

S2 (1)

S14 (1)

S69 (1)

S29 (1)

S6 (3)

S24 (-)

S10 (1)

S17 (1)

S9 (1)

S7 (1)

S18 (1)

S76 (-)

S37 (1)

S8 (7)

S26 (2)

S15 (1)

S22 (-)

S11 (1)

S16 (1)

S21 (1)

S81 (5)

S50 (1)

S20 (9)

S27 (2)

S25 (-)

S36 (1)

S41 (1)

S19 (1)

S34 (2)

S98 (4)

S57 (1)

S42 (1)

S28 (-)

S52 (1)

S39 (-)

S45 (1)

S23 (1)

S38 (1)

S101 (3)

S60 (8)

S54 (3)

S32 (7)

S61 (1)

S44 (1)

S49 (1)

S30 (1)

S51 (1)

S155 (-)

S77 (2)

S63 (-)

S33 (-)

S70 (-)

S47 (1)

S62 (-)

S31 (1)

S56 (1)

S168 (1)

S84 (9)

S78 (2)

S43 (1)

S71 (1)

S48 (1)

S64 (-)

S35 (1)

S72 (1)

S203 (3)

S90 (-)

S79 (1)

S46 (2)

S74 (8)

S55 (1)

S67 (3)

S40 (1)

S83 (1)

S216 (-)

S106 (1)

S80 (1)

S82 (-)

S96 (8)

S58 (5)

S68 (1)

S53 (2)

S89 (1)

S222 (-)

S112 (1)

S91 (2)

S86 (-)

S108 (-)

S65 (2)

S73 (1)

S59 (1)

S92 (2)

S223 (1)

S116 (1)

S95 (4)

S88 (7)

S110 (-)

S102 (1)

S85 (1)

S66 (2)

S97 (-)

S226 (2)

S127 (1)

S114 (7)

S115 (2)

S120 (2)

S129 (1)

S93 (1)

S75 (1)

S107 (-)

S259 (1)

S135 (1)

S117 (2)

S121 (1)

S131 (2)

S139 (1)

S99 (2)

S87 (1)

S111 (-)

S146 (1)

S118 (7)

S123 (-)

S132 (1)

S154 (-)

S103 (9)

S94 (1)

S119 (1)

S165 (-)

S124 (8)

S130 (-)

S143 (-)

S158 (1)

S109 (1)

S100 (-)

S122 (3)

S166 (1)

S126 (-)

S144 (-)

S145 (1)

S161 (1)

S125 (1)

S104 (1)

S128 (1)

S176 (1)

S133 (1)

S147 (3)

S148 (1)

S174 (1)

S134 (-)

S105 (-)

S136 (1)

S177 (1)

S138 (-)

S149 (-)

S153 (1)

S181 (1)

S137 (-)

S113 (1)

S140 (1)

S179 (1)

S141 (1)

S173 (2)

S156 (1)

S183 (1)

S142 (1)

S160 (-)

S157 (1)

S189 (1)

S150 (-)

S182 (-)

S167 (-)

S186 (1)

S164 (-)

S162 (1)

S159 (1)

S192 (1)

S151 (1)

S197 (-)

S180 (1)

S188 (2)

S178 (1)

S172 (1)

S163 (1)

S209 (1)

S152 (6)

S198 (-)

S187 (1)

S195 (1)

S233 (-)

S184 (1)

S169 (1)

S215 (1)

S185 (2)

S207 (-)

S202 (-)

S201 (1)

S234 (1)

S191 (1)

S170 (2)

S220 (1)

S194 (-)

S211 (-)

S204 (1)

S205 (1)

S237 (-)

S193 (1)

S171 (1)

S221 (1)

S196 (-)

S241 (-)

S213 (1)

S210 (1)

S242 (1)

S199 (-)

S175 (1)

S225 (1)

S218 (-)

S243 (-)

S214 (1)

S212 (-)

S245 (1)

S200 (-)

S190 (2)

S236 (1)

S229 (2)

S249 (-)

S217 (1)

S219 (1)

S246 (1)

S232 (1)

S206 (3)

S244 (1)

S230 (2)

S254 (3)

S224 (1)

S227 (-)

S248 (1)

S240 (1)

S208 (-)

S252 (1)

S231 (2)

S256 (-)

S238 (3)

S228 (1)

S253 (1)

S250 (2)

S235 (-)

S257 (-)

S239 (6)

S251 (1)

S260 (1)

S255 (1)

S247 (-)

S258 (1)
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In order to analyse this problem, let C be the set of
courses and S the set of students. The elements of
these sets are labelled c and s respectively. This
way we can state, that C∩S=0 and ={c1,c2,…cm},
S={s1,s2,…sp}, if the number of courses is m and
the number of students is p. We also have to define
the preference order of both the courses and the
students. Let (c1)=s1,s3,s2… . be the preference
order of the courses and P(s1)=c3,c1,c2… that of
students. This way the potential matchings can be
described by the (C,S,P) relation. In our real life
example there are (p=260) students and (m=9)
courses of which the students want to choose. Each
course is able to provide for 30 students, that
means, altogether 270 students could pick the
courses. This way each student is able to pick a
course, in the worst case they will not end up with
their most preferred choice. The first table presents
a case, where 260 students had to decide between
9 courses. Each course is officially for 30 students,
however in the case of some, the lecturer gave
special permission to 1 or to extra students to attend
the course (mainly because the aforementioned
busy schedule of the students). The allocation
presented is the factual outcome of the selection
through the online information system.
On the first class the students were requested to
provide a ranking for each of the courses retrospectively, determining which courses they would
have preferred to the one they ended up with. The
rankings are displayed in parenthesis after the serial number of the students. According to the numbers in parenthesis there were several students
who could only get into their umpteenth ranking
course, supposedly because of their lack of speed
(or luck). This is why in a quest for a (more) optimal
solution I will test various matching algorithms on
this problem on the following pages.
On the first class the students were also asked
to rate these courses and disseminate 1000 points
between the 9 courses signaling their preferences
(the more points, the higher preference). It was not
obligatory to rate (and give points) each and every
course, but the sum of the disseminated points had
to equal 1000. The main idea behind this scoring is
that most matching algorithms provide stable
matchings, however there is no measure on the
SEFBIS Journal 2014. No.9

basis of which these stable solutions can be compared. The sum of “preference points”, scores might
add a layer of understanding the satisfaction of
participants (in present case students) in the
matchings. From this point onwards the sums of
points given to each course by all participating
students are going to be displayed next to the serial
number of the courses.
Unfortunately a number of students could or did
not want to attend the course they ended up with
through the online registration system, so I could only
research the preferences of 197 students out of the
260. Accordingly, the points given by students to their
actual courses could only have been a total of
197.000. In the actual case they summed up only to
127.927, so matching the system is suboptimal.
In order to test whether the stable solutions of
renowned matching algorithms are more optimal
the first step was to create a preference order for
the courses. For a simple solution the preferences
of the courses were derived from the scores given
to the course by each student - the higher the score
(the more important the course seems for the student) the better is the student from the courses point
of view. In this sense, those who bestow their total
1000 points to a single course will be the most
preferred ones from the course’s point of view.

General Gale-Shapley Algorithm
The General Gale-Shapley algorithm is a modified
version of the original algorithm since the courses
are accepting more than one student at a time. Let’s
run this algorithm on the case introduced above.
In order to apply the mechanism of the GaleShapley algorithm, in the first round of the matching
process each student should apply for the course
ranking highest on his/her preference list. Each
course with too many applicants should keep the
best students till its quota is satisfied. All those
above the quota should be rejected. In the second
round those previously rejected should submit their
application to the course second best on their list
and again courses have to decide on the basis of
their quota whether to accept or decline the new
applicant. This two-phase algorithm is repeated as
many times as it is necessary.
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In Table 2 students who gave their preferences (197
students) to the various courses are indicated with
underlining. The supplementary students (those
with unknown preferences) are assigned to the
residual places. Bold font type indicates those
students who (even with the Gale-Shapley matching) would end up in the same course which they
are already in, every other student would have to
change courses. This change in case of those who
did not even show up on the first seminar doesn't
really matter. Those underlined but not bold are the

ones, who would end up with a different course if
the algorithm would be the basis of the matching
and not the IT based one used at the university.
However, it is important to note that the
Gale–Shapley algorithm provided a better solution
(in line with their own preferences) for each of those
who would have to change courses. The total
revenue of the student population was also significantly higher (156.889), than that generated by the
currently running online application system.

Table 2 Matching of the students for the various courses with Gale-Shapley algorithm
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C1
(25080)

C2
(8350)

C3
(3883)

C4
(16100)

C5
(26099)

C6
(22518)

C7
(27800)

C8
(20509)

C9
(6550)

S57 (1)

S42 (1)

S76 (7)

S71 (1)

S55 (1)

S53 (1)

S34 (1)

S51 (1)

S149 (3)

S78 (1)

S62 (6)

S82 (7)

S84 (1)

S67 (1)

S65 (1)

S35 (1)

S56 (1)

S150 (3)

S91 (1)

S63 (6)

S86 (7)

S131 (2)

S81 (1)

S68 (1)

S40 (1)

S58 (1)

S154 (3)

S95 (1)

S64 (6)

S90 (7)

S132 (1)

S98 (1)

S73 (1)

S46 (1)

S66 (1)

S155 (3)

S106 (1)

S70 (6)

S96 (1)

S145 (1)

S99 (1)

S85 (1)

S59 (1)

S72 (1)

S168 (1)

S112 (1)

S74 (1)

S97 (7)

S148 (1)

S102 (1)

S88 (1)

S75 (1)

S83 (1)

S182 (3)

S114 (1)

S77 (1)

S100 (7)

S153 (1)

S122 (1)

S93 (1)

S87 (1)

S89 (1)

S199 (3)

S116 (1)

S79 (1)

S103 (2)

S156 (1)

S124 (1)

S109 (1)

S92 (1)

S119 (1)

S202 (3)

S117 (1)

S80 (1)

S105 (7)

S173 (1)

S129 (1)

S118 (2)

S94 (1)

S128 (1)

S206 (1)

S127 (1)

S130 (6)

S107 (7)

S180 (1)

S139 (1)

S125 (1)

S101 (1)

S136 (1)

S222 (3)

S135 (1)

S133 (1)

S108 (7)

S187 (1)

S158 (1)

S142 (1)

S104 (1)

S140 (1)

S223 (1)

S146 (1)

S141 (1)

S110 (7)

S204 (1)

S161 (1)

S177 (3)

S113 (1)

S152 (2)

S227 (3)

S166 (1)

S151 (1)

S111 (7)

S213 (1)

S174 (1)

S178 (1)

S162 (1)

S157 (1)

S233 (3)

S176 (1)

S196 (6)

S120 (1)

S214 (1)

S181 (1)

S198 (4)

S170 (1)

S159 (1)

S235 (3)

S179 (1)

S197 (6)

S121 (1)

S217 (1)

S183 (1)

S200 (4)

S172 (1)

S160 (2)

S237 (3)

S185 (1)

S207 (6)

S123 (7)

S224 (1)

S186 (1)

S203 (1)

S184 (1)

S163 (1)

S238 (2)

S189 (1)

S208 (6)

S126 (7)

S230 (1)

S188 (2)

S226 (1)

S191 (1)

S164 (2)

S241 (3)

S192 (1)

S211 (6)

S134 (7)

S195 (1)

S234 (1)

S193 (1)

S165 (2)

S243 (3)

S220 (1)

S212 (6)

S137 (7)

S201 (1)

S242 (1)

S231 (1)

S167 (2)

S247 (3)

S221 (1)

S215 (2)

S138 (7)

S205 (1)

S245 (1)

S232 (1)

S169 (1)

S249 (3)

S229 (1)

S216 (6)

S209 (2)

S210 (1)

S246 (1)

S239 (1)

S171 (1)

S250 (1)

S236 (1)

S218 (6)

S219 (1)

S248 (1)

S240 (1)

S175 (1)

S256 (3)

S244 (1)

S225 (2)

S228 (1)

S253 (1)

S255 (1)

S190 (2)

S257 (3)

S252 (1)

S254 (1)

S251 (1)

S260 (1)

S258 (1)

S194 (2)

S259 (1)
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Boston Mechanism
Since the students did not only assign preference
rankings but also allocated exact scores to each of the
courses there is another possible algorithm, the Boston mechanism (Abdulkadiroğlu & Sönmez, 2003) for
solving this problem. (This widely criticised mechanism was tested in Boston (between 1999 and 2005),
and has been used in numerous other cities (Ergin–Sönmez, 2006, Abdulkadiroğlu et alii., 2005).)
According to the Boston algorithm at the first stage
of the matching students and courses have to have
preference lists. In the first round of the algorithm for
each student only the first ranking course is considered. The courses “make their choices” selecting from
the students on the basis of their preferences and
naturally taking into account their own quota. Those
declined in the first round are considered at their
second choice course. It is important to note that according to the inner logic of the Boston algorithm if a
student is once accepted to a course, he/she cannot
be kicked out later, not even if a more preferred student shows up in a later round. Hence the more preferred student in later rounds, when the quota is already full, will not be accepted. The process goes on,
until all students are matched, or each course has
reached its quota
Table 3 shows clearly that with the help of Boston
algorithm each student could attend their first or at
worst their second choice course. There is no real
difference when comparing the outcome with that of
the Gale-Shapley algorithm only a few students are
assigned to different courses. Such an example is
student 81 (S81) who could get into his/her most
preferred course, although there were students with
higher scores who had to attend their second choice
courses. In this case too, I allocated all the additional
(without preferences) students to the spare places,
which does not affect the dissemination of those with a
preference.
The total revenue (sum of assigned points to the
final courses the students ended up with) with this
algorithm equals 156.489, not significantly different
from the outcome of the Gale-Shapley algorithm either.
Naturally, if the students would be aware of the
mechanisms of the algorithms they could consciously
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alter their scores assigned to the preferred courses. In
case of the Boston mechanism for example it would
be advisable to give the maximum points (in this case
1000) to the most preferred course

