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PREFACE
Data acquiring, processing, analysis, and delivering in a desired form is necessary for successful business activity in modern economy. The first very important aspect of information management is an effective communication between
various, often intensively cooperating, business institutions. This enables fast and
secure data interchange. The second significant factor which influences business
efficiency is constituted by methods and techniques for fast training of several
kinds and levels of employers. Therefore tools of distant or electronic learning
(e-learning) are hard to overestimate. Although they originate from the area of
education, they are already indispensable for modern enterprises.
Current volume consists of 11 papers written by 16 authors coming from different institutions. It provides a rich source of ideas, concepts, solutions, and perspectives of using distant learning in business practice. We believe that presented
results will be useful for all researchers, experts, and business practitioners,
including managers themselves, which are dealing with different categories of
information management systems. Chapters are ordered alphabetically, according
to the surnames of the first-named authors.
Applications of Information Technologies (IT) for knowledge management
create a prospect for synergistic effects resulting from interaction of technologies,
people, and knowledge. The methodological aspects of creating dynamic, intelligent, computer-based tutoring systems, such as simulation systems and knowledge
bases, are presented (A. Barcz, P. Piela, T. Tretyakova). Methods and techniques of
CRM (Customer Relationships Management) training centers and changes in large
scale organizations caused by their implementations are discussed (D. Biczysko).
Although external examinations systems have been used in Poland since 1999,
advantages and benefits of IT are not fully discounted, as they still relay, to some
extent, on circulation of paper documents (primarily examination forms verified
and marked by teachers). An idea of how to speed up the progress by using
e-examination and e-marking systems based on scanning and electronic processing
of examination sheets is outlined (W. Bieniecki, J. Stańdo, S. Stoliński). In the
banking sector, an agency location is one of the most important criterions for
choosing a bank by customers. A tool for visualization of agency location and automatic division of maps into areas due to possibilities of assigning customers to a
given agency using Google Maps is developed (R. Maciaszczyk, M. Wysocki).
A method for evaluation of strategic variants effectiveness in e-learning system at a
Polish university is described (M.W. Mastalerz). Designing and management of
repositories enabling open and remote access to knowledge resources and keeping
subject-oriented knowledge in frames of a coherent ontological system are discussed (P. Różewski). Various proposals to future education solutions based on IT

are reviewed (J. Stańdo, W. Bieniecki). The time required to reach needed information can be a key factor of internet shopping effectiveness and it strongly depends
on front-end design of the web page. An original approach to manage information
presentation on a website homepage is elaborated (M.E. Stobińska).
A presentation of selected automated on-line services working in different European countries is given and analysis of verification and selection methods providing service availability and security is performed (G. Szyjewski). A concept of
enterprise e-learning models suiting a general business strategy is presented and
some detailed propositions of such models are discussed in relation to various aspect of proper knowledge management and business model (T. Woźniakowski,
P. Jałowiecki, E. Jałowiecka). E-learning models in company management practice
making use of ADDIE (Analysis, Design, Development, Implementation, and
Evaluation) methodology and several other techniques are also presented by the
same authors (T. Woźniakowski, P. Jałowiecki, E. Jałowiecka).

Piotr Jałowiecki
Arkadiusz Orłowski
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INTELLIGENT TUTORING SYSTEMS FOR ADAPTIVE
ORGANIZATION: METHODOLOGICAL ASPECT OF CREATING
Anna Barcz, Piotr Piela, Tatiana Tretyakova
Faculty of Computer Science and Information Technology,
West Pomeranian University of Technology
Abstract. Currently knowledge management in organizations is using various instruments, which include information technologies. Application of
these technologies creates a prospect primarily synergistic effect resulting
from the interaction of technologies, people and knowledge. This triad (people, knowledge, technology) creates complex adaptive systems similar to
natural ecosystems. The computer-based tutoring systems are one of the information technologies, which are in knowledge management play an important role. The use of these systems to shape the knowledge, habits and skills
allows for increasing the adaptability of modern organizations. The methodological aspects of creating the main parts of the dynamic intelligent tutoring
systems: simulation systems and knowledge bases, are described in article.
Keywords. Knowledge management, intelligent tutoring system, simulation
system, knowledge bases.

1. INTRODUCTION

In present-day conditions, the organization ability of adaptive depends on
many factors. Among these factors, important is the quality of knowledge and habits of employees and their preparation for various types of changes (technical, economic, climatic, ecological, etc.). It is known, that some of the changes may bring
to the non-standard situations, in which there is deterioration in the functioning of
objects, including dynamic objects controlled by the operators (manufacturing processes, automobiles, airplanes, ships, etc.). From the level of preparation the operator depends how quickly he takes the appropriate decisions in different modes of
operating the controlled object.
Currently, the intelligent computer-based technologies often are used to managing the knowledge and skills of employees and for better preparing them to the
standard and non-standard situations. Among them, the dynamic intelligent tutoring systems (DITS) occupy the important place.
Regardless of the subject domain in the structure of the intelligent tutoring
system it could be possible to distinguish: bases of knowledge and data, a deduc-

tion mechanism, an user interface and some additional elements (e.g. program for
correction and supplement the knowledge base). In case of dynamic intelligent
tutoring system (DITS) it is necessary to complete the structure by a simulation
system, which reproduce the behavior and appearance of the dynamic real training
object [9].
A structure of the training system may be done on base of analysis of an usual
logic of training process, which consists in a sequence of the connected
steps: " trainee's action => measuring the action => analysis => classification
of mistakes => evaluation => advice and recommendations for the trainee => repeating the action => increasing the difficulties of the task => etc.". Such analysis
of training's process allows representing it as a structure, which is shown on the
figure 1 [7, 8].

Figure 1. The structure of training process in intelligent tutoring system.
Source: [7, 8].

It is impossible to clear up main and minor elements, because the loss of any
of them destroys the system. Certainly it can be concluded that the most important
8

elements of DITS are the simulation system and the knowledge base. Appropriately
selected DITS architecture (essentially the connection between a simulation system
and the knowledge base) allows the implementation of the system in a distributed
environment and for e-learning.
Methodology of creating the DITS depends on the subject domain from which
the training object comes from. A training object for the given class of the systems
is a process of control the dynamic object. There is no one methodology of creating
such systems that is established for all subject domains and types of dynamic objects. Nevertheless, a common feature of creating the DITS is that in each case
after the structural analysis and analysis of the tutoring system’s logic in
the specific subject domain the following steps must be taken:
• establish the processes in the DITS,
• describe necessary ontologies concerning the problem/subject domain and
some pedagogical aspects,
• create a dynamics model of the control object with visualization.
Firstly, the main topics in the process of creation the simulation system is described. Next, the problem of creating the knowledge base is considered. Finally
the methodology of creating DISN, as a whole, is presented.
2. THE SIMULATION SYSTEM – SELECTED TOPICS RELATED TO THE
MODELING PROCESS

There is a wide variety of group of tasks concerning the creating of simulation
systems, which reproduce in real-time the behavior of the real tutoring object [5].
The mathematical model of the dynamic of the tutoring object is a kernel of the
simulation system. In case of real dynamics objects their behavior is described by
sets of nonlinear differential or difference equations. A computer realization of the
dynamic model includes some problems connected with the numbers representation, selection of the stable numerical algorithms and problem of errors estimation.
One of the most important issues is numerical solving of the differential equations.
The simulation system reproduce also appearance of the real tutoring object
hence the necessity of creating the virtual tutoring environment, like virtual cockpit
for example. This topic has been described in [5, 8]. The virtual reality makes possible to immerse student in the virtual environment and doing the activity the same
as in the real object.
Each mathematical model, even the most accurate, is an approximation of the
real object only. The character and level of the simplification depends on the needs
and can be a subject of change depending on the aims of modeling. The assumptions and simplifications that have been introduced during the modeling process
causing that the model should be verified, validated and tested. The mentioned
activities have a continuous nature. In case of unsuccessful validation we can
9

change the model’s structure or the values of the model’s parameters. The second
case is called calibration. For the nonlinear mathematical models of the real dynamics objects the calibration is done by the heuristic methods. It is difficult and
time-consuming process. An additional difficulty is fact, that the evaluation of
system is done by experts based on their personal experience and available data
(usually uncertain). Very often they are specialists in various fields, who use different tools. Hence the need to find a universal method for calibration of models. In
[1, 6] authors proposed two main approaches to the correction-process: the sensitivity of the non-linear systems and studies of the sets of the linear models with
using singular value decomposition of the adequate matrices.
As have been shown in [1, 11, 14] the motion of the dynamic system can be
described as the following set of equations:

⎧ X b = X b (t , U , μ b ),
X (0) = X 0
⎪⎪
∂Φ
∂Φ
S+
,
S (0) = 0
,
⎨S =
∂X
∂μ
⎪
⎪⎩ X (t ) = X b (t ) + SΔμ

(1)

where:

X b ∈ R n – base state vector,

U ∈ R m – control vector,
μb ∈ R p – vector of parameters,
t – time,
S – matrix of the sensitivity functions,
⎛ ∂ϕ1
⎜
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=
∂X ⎜ ∂ϕ n
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⎝ 1

⎛ ∂ϕ1
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⎟
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.
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"
⎟
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"

(2)

First equation of the set (1) describes the based motion of the non-liner system. The second one describes changes in time of the entire multitude of the sensitivity functions. The last equation describes the behaviour of the system with the
new value of the parameter (after the calibration). The character of the non-liner
relations in the system and his dimension does not influence fundamentally algorithm of solving such a task.
In the second approach the set of the linear models has been used. Applying
the linear models to describing the behaviour of the real object considerably simpli10

fies the calibration because the well known mathematical methods (theory of linear
differential equations and the linear algebra) can be used.

X = AX + BU + F (t ) ,

(3)

where:

X ∈ R n – base state vector,
U ∈ R m – control vector,
F (t ) ∈ R n – vector of disturbances,
A, B – matrices with the constant coefficients, dim A = (n × n) ,
dim B = (n × m)
The change of the dynamic characteristics of the object that is described by
the linear equation (3) can be done on this way:
• the idea of the modal control , which is referred to the changes of the
eigenvalues of the matrix A,
• the singular value decomposition that allows changing the efficiency of the
control signal (the changes of the elements form the vector B).
Both of the tasks have been described in detail in [6] and the general algorithm was
presented.
3. THE KNOWLEDGE BASE: THE STRUCTURALLY FUNCTIONAL ANALYSIS
OF THE TUTORING PROCESS

The major condition of successful using of dynamic tutoring systems is the
high quality of their bases of knowledge. At creation of knowledge bases of such
systems there is a problem of formalization of decision-making processes (of the
trainee's and the instructor's). For solution of this problem is efficient the method of
the structurally functional analysis of the decision-making processes, which was
considered in works [10, 12].
At the first stage of analysis execute structurization of processes of system’s
functioning. Then, on the basis of the information received at this stage, the appropriate models of these processes can be elaborated.
Models of processes of system’s functioning should be submitted as ensemble
of cause-and-effect relations by which the determined change of conditions of system is caused.
It is necessary to notice, that processes of system’s functioning and the appropriate rules of control of these processes essentially differ depending on specific
features of a subject domain. The structurally functional analysis of training’s processes allows taking into account these features at the decision of tasks of knowledge’s engineering. Basing on principles of the system analysis methodology,
11

model of decision-making problem at the decision semistructured problems can be
generally submitted by set:

D = {F , C , O, A, K }

(4)

where:
D – model of task of decision-making,
F – subject domain,
C – purpose of the task connected with the problem's decision,
O – restrictions at performance of a task,
A – set of alternative variants of the decision,
K – criteria of the decision choice.
The structurally functional analysis begins with determination of processes of
system’s functioning within the framework of which the trainee and the instructor
make necessary decisions on the basis of the certain rules. The structure of system
(Fig. 1) helps to proceed directly to an assignment and the analysis of processes of
computer-based training system’s functioning.
Further the problem of structurization and formalization of processes is
solved: namely processes of functioning of object, rules of control of this object
and rules of acceptance of the instructor’s decisions at evaluations of the trainee’s
actions.
Hence, as is obvious from the foregoing, it is possible to designate the main
stages of the structurally functional analysis which results are necessary for formalization of the processes in training’s system:
• an ascertainment of processes of system’s functioning;
• revealing and analysis of features of processes of system’s functioning (of
object of training);
• definition of rules of management by these processes;
• an establishment of rules of performance of procedures by the operator of
dynamic object;
• representation of variants of decisions of the trainee and the instructor;
• development of models of decision-making processes by the trainee and
the instructor within the framework of training’s processes.
After realization of the submitted stages the formalization of all received
knowledge is carried out, including the ontology [3]. T. Gruber has presented the
ontology as the formalized specification of concepts of a subject domain. Under
definition of ontology many conceptual structures get: hierarchies of classes and
objects in object-oriented programming, semantic networks etc. In general view the
ontology is a structural specification of some area, its formalized representation,
which includes the dictionary (or names) indexes on terms of area and logic expressions, which describe how they correspond with each other. Within the framework of a stage of the description of knowledge’s field the information which is
12