Conclusion
When students are selecting their courses it is
usually due to their speed and/or luck if they can get
into their destined course. In the present system
there is no opportunity to give a ranking to the
various courses, that means if a student cannot get
into his/her first choice course, it might easily happen, that he/she finally ends up with one of the least
preferred courses. It would provide a better solution,
if the students could select more than one course
(with their preferences indicated), or could get on a
waiting list. This way, students could get into their
more preferred courses.
However, on the basis of the data introduced in
present paper, it would be advisable for this suboptimal system to be replaced with one of the matching algorithms presented in this paper, since both
the Gale-Shapley, and the Boston mechanism provide stable solutions for this problem, meaning that
there wouldn’t be any matching that could provide a
better solution for any of the students without
harming another student within the population. What
is more, these algorithms grant the students, who fail
to get into their most preferred course, a chance to
get into another highly preferred course, since the
sum of preference points assigned to the courses the
students ended up with is significantly higher with
Gale-Shapley (156.889) and Boston (156.489) algorithms, than with the currently used online application
system (127.927).
Nevertheless, since the modification of the
course application system is not only a matter of
decisions, but enormous resources also need to be
dedicated, the findings of present research have to
be verified by further investigations, which is the
main target of my pending studies. Acknowledgements: First of all, I would like to thank my colleague
Kornélia Lazányi for all of her help in this work. Also
I would like express my thanks to my Advisor László
Á. Kóczy who played a decisive role.
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Table 3 Matching of the students for the various courses with Boston mechanism
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C1
(25080)

C2
(8350)

C3
(3583)

C4
(16100)

C5
(25999)

C6
(22518)

C7
(27800)

C8
(20509)

C9
(6550)

S1 (1)

S3 (6)

S22 (7)

S5 (1)

S17 (1)

S4 (1)

S7 (1)

S2 (2)

S13 (2)

S6 (1)

S12 (1)

S24 (7)

S10 (1)

S20 (1)

S9 (1)

S16 (1)

S14 (1)

S69 (1)

S8 (1)

S26 (1)

S25 (7)

S15 (1)

S32 (1)

S11 (1)

S19 (1)

S18 (1)

S115 (1)

S37 (1)

S27 (1)

S28 (7)

S52 (1)

S36 (1)

S41 (1)

S23 (1)

S21 (1)

S143 (3)

S50 (1)

S33 (6)

S29 (2)

S60 (1)

S44 (1)

S45 (1)

S30 (1)

S38 (1)

S144 (3)

S54 (1)

S39 (6)

S43 (1)

S61 (1)

S47 (1)

S49 (1)

S31 (1)

S51 (1)

S147 (1)

S57 (1)

S42 (1)

S76 (7)

S71 (1)

S48 (1)

S53 (1)

S34 (1)

S56 (1)

S149 (3)

S78 (1)

S62 (6)

S82 (7)

S84 (1)

S55 (1)

S65 (1)

S35 (1)

S58 (1)

S150 (3)

S91 (1)

S63 (6)

S86 (7)

S131 (2)

S67 (1)

S68 (1)

S40 (1)

S66 (1)

S154 (3)

S95 (1)

S64 (6)

S90 (7)

S132 (1)

S81 (1)

S73 (1)

S46 (1)

S72 (1)

S155 (3)

S106 (1)

S70 (6)

S96 (1)

S145 (1)

S98 (1)

S85 (1)

S59 (1)

S83 (1)

S168 (1)

S112 (1)

S74 (1)

S97 (7)

S148 (1)

S99 (1)

S88 (1)

S75 (1)

S89 (1)

S182 (3)

S114 (1)

S77 (1)

S100 (7)

S153 (1)

S102 (1)

S93 (1)

S87 (1)

S119 (1)

S199 (3)

S116 (1)

S79 (1)

S103 (2)

S156 (1)

S122 (1)

S109 (1)

S92 (1)

S128 (1)

S202 (3)

S117 (1)

S80 (1)

S105 (7)

S173 (1)

S124 (1)

S118 (2)

S94 (1)

S136 (1)

S206 (1)

S127 (1)

S130 (6)

S107 (7)

S180 (1)

S129 (1)

S125 (1)

S101 (1)

S140 (1)

S222 (3)

S135 (1)

S133 (1)

S108 (7)

S187 (1)

S139 (1)

S142 (1)

S104 (1)

S152 (2)

S223 (1)

S146 (1)

S141 (1)

S110 (7)

S204 (1)

S158 (1)

S177 (3)

S113 (1)

S157 (1)

S227 (3)

S166 (1)

S151 (1)

S111 (7)

S213 (1)

S161 (1)

S178 (1)

S162 (1)

S159 (1)

S233 (3)

S176 (1)

S188 (5)

S120 (1)

S214 (1)

S174 (1)

S198 (4)

S170 (1)

S160 (2)

S235 (3)

S179 (1)

S197 (6)

S121 (1)

S217 (1)

S181 (1)

S200 (4)

S172 (1)

S163 (1)

S237 (3)

S185 (1)

S207 (6)

S123 (7)

S224 (1)

S183 (1)

S203 (1)

S184 (1)

S164 (2)

S238 (2)

S189 (1)

S208 (6)

S126 (7)

S230 (1)

S186 (1)

S226 (1)

S191 (1)

S165 (2)

S241 (3)

S192 (1)

S211 (6)

S134 (7)

S195 (1)

S234 (1)

S193 (1)

S167 (2)

S243 (3)

S220 (1)

S212 (6)

S137 (7)

S201 (1)

S242 (1)

S231 (1)

S169 (1)

S247 (3)

S221 (1)

S215 (2)

S138 (7)

S205 (1)

S245 (1)

S232 (1)

S171 (1)

S249 (3)

S229 (1)

S216 (6)

S209 (2)

S210 (1)

S246 (1)

S239 (1)

S175 (1)

S250 (1)

S236 (1)

S218 (6)

S219 (1)

S248 (1)

S240 (1)

S190 (2)

S256 (3)

S244 (1)

S225 (2)

S228 (1)

S253 (1)

S255 (1)

S194 (2)

S257 (3)

S252 (1)

S254 (1)

S251 (1)

S260 (1)

S258 (1)

S196 (2)

S259 (1)
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Domain Ontology Tailoring Based on Business Processes
in the Frame of the ProKEX Project
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ABSTRACT

Based on the latest EU ambitions, formalized in the Europe 2020 initiative, Europe will become the leader of the
world’s new knowledge-based economy. In order to achieve this goal, organizational knowledge management
will be a highly aided field, as it will attract investment in the form of research and infrastructure as well. The
biggest challenge of this field is knowledge transfer, because a major part of the corporate knowledge is intangible, and resides in the head of its employees. On the other hand the formalized knowledge resides in two
different structures: in business process models, from the operational perspective; and in domain specific
knowledge bases (e.g. ontologies) from a systematic perspective. This paper gives an overview of the on-going
project ProKEX, which introduces a methodology and a suite of software modules aiming to address the mentioned challenge of the knowledge management field. The focus of the paper is how to tailor subdomain ontologies based on knowledge elements elicited from process models, in order to create a meta-structure, as a
new layer on the underlying ontology, which can serve as a basis of task-based knowledge transfer.
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Introduction
Alvin Toffler wrote in his famous third wave that we
arrived to the new “Information Age”, an era where
“primary economic activities are knowledgeproduction and information processing”, and this will be the
end of the “Industrial Age of mass production, mass
consumption, standardization and centralization” [1].
Peter Drucker called this as the “Knowledge Economy” [2]. The term ‘knowledge economy’ is widely
used to describe today’s rapidly changing, competitive environment, and as the concept suggests,
knowledge became one of the most important asset
for the individuals and the organizations nowadays.
The importance of this field is shown in the new
Europe 2020 strategy as the development of
knowledge has top priority. Strategists of the European Union think that knowledge is the key to the
competitiveness of Europe in the world.
There are several challenges to tackle in connection with the knowledge economy for the individuals, the organizations and the educational sector.
The challenge for the education sector is how to
teach people to have the right knowledge, what the
market needs. The Smart Skill Specialization tries to
address this problem [3]. The challenge for the organizations in the private sector is that many of its
assets reside in the head of if its employees in an
intangible, tacit form. It is hard to separate the organizational knowledge capital (intellectual capital)
from the employees. This means if an employee
decides to leave the organization he or she will take
away a part of the corporate capital, so it is still true
that “90 percent of the organizations’ capital go home
every evening” [4].
This article introduces a research approach, and
a prototype software suite, the ProKEX (ProKEX Integrated Platform for Process-based Knowledge
Extraction (EUREKA_HU_12-1-2012-0039) cofunded by the Hungarian Government, Research and
Technology Foundation, the main objective of which
is to facilitate knowledge transfer. With the usage of
this suite the user will be able to extract the embedded knowledge from business process models
in a re-usable form. With the provided solution the
knowledge engineer is able to facilitate the corporate knowledge transfer by creating structured
52

knowledge tests, based on the organizational
processes, where the structure is given by an underlying domain ontology.
The approach, described in this article, facilitates the knowledge transfer in several ways. The
ultimate outcome of the project is the ability to create adaptive knowledge tests, based on which the
knowledge gaps of the employees can be located.
Hence the efficiency of the human resource in the
corporate processes can be improved. To use the
ProKEX approach, it is necessary to elicit the hidden knowledge from the head of the employees and
formalize it into process models and domain ontologies. Afterwards the knowledge formulized in
the process models can be expanded based on the
ontology, and can be tailored into structured tests.
In this way the domain knowledge is put into context
based on the processes, and the exact knowledge
elements what the employee needs to know can be
found. A software suite is provided as well, which is
able to store this contextualized knowledge structure in a specialized data format, and questions and
learning materials connected to it. Hence, based on
the outcomes of the ProKEX project, a more efficient knowledge transfer process can be designed
in an organization.

The ProKEX Suite
Since knowledge represents high value for organizations, and it is highly vulnerable and volatile,
it has to be managed. The objective of corporate
knowledge management is to keep the knowledge
in the organization, gain the tacit knowledge and
formalize it into explicit documents. Knowledge
capturing is usually the first step of the knowledge
management life cycle with the aim of eliciting tacit
knowledge and transforming it into some kind of
explicit form. After the capturing phase, the elicited
knowledge can reside in several formats (representational logics) in an organization.
−

−

In documents, regulations etc. connected to the
process models which represents the business
logic of the organization.
Ontologies can contain the knowledge in a
structured, domain specific way.
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Figure 1. ProKEX overview, Arru (2014) [13]

The ProKEX suite is developed to meet the knowledge challenges of organizations, supporting their
knowledge management processes. ProKEX helps
the knowledge engineers to manage the corporate
intellectual capital. The outcome of the ProKEX
suite is a structured knowledge test, based on the
knowledge elements, formalizing what the employees need to know to execute their tasks in the
organization’s business processes. As a first step
the process specific knowledge is extracted from
the business process models. Then it is mapped to
a domain ontology, and a meta-structure – a view –
is created, based on this underlying ontology and
the initial process models.
During the process shown in Figure 1, concepts
– which represents relevant knowledge elements –
are collected with the usage of semantic technologies, and text mining methodologies. If these concepts are classified by tasks, then the knowledge
engineers are able to tell what an employee need to
know to fit to his or her role in the task. The concept
list is enhanced based on ontologies representing
the domain specific knowledge in the company, and
reorganized into meta-structures, which can serve
as a basis of the knowledge transfer. A metastructure is an application oriented contextualization of

SEFBIS Journal 2014. No.9

the ontology, the ontology is put into context based
on the initial process model. This is a tailoring
process, and could be imagined as a semantic slice
and dice with the ontology.
The usage of the described suite assumes the
existence of initial process models and domain
ontologies in the organization. If they do not exist,
the first step of the process has to be the creation of
them. This preliminary step itself has a huge added
value, as it is necessary to elicit and formalize the
organizational knowledge in structured ways.

BPM
Process modelling is a manual step in the ProKEX
suite (Figure 1. point 1), and the output of the mutual effort of modeling experts and those who are
expert of the processes themself. As it was mentioned before processes serve as a basic structure
of knowledge, as unstructured documents and
regulations are classified by tasks within them. In
this way the necessary knowledge elements can be
gained structured by the modus operandi.
In the ProKEX suite, the ADONIS processmodeling tool is used to create the process models. With
the use of ADONIS all the information from the
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process models can be exported into XML files,
which can serve as a basis of the semantic work up
of the suite. Tasks, hierarchical elements, the necessary knowledge elements etc. can be distinguished based on the tag structure of the XML files.
The process modeling part of the ProKEX suite was
presented in detail by Ternai et al. [5].

Text Mining
The aim of the text mining in the ProKEX suite is to
elicit the relevant concepts from the documents,
regulations etc. connected to the process models, in
order to find the knowledge elements needed to
know to execute a given task in the process. In the
ProKEX framework a semi-automatic text mining
solution was developed (Figure 1. point 4). This
module was described in detail by Gillani & Kő [6].
The first step of text mining is data cleaning,
which produces an initial set of concepts, representing the necessary knowledge. This set of
knowledge elements are expanded with related
concepts from WordNet, and domain specific
documents. The aim of this step is to find such kind
of knowledge elements, which not directly were
pointed out in the process models, but based on the
semantic process, are directly connected to the field.
Of course the product of this step will be an exhaustive list of terms, including irrelevant concepts.
So as a last step a filter mechanism should be applied to find the most relevant knowledge elements.