necessary for realization of training’s processes and evaluation of the trainee’s
actions in conditions of standard and non-standard functioning system (object of
control) is extracted.
Further it is necessary to define the general-systems rules of functioning of researched system and its processes. It is rational to make it, basing on definitions of
system in work [4] where key words are: an element, connection, and an attribute.
On the basis of results of the system analysis the rules of control of training
process are established which later at their formalization can be submitted in the
form of rules: if <premise> then <conclusion>. On the basis of the received results
the development of other models for knowledge base is possible also. These models contain not only algorithms of decision-making process, but also the information necessary for realization of each of steps of represented algorithms. Such
models are developing on the basis of use of trees of decisions.
The problem of the description of ontological model of the subject domain of
e-learning process, deserving the special attention is below considered.
3.1. Model of knowledge’s field at e-learning process

Development of model of knowledge’s field in computer-based tutoring system is based on representation of their syntactic structure. Such structure, according to the principles stated in [2], was submitted in work [13]:
where:

F (j) kw = {D (j) input , D

(j)

output

,M

(j)

operation

},

(5)

F (j) kw – the knowledge’s field of a subject domain "j",
D (j) input – the structure of the input data of process "j",

D (j) output – the structure of the output data of process "j",
M (j) operation – the operational model of subject domain of process "j" in training’s system.
The operational model M (j) operation of a subject's domain of process "j" is
based on representation of structure of the given area as sets of conceptual structure
S (j) concept and functional structure S (j) function , which model reasoning of the expert:
M (j) operation = { S(j) concept , S(j) function } ,
(6)
where:

S(j) concept – a constant component (ontology of areas of process "j"),
S(j) function – a dynamic component.
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The constant component S(j) concept is the ontology of described subject domain. It contains the ranked concepts of a subject domain of process "j" and models the main connections between submitted in given ontology notions:

S(j) concept = {Pj , R j , I j , A j },

(7)

where:

Pj – notions of a subject domain of process "j",
R j – relations between notions of a subject domain of process "j",
I j – the mechanism of interpretation of notions and relations between them,
A j – used axioms.
The variable component S (j) funktion can have the form of algorithms of behavior of process "j", which are developed on the basis of decision's trees in standard and at non-standard situations.
4. METHODOLOGY OF CREATING DITS

Generally, the methodology of developing dynamic intelligent tutoring system
can be described as a bunch of methods used during solving the tasks such as:
• structural analysis of the tutoring system, where the system’s elements, relations and relationships should be described,
• creating the mathematical models of a number of specific processes that
describe the behavior of the object and realization of this models in an interactive manner with a help of effective numerical methods (calculations
done in the real-time),
• studying teaching contents, fixing order of the teaching materials and ways
of assess the student progress,
• creating the workstation for the student and the teacher (the instructor)
which should be equipped with the adequate software and hardware interface.
The mentioned tasks can be divided into two groups: tasks related to the creating of the simulation system and tasks related to the organization of the tutoring
process. Both of the groups can be realized simultaneously (Fig. 2).
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GENERAL STATEMENT OF A TRAINING'S PROBLEM
WITH REFERENCE TO A CONCRETEOBJECT DOMAIN

THE DESCRIPTION OF TRAINING'S
OBJECT AND ENVIRONMENT

TASKS OF ENGINEERING
PSYCHOLOGY AND PEGAGOGICS

COMPUTER-BASED MEANS
(ALGORITHMS, LANGUAGES)

ALGORITHMIZATION
OF TRAINING PROCESS
(INCLUDING DEVELOPMENT
OF RATING SCALE)

DEVELOPMENT OF A MODELS' SET
OF CONCRETE TRAINING OBJECT

METHODS OF ARTIFICIAL
INTELLIGENCE:
EXPERT SYSTEMS
AND MULTI-AGENT SYSTEMS

THE BASIC PRODUCT: TRAINING SYSTEM

EVALUATION OF QUALITY OF ELEMENTS AND A SYSTEM AS A WHOLE

Figure 2. The stages of creating the dynamic intelligent tutoring system. Source: [7].

A lot of these tasks are described as the standards. One of the first organizations that worked up recommendations for the process of creating the computerbased training systems was the Aviation Industry Computer Based Training Committee (AICC). There exist some recommendations concerning implementation
of the procedures and naming conventions for variables to make the cooperation
between different scientific centers possible. The Sharable Courseware Object Reference Model (SCORM) is a collection of standards and specifications for webbased e-learning. It defines communications between client-side content and a host
system called “run-time environment”(commonly a function of a learning management system).
4. CONCLUSION

This article describes the issues concerning the development of two main
elements of DITS: system simulation and knowledge base. These mathematical
methods in the calibration process of model, which are easy to interpretation for
15

experts from different fields involved in the process of creating DITS, were highlighted.
The method of the structurally functional analysis of processes considered in
the given article defines the stages of analysis of decision-making processes at
training of operators of dynamic objects in computer-based tutoring systems. Results of the structurally functional analysis are used at formalization of decisionmaking processes of the trainee and the instructor for the further creation of knowledge’s bases in training’s systems. The offered method allows systematizing work
on formalization of knowledge for systems of training. Formal models of decisionmaking problem and knowledge’s fields of a subject domain of the processes,
which are implemented in training’s system, are submitted.
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CRM SOLUTIONS FOR EDUCATION
Daniel Biczysko
Departement of Economic Informatics, University of Lodz (UŁ)
Abstract. CRM has been successfully adopted in a business environment,
mainly in the banking and telecommunications. Today it is present in all
business sectors. Recently, he found a place in education, becoming an indispensable tool, especially for those training centers that work on the network
(virtual universities or distance learning).
Keywords. CRM, Education, Marketing for education, Internet.

1. INTRODUCTION

Peter Drucker said: “The purpose of business is to create and keep a customer". In his words and his work is the importance of preserving the same customers and deepen relationships with them. After all, studies of Reichhold Frederick and Earl Sasser of Harvard Business School has shown that most customers are
generating the most revenue in the second year. Initially, new clients cost us more
due to money spent on advertising and marketing, and knowing what clients expect
and how to satisfy their needs fully. Customer Relationship Management (CRM)
may be the strongest weapon the manager has, that ensure that customers become
and remain loyal.
Talented staff will always be the foundation of every company, but worker
productivity can be increased with strategy and tools that we give employees to
perform their work. Well-designed CRM strategy is not just a tool, but also a
weapon. In our hands, CRM becomes alive, keeps us and our team on the course
and gives us the ability to predict changes in the market. With CRM, loyal customers are not left to chance with exceptional customer service representative, dealer
or designer, which is guided by intuition. Instead, we have at hand an unique solution - "intelligence" customers: the data transformed into information and information converted to met customer expectations.[1]
Implementation of CRM is obligatory in today's business environment.
Whether you're talking about internal or external customers, the retail or business
client, whether we connect with them through the Internet, or meet face to face,
they are all over the world or in our city, the CRM is your ticket to success.

In past years, CRM has been successfully adopted in business environment,
mainly in the banking and telecommunications. Today it is present in all business
sectors. Recently, he found a place in education, becoming an indispensable tool
for those training centers that work on the network (virtual universities or distance
learning). Many suppliers of eLearning tools, offer CRM tools such as WebCT or
IBM Learning Space, but also more general solution providers such as Oracle,
PeopleSoft and Siebel expand its range of products for the universities. In most
cases, CRM and its techniques have been transferred directly to the field of education, treating it as a company, but without taking care of specific requirements arising from its educational nature. Methods and techniques of CRM training center
requires changes on large scale in the organization, both internal processes and
external, and even the strategy of the center.
Implementation of CRM in training center requires wide-scale changes in almost every aspect of organization, from internal and external processes to the
strategy of the center. We can point out several conditions that must be met to ensure the successful change from the traditional model to a new, managed by CRM:
1. Specific and measurable targets for short and medium term (such terms
should be expressed by means of indicators). Main goal of learning center is high
level of student satisfaction from the education they receive. However, to calculate
the overall objective requires a set of more specific indicators, which often are
controlled by the Balanced Scorecard (BSC).
2. The integration process is a key issue. Gathering information from the
marketing department, registration management department and teachers conducting classes, may result in finding important information about actual state of learning center.
3. Students should be able to participate in management and learning processes and should be able to do this through channels based on new technologies
(corporate portals, Secretary, Virtual Campus, e-learning systems, FAQ, etc.), email, telephone and fax, SMS, MMS, mobile devices (in particular, 3G mobile
phones UMTS-personal data assistants PDA ) including the new media such as
digital terrestrial television (TDT), video conferencing, or going forward, virtual
immersion.
4. In order to provide best service and education, especially in case of distance education, education center must obtain deep knowledge about students from
correspondence, learning process activity and even from enrollment process.
5. Last but not least is the teaching and support staff, that must see professional development in such tools and their application. This should be included in
process of change management.
In summary, these are just some of the key goals that must be achieved to
successfully exploit a CRM model in educational institution.
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Higher education is in much the same position with CRM as it was in with
ERP just far enough behind the commercial sector to gain from the lessons learned
and the maturation of the technology. Currently departments and offices work
separately. Facing such boundaries, it is difficult to focus on the customer as one
entity dealing with different institutional functions. CRM solutions provide one
platform for customer communication and interaction that eliminates the organizational stovepipes hindering proactive customer interaction. CRM applications are
also designed to increase the effectiveness of staff members who interact with customers or prospects. The use of CRM applications may improve responsiveness to
customer’s needs and may give a full view of the customer life cycle. CRM solutions that are compatible with ERP systems are particularly powerful because institutions can handle a whole cycle of identifying and satisfying customers’ needs.
Whereas CRM applications provide the framework for embodying, promoting, and
executing best practices in customer-facing activities, ERP provides the backbone,
resources, and operational applications to make organizations more efficient in
achieving these goals. CRM, also, gives ability to promote and enable Web-based
collaboration between an institution and its customers, suppliers, and partners.
CRM applications track and manage partnership with customers using different
channels, including the Internet. CRM can also Web-based and personalized sale,
services and support for the individual customer [5].
“By understanding the critical business needs of higher education institutions,
Saber Consulting has created solutions to streamline operations and reduce costs by
leveraging existing applications and technology to achieve rapid, quality results in
the following areas:
1. Growing competition for student enrollment.
2. Knowing your customers and their needs.
3. Reducing manual tasks and redundancy by improving workflow.
4. Integrating legacy and disparate technology systems”[3].
According to Nicole Engelbert, a lead analyst with research and analysis firm
Datamonito, “in more recent times, CRM has migrated to the middle of the student
lifecycle, into areas like the IT help desk. What's new, and where thought leaders in
this space have started applying CRM applications, is retention efforts. This is
really exciting for higher education; this is the core for higher ed.” [2]
2. SOLUTIONS
2.1. CRM

Higher education's customers consist of students, staff, faculty, alumni and the
surrounding community. Analyzing what customers are doing and buying currently
and understanding their needs during and after enrollment can be done by data
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collection and data mining, what also enables an institution to offer customized
customer centered interactions and services at a lower cost.
2.2. Self-Service

Giving customers 24/7 access to services reduces the demand on administrative staff performing redundant or manual tasks. Self-service increases accuracy,
efficiency and ease of access to information. Thanks to a 'dynamic' web site, Saber
provides customers with single sign-on, real time access to student information,
faculty information, financial functions, human resource functions, online advising,
e-procurement, residential and cafeteria systems and etc. There are vast possibilities.
2.3. Legacy System Integration

Integration is the primary challenge facing IT departments today. As institutions adopt new technologies, systems newly acquired may not be able to cooperate
with other systems already in place. The fact that Legacy systems are typically
heavily customized, results with database of information that cannot be shared with
other departments or systems. This leads to work flow redundancy, inefficiency
and unnecessary expense.
2.4. Business Intelligence

Reacting to the needs of the current term is not enough for the success of an
institution. In addition, leveraging information to forecast trends, student demographics, measuring the performance of programs, effectiveness of programs in
student placement, tracking grant applications, grant allocation and effectiveness of
the grant programs, can determine future success and profit.
3. AN EXAMPLE OF CRM IN HIGHER EDUCATION