Studio System
The elicited set of knowledge elements is mapped to
a domain ontology, as the next step of the ProKEX
suite as it can be seen on the Figure 1. (Point 5.). For
ontology management, mapping, and meta-structure
creation the Studio, the ontology-based eLearning
System, developed by Corvinno Technology Transfer
Ltd software is used. Studio is a competence based
eLearning methodology, and an ontology-based adaptive testing system. The concept of the Studio and its
ontology was presented in detail by Vas [11].
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Ontology as Knowledge Representation
The most cited definition of ontologies comes from
Gruber, who defined this data structure as an “explicit specification of a conceptualization” [7]. This
means an ontology explicitly represents a mutually
accepted knowledge-base of a specific field. The
ontology lists the concepts of a given field as its
objects and connects them with relations. In this
way the accumulated knowledge of a given field can
be formalized and stored. The ontology, which was
built this way, can be easily processed and understood by humans and machines [8]. The fact that
processing rules can be generated to automatically
deal with ontologies, makes them a really important
structure of semantic applications. To summarize
the previous definitions, an ontology is a formal
structure, which can be read and processed by
machines and, based on a common understanding
of field specialists, serves as the conceptual frame
of a domain and acts as a modelling framework on
the given field [9].
The basis of an ontology is a well-defined
structure, which consists of sets (also called as
classes) and relations between them. The concepts
of the domain will be the instances of a given class.
Instances can possess attributes and properties
which are also in the representational framework of
the ontologies. It is the modelling expert’s responsibility to create the basic structure, and to classify the
concepts of the domain as individuals of the defined
classes. The experts who create the ontologies are
also widely called as ontology or knowledge engineers. This process is usually done manually, but
there are several research approaches to create
feasible methods to automate ontology creation. If
the ontology is created in an automatic or semiautomatic way it is called ontology-learning, the purpose of which is to support experts in the ontology
creation process [10].
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In the Studio system the aim of the ontology is to
represent the universe. As the universe consists of
galaxies the ontology consists of sub-ontologies
which represent specific domains. One subontology
consists of the concept hierarchy of the given domain and the relations which connect those concepts. The structure of the Studio ontology represents an educational concept as the main goal of
the system is adaptive testing. Because of the underlying concept, the classes of Studio are labelled
e.g. “knowledge-area”, “example” or “basic concept”
[11].

edge base, a Concept Group can be created which
represents the knowledge from the ontology, required for the execution of the task. If the sets of
terms can be combined to a process basis, an
adaptive test can be created to facilitate the transfer
of the knowledge, required by the given process.

Ontology Tailoring
The main goal of the ProKEX suite is to create a task
specific meta-structure, by tailoring the domain ontology, based on the knowledge elicited from the
organizational business processes. These metastructures, called as Concept Groups in the Studio
terminology, are a new layer on the underlying ontology. A Concept Group consists of knowledge
elements tailored from the domain ontology, and
rearranged based on the structure of the business
process. During the rearrangement the semantics
of the domain ontology is retained. In this way the
conceptual strength of both the ontology and the
process can be retained by mapping them to each
other. A Concept Group, created this way constitutes the basis of adaptive testing.
The result of the text mining process is a set of
terms, which are grouped by the tasks of the initial
process. A term could be a word or a complex
phrase, and represents a knowledge element required to execute the specific task. A term might
identify a consistent knowledge element in one of
the Studio’s subdomain ontologies as well. The
identification could be partial or full as a type. The
non-identified elements could be transferred to the
ontology maintenance module of the ProKEX suite
(Figure 1. point 6), since they could carry added
value. Hence the domain ontology can be enriched
based on the knowledge elicited from the process.
To summarize the aforesaid, based on the results of the text mining, several consistent ontology
node can be identified in the Studio ontology. Based
on these identified elements of the domain knowl-
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Figure 2.: Concept Group representation logic

The concept of mapping the operational perspective
of the corporate knowledge into Concept Groups is
shown in Figure 2. As the figure shows, a hierarchy
of the Concept Groups could be built in the Studio
system, where the class of Super Concept Group
represents the organization, a Concept Group
represents a specific process in the aforementioned
way and Views could be defined to be an entry point
to the ontology. A View gives a by task classification
of the ontology nodes.
The tailoring of the ontology into a process specific Concept Group is based on the terms fully
identified in one of the sub-domains. But a Concept
Group is not just a list of terms. The results of the
text mining are also enriched based on the ontology,
and the structure is stored as well. At the beginning
of the process of the ProKEX suite, the knowledge
engineer can determine a distance value. Currently
this value is determined subjectively, based on the
professional judgment of the knowledge engineer.
Based on these distance, possible routes are calculated between the identified nodes of the Studio
ontology.
This measure is based on graph distance, which
is calculated between two extracted concepts found
in the ontology. If two concepts are within the distance relative to each other, we assume that the
nodes between them are also relevant for the con55
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text. This can be done because the ontology can be
represented as a graph, where the nodes are the
vertices, and the relations are the edges.
The knowledge elements, on these possible
routes between the identified nodes, could also be
relevant for the process, hence the Concept Groups
could be enriched with them. Although with this
method the Concept Groups could be expanded
with relevant ontology elements, but if the process
is automated, than the distance should be chosen
very carefully. With an under-estimated distance,
relevant elements could be left out and with an
overestimated one, irrelevant nodes could be selected and put into the Concept Group. It is a question of future research how the bridgeable distance
can be determined. It is also the subject of future

research how other structural strength of the ontology, e.g. relations, can be used during the Concept Group creation.

Use Case
In this section an example of the afore-described
Concept Group creating process will be provided
from the domain of Medicine. Let’s suppose that the
result of the text mining is the following set of terms:
‘Infection’, ‘Sciences of Medicine’, ‘Human Anatomy’, ‘Medicine’, ‘Cardiovascular System Symptom’, ‘Vascular Disease’ and ‘Hematic System
Symptom’. An example view of the Studio ontology
is shown in the Figure 3. The identified terms are
circled with red.

Figure 3. An example view of the Studio ontology
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In this partial visual representation of Studio ontology, the vertices represent the knowledge elements.
The center of the depicted example is the Medicine
concept. The edges represent the relations, where
the arrow indicates the direction of the given relation
e.g. ‘Medicine’ has a sub-knowledge area named
‘Sciences of Medicine’, cf. Vas (2007) [11]. The
relations concerned in the example are highlighted.
Black arrow represents the ‘has sub-knowledge
area relation, while the yellow arrow represents the
‘requires knowledge of’ relation. If it is assumed
that the redly circled nodes are the result of the text
mining, and the given distance can be spanned
between two node is three, the Concept Group is
enriched with the nodes circled in orange. In this
case it is assumed by the algorithm, if ‘Sciences of
Medicine’ and ‘Human Anatomy’ are needed to
know during the execution of an imagined process,
then the knowledge of ‘Anatomy’ is also needed.

Figure 4: The created Concept Group

The visual representation of the Concept Group
created, based on the results of the text mining and
the structure of the ontology, is shown in Figure 4. It
can be seen that the hierarchy of the elements are
retained, which is important, as Concept Group will
be the basis of the adaptive testing.

Adaptive Testing System
One of the main objectives of the Studio system is
to provide adaptive tests, based on the Concept
Groups tailored from the ontology. The aim of the
test is to discover the potential knowledge gaps of
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the test taker, and provide a ‘map’, which could be
used as a compass to the knowledge which should
be acquired. So every potential user should take a
test first. Based on the answers the user gave, the
system determines the knowledge gaps and gives a
detailed feedback to the user. Based on this feedback the user will be able to acquire and complement the missing knowledge and repeat the process recursively until the whole domain is mastered.
The testing algorithm follows the structure of the
underlying ontology and uses breadth-first graph
traversal. The testing starts from the broadest
knowledge area, in Figure 4 e.g. from ‘Medicine’,
and goes through the Concept Group till the node
representing the most specific knowledge, e.g.
‘Vascular Disease’ in Figure 4. If an answer, related
to a knowledge area, was incorrect, the testing
algorithm stops in that branch of the graph, and the
questions connected to the children of the incorrectly answered node won’t be asked. This means if
a question, representing a broader knowledge area
of a given domain cannot be answered correctly, the
system won’t ask questions about the specific
knowledge of that domain, i.e. the algorithm automatically assumes that the specific knowledge is
not known. The algorithm behind the adaptive
testing module of Studio is presented in detail by
Weber et al. [12]. With the help of the Studio adaptive testing system the employees of an organization are able to manage and master their process
specific knowledge, which they need to know to fit to
their job (Figure 2. point 8).

Results
In this article the ProKEX suite is introduced, the
main goal of which is to tackle the challenge of the
modern age, created by the inherent attributes and
the high importance of knowledge. ProKEX offers a
methodology and a software solution to elicit the
hidden knowledge and to facilitate the flow of that
knowledge in the organization.
The main outcome of the ProKEX suite is the
process based knowledge test, which could have
several utilization. First, it can serve as a basis of
organized on-the-job trainings, based on which, the
employees can master the knowledge they need to
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know to fit their job roles. The employees could use
the system for self-testing, in this way they could
find the “black spots” in their knowledge and they
could find out how to improve their competencies.
The results of the tests could serve as a basis for
selection to a specific job or project.
The test results could provide a lot of information
for the management and the process owners, facilitate their efforts to improve the initial processes
and the method of operation. Based on the information, where the mistakes are typically made, it
could be ascertained where the processes should
be reshaped. Based on this information, more efficient processes can be made, so ProKEX outcomes
could be helpful for process reengineering as well.
Due to the evolutionary-wise methodology, both the
initial business processes and the domain ontology
can be enhanced within the ProKEX suite.
Ontology tailoring is in the main focus of this article, the target of which is to map the elicited
knowledge elements from the process models into
the Studio domain ontology. The ultimate purpose
of this task is to create meta-structures, the so
called Concept Groups, which can serve as a basis
of adaptive tests. Mapping bridges the initial process and the domain ontology in order to enrich the
original set of concept, and find those knowledge
elements, which was not explicitly pointed out in the
process model, but the employee should know them
based on the structure of the related domain. The
accuracy of this task is important beyond doubt.
Future work have to focus on the improvement
of the accuracy of the mapping, which is now determined by the discussed limitations of the used
distance measure. It have to be taken into consideration how the structure of the ontology can be
used during the enrichment process, or how can be
the structure enhanced (e.g. with attributes) in order
to define semantic measures to measure the
strength of the connection between concepts.
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ABSTRACT
Projects funded by the European Union contribute significantly to the socio-economic development of Hungary, its
increasing competitiveness, thereby local people's general level of satisfaction, their ”happiness and prosperity”.
Successful spending from the Union's funds, successful project implementation directly impacts all actors in
Hungarian economy and society. Therefore, to examine the factors that support or jeopardize the implementation
of the projects is a priority at EU and national levels. My research and doctoral dissertation aims to develop a
methodology based on Data Envelopment Analysis to assess the management efficiency of projects supported by
the European Union, implemented in Hungary taking into account all measurable factors (technical and special
expertise, internal, external and time dimensions) and the "suspected" factor (EU thinking learning). I will analyse
the relations between project management efficiency and project efficiency. I intend to draw up guidelines for future
EU funded project management teams to realize projects successfully for the benefit of Hungary.

Introduction
Hungary's accession to the EU raised a number of
institutional, operational, procedural and sovereignty
issues. By today most of these questions have got
answered or are being examined for further consideration. The most important question probably has
always been ”How much money Hungary will get?” It
is answered by the European Union’s regional and
structural policy.
The European Union set the objective of creating economic and social cohesion among the
member countries, the minimization of differences
between the levels of development, which ensures
the well-being of EU citizens, downwarding pressure on "unemployment to negligible levels, uniSEFBIS Journal 2014. No.9

formly developed regions, rural areas, wages and
salaries catching up, and uniform –EU average–
pensions.”[1] The objectives of the EU regional and
structural policy are achieved through the support
and funding of improvements. The EU provides
multi-billion Euros per year support for the member
countries' development programs and projects via
the Structural Funds and the Cohesion Fund.
Grants for development programs can be obtained
through tenders. Hungary has the most resources
come through the Structural Funds, which aim to
support infrastructure investments in underdeveloped regions and economic competitiveness enhancing measures. The condition for obtaining the
resources is that the member country's GDP does
not reach 75% of the EU average (in terms of pur59

 Measurement of Completed Projects
chasing power parity). Of the Structural Funds the
European Regional Development Fund (ERDF) and
European Social Fund (ESF) support the following
objectives:
−
−
−

−

Support for the development of underdeveloped
areas and for structural adjustment
Supporting economic and social conversion of
regions facing structural difficulties
Development of human resource management,
reducing long-term unemployment, modernization of education, training and employment
systems and policies (ESF)
One of the most important prerequisites of the
inclusion of the funding from the Structural Funds
is using the NUTS (Nomenclature des Unites
territoriales Statustiques) classification system.
Initially NUTS had five degrees based on regional
and statistical data, currently three levels are defined. In Hungary, NUTS level 1 consists of the
parts of the country: Transdanubia, Central
Hungary and the Great Plains and the North. The
NUTS level 2 corresponds to the statistical regions, while at the NUTS 3 level the county system is situated. In Hungary 7 NUTS II level regions were assigned in 1998, which are Western,
Central and Southern Transdanubia, Central
Hungary Region, Northern Hungary, Northern
and Southern Great Plain