The following example shows the opportunity to implement a CRM business
strategy to support enrollment of students. Marketing and campaign management
processes and applications can support both targeted admission recruitment and
fundraising. For example, let us set an enrollment goal to recruit out-of-state students and minorities and to increase the number of students pursuing health careers. An institution would use data analysis to determine which prospects, target
groups, are most likely to apply and why. “A personalized mailing campaign would
then be launched using both e-mail and traditional mail. Within each mailing, prospects would be given a personal identification code for access to the university.
All prospects not responding by any channel (Web, e-mail, phone, fax, or other)
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would be sent follow-up e-mails. The prospect then activates the hyperlink and is
linked to the university’s recruitment Web page. The prospect is requested to enter
his or her personal identification code and then is linked to a personalized home
page and portal. The Web page is customized, based on interests known from the
search data. For example, if the prospect is interested in sports or band, links to the
university’s athletic department or music club Web pages are provided. Or if the
prospect listed health as an occupational choice, there are links to health departments’ Web pages. Finally, there are standard links provided to all prospective
students, such as admissions application procedures and forms, financial aid information, and scholarship search programs. The prospect navigates through the site,
completes an electronic inquiry card, and requests information on physical therapy
programs and financial aid. The university then monitors the prospect’s responses
and initiates follow-up communications, as appropriate” [3].
Another example can be DePaul University in Chicago. They run regular surveys about student satisfaction. They measure it regularly, and, react to any
changes. Of course nothing is perfect, but being proactive, they result in improved
retention because happy students are far more likely to refer friends, family, and
neighbors to the institution. They're also far more likely to be active and contributing alumni after they graduate. What's really important and potentially relevant
about DePaul for other institutions thinking about this approach is that they see
constituent relationship management on an institution-wide basis. That's what other
institutions should be planning - an institution-wide strategy for constituent management and then at finding a solution that supports it.
4. THE IMPACT OF CRM ON THE HIGHER EDUCATION ENTERPRISE

Emerging CRM processes and technologies will drive the growth of new
types of resources and services. Much of this new functionality will be focused on
the students and having an impact on them it will also have impact on the administrative staff and management, the faculty, and the institution as a whole. A look at
each of the areas affected follows [6].
4.1. Students

Today’s students want to be more in control of their learning environment.
They demand a higher level of access to information about their options, their performance, and their future. The standard for access to faculty and student services
has to change as students expect virtual access to faculty and student services resources instead of lining up for hours.
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4.2. Administrators

The administrative staff can focus on more productive tasks by shifting responsibility for information maintenance to students and faculty members, empowering them to maintain relevant processes and access any information via secure
channels. The administrative staff can focus on more productive activities, like
making personal connections with students and helping them plan for the future.
4.3. Faculty Members

Many institutions forget connection between instructional programs and student services is very important and useful. Sharing their resources and strategies,
they create new learning environment for student. Enabling faculty members to
prepare custom learning options by access student learning profiles via secure
channels, would help students who are having difficulty. Finally, a system that is
linked to all students profiles can help develop an assessment of which technology
resources significantly influence student learning process.
4.4. Advancement

Fundraising is increasingly important in higher education. Main goal is to
“sell” the organization’s mission to ones, who often “take an order.”
The CRM approach allows us to use connections established through some
other relationship (such as that of an athletic supporter or music lover. The CRM
approach identifies) to find those prospective “customers” that can become donors.
This technique allows to build relationship with donors that continue gift giving
long after they or their sons or daughters have graduated. These donors consider
their gifts to be investments in values that are important to them. This takes them to
the highest level of involvement which in marketing is called ‘advocate of the institution’. The main goal is to encourage donors to contribute in the future without
direct solicitation.
4.5. The Institution

CRM provides a new conceptual and structural framework for institutional
tasks to make and support relationship with various customers. Customers can
benefit from access to wide variety of information and services in many ways:
1. “Students, alumni, faculty members, and staff members can access and update
information from any Web enabled device, anywhere in the world.
2. The evolution from point-to-point integration between applications to a single
institution-wide database with integrated business rules and a workflow process library will blur the distinction between student, finance, alumni, and human resource systems.
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3.
4.

The needs of the customer base become the focus rather than the rigid process
structure that is the focus of today’s systems.
Administrative systems are seamlessly integrated with instructional computing and communications systems. Most important is the ability of a truly robust set of institutional processes and tools to bring the entire institution together around its people. The work of higher education should be focused on
the people it serves, not on its administrative systems.” [3]

5. RETURN ON INVESTMENT OF A CRM BUSINESS STRATEGY

The benefits of implementing a CRM business strategy are far reaching. Because CRM activities and technologies are fairly new to higher education, the best
benchmarks come from the commercial sector. They include
1. Up to 42 percent increase in revenue
2. Up to 35 percent decrease in cost of sales
3. Up to 80 percent decrease in order errors
4. Up to 25 percent reduction in the length of sales cycle
5. Up to 2 percent increase in margins
6. Up to 20 percent increase in customer satisfaction ratings
For colleges and universities, these could translate into
1. Increased revenue through improved recruitment and retention
2. Reduced recruitment costs
3. Improved customer service
4. Quicker yield conversions
5. Improved customer satisfaction
Some universities implemented ERP systems. Although service improvements were realized, support of customer interaction did not change and did not
have influence on the quality of service. It occurred that improved processing
speed and more accurate data caused changes. The investment in CRM is obligatory, since it enables an institution to better capitalize on its ERP investment. CRM
processes and technologies show a total view of institution customers and can help
implement activities allowing institution to profit from such data. A college or
university should first determine its vision for customer service and the relationships it wants to foster, and then it should divide the vision into small manageable
projects and implement them.[3]
Measuring CRM success has often been elusive, but it is possible to measure
satisfaction with CRM. Companies have often measured success either by ROI or
by changes in customer satisfaction to justify CRM benefits. Although capturing
ROI and preventing CRM budget expansion is important, the CRM magazine/A.T.
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Kearney research indicates that 60 percent of companies claim their CRM initiatives met or exceeded expectations. Of the rest, 25 percent did not set expectations.
So for the moment, there appears to be more satisfaction with CRM projects
than not.
However, ROI generally measures the internal return of a technology/ process
or organization improvement project. In the survey, external measures like customer satisfaction, retention, and profitability--often the best indicators of how well
customers view their overall relationship with companies--were selected by only 37
percent, 33 percent, and 22 percent respectively. This leads to two possible conclusions: given the challenges of deploying CRM initiatives and effecting customer
change, companies may be assigning lower levels of expected success without
engaging their customers; or companies are embarking on expensive CRM initiatives without understanding the drivers of their customer satisfaction, retention, and
resulting profitability. In either scenario, companies are shortchanging themselves
by reducing the future value of their customer relationships and placing the longterm success of those relationships at risk.
From an internal perspective, ROI was the dominant metric used to measure
returns, though notably 21 percent of respondents didn't know how their companies
measured return. As for time-to-return after project completion, most of those surveyed were split between the six- to 12-month time frame and more than one year.
This is on average longer than most e-business initiatives, and reflects the fact that
CRM often involves multiple channels and functions undergoing organizational,
process, and technology changes.
Given the complexity and level of investment in CRM, companies need to ensure they understand the drivers of value in their customer relationships before they
embark on major initiatives, as well as build robust business cases for internal
measures of CRM success.[7]
6. TOP SEVERAL CONSIDERATIONS IN CHOOSING A CRM PRODUCT

There should be an automated workflow functionality within the solution. End
users should focus on the complex or the irregular situations, instead of dealing
with the routine.
The solution should support at least most of ways that technological savvy
students want to use in contacts with their institutions, for instance, via phone, text
message, in person, mail, and on and on. That list is growing daily and latest CRM
solutions enable to manage relationships over social networking sites. Choice is
wide and institutions should diversify their communication channels and choose
solution supporting “new ways”.
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Table 1. Comparison of selected CRM products.
NetSuite
NetSuite CRM

Microsoft Dynamics
Titan / Dynamics

Salesforce.com
Enterprise Edition

campaign management,
lead management, basic
campaign analysis, PPC
integration with Google
and Yahoo, email with
trackable links and
click-through
Ticket/case/incident
management, routing,
escalation, customer
surveys, knowledgebase, self service portal

Campaign management,
lead management,
email with trackable
links and click-through,
basic campaign analysis

Information
Analysis

Dashboards, Ad Hoc
Report Writer

Dashboards, Ad Hoc
Report Writer, third
party for OLAP

Groupware
Integration
Other Key
Features

Exchange, Outlook,
Blackberry, Wireless
PRM, E-commerce
suite, sales order processing, NetSuite Business Operating System
supports ISV development and delivery platform, Offline Edition,
CTI
Full suite of integrated
Enterprise Resource
Planning (ERP) software.

Exchange, Outlook

Campaign management,
lead management, drip
campaigns, email with
trackable links and
click-through, basic
campaign analysis, PPC
integration with Google
Ticket/case/incident
management, email to
case creation, routing,
escalation, customer
surveys, self service
portal
Dashboards, Ad Hoc
Report Writer, AppExchange for data warehouses and OLAP
Exchange, Outlook,
Blackberry, Wireless
Apex and Force proprietary development
environment support
platform as a service
strategy, Offline Edition, CTI

Product
name
Marketing
key features

Customer
Service Key
Features

Other Software Modules
Industry
Solutions
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Ticket/case/incident
management, routing,
escalation, self service
portal

Third party VAR network of software products, MS Outlook acts
as Offline Edition

ERP hosted ERP software available.

AppExchange third
party directory provides
back office and vertical
market software solutions.
Various vertical market Vertical markets served
solutions through ISV
through AppExchange
and VAR programs
products (including
(including education).
education).

Software companies,
Wholesale/Distribution,
Ecommerce, Services,
Media, Agriculture,
Manufacturing, Retail,
Education
Source: www.crm-compa

The best solutions will present a campaign results in such a way, that even a
user that isn’t technological savvy can clearly understand, for instance, how likely
it is that this student will enroll, or what specific needs this student has based on
history of relationship. Good analytics is a must have for a CRM solution, otherwise it's just a tool.
Solution should be highly customized for each type of user: a director of admissions, a development counselor, a provost or any other. Each of them has individual needs and they engage constituents in very different ways. If the solution
tries to be perfect for anyone, it will end up good for nobody. The best solution will
provide a workspace that's tailored to the users.
If the application can support only one element of your campus, for instance,
development or the IT help desk or the call center, it won’t be able to grow with the
needs of the institution over time. Also choosing two different solution for different
parts of institution will cause problems with exchanging data between them. Best
solution is full-scale one and it is something that can be used today and in future.
Implementation is hard, so it's best to do it once and have a solution that grows
with your needs [2, 4].
7. CONCLUSION

Implementing a good CRM solution for an academic institutions can be a
challenging project. Facing with widespread economic, technological, and cultural
change, education institution must switch to new channels of acquiring new customers and managing relationships. As institutions begin enter e-business and elearning platform, the need for CRM solutions will become higher. The meaning of
effective customer information management as a productivity factor is being replaced by the need for effective customer management as a competitive advantage.
Thankfully, a lot of the available solutions are improving and their need for customization is significantly reduced. These products are far more configurable and
flexible. Present systems have basics like Web-based student registration, but future systems will go to the development of customer information as a strategic
advantage. More and more vendors are offering applications on demand, where
they host the solutions, so the need for ongoing maintenance is greatly reduced.
The concept of students, alumni, faculty members, and staff members as “customers” will become a standard. It all lies with people and their will to make changes.
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Abstract. The system of external examinations in Poland exists since 1999.
As opposite to electronic courses and e-learning, the procedure is still not
taking advantage of Information Technology benefits, and bases on paper
documents (examination forms, marking by teachers).
First attempts to carry out this problem were taken by Central Examination
Board with the project E-Marking and Technical University of Lodz
(E-Examination). In this paper our strategy of introduction the e-examination
and e-marking ideas in Poland is presented. Its guiding idea relies on scanning and electronic processing of examination sheets.
Keywords. E-marking, e-examination, image processing and analysis.

1. E-EXAM, E-MARKING, E-MATURITY

Electronic examination (e-exam) system is a software to carry out the examination at the computer. Usually the exam is in a form of one or multiple choice test
(closed tasks, the term is explained below). The application may be a standalone
(desktop) program optionally enriched with multimedia content and other features
like time measurement or a choice of questions in a random manner.
Due to the rapid development of internet technology, e-exams are more and
more often implemented as distributed applications that use public telecommunication network, with web browser based user interface (WWW service).
E-exam module is often a part of e-learning platforms, increasingly used by
private and public schools and training centers.
Our objective is to extend a standard e-exam application to the form of a real
exam, with open tasks (the term will be explained below). It requires introducing
artificial intelligence and computer recognition, for instance OCR/ICR (optical
character recognition / intelligent character recognition), expert systems and image understanding.
Contrary, electronic marking (e-marking) is a relatively new conception in the
field of teaching. The computer system for e-marking gives the examiner a possi-