Domestic use of EU subsidies
EU Member States should prepare national development plans providing information on the purposes
and area a particular Member State uses the funds
granted. Another purpose of the National Development Plan is drawing up a comprehensive national strategy based on the country's resources.
The National Development Plans include operational programs that define the areas of development and the detailed regulation of the use of resources funded from the grant. Hungary's first National Development Plan (NDP I) covered the period
from 2004 to 2006 and contained five operational
programs. Our country's second National Development Plan is called the New Hungary Development Plan and regulated the use of EU support in
the period 2007-2013 in15 Operative Programs (the
regional operational programs were included in it
separately). The distribution of EU funds to be used
in the period 2014-2020 is controlled by Széchenyi
2020 program and is aligned with the Europe Union's 11 thematic objectives. The scale of EU
funding depends on the severity of the problem to
be supported, the financial capacity of the Member
States, the importance of the support from regional
and EU perspective and the specific characteristics
of the activity [1]

Tendering

Figure 1 Regions in Hungary

Source: Regions Hungary". Licensed under Creative Commons Attribution-Share Alike 3.0 via Wikimedia Commons

The classification entitles our country of the use of EU
funds. However, receiving the money has strict financial, administrative and organizational regulations.
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EU funds can be obtained through tenders, of which
one of the conditions is being consistent with the
European Union's policies and objectives. Besides
the ways and means of how to win the tender
should also be recognized. In addition to technical
knowledge (preparation of project proposal) and
specific knowledge (EU legislation, goals, etc.) you
need less specific, but important skills: acquiring the
European Union thinking. In the preparation of EU
projects it is required to display the following principles, of which knowledge is essential for every
person contributing to project realisation:
−
−

Partnership (securing the widest possible
socio-economic participation in the project)
Programming (the implementation of the regulatory process of EU support compliance goals)
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−
−
−
−

Additionality (refers to the complementary nature of subsidies)
Co-financing (own funds)
Concentration (grants may be used for limited
purposes)
Compatibility (ensuring the consistency of the
Union's and the Funds' objectives)

Compliance with the rules listed in the tender can be
measured already in the preparatory phase of the
project, at application writing and planning. The
available budget for the next programming period
was decided in December 2013. In 2014-2020,
Hungary will manage seven operational programmes under EU Cohesion Policy. Four programmes will receive funding from the European
Regional Development Fund (ERDF) and the
European Social Fund (ESF). Two programmes will
receive funding from the ERDF and the Cohesion
Fund. One programme will be funded by the ESF

and Cohesion Fund. For 2014-2020, Hungary has
been allocated € 21.9 billion (current prices) in total
Cohesion Policy funding:
−

−
−
−
−

€ 15 billion for less developed regions
(GDP/head <75 % of EU average) (Central
Transdanubia, Western Transdanubia, Southern
Transdanubia, Northern Hungary, Northern
Plains Region and Southern Plains Region)
€ 463.7 million for the more developed region
(Central Hungary)
€ 6 billion under the Cohesion Fund
€ 361.8 million for EU Territorial Cooperation
€ 49.8 million for Youth Employment Initiative

Of this, the ESF will represent € 4.7 billion, 30,46 %
of the Structural Funds resources. Hungary is also
receiving 3.45 billion euros for rural development
and 39 million for fisheries and the maritime sector.

Table 1 Allocation of cohesion policy funds for the programming period 2014–20 (million EUR)
Source: European Commission, Eurostat, Regional Yearbook, Introduction, The Europe 2020 strategy
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Domestic use of EU subsidies
EU Member States should prepare national development plans providing information on the purposes
and area a particular Member State uses the funds
granted. Another purpose of the National Development Plan is drawing up a comprehensive national strategy based on the country's resources.
The National Development Plans include operational programs that define the areas of development and the detailed regulation of the use of resources funded from the grant. Hungary's first National Development Plan (NDP I) covered the period
from 2004 to 2006 and contained five operational
programs. Our country's second National Development Plan is called the New Hungary Development Plan and regulated the use of EU support in
the period 2007-2013 in15 Operative Programs (the
regional operational programs were included in it
separately). The distribution of EU funds to be used
in the period 2014-2020 is controlled by Széchenyi
2020 program and is aligned with the Europe Union's 11 thematic objectives. The scale of EU
funding depends on the severity of the problem to
be supported, the financial capacity of the Member
States, the importance of the support from regional
and EU perspective and the specific characteristics
of the activity [1]

Tendering
EU funds can be obtained through tenders, of which
one of the conditions is being consistent with the
European Union's policies and objectives. Besides
the ways and means of how to win the tender
should also be recognized. In addition to technical
knowledge (preparation of project proposal) and
specific knowledge (EU legislation, goals, etc.) you
need less specific, but important skills: acquiring the
European Union thinking. In the preparation of EU
projects it is required to display the following principles, of which knowledge is essential for every
person contributing to project realisation:
−
−
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Partnership (securing the widest possible
socio-economic participation in the project)
Programming (the implementation of the regulatory process of EU support compliance goals)

−
−
−
−

Additionality (refers to the complementary nature of subsidies)
Co-financing (own funds)
Concentration (grants may be used for limited
purposes)
Compatibility (ensuring the consistency of the
Union's and the Funds' objectives)

Compliance with the rules listed in the tender can be
measured already in the preparatory phase of the
project, at application writing and planning. The
available budget for the next programming period
was decided in December 2013. In 2014-2020,
Hungary will manage seven operational programmes under EU Cohesion Policy. Four programmes will receive funding from the European
Regional Development Fund (ERDF) and the
European Social Fund (ESF). Two programmes will
receive funding from the ERDF and the Cohesion
Fund. One programme will be funded by the ESF
and Cohesion Fund. For 2014-2020, Hungary has
been allocated € 21.9 billion (current prices) in total
Cohesion Policy funding:
−

−
−
−
−

€ 15 billion for less developed regions
(GDP/head <75 % of EU average) (Central
Transdanubia, Western Transdanubia, Southern
Transdanubia, Northern Hungary, Northern
Plains Region and Southern Plains Region)
€ 463.7 million for the more developed region
(Central Hungary)
€ 6 billion under the Cohesion Fund
€ 361.8 million for EU Territorial Cooperation
€ 49.8 million for Youth Employment Initiative

Of this, the ESF will represent € 4.7 billion, 30,46 %
of the Structural Funds resources. Hungary is also
receiving 3.45 billion euros for rural development
and 39 million for fisheries and the maritime sector.

Theoretical Background
Project management has an old history since realizing projects is as old as humanity. According to
ancient records the completion of the Great Pyramid of Giza in 2570 BC already involved some degree of planning, execution and control and there
were managers for each of the four faces of the
Great Pyramid. The modern project management
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era started in the 1950s. As a forerunner, in 1917
Henry Gantt developed a scheduling diagram
(Gantt chart), which is still in use today and that time
was of worldwide importance.
A milestone in project management evolution
was when Dupont Corporation invented the Critical
Path Method (CPM) in 1957. This technique was
used to predict project duration by analysing which
sequence of activities has the least amount of
scheduling flexibility. In 1958 the United States
Department of Defense developed the Program
Evaluation Review Technique (PERT) for analysing
the tasks involved in completing a project and
identifying the time needed to complete each task
and the minimum time needed to complete the
whole project. Work Breakdown Structure (WBS)
Approach created in 1962 is an exhaustive, hierarchical tree structures of deliverables and tasks
needed to perform a project. In 1965 the world’s first
project management association, the International
Project Management Association, started in Vienna
to enable project managers to share information
and network. Today it has 55 member organisations
and 120,000 members worldwide.
In 1969 the Project Management Institute (PMI)
was launched to promote the project management
profession. PMI published the global standard for
project management profession in 1987, the Project
Management Body of Knowledge. It standardized
accepted project management information and
practices. Theory of Constraints (TOC) helped organisations to achieve their goals against constraints
(1984) and the methods and algorithms of TOC
formed the basis of Critical Chain Project Management (CCPM) in 1997. After identifying the constraints (every project has at least one), the resources can be kept levelly loaded and flexible
tasks and task chains keep the whole project on
schedule. The list is not complete and more
prominent actors methods of management history
could be mentioned. New project management
techniques arise as projects face new challenges
and they all serve to complete projects effectively.

SEFBIS Journal 2014. No.9

Dimensions of Project Efficiency
Project management techniques and theories triggered the development of other fields of project
management: project efficiency and its assessment.
Project efficiency can be measured by various dimensions, of which the most commonly accepted are
meeting schedule, budget and performance goals.
However, project efficiency or project success can be
assessed differently by various interest groups, thus
efficiency can reflect assessments by project managers, customers, organisations and so on.
Table 2. Project success dimensions (Stuckenbruck)

Meeting Design Goals
− Meeting operational specifications
− Meeting technical specifications
− Meeting time goals
− Meeting budget goals
Impact on the Customer
− Fulfilling customer needs
− Solving major operational problems
− Actually used by the customer
− Level of customer satisfaction
Benefits to the organisation
− Level of commercial success
− Generated a large market share
− Opened a new market
− Opened a new line of products
− Developed a new technology
Source: Project success: Definitions and measurements techniques, J. K. Pinto and D.P.

The dimensions in Table 2 were created for business units, but they can be easily adapted to other
organisations and sectors. Pinto and Slevin pointed
out in 1988: “Projects are often rated successful
because they have come in on or near budget and
schedule and achieved an acceptable level of performance. These characteristics may be used because they are the easiest to measure and they
remain within the realm of project organisation.”[6]
However, it can happen that a project is completed
efficiently but it still does not meet customer or organisational expectations or the evaluation of the
project change over time.
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These reasons motivated researchers to add new
elements to the notion of project success: the satisfaction and the welfare of the customer. In 1988
Baker, Fischer and Murphy established customer
satisfaction as a measure of project success and
included the level of satisfaction of the customer
organisation, the developing organisation, the project team and the end-user.
Researchers found that the internal factors of the
project – meeting budget, schedule and technical
performance – are important in the early stages,
while external factors – customer needs and satisfaction- becomes relevant in more advanced phases.
When assessing project efficiency we need to examine the relationship between internally and externally oriented evaluation as well as the relationship between the overall assessment of the project
and various success dimensions. Project efficiency is
multidimensional and the relative importance of
various dimensions change over time.

The Efficiency Measurement
As for the domestic overview, there is no generally
accepted methodology to measure the efficiency of

EU funded projects in Hungary. Researchers mainly
conclude on the basis of gross effects and macro
data and the conclusions have many different interpretations. According to S. Nagy the use efficiency of
the European Union funds is based on three pillars:
− The subsidizing institutions’ efficiency → program level;
− The effectiveness of potential applicants' subsidy use → program- and project level
− The effectiveness of non-institutional actors
within the subsidy system assisting the use of
grants
After joining the EU and having some funds utilizing
experience in 2006 Sándor Gyula Nagy used the
Project Cycle Management methodology (initiation,
planning, execution and closure) to analyse the
efficiency of EU funded projects. He created a
problem tree to find answers to the operational
problems of subsidizing institutions. Creating similar
problem trees can help identifying constraints in
projects or project management teams, although
there may be other applicable methods that are
worth considering.

Figure 2. Nagy’s problem tree, 2006
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Case Studies
Measuring Project Management
If Hungary spends 2014-2020 EU funds successfully, meaning it manages to realise the most possible projects within time and budget, it should lead
to a faster convergence. It is estimated that by a
satisfying absorption level in the Central Eastern
European countries (including Hungary) the differences in stage of development should steadily diminish.[6] To achieve a satisfying level of absorption, projects need efficient management teams and
management efficiency should be measured in
order to determine guidelines and methods to be
followed.
A possible method of measuring project management efficiency could be done by Data Envelopment Analysis (DEA). Data Envelopment Analysis (DEA) is a performance measurement technique
that is used for evaluating relative efficiency of the
same or similar decision making units having some
degree of discretion (but not necessarily full) and
they could be categorised as efficient or
non-efficient. These units use inputs to form outputs.
DEA has already been used to measure among
others banks, police stations, hospitals, prisons,
schools, university departments, department stores,
regional agencies and advertising agencies. The
method was discovered by Charnes, Cooper and
Rhodes in1978 and since then it has been the
subject of several theoretical research and practical
application.
In my research I wish to establish a measurement
system to assess European Union subsidized project
management efficiency in Hungary. It is possible to
use various input and output categories, which may
have completely different unit of measurement. The
advantage of the method is that input and output
categories can be determined by the researcher. I
suggest the following inputs and outputs to be measured (the list is not final). Possible inputs can be:
−
−
−
−

number of hours worked per day
number of days worked per project
number of days spent on different project phase:
preparation, realisation and closing respectively
number of project team members
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Possible outputs can be:
− indicators (project commitments) completed
− the rate of budget spending
− the number of EU policies/objectives involved in
the project
− the number of deadline extensions
After preparing some analyses, DEA will be tested
whether or not it can be used for the measurement
of project management efficiency of EU funded
projects in Hungary.

Recommendations
In my research I intend to determine input and output
categories, internal, external and time dimensions for
measurement of EU funded project management
efficiency in Hungary. However, this task is extremely complex. When setting measurement dimensions it is important to remark that special attention must be given to the quality of the assessed
output category meaning that some output categories may not be assessed if it is of low quality. It
should also be considered how difficult the work to
be measured is. Completing projects even within
the same operative programme can be at different
levels of difficulty concerning their social, economic
or environmental circumstances.
Based on categories and dimensions interviews,
tests and reports will be prepared. Research data
will support identifying relations between project
efficiency and project management efficiency and
hypotheses can be established. At the end of my
research work the established hypotheses will
prove right or wrong. Dimensions and factors can
be defined as ones that can be controlled by the
management and ones that are out of control, always remembering that efficiency assessment may
change over time. These findings will be modelled
in graphs. Theoretical analysis will be based on
practical experience mainly in human related fields
and its actual application will be tested both in private and public sector.The results and hypotheses
will be used to define project management efficiency and draw up guidelines for future EU funded
project management teams to realize projects
successfully for the benefit of Hungary.
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Enabling a Context Aware Knowledge-Intense Computerized
Adaptive Test through Complex Event Processing
CHRISTIAN WEBER
Corvinno Technology Transfer Center Ltd, Budapest, cweber@corvinno.com
ABSTRACT

Following the pace of the global market, the requirements of labor and education are constantly changing.
Coping with changes means to know and capture the border of the personal education. To gain insights on job
proficiency and the educational potential requires understanding the education in a context - a vision evident in
the psychology of learning, but lacking in concepts for a modern, computer assisted, educational testing.
Building on a proven, ontology-backed and knowledge-intense testing environment, a new vision for educational
testing in a novel event-based metaphor brings the potential to re-grasp computerized adaptive testing as a
context aware and context adapting educational self-assessment.
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Education
Introduction
Throughout knowledge driven professions, a personalized development comes with the continuous
need of a personal and personalized improvement
and the adoption to new fields of knowledge and
expertise. Maintaining here an optimal set of skills
and knowledge, requires a personalized development, following multiple paths of education in dependency of the personal context, which contradicts
to the isolated, closed environment of the classical
education approaches. To decide, at a given time
and in the special context of the environment, on a
future education in knowledge-intense but time
restricted working environments like hospitals, the
educational background has to be captured and
made available as a decision factor for education.
So, grasping the full personal education, together
with the imminent development potential, creates
the need to test the current state of education. But
to fully unlock the potential in a resourceful way,
while adapting to the personal performance, the
educational testing has to surpass the borders of
classic testing.
Binet created a first adaptive intelligence test in
1904, leading to a new scientific approach of testing
in the frame of education, asking questions in dependence of the human ability [1]. A methodology
refined by Lord (1980) [2] Henning (1987) [3] and
Lewis and Sheehan (1990) [4] and finally extended
to an algorithm by Reckase 1974 [5] leading to a
computerized adaptive test (CAT). Deepened and
established by the models of Rasch [6] and Wright
[7], CAT is counted as a proven solution, providing
tests which are adaptive to the ability of the learner,
while optimizing time and precision of the testing, in
traditional [8] and mobile [9] applications [10]–[12].
However, it neglects that education and testing
is always happening in a context, evolving not
around isolated questions, but around a problem
context in line with the human cognitive behavior. A
view which is taken in the field of psychology of
education under the term constructivism, promoting
a teaching of knowledge in context and connected
to experiences [13]. A process which supports a
natural memorizing into the long term memory [14].
Adaptive learning, which could include adaptive
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testing, supports the view of constructivism by
adapting the initial education to the learner in his
detected context, while making use of knowledge
testing feedback and detected learning aspects
[11][15]. But, the context awareness only emerges
within the learning support and doesn’t influence the
initial testing, thus neglecting the potential for improving the testing based on the findings, to explore
further the inherent potential of a given person.
Building on the proven fundament of an ontology
backed computerized adaptive test system [16],[17],
a new context aware test is needed - a test which
models the context as an active actor and introduces
a novel testing algorithm to influence the test behavior, depending on the gathered online feedback.
The context could be a cultural background, a special cognitive or learning behavior type or a known
affinity to certain knowledge areas, supporting or
changing the way a person performs on a test,
through adapting to the special findings.
Complex event processing (CEP) [18] has the
potential to act here as a fitting metaphor to enable
a new frame of testing. Behavioral contexts like
culture, learning behavior, topic affinity and or cognitive type, are modeled then as detectable events,
propagating the findings to a deciding test engine,
fusing the need for an active detection and reaction
with the event based frame of CEP.
In this regards, the existing frame of an adaptive
testing has to be fused with a context aware event
processing for a new vision of adaptive testing.
Further, to enable to decide how and when to modify or switch the testing behavior in context, a fitting
set of testing strategies has to be established,
making use of a mix of existing and new classifying
measures. This work was created in the frame of
the Eduworks initial training framework, support by
the European Commission within the Marie Curie
Initial Training Networks (ITN) of the FP7 People
Programme, in cooperation with the Corvinno
Technology Transfer Center.

A Future of Knowledge Exploration
Today’s educational system is in a situation of societal tension. Education still resides in a conservative, strict and frontal set of methodologies, focused
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on providing a broad middle population of students
and workers, relying on a similar set of backing
knowledge independent of their inherent potentials
and abilities. Contrasting, the advent of new technologies enables and requires a continuously
higher adaptability and personalization to situations
and actors. Here a static and generalized education
meets advancing and dynamic adapting technologies. The result is the use of adaptive tools from
static hands, yet a handshake still is missing - a
handshake which could connect the personal potential and vision to the personalizing technological
tools, offering self adapting systems and services.

Figure 1: Qualitative impact dimensions.

Especially in areas with a strict time frame and requirement, like medical professions, the time to learn
and the variety of in-job knowledge needed, still
conflicts with the technological development. Even
thou professional medical workers are embedded in
high technology environments, the education is still,
if integrated at all, static, generalized and without
additional support as task of home training, if happening outside of the initial academic and career
training. Electronic training solutions could fill the gap
but only if a better personalization could lower the
border of use and integrate the crossroad of requirements, with time restrictions and diverse and
disparate knowledge needs, into the process of
testing as an exploration of the learner’s knowledge.
A step already tackled within the MedAssess project
The MedAsses project is support by the European
Commission within the LEONARDO DA VINCI innovation transfer program of Lifelong Learning (grant
no. DE/12/LLP-LdV/TOI/147557), in cooperation

68

with the Corvinno Technology Transfer Center. [19]
and which is improving further along the road of
context aware and context adopting educational
solutions [20].
With the new approach of a knowledge intense,
adaptive personal testing, education enables to uncover the potential of personalization from the view of
knowledge gap discovery and educational exploration. In this regards the knowledge and knowledge
potentials, detected on the person tested, creates a
path which connecting technologies could use to
select and aggregate services, context aware and
situation fit. As the technology becomes more natural
to use, while facilitating the inner potentials of the
imminent abilities, the virtual environment becomes
an adaptive extension of the leveraging person, being a user of the extension, a teacher to the system
and a student of the correlation of knowledge, events
and phenomenon alike.
This new movement of adaptive testing and
context aware and context fit use and detection of
abilities and stocks of knowledge, could act as a
basement for new lines of future systems, connected
to categories of impacts. The future impact of an
enhanced adaptive testing could be distinguished in
three dimensions of quality, as shown in Figure 1:
first a crisp and detailed description of personal
qualities, second the accessibility of relations and
structuring between knowledge areas akin to a person and third the availability of a context in which
skills and knowledge are relevant.

Cognitive Behavior → Strategic Testing
Jonassen derives in his discussion about the human
cognitive architecture - between learning and remembering of knowledge, nine knowledge types
throughout three categories [14]. In his analysis,
eight out of nine knowledge types are only feasible in
relation to connected knowledge areas or experiences, while the remaining fact knowledge could be
grasped in an isolated manner. In conclusion, the
majorities of the knowledge aspects humans are
using within their daily life are used in a context and
should as such also be tested in a context to assess
skills and applied knowledge above single facts.
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Computerized adaptive testing (CAT) enables to
adapt to the level of knowledge of a test taker in a
specific area. It deploys a strategy of testing to select test questions in relation to the performance of
the test-taker. But, even thou this is an improvement
to classic testing, the system is here adapting only
to the performance on a single knowledge area and
not to the real knowledge of a person as it neglects
the dependencies between knowledge areas and
ignores any additional context. To overcome the
limitation it is not sufficient to modify the methodology but to change the frame of testing to enable to
address an extension of factors; a frame which could
come in the form of complex event processing.
Complex event processing (CEP), is an approach to software systems, which is based on the
idea of events, incorporating logics to filter, transform, and detect patterns in events as they occur
[18]. It is a monitoring approach, triggering events
over time, while observing the system states to
derive insights through reasoning. Storing information on the test and activating and completing contexts as pre-modeled events enables to reason on
the flow of a test, resembling the monitoring of a
running technical system.
Within a computerized adaptive test, answers to
issued questions are acting as events to the question selection algorithm, while the algorithm derives
new questions to assess, based on the feedback
and the information about the state of the test. In
this regards the general frame of CEP fits to the
process of adaptive testing but introduces additional
concepts to connect as well contexts and multiple
lines of a knowledge areas as events with states for
a new concept of adaptive testing, as shown in the
system concept in Figure 1.
The new proposal of an adaptive test will operate on the ontology-extended Studio approach for
educational testing, where test questions are connected to knowledge domains, captured by a specialized ontology [21]. Each test question is connected to educational domain knowledge within the
ontology, enabling to make use of modeled relations
and structure of the knowledge domains and presenting the test as a structured semantic enhanced
network to explore.
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In the vision of CEP, the approach of adaptive
testing transforms to a systematic, event enhanced,
exploration of knowledge paths and areas. The directed exploration replaces the performance based
random selection of CAT and explores the user
based on the relation and context of the knowledge
areas and based on the actual behavior on the test.

Adaptive Testing
The term of complex even processing goes back to
the 2002’s publication of Luckham, gathering and
defining the concept and methodology as a new
standard [22], while the notion of event processing
is used for a much longer time, throughout production near environments where time critical decisions
are needed. Fitting, Etzion and Niblett define event
processing in a general sense as “any form of
computing that performs operations on events” [18].
Extending, Luckham describes the complex event
as “an event that could only happen if lots of other
events happened” [22], highlighting the dependency
of events as one type of complexity.
In a new fusion of CEP and adaptive tests, a
running adaptive educational testing system will
deliver questions to the attendees of a test - potentially across multiple assessment rooms and parallel in time, while gathering answers and feeding
new questions, based on the testing feedback and
on the repository of questions, embedded in the
structured context of the ontology, as captured in
the current state of the system [16]. But above the
information of correct answered questions, all test
takers are operating in their own local environment,
which is rich on additional information. The times to
answer, the behavior in front of the test or the progress on the test are available, yet unused. Set into
a context, they are suitable to be identified into
events, as an input for further events and reasoning.
Envisioning this set of events as input to the test
taker’s test environment and feedback to the testing
instance in the fashion of a stream of events, it
becomes reasonable to use the CEP as a metaphor
and frame for a new solution.
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Figure 2 shows the new concept of methodology
fusion in the concept of a stream of events. The test
engine operates the test and sends new questions
as personalized events to the user environments,
which will assess the questions and feed back the
given answer into the stream of events. In this frame
the user acts as an implicit event consumer and
producer. Together with the answer, additional potential information will be gathered at the test client
site and integrated into the event stream. Following
this CEP concept conversion, especially context

rich information will be of a central interest, where,
depending on the complexity, the events will be
directly captured at the client site or correlated to
events with states as context agents, which activates over time and represent more enriched information about the progression of the test. With the
methodologies proposed in [20], the potential arises
to reason on the cultural context of a person or have
a special quality to the questions which correlates to
specific contexts of a job or knowledge environment.

Figure 2: Strategy-based adaptive testing in a new CEP based frame.

The test engine acts as a specialized event consumer, gathering the triggered events. Above tracking the development of the test and sending out
questions, the engine has a wider scope for managing the self assessment test. The variety of questions, connected to the ontological representation of
the domain knowledge, resembles an interconnected
repository of assessment sources, visible as the
domain ontology in Figure 2. As such it includes a
freedom for different compilations of tests. The task
of the intelligent test engine is here to create a fit
between the freedom of compilations of questions
and the context, derived from the detected events,
which is fed back from the test taker and then triggers
questions which not only match the knowledge to
assess, but also explore the knowledge gaps and
centers, based on the interrelations within the domain ontology. CEP is applicable to a wide range of
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problems, where in dependency of the field, other
methodologies could act as alternatives, as within
embedded systems, time-triggered systems [23], or
constraint programming [24] as a programming
paradigm resolving constraints. To select on the use
and ability of CEP to cope with the selected problem
of an adaptive testing approach, a set of requirements has to be encountered. Fitting to the requirements of the market and the methodology [25],
defines a set of common requirements for CEP solutions, which should be met to make a sufficient use
of CEP. A fit of the requirements for CEP to the frame
of the adaptive test approach is listed in Table 1. The
scenario is here a multi classroom selfassessment
test to assess the existing knowledge for a range of
different subjects and different domains of the central
domain ontology at the start of a new school year.
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Table 1: CEP requirements assessment for a CEP enhanced adaptive test.
Requirements
Event driven nature
Event rates
Application complexity

Timeliness

Recommended for event
processing

Suitability / Description
Medium/High; The initial test procedure is a straightforward feedback circle which
becomes highly event dependent and event aware with the impact of detected contexts, fulfilling over time while opening additional complexity potentials.
Medium/High; The rate of events varies with the amount of parallel test takers. Yet
the basic event rate could increase highly with the unlocking of additional relevant
contexts for an adopted test environment.
High; The domain-ontology-bound, interconnected knowledge structure, directly
impacts the complexity of reasoning to derive changes within the system through the
intelligent test engine. Further, the test environment adoption adds complexity with
the availability of additional selected relevant contexts.
High; A user is ready to accept system response times in the scale of seconds. Yet
the derived changes impact the overall system behavior as well as the selection of
personal queries. If a certain group dynamic is detected, the system behavior has to
change below a range of seconds for all active tests, to prevent the sending of
questions out of an expired testing behavior.
Yes; The system aligns with the requirement expectations of CEP. Further, the dependent triggering of events comes with the potential of a high combinatory impact to
increase the target complexity.