bility of checking and marking the answer sheets directly on a computer screen
rather than reading paper documents. The system may be equipped with modules
for automatic checking of exam assessments and for a secure distribution the assessments to examiners. Our concept of e-marking will be discussed below.
Apparent advantages of the e-marking system are: better organization of the
examination session, improvement of the entire process security and additional
features as statistical processing and visualization of the results.
Studying the impact of changes in the process of evaluation to its quality has
shown, that if only this change does not involve exam preparation, it can not only
keep its original accuracy, but increase its reliability [5, 8]. For example, Williams
and van Lent [8] claim, that introducing e-marking can improve exam quality by:
• providing complete anonymity for task assessment;
• suppress the halo effect – a way of solving by one student does not affect
the way later tasks are evaluated;
• steadily spreading potential errors in assessing – tasks to assess to the examiners are assigned at random.
E-marking has been widely introduced in Great Britain and the USA. The experience gained by Examination Boards like AQA, OCR and EDEXCEL in Great
Britain and ETS in the USA suggests, that introducing e-marking improves the
quality and reliability of the exams. Since 2007 in Poland the project “Electronic
marking” (pol. e-ocenianie) has been carried out by the Central Examination Board
[4]. E-marking enables the transition from scoring entire assessments including
several tasks by one examiner to specialize in assessing individual tasks. Currently,
there exists a pilot version of the system. During three years it will be introduced to
selected examination subjects.
In Technical University of Lodz the work continues on preparing the platform
for the conduct of matriculation examination in mathematics (e-maturity, pol. ematura). In 2008 we managed to conduct the trial final high school examination of
mathematics and natural sciences for about 5000 pupils. The results were available
on the next day. In October 2009 we prepared the trial maturity examination of
maths in the basic level for over 3600 randomly selected students. The examination
lasted 170 minutes and consisted of 35 tasks. Its level corresponded to the level of
formal trial exams in mathematics.
Our project is the first in Poland and the first such a large-scale trial in
Europe, of the matriculation examination in mathematics conducted electronically.
It aims to show the possibilities of using information technology for examining and
evaluating the assessments. It gives us the opportunity to analyze this kind of testing knowledge and skills of students. The Ministry of Education, the Central Examination Board and the Marshal of Lodz took patronage of the e-maturity.
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2. TYPOLOGY OF TASKS APPEARING AT EXTERNAL EXAMINATIONS

Tasks that appear in examination papers may be formulated as “closed” or
“open” [6]. A closed task is either a single or multiple choice test, or it consists of
filling gaps with specific words or numbers (short answer task). One of the incorrect answers presented as a choice in a multiple-choice test is known as distracter
and the correct answer is called verstracter.
Computer-aided evaluation of such a task is easy. In case of electronic form it
is simply comparing the result to the key answer. In case of a paper form, the
scanned sheet is processed to recognize some marks (shapes "X" or "V") put by a
student on a form.
Much more difficult is automatic evaluation of the open task, because the set
of proper solutions may be infinite. Moreover, incomplete or inaccurate solutions
should be graded with a reduced score.
One of the problems that has been discussed in the literature is recognition of
the mathematical formulae. Most often pattern recognition methods are utilized for
this purpose. The survey over the algorithms is presented in [3]. There exist only
few commercial solutions of this problem. One of these systems is xMath Journal
for TabletPC (with on-line recognition feature) which is a kind of scientific calculator.
Exemplary open tasks, that may appear at the external examinations of
mathematics and natural sciences for final high school exams and maturity exams
are summarized in Table 1 and Figure 1..
Table 1. Exemplary open task types.
Subject

Mathematics
and Physics

Task type
Complete the physical and mathematical formulae.
Complete the physical or mathematical reasoning (eg, solve equations)
Draw a plot of function
Draw some geometric figure
Draw a set given by a formula.
Mark a point or a region in the function plot.
Complete the sentence with one word.

Complement the equation of a chemical reaction
Biology and
Mark the object in the figure.
Chemistry
Complete the sentence with one word.
Geography

Identify some geographical indication.
Mark the region in a map.
Complete the sentence with one word.
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Figure 1. Exemplary open task types - final high school exam – Geography,
Mathematics and Chemistry.
3. CENTRAL EXAMINATION BOARD BUSINESS PROCESS: THE PRESENT
AND OUR VISION

The Central Examination Board (CKE, pol. Centralna Komisja Egzaminacyjna) is a public education institution. It has been established on 1st January 1999 by
the Minister of National Education to prepare and organize the external examination system, which aims are:
• evaluation of the educational achievements of the students,
• monitoring the quality of the educational influence of the school
• making all certificates comparable and irrespective of the place where they
have been issued.
The CKE executes its statutory assignments in cooperation with 8 Regional
Examination Boards (RKE, pol. Regionalna Komisja Egzaminacyjna). The responsibilities of the CKE are summarized in Table 2.
Key elements of CKE business process are:
• security of information;
• hierarchy of privileges of people involved in the process;
• flow of information;
• resources management;
• error avoidance;
• timekeeping (process speed).
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Table 2. CKE scope of responsibility.
No.

Task

1.

Preparing suggestions for the attainment standards, which are the basis of subsequent tests
and examinations.

2.

Preparing suggestions for the attainment standards, which are the basis of subsequent tests
and examinations.

3.

Preparing questions, tasks and exam sets for conducting tests and examinations.

4.

Preparing and presenting syllabuses containing a description of the scope of the tests and
examinations, sample questions, tasks, tests, and criteria for assessment.

5.

Analyzing the results of the tests and examinations and reporting them to the Minister of
Education in the form of an annual report of students’ achievements at a given educational
stage.

6.

Preparing and distributing the programs for improving teachers’ ability to diagnose and
assess students’ progress.

7.

Stimulating research and innovation in the area of assessment and examination.

8.

Coordinating the activity of the RKEs and supervising their work connected with preparing
the suggestions for tasks and question sets for the tests and examinations.

9.

Supervising works connected with conducting and assessing tests by the RKEs, in order to
ensure uniformity and high standards in the RKEs’ activities and the comparability of test
and examination results.

In the current situation the whole process of conducting exams and processing
their results takes a vast amount of time and at each stage involves manual handling of data/exam papers (see Table 3). This involves moving exam papers from
one place to another risking their damage or even loss. Moreover, the fact that exams are checked by a human being only may cause errors in results.
Without a proper tool for automation of all processes which take place after
conducting the exam CKE will not be able to provide results in a reasonable
amount of time when the number of exams increases or resources became unavailable. Also the reliability of obtained results will be affected.
In the current process of evaluating high school and secondary school exams,
each task goes to the two examiners and the outcome is agreed.
We propose to replace one of the examiners by a system that:
• detects at least 70% of correct model assessment solutions and evaluates
these solutions with reliability above 99.9%.
• detects at least 70% of wrong model assessment solutions and evaluates
these solutions with reliability above 99.9%.
• detects the lack of solution (empty sheets) with maximum reliability.
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If the scores given by a system and an examiner are convergent, then we accept this result. Else, the job goes to a second examiner and the result is agreed.
We claim, that construction of high-reliability recognition algorithms is possible for selected open examination tasks.
Table 3. CKE business process. The order is retained but first events may overlap.
No.