Evaluation Rules, Testing Strategies
To move to a knowledge exploration approach, a
new methodology is needed to provide the right
structure and the right context information. Developing a new concept, building on the existing ontology-enhanced testing [16], requires a new approach
which has to work in a dynamic way on the structured
knowledge, changing the line of questions in dependency of the online test feedback.
Two interconnected principles will fill here the
gaps, building the twofold fundament of the new
testing behavior. Testing strategies will define the
functions and the overall algorithmic loop of the
system, adapting to the progress and behavior of
the test-taker. These testing strategies are operating in dependency of rules, which are defining the
evaluation principles and the constraints of the
adaptive test. To ensure the testing goals and borders throughout the working test, strategies and
rules are split in a fixed core and a soft stack, where
the later incorporates strategies and rules which
could change over time and with the adoption of a
different application area.
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Figure 3: Hierarchical pyramid of testing strategies and
rules.

The overall hierarchy and splitting of rules and
strategies is shown in Fugure 3. In order of their
relevance they are encapsulating the distinct concepts of the system:
−

−

Core Rules define the relevant relations between the connected domain ontology nodes
and the specific relevance for testing and
evaluation.
Soft Rules capture the qualitative evaluation
rules and their configuration, as well as the
range and depth of the evaluation aspects. Soft
Rules include configurable parameters which
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could modify the system behavior, situation and
application dependent.
Core Strategies encapsulate a set of test related
strategies on how to trigger the node-connected
questions to meet the rule-defined evaluation
frame. Core strategies are clustered in a way to
enable a different testing behavior through
switching between the strategies within a running test.
Context Extended (Soft) Strategies are denoting
strategies to test, which facilitate context parameters and structures which are not needed to
enable a core testing functionalities. In this regards these are soft in terms of being optional or
extensional for a given testing frame and environment.

−

−

To ensure a balance between the concepts of testing
strategies, the adaptivity and the time-saving, a new
system is in need of an intelligent test engine,
monitoring the flow of events and the data and states
of the strategies, to decide when to switch the testing
strategies and when to finalize the overall test. This
engine resembles an inference engine, encapsulating a set of core reasoning rules, while making use of
the defined testing rules and strategies to enable a
planed, yet event aware and event adaptive system
functionality.

The final behavior of the system is an application
dependent selection of rules and strategies out of
the available sets, while the as soft denoted elements could be further adopted through
pre-arranged modification and configuration potentials. As such, each path through the rules and
strategies pyramid in Figure 3, denotes one possible specialization and adaptation of the system.

Test Upgrading
Classic CAT-based systems require adequate
measurement models to create a mapping between
the quality of test and responses to the performance
of the test taker. Most computerized adaptive testing systems are based on the models of Rasch [6]
and Wright [7]. Almost all ability tests are based on
the hypothesis that abilities can be ranked along
one single dimension, which is insufficient for a
testing in multiple contexts.
To widen the new strategy based testing in an
event based frame, the system has the potential to
connect additional sources of measures to the
contextualized perception of the system, extending
the test structure and complementing the test progress with a fusion of related measurements. Table
2 shows a set of candidates which could additionally
describe the test, the user performance and the
relation between knowledge areas and the ontology
based structure.

Table 2: Measure classes with a re-use potential for an event based adaptive test reasoning.
Measurement
Graph-based
metrics
Ontology-level
metrics [26]
Class-level
metrics [26]
CAT-related
psychometrics
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System impact
Describing the structure and the connectivity of graphs, with the potential to provide additional insights
into the complexity of knowledge areas.
Measures the overall characteristics of a given ontology including the structure, following graph based
measures and quantitative measures about the content, which capture together the structural complexity which could act as an indicator for a more generalized test performance.
Class related characteristics of a given ontology describing the structure and relations between the
classes, which act as blueprints to the knowledge areas of the ontology.
For the field of CAT, psychometric measures are used to connect the performance of the test-taker to
the potential of the inherent ability, evident in the widely used item response theory (IRT) [2].
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Conclusion
It is evident that there is a need to close the gap
between a growing context aware perception in
education and a still context-less computerized
educational testing. The presented event processing enhanced test frame, with dynamic, context
aware and context adapting testing strategies, is
able to close this gap by incorporating the contextualized feedback as events, for a new and adaptive
educational testing fundament. To succeed, an
optimized set and configuration of testing rules and
strategies will be selected from the novel
CEP-enhanced concept frame.
There is a triple-fit between the vision for more
context in education, the need for multi-dimensional
knowledge testing and the wish for a more detailed
profiling. The enabler is an event based perception
and management and the interfaces and requirements are matching for a joint solution - between
CEP, adaptive testing and an ontology-based
storage and support.
Nevertheless there will be obstacles to overcome, e.g. may not all knowledge areas and contexts be equally meaningful for an application area.
The test behavior may be influenced by special
behavioral and cultural contexts of the test taker. As
well the scheduling and computation of rules and
strategies may reveal the need for detection compromises and heuristic solutions, enabling and
maintaining a timely reaction of the system.
In this regards a synergy has to be created between testing potentials, the cognitive behavior and
the complexity handling within the new CEP frame.
The chance is a new approach to model and organize adaptive testing, creating a novel fundament
for a more wholesome adaptive educational feedback, where the personalized context is a part of the
educational testing.
The next stage is the prototypic extension of the
working Studio-based educational testing solution.
With the insights gathered from the field test, the
adopted parameters and modification potentials will
empower the next level of context aware extension,
enabling a better personalized, educational assessment with a broader spectrum of contexts and
influences.
SEFBIS Journal 2014. No.9
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ABSTRACT
The Council of European Professional Informatics Societies - integrating ICT professional societies across
Europe - started an EU-wide survey in 2013 to learn: who are these ICT professionals? The ICT labor market
shows a diffused picture: there is a sound demand for appr. 5-600.000 open jobs annually. A group of 171
Hungarian professionals participated in the “eCompetence Benchmark” survey and resulting competence profiles were compared to the standard eCompetence Framework categories. The Hungarian sample shows some
salient characteristics – like “6 years older age group as the EU”, “less ICT people under 30”; “63% of HU ICT
professionals have MSc or PhD while the EU average is 40%”; or “rate of Hungarians in SME-s is 33%, while
28% work in larger companies – the EU average shows the opposite picture”, etc. The analysis below presents
and comments some more data and aims to give some recommendations to higher education and to the NJSzT
professional community as well.

Preview
The CEPIS (Council of European Professional Informatics Societies) organization has been integrating ICT professional societies across Europe for
decades. In 2013 the organization started an
EU-wide survey to learn: who are these ICT professionals? The ICT labor market shows an enormously diffused picture: while 500-600.000 open
jobs are offered, only 100-150.000 ICT professionals graduate at EU universities. Others either take a
special training (in many cases ECDL courses or
“company indoor academy”), and gain appr. 500
(sic!) variations of “ICT certificates”. Those who
have no any trainings, learn computer skills at their
workplace – on their own.
According to the “Grand Coalition for Digital
Jobs” document of the EC (see e.g. at [1]) more and
more experts predict that the demand for professionally skilled ICT professionals will far outstrip
supply which EU training systems can offer. This
document declares an annual 3% growth in demand
for ICT-skilled labor, and shows up a shortage of
900,000 ICT-related professionals by 2020 –
meanwhile about 25 millions of Europeans are
simply unemployed! The document encourages
stakeholders – businesses in ICT, education providers of any kind, and the public sector to “pledge”
concrete actions like attracting young people into
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ICT education and increase the supply of ICTrelated
practitioners in the EU.
One also has to understand that the lack of
digitally skilled people is affecting not only the ICT
industry and services itself but also sectors that rely
heavily upon ICT tools and services - like retail,
banking, healthcare, education, and, generally, the
SME sector and national strategies against unemployment. Under the Grand Coalition, the European
Commission has launched some practical initiatives
to help filling the growing number of vacant
ICT-related jobs across the EU, and to ensure that
more people get the training needed to work in the
digital economy (as an example, a specific Italian
situation is described in the AICA Report, [2]). Related to this initiative more documents and projects
also suggest that competitiveness and economic
development of the EU would need the ICT industry
to foster these efforts – see e.g. such as the Digital
Agenda for Europe, the e-Skills Strategy, the
Employment Package, the Opening up Education
Initiative, the Rethinking Education Strategy, the
Youth Opportunities Initiative, and the EU Skills
Panorama.
Over nearly two years, the Secretariat of the
Grand Coalition has been coordinating 13 organizations active in the IT, education and SME communities to boost the Commission’s program through a
five-pillars strategy (see in [1]):
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−

−

−

−

−

ICT-Training – promoting Europe-wide Student
Placement Programmes with ICT employers and
working with existing ICT training providers to
improve their offering to students
Mobility – identifying concrete, short-term solutions to increase the mobility of skilled EU
workers across Member States to address the
shortage of ICT practitioners
Certifications – strengthening ICT professionalism and foster recognition of ICT-related qualifications across EU Member states
Awareness raising – disseminating the activities
of the Grand Coalition through a dedicated
awareness raising campaign
New forms of ICT education – promoting the
supply side for ICT jobs creation through more
aligned educational schemes (e.g. MOOCS,
closer links between education and careers) and
stimulating structural change in educational
systems.

Leadership of CEPIS understood importance to join
these EU-wide initiatives with a special attitude to
address the “competence-mismatches” all over in
member states. CEPIS has declared that it is important to provide professionals with the ability to
compare their competences against those needed
for typical ICT job profiles throughout Europe. This
would help to identify training and professional
development opportunities to transition to new
ICT-based roles and positions and even to start an
ICT career. There was a hope to provide an insight
into the level of professional competences and a
“snapshot” of the ICT professions in each member
country. CEPIS also had an intention to implement
the eCompetence Framework idea, a CEPIS initiative, demonstrating to individuals and organisations
how it can be of immediate and practical benefit.
Following the campaign of the online survey
“CEPIS eCompetence Benchmark”, a series of
country-reports were published in Summer, 2014,
providing the results of a European initiative designed to identify the digital competences held by
ICT professionals across 28 countries in Europe
and beyond – among them, Hungary. The survey
tried to compare field data of national samples to
the European eCompetence Framework (e-CF).
Using the results of the CEPIS eCompetence
76

Benchmark, these reports offer a unique view of the
status of professional eCompetence in Europe. This
project has been led by the CEPIS and implemented thanks to the Computer Society in each
country – including the John von Neumann Society
of Hungary.

Methodology
The CEPIS campaign “eCompetence Benchmark”
was launched in September 2013 and has been
lasting until February 2014 across 28 countries.
Over 2,000 current and future ICT practitioners
participated in the research. Thanks to the John von
Neumann Computer Society (NJSzT) campaign, in
a 5-months period 171 Hungarian respondents
were assessed using the CEPIS eCompetence
Benchmark, which resulted in two complete ICT
profiles qualifying for analysis.
As the survey sample was dependent on the
available contact database used to promote the
survey in each country; there should be some
variance between the declared membership of
these databases and the real, full population of IT
professionals in the countries surveyed. In Hungary,
we have called first NJSzT registered members –
supposing our members work as professionals or,
as a minimum, in ICT-related positions. CEPIS
analysts declared: “Any comparisons between national level results and the European average in this
report should be considered as important insights
as well as preliminary and qualitative indications
which may require more extensive validation. Since
the sample of respondents per profile and per
country may not be considered statistically representative, the survey results are to be considered as
qualitative.”
Survey questions were adapted to the European
eCompetence Framework – having been developed
by the CEN (European Committee for Standardization) Workshop on ICT Skills and is supported by
the European Commission. This eCF framework
identifies 36 ICT competences which have all been
used in this tool along with the professional job
profiles developed by CEN. The European results
are compiled on over 2,000 responses provided by
participants from 28 countries. It is important to note
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that the CEPIS eCompetence Benchmark has been
completed by individual respondents who consider
themselves to be ICT practitioners, or who will soon
become one, and is divided into three sections as
described below. Again: compilation of respondents
may or may not represent statistically the community of ICT professionals operating in the country
mentioned.

Personal Information
Each respondent was invited to register in the online
form, and then enter personal information including
education background, employment status, organization size, and industry. They then selected the ICT
profile that matches their current role from the following 23 professional profiles, grouped into 6 families (see in [4]):
Table 1 ICT Professional Profiles (source: [4])
Business
Chief Information Officer
Management
Business Information Manager
ICT Operations Manager
Support
Account Manager
ICT Trainer
ICT Security Specialist
ICT Consultant
Service and
Operations

Database Administrator
Systems Administrator
Network Specialist
Technical Specialist
Service Desk Agent (see [4])

Design

Business Analyst
Systems Analyst
Enterprise Architect
Systems Architect
Developer
Digital Media Specialist
Test Specialist
Quality Assurance Manager
ICT Security Manager
Project Manager
Service Manager

Development
Technical
Management
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Competence Questionnaire
In this section of the assessment, the respondent
completed the competence questionnaire, which
consisted of 36 competences divided into five areas Plan, Build, Run, Enable, Manage – that are derived
from ICT business processes (this is the “CEPIS
Model of ICT Competencies”). For each competence,
the level options available were: None, Knowledge,
Experience, or Knowledge & Experience. Additional
information, such as examples of the knowledge and
skills associated with that competence, was also
available to assist the respondent in choosing an appropriate level.

Personal Results: Creating Indexes
Upon completion of the questionnaire, the respondent is presented with personal results. These results are visualized on a “graphical radar”, split into
36 segments (one for each competence, see Figure
2.). The CEPIS eCompetence Benchmark uses the
23 professional profiles as defined by the CEN
Workshop on ICT skills. Each profile is characterized by a specific set of competences (ranging from
two to five) selected from the 36 main ICT competences identified and described in the e-CF.
The graphic shows which of the 23 ICT professional job-profiles best matches the respondent’s
eCompetences, regardless of the profile (job type)
the respondent selected (base on his/her own
opinion and/or position).
Also, personal results were represented as a
“Proximity Index” which gives an indication of how
the respondent’s competences best match the requirements of specific CEPIS job profiles. An algorithm produced a score, based on the knowledge
and experience reported, for each of the 23 profiles.
These scores were then compared with what was
required for each profile and expressed as a percentage match. The highest score shows the profile(s) that is closest to the expertise of the respondent. This is referred to as the Proximity Profile. The level of proximity is shown as a percentage:
a 100% proximity index means that the competence
declared by the respondent completely satisfies the
requirements for that profile.The higher the PI is it
better indicates that the respondent has the nec77
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essary competences for this specific role. Plus: the
results also indicate the lack of competences (which
should be improved), as well as the competences (if
any) that exceed the level required for the given
profile. (Figure 3.).

tence Proficiency Index was computed for each of
the 36 competence identified in the e-CF Framework. This index, expressed as a percentage, represented the degree of proficiency for each competence with respect to the e-CF framework. So, a
100% Competence Proficiency Index means that the
respondent declared to have relevant experience at
each one of proposed levels of competence. This
type of analysis of each competence can be useful to
design detailed training paths to cover the competence gaps.

Criteria for Inclusion and Analysis

Figure 1. – Personal Results: the ‘Radar’

In order to ensure the integrity of the results, the
data validation ensured that only results meeting
the following criteria were included in personal
analysis:
−
knowledge of 5 or more competences,
−
experience in no more than 31 marked competences,
−
Proximity Profile score(s) of at least 40%,
−
ex-aequo (“fairly evaluated”) top scores in 5
profiles or less. (Assessments which show the
same proximity score for more than one profile
were counted as many times as the same score
appeared.)
The following criteria were adopted to ensure the
integrity of the Country Reports:

Figure 2. Personal Results: Proximity Index (Hungarian
average, only those fitting over 50%)

One can use the Radar and the PI also to review
his/her “proximity” to any other professional ICT
profile to assess potential in case of moving into a
new role, a new position. NJSzT organizers had an
idea to recommend these services as a small reward to respondents through the Hungarian campaign: a visual profile like that could be used for job
interviews or other presentations.

Competence Proficiency Index
The Competence Proficiency Index (CPI) was used
to measure the degree to which competencies identified by the e-CF framework are represented in
Europe today. On the basis of the respondents’
declaration of their own competences, a Compe78

−

−

A competence profile was included when 10 or
more valid questionnaires are completed. In
other words a cluster of 10 respondents enables
a professional profile to be analyzed for that
country;
a country profile could be generated where
there were more than 50 valid assessments
completed, and at least one competence profile
had 10 or more valid assessments.

All country-level results were compared to the
European Benchmark (“EU average”). In order to
avoid distortions due to a higher number of contributions from certain countries, the European Benchmark has been computed as a weighted mean, taking into account an equal number of contributions
from those countries which, although in varying degrees, have proved to be the major contributors.
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Some Results and Comments

of 40%. (see Figure 5. ) 76% of HU professionals
have graduated in ICT, which was a good result.
A prevalence of IT-focused education appears in
all Hungarian profiles, for instance, IT was central component of the education of ICT Trainers
(71%) and Technical Specialists (64%).

Some interesting results can be mentioned according to the Hungarian panel. First: it was very hard to
raise awareness to open and write out the survey
forms. NJSzT members have been called two times
via an email emphasizing benefits to have a country-level report on our profession – also to gain a
professional personal evaluation for individual use.
The result was under 200 respondents (this number
had been declared before as a minimum to participate at country level), Anyway, some basic lessons
could be learnt from the database:

Figure 4. Level of education of Hungarian ICT professionals
−

Women in Hungary represent only 15% of ICT
professionals, same at the EU. The highest
representation of female ICT professionals was
found among ICT Trainers (29%), and there
were no women at all among “Technical Specialists”.Comment: Yes, programs have to be
initiated to involve more talented young girls,
later HE students to these qualifications and
profession. Today the media suggests “ICT is for
young, enthusiastic males working at startups” –
who will manage and maintenance our large
systems, who will work as field-programmers
and administrators beside ICT systems in hospitals, in schools and public administration?

−

The distribution of respondents by organization
size shows a preference for smaller enterprises
in Hungary. The rate in micro or small enterprises is 33%, while 28% work in larger companies. The EU average shows just the opposite
picture: 24% of respondents work in micro/small
enterprises and 36% in large organizations.
Comment: We do not have “large ICT companies” – normally, ICT professionals work at
SMEs, in various job positions.

−

According to eCF 23 job-profiles and the “Who
You Are?” question at registration step: Hungarians marked 23 different “job profiles” at the
beginning – but the portfolio was distributed very

Figure 3. Age groups of ICT professionals
−

−

The average age of respondents in Hungary was
found around 48 years old, that was six years
older than the EU. The percentage of the under
30 and 30-40 segments were slightly lower than
the European average. The 40-50 segment
showed a more wider gap and almost a half of
HU respondents belonged to the „over 50”
segment, which is more than double of the EU
average (see Figure 4.) Comment: The sample
was highly based on the NJSzt members group
– a challenge to the association to recruit more
young ones to be members…
90% of respondents in Hungary have at least a
degree level qualification, showing the importance of third level qualifications in gaining employment in this sector. The Hungarian rate of
90% is quite high compared to other EU countries that have an average of 86%. Furthermore
63% of Hungarian ICT professionals obtained a
master’s degree or doctorate! This is the highest
rate among the analyzed countries and it is significantly higher than the Europe’s average rate
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observed for the Digital Media Specialist profile:
9.6% in Hungary vs. 5.4% across EU. Conversely, there is a lower rate (13.3%) of Technical Specialist profile in Hungary compared to
the European average (19.6%). There is also a
much lower rate of Project Managers in Hungary
(1.2% vs. 7.3%) (see Figure 5.).Comment:
Again, the composition of the sample can give a
result like that. Most of “competences” reported
by Hungarians fit easily educational skills, or, on
the contrary, many of ICT professionals to some
kind of teaching and training, even parallel to
their jobs. No answer why marked competences
on “Digital media” are stronger (double!?) than
the EU average. It should be a warning to all:
lack of field-worker ICT competencies (named
Technical Specialist), implementing and maintenance systems. Again: very few explicit competences in Project Management profile were
found.

strangely. 11 profiles were selected by 3% (or
less!) Hungarians: Business Analyst, Database
Administrator, Digital Media Specialist, ICT
Security Manager, ICT Security Specialist,
Quality Assurance Manager, Service Manager,
Systems Administrator, Systems Analyst, Systems Architect, and Test Specialist. Three profiles were not selected at all: Enterprise Architect, Account Manager, and Service Desk Agent.
Hungarian ICT people could show good matching to only 4 job profiles (over 50%) - in all others
Hungarians showed up a „diffuse competence
profile” – („I feel competence in many things and
I do many things, too.” – or: “I am not clear about
required ICT competences in my job…”) – and
they work with „challenged competencies”…?
Comment: Trainers and decision makers can
have a word on it: is the Hungarian ICT labor
palette really so “bleak”, so homogenous – or
companies simply do not need really specific
professionals? Awareness of on required ICT
competences should be raised as soon as possible for HR managers, employers and employee, as well.
−

−
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Three of the Hungarian self-declared profiles
had a noticeable difference with the respondent
rate of their European colleagues: ICT Trainer
(14.1% in Hungary and 3.7% in Europe), ICT
Consultant (15.4% in Hungary and 10.9% in
Europe), and Project Manager (9% in Hungary
and 13.6% in Europe). Comment: Probably
trainers (and educators of any kind) have been
the most motivated to fill the questionnaire as
being professionals to meet labor market problems every day. Besides many Hungarian ICT
professionals work as “consultants”, a general
term in our labor market. How sorry it is, an “ICT
Project Manager” is not a long-term position in
Hungary as few large projects are running.
The software calculated „Proximity Profiles” from
those competencies which had been noted in
the survey: high rate of HU respondents fit the
roles of ICT Trainer, Technical Specialist, and
Digital Media Specialist. The ICT Trainer profile
shows a rate that is twice as much (25.3%) as
the EU average of 12.0%. A similar trend is

Figure 5. “Proximity Profiles” calculated on marked
competences of the respondents in Hungary
−

Comparison of “Marked competences and reported job profile” and the calculated “Proximity
Profiles” could best highlight problems of ICT
labor - showed a large variance for many of the
profiles in the case of Hungary. Let’s see two
examples: the Technical Specialist profile was a
declared one for only 8% of the respondents in
Hungary, but an analysis of their competences
leads to 14% of all practitioners having the
necessary competences for that role. This trend,
although with a slightly smaller gap, is replicated
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across Europe, where only 7% of European
respondents declared to be Technical Specialist,
but 23% of practitioners had the required competences for this role. This case is also noticeable with ICT Trainers. Only 14% of Hungarian
respondents selected this profile, but 27% of all
respondents in Hungary actually hold the necessary competences for this role. This trend is
replicated across Europe, as seen in Figure 6/b
where 4% of European respondents declared
they were ICT Trainers, but 14% of all practitioners held the required competences. (see
Figure 6/a and 6/b below). Comment: “Technical Specialist” was maybe a very generally defined profile, as normally all ICT professionals
have basic hw/sw knowledge and skills. Bus, as
a job position, this should probably be a low level
qualification and therefore not frequently is used
– even across the EU.
Declared profile
Calculated profile

Technical Specialist

8%
Hungary

14%
7%
Europe

23%

Figure 6/a: Declared, calculated profile rates: Technical
Specialist
Declared profile
Calculated profile

ICT Trainer

14%
Hungary

27%
4%
Europe

14%

Figure 6/b: Declared, calculated profile rates: ICT Trainer
−

Which should be more warning to us: the difference between the declared and the calculated
professional profiles highlights the importance of
the level of competence granularity for each
profile. The Proximity Profiles were created on
the basis of the competences (and proficiency
levels) as self-assessed by respondents themselves, and an appropriate algorithm calculated
the Proximity Profile. Summary: the declared
profiles can differ greatly from the calculated
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profile as a result, and only 17% of the declared
profiles of Hungarian respondents match the
calculated profile (the EU average is 23%).
Comment: HR specialists and business leaders
have very weak ideas on ICT professions, not to
talk about the eCF framework and other EU initiatives. As a result, they just declare a job position very simply. Results say huge differences in
who can be called as a CIO in Hungary, a System Developer, a Project Manager or an ICT
Consultant (anyone?), and, on the contrary,
much more people could be positioned as a
(highly required!) Business Analyst, Trainer,
System Architect, or Technical Specialist.
Chief Information Offic er BM1
Business Information Manager BM2
ICT Operations Manager BM3
Business Analyst DS1
Systems Analyst DS2
Enterprise Architect DS3
Systems Architect DS4
Developer DV1
Digital Media Specialist DV2
Test Specialist DV3
Acc ount Manager SP1
ICT Trainer SP2
ICT Security Specialist SP3
ICT Consultant SP4
Database Administrator SR1
Systems Administrator SR2
Network Specialist SR3
Technical Specialist SR4
Quality Assurance Manager TM1
ICT Sec urity Manager TM2
Projec t Manager TM3
Service Manager TM4
0%

5%

10%

15%

20%

25%

30%

Declared profile
Calculated profile

Hungary

Figure 7: Differences between self-declared and calculated competences in profiles (PI)
−

Finally: Figure 8. below provides a comparison
of the Hungarian and EU averages of the
Competence Proficiency Index (CPI) for the five
main eCompetence Framework competence
areas: “Plan, Build, Run, Enable, and Manage.”
Hungary
Europe

Competence Proficiency Index
Plan (A)
30%
25%
20%
15%

Build (B)

10%

Manage (E)

5%
0%

Run (C)

Enable (D)

Figure 8. Proficiency Index by Competence Areas
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In Hungary it appears that the CPI is lower than the
equivalent for EU in all five areas. The most relevant
difference, compared with the EU average, appears
to be in the Run (“operating”) area (21.0% vs.
29.4%), a gap of -8.4 percentage points. Others are
as weak, too: Build area: 21% vs. 25%, Enable area
(“Let the ICT systems enable e.g. business progress”, etc.) 13% vs. 15%, and Manage area (information and knowledge management, ICT governance, IT control and audit, etc.) 13% vs. 18%. A
deeper analysis of the Competence Proficiency
Indexes compared to each profile requirement
would be fundamental in order to design detailed
training paths to cover the competence gaps for
each Proximity Profile of each respondent

Summary: Lessons to learn
The Report on Hungary if not completely verified as
experts of the NJSzT had some serious comments
on the sampling and the methodology. Nevertheless, preliminary results should raise awareness
about the idea of aligning Hungarian ICT education,
trainings, qualifications and certificates to declared
and distributed EU standards. Both the educational
systems (from OKJ to PhD level) and special
non-formal trainings (like ECDL and the numerous
corporate-based activities) have to take care international standardization efforts and results – all
are available, mad public for anyone.
This survey had some shocking results – like our
ICT people are generally “6 years older”, “more
highly educated as needed” and rather “Do not work
in an appropriate job according to their ICT competencies”. Also this should be a warning to all that
is all main competence levels we are below the EU
average – as education programmes are probably
can’t cover the full scale of an ICT system lifecycle:
Plan, Build, Run, Enable, Manage. Instead, we
teach more “knowledge” – and suffer of practical
skills. Yes, our ICT professionals work as an average 33% at SMEs, whilst 36% of Europeans work at
large companies – but we do not have “large ICT
companies” from the front-rank. Maybe, this is the
explanation for having more “jack-of-all-trades” in
ICT positions: if there is a budget for only 1-2 professionals, let them do the full scale of ICT tasks…
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Hungary showed a very low rate of professionals
under 30 (10%) – it shows problems of higher
education programmes and outcome and also a
warning to the NJSzT association to encourage
young professionals to be a member of a respected
society and foster self-development all along their
career. The Report quotes scenarios for the EU:
best (“Renaissance”) forecasts an 200-250,000
open ICT jobs in 2-3 years, annually, in the EU. This
is a challenge we have to respond for:
−

−

−

−

−

with creating better awareness of the threats and
opportunities in the growth of globalization of
ICT activity.
with promoting improved understanding of the
current quantitative and qualitative levels of
e-skills
with collecting comprehensive and reliable data
on e-skills at HU level – with a benchmark to EU
e-skills standards, maybe with repeating this
survey “indoor”
with building bridges between wide-spreading
ICT industry-based certifications and formal
education even by vocational non-computing
training courses
and with cultivating a more positive public image
of the ICT industry and ICT careers in Hungary.
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12nd Annual Conference
on Business Information Systems
Call for Papers

Nov 6-7, 2015
University of Pannonia
Veszprém

The SEFBIS/GIKOF professional forum is a special group of the JvN CS (John von Neumann Computer Society,
www.njszt.hu/en). Our mission is to do research and disseminate this knowledge on all business-related ICT
applications and research to professionals and to a broader public. Our organization has been holding together
home and foreign researchers, university faculty, business and ICT professionals working in this rapidly growing
application field. Our special task is to support BSc and MSc levels of higher education in the field of Business
Information Systems and related topics.
In 2015 we organize our traditional, international Conference on November 6-7th at the University of Pannonia, Faculty of Economics and Business Administration. It has always given a good face-to-face opportunity to
professionals for an open discussion and to establish joint research and other cooperation. The ISBIS Conference (International Symposium on Business Information Systems; in Hungarian OGIK) gives floor to senior and
junior researchers and practitioners to present their results, to show field experiences or new applications and to
generate professional discussion.
Sections will be organized as the Program Committee will see the scope and quality of contributions. Preferred areas are data management trends, big data, corporate IT governance and ERPs, business process
modeling, decision support, ICT related business projects, audit and controlling in ICT, leveraging web- and
mobile-technologies, cloud services, business intelligence, eBusiness solutions, special applications, and higher
education solutions related to BIS and ICT.
Contributions (a 2-3 pages, essay-long abstract on English or on Hungarian) can be sent via email to
ogik2015@easychair.org. Updated information is available on our GIKOF website http://gikof.njszt.hu and also
in the easychair conference system.
Participation Fee is 80 EUR that covers 2 days program with buffet, reception, program book, CD with abstracts. We offer discount for PhD students, sponsors, senior researchers. The best papers selected by the
Program Committee will be published in the EBSCO indexed SEFBIS Journal (ISSN 1788-2265). The authors
are kindly asked to purchase 10 copies of the issue (total 30 EURs) to cover the double review expenses.
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13. SEFBIS Decisions in 2014

SEFBIS Board’s Adopted and Performed Decisions of 2014

Decision No. 1/2014.
The GIKOF SIG Board put together and accepted
the Annual Workplan required by the Secretariat of
the NJSzT. Decisions were made on 11th February,
2014 as:
− Review and control valid membership of the SIG
OGIK/SEFBIS
− NJSZT Directorate accepted the Annual Report
of OGIK about activities in 2013
− Rebuilding the website was successful however
content management has to be developed
− Check the central Workplan of NJSzT and other
SIG groups in March, 2013
− Letters were and will be sent to reference databases like EBSCO for indexing the Journal
− Proposals to the Organizing Committee for the
11th OGIK Conference in November at BCE

nad (FZI at the University of Karlsruhe); Tjoa,
Min (Vienna University of Technology) and
KŐ, Andrea, RACSKÓ, Péter, SZABÓ, Zoltán,
URBÁN, Ágnes (Corvinus University Budapest);
−

The Organizing Board of the OGIK’2014 :
Chair: GÁBOR, András (Corvinus University of
Budapest, Institute of Informatics) Members
from the Corvinus University of Budapest, Institute of Informatics: LÁNG, Blanka ANDRÉKÓ,
Alexandra, BÁNYÁSZ, Bálint; BARNA, Balázs
BORBÁSNÉ SZABÓ, Ildikó, KARDKOVÁCS, Zsolt

−

Sponsors of the Conference will be: NJSzT,
NHIT, Foundation Alexander, eduWorks, FILAB,
SMART, MedAccess and SOPRESO,

−

The EBSCO EBSCO Secretariat (UK – US) accepted
to indexing the Journals. Agreement has to be signed
by NJSzT Secretariat. Uploading abstracts will be
asked by EBSCO.

Decision No. 2/2014.
The Board had a meeting at the General Assembly
of the NJSzT and had some more decisions as
follows:
−

84

The International Programme Committee:
Chair: RAFFAI, Mária (Széchenyi István University); Co-chair: DOBAY, Péter (Pécs University of
Sciences) Members: BOURAS, Abdelaziz (University Lumiere Lyon 2); CHAKPITAK, Nopasit
(Chiang Mai University); Csáki, Csaba, (University College Cork); CSERNY, László (Gábor Dénes College); ERDŐS, Ferenc (Széchenyi István
University); FEHÉR, Péter (Corvinus University
Budapest); FORGÓ, Sándor (Eszterházy Károly
College); HERDON, Miklós (University of Debrecen); JEREB, László (University of West Hungary); KRUZSLICZ, Ferenc (Pécs University of
Sciences); NOSZKAY, Erzsébet (University of
Applied Sciences, Budapest); OUZROUT, Yacine
(University Lumiere Lyon 2); STOJANNOVIC, Ne-

Decision No. 3/2014
The SEFBIS SIG meeting was held on 8th of November 2014 at the 11th ISBIS Conference
−

The SEFBIS SIG Board expresses gratitude and
thanks to organizers, reviewing board members
and authors to successful work of the annual
OGIK Conference, held at BCE, 7-8th Nov. 2014

−

Final papers for publication into the SEFBIS
Journal (on English) has to be sent to the
Committee by 15th January the latest. Papers
are managed by Blanka Láng. Thanks to
sponsoring the SEFBIS publications should be
sent to print in February 20015 the latest.

−

The annual Activity Report’2014 and the Workplan ‘2015 of the SEFBIS SIG has to be circulated in December and –after acceptance– sent
to the Secretariat of the JvN CS by 20th December, the latest.
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Conferences held in 2015 worldwide,
that are Relevant to the SEFBIS Community
Event Date
ICA ICON
Budapest, Hungary
NTMS
Paris, France

3rd International IBM Cloud Academy Con- May
ference
20–22nd .
th
7 IFIP–IEEE International Conference on Jul 26–29th
New Technologies, Mobility, Security

ISSA Johannesburg,
South Africa
IFIP Summer School
Edinburgh, Scotland

Conference on Information Security for
South Africa
10th IFIP Summer School on Privacy and
Identity Management

Full Paper Accaptance Camera
due
Notice
Ready
Due

March 1st

May 9th

May 25th

Aug 12–14th April 19th

Jul 1st

Jul 9th

Aug 17–21st April 1st

May 1st

Jul 15th

IFIP EGOV
14th IFIP Electronic Government ConferThessaloniki, Greece ence

Aug 31–Sep 3 March 15th Apr 30th

May 31st

AIAI
Bayonne, France
SAFECOMP
Delft, Netherlands

11th International Conference on Artificial
Intelligence Applications and Innovations
International Conference on Computer
Safety, Reliability and Security

Sep 14–17th April 26th

May 29th

Jun 15th

Sep 22–25th March 2nd May 12th

Jun 15th

IFIP WCC
Daejeon, South Korea
IFIP TC 8
Daejeon, South Korea
RNDM
Munich, Germany

23rd IFIP World Computer Congress

Oct 4-7th

IFIP TC 8 Conference on Big Data Informa- Oct 4-7th
tion Systems at 23rd WCC
7th IEEE International Workshop on Reliable Oct 5–7th
Networks Design & Modeling

See the deadlines of different conferences held in the frame of WCC
April 6th
May 7th
May 28th
April 20th

Jun 15th

Jun 30th

CW
Viesby, Sweden

International Conference on Cyberworlds

Oct 7–9th

May 10th

Jun 5th

Jul 1st

CNSM
Barcelona, Spain

11th International Conference on Network
and Service Management

Oct 26–30th

April 24th

Jul 17th

Sep 11th

ISBIS–OGIK
Veszprem, Hungary

12th International Symposium on Business Nov 6-7th
Information Systems
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14. WCC’2015: IFIP World Computer Congress

23rd IFIP World Computer Congress
4-7th October 2015
Daejeon Convention Center, South Korea
What is the WCC?
The World Computer Congress is the International Federation for Information Processing’s (IFIP) main global
event. The Congress is held every two years by a host nation. The congress combines content from commercial,
industry, association and research sectors offering an opportunity to showcase and discover innovative ideas.
The content will range from the latest international research, to leading commercial and industry-focused insights
and thought pieces, of interest to a wide audience. The congress attracts expert presenters and thousands of
delegates from around the globe
Welcome Message
On behalf of the Organizing Committee, it is a great pleasure for me to invite you to the 23rd IFIP World Computer
Congress (WCC 2015) to be held from October 4~7, 2015 in Daejeon, Korea. The WCC is one of the most important events that bring our members together from around the world to share professional experiences, expand
our professional networks, and receive updates on the latest advances in science and technology in the fields of IT.
I welcome our colleagues from around the world to the conference, and hope that you will also be able to savour
some of the fine attractions that our country offers. Korea, with a five-millennia-long history, is an attractive place to
visit and has its own unique cultural heritage, distinct from that of other Asian countries. Thank you for your continuous interest and support and, look forward to welcoming you to WCC 2015 in Daejeon, Korea!

Professor Dong-Yoon Kim
WCC’2015 Program

General Chair of WCC’2015 Organizing Committee

World Computer Congress 2015 will be featured main symposiums that consisted of invited speakers for “New
Software Oriented Jobs” and “Software Education & Accreditation (K-12, Seoul Accord, IP3 etc.)”. The planned
conferences are as follows:
[1] IFIP Technical Committees and working groups are organizing three conferences:
• IFIP TC 8 Big Data (ifiptc8.dsi.uminho.pt/)
• IFIP WG 10.5 VLSI-SOC (http://tima.imag.fr/ifip/wg10-5/)
• IFIP TC 12 AI (http://ifip-tc12.digital-ecology.org/)
[2] ICT EURASIA Conference 2015
[3] ICT Industry Prospect Conference 2016
[4] SEARCC (www.searcc.org)
[5] IFIP Young IT Professional (acs.org.au/youngit/)
Beside the conferences numerous forums will be held in parallel. Delegates at the World Computer Congress 2015
will be able to attend the exhibition, enjoy technical tours of local research institute and universities such as ETRI,
KAIST. WCC in Korea will provide an unparalleled opportunity to network with international peers and experts.
For more details please visit the Congress WebSite:

http://wcc-2015.org/
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15. WCC’2015: IFIP World Computer Congress

23rd IFIP World Computer Congress
Big Data Information Systems Conference
4-7th October 2015
Daejeon Convention Center, South Korea
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Report on ISBIS-OGIK 2014
16. Report on Conference 2014

International Conference of the Scientific and Educational Forum
on Busines Information Systems
ANDRÁS GÁBOR
Professor, Corvinno Technology Transfer Center, gabor@informatika.uni-corvinus.hu

While the whole of Europe suffers from the slow economic growth, the IT sector produces very good results year
by year . In the last few years the mobile market empowered the mobile application developments in large, and
in parallel the open data mainstream provides more and more opportunities for populating the app market. The
widespread use of sensors heats the big data applications. The network and infrastructure developments are in
a mutual interaction with the application development. Apparently the coming years will be very interesting to IT
professionals, coming from computer engineering, software engineering or business informatics arena.
This is why the 11th Conference of the NJSZT GIKOF Working Group is in the center of attention, since this
series of conferences always put in the focus the question: what are the latest IT developments and why is it
good and valueable for the business audience. The conference, hosted by the Corvinus University of Budapest
addressed three main topics: what are the latest trends and achievements in information technology; how
business can make use of them and what kind of researches are going on in this domain.
Two keynote lecturers dealt with the challenges in research and application development. Nicholas Magyar-Zimmerman gave an interesting overview about the new research challenges in SAP, and Nenad Stojanovic
outlined the connections between the Complex Event Processing and Big Data. In the research section of the
conference several other interesting problems were targeted: Uchiki Tetsuya, a supporter of the Hungarian
group for many years, talked about the cultural feature of Japan in the historical transition of information systems.
Other topics were: Design ROI in Cloud (Péter Racskó), Regulation of Electronic and On-line Gambling (Balogh,
Zsolt György), Risk Management in Preventive Maintenance (Zsolt Kosztyán-Attila Katona); Skill Matching for
Regional Development (Szabó Ildikó), Domain Ontology Tailoring Under BPM (Gábor Neusch), Enterprise Architectural Management (Lívia Mozsár-Pál Michelberger). Last but not least eCompetences of ICT Professionals
(Péter Dobay) summarized what are the consequences of reserach and development to the ICT professionals
training, leading the audience to the second section of the conference: what academics can learn from R&D,
how to make the education more attractive, efficient.
Last day of the conference was dedicated to PhD works, the PhD workshop, combined with a poster section
gave ample room not only to present and exhibit, reserach challenges, partial research work result, but also
participants discussed their work, their plans, their views. The exchange of ideas and opinions seemed to be
useful according to participants, not mentioning the positive atmosphere of the section.
The Corvinus University of Budapest, with the valuable help of the ISC Foundation, the National Council for
Telecommunication and Informatics, and the Alexander Foundation, hosted the conference. Can be drawn any
conclusion from the conference? I think, yes. Apart from the networking, the good opportunity for international
appearance, we got the proof of evidence; there is a need for doctoral students to meet more often, to exchange
ideas, to look for cooperation. I am convinced, the next conferences should also pay attention to this.
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