Task

1.

Exam papers are prepared along with their answer sheets. Changes to the exam or its answer
sheet may happen at any time before the exam. There exists a possibility that an answer
sheet may be adjusted after the exam took place.

2.

Teachers who want to become Examiners sign up for a training course where they are
taught how to check exam papers. After they successfully complete the course the system
administrator inserts their data into Examiners database. Apart from typical personal details
administrator enters Examiner’s specialization and the region where he/she operates.

3.

Schools register at RKE website using a dedicated panel. Schools register their data and
students’ data. After this part the school receives its own ID number and students’ IDs
which will be used as identification data for exams in form of barcode stickers. This prevents any personal data to be revealed on exam papers.

4.

Few months before the exam Examiners are expected to confirm their availability using a
dedicated panel available at RKE website.

5.

Exams are printed and delivered by couriers to the place where exam takes place. After the
exam couriers transport exam papers to the RKE Offices.

6.

Local Coordinators (about a dozen per region) are assigned certain amount of exam papers
to check. The responsibility of Local Coordinators is to select appropriate Examiners and
meet with them in a particular place to check exams. The director of the RKE chooses Local
Coordinators.

7.

When the exams are checked we can distinguish two additional roles among Examiners –
Team Leader and Verifier. Team Leader’s responsibility is to solve any problems which
arise while checking exams. However, the last decision about any issues belongs to the
Verifier.

8.

Examiners fill a separate answer sheet which was attached to the exam paper. The answer
sheet contains information about the points that are received from each individual task.
Answer sheets are separated from exams papers. After that, exam papers are transported by
the courier to the archive and answer sheets go to the RKE Office. There they are scanned
and images are processed by a piece of software which automatically populates a database
with exam results information.

9.

The Director gives the permission to the regional system administrator to publish/send
result to interested parties (mostly schools, however, there exist an institution which requires exam results for research and statistical purposes).
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Our main vision is to create a piece of software which will enable CKE to coordinate all tasks involved in processing exam papers after conducting the exam
(Figure 2).

Figure 2. Computer network architecture for e-marking (own elaboration)

The software is intended to optimize business process involved and to enable
use efficient use of resources, providing reliable and secure service at the same
time.
The system will store all exam and human resources data in one place by
making them available through a web browser. The security of such an application
is vital for success as only privileged users will be enabled to access it. The application will be dealing with exams in the form of scanned images saved as Bitmaps.
Electronic form of exams will ensure that an original copy would not be affected
during the process as it will eliminate the situation when users operate on the paper
copy. Exams will be passed to appropriate users to take action on them and at the
end a report of final results will be created and send to the interested party.
The main benefit for CKE is the fact that by making a centralized management system the costs of processing exam results will be minimized (examiners
will not need to travel, exams papers would not need to be shipped to multiple
places in the country).
Last year we developed a preliminary version of such e-marking system [1].
The system has been implemented on .NET framework, using MSSQL 2008 database and Microsoft Visual Studio 2008 development environment. A very important feature of the application is to give the possibility to process exams in the
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automatic manner using intelligent system. Some preliminary results of our research over automatic image processing of some types of tasks are presented in the
next chapter.
4. AUTOMATIC EVALUATION OF FUNCTION PLOTS

In our research we have proved, that it is possible the automatic recognition of
scanned exam sheets containing certain types of open tasks. These tasks are to
draw functions plot: linear, parabolic and spline function [2, 7].
We developed the algorithms for extraction plots from sheet, comparison student’s solution to teacher’s and estimating score. We checked our algorithms. Four
task were given for the group of 50 students. Each student received a print-out with
empty coordinate systems and had to draw the plots. All pages were scanned with
the resolution 300 DPI and in 8-bit grayscale mode. Then the teacher assessed all
the solutions, as during a normal exam. He also drew the plots that were used as
reference data (the page was also scanned).
List of tasks, which were given to students.
1. Draw the plot of the linear function given by y = 2x. The score for the task
was 0 or 1.
2. Draw the plot of the square function given by y = x2 – 4x + 4. The solution
was scored from 0 to 2.
3. Draw the plot of the spline function given by
⎧ − 4 for x ≤ −4
⎪
y = ⎨0.5 x + 3 for x ∈ (−4,4)
⎪ − x + 9 for x ≥ 4
⎩

The solution was scored from 0 to 3.

a)

b)

c)

Figure 3. Scanned samples for task 1: a) empty coordinate set, b) model solution,
c) student’s solution (incorrect)
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Figure 4. a) Scanned sample for task 2 (student’s solution), b) image regions selected for
solution evaluation.

Figure 5. Scanned sample for task 3 – empty sheet and student’s solution.

Our algorithm of image processing and analysis operates on a comparison of
model and test images, so we require scanned pages of: model answer sheet (done
by a teacher), student’s solution, and empty answer sheet needed to separate handwritten drawing from the entire image.
Table 4. Image processing algorithm for scoring the tasks
Step

Description

1

Get the images of: empty, model, and student’ answer sheets. Segment the
scanned pages. Extract the images of individual solutions.

2.

Using the empty answer sheet, extract model and student’s drawings from the
background.

3.

Calculate the compliance of student’s and model drawing using crosscorrelation method for line segments or their regions.

4.

Transform the compliance ratio to the scores.
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For all samples the average error rates have been calculated (Table 5). The error occurs if the teacher’s score is not the same as the computer’s. In the case of
real exam, if the grade is under the pass level the work is evaluated once again. If
the score is unrecognized, task has to be evaluated manually, it is acceptable situation. The undesirable situation is when we accept the improper task solution (overestimation).
Table 5. Results of automatic evaluation of function plots.
Function

Linear

Square

Spline (3)

Spline(4)

Relative error

Relative error

Relative error

Relative error

6%

36%

36%

36%

Overestimated score

0.0%

6%

7%

9%

Underestimated score

6%

30%

4%

4%

0.0%

0.0%

25%

23%

Compatible results

Unrecognized

The presented algorithm works fine in a case of linear. Some errors occurred
for solutions with strike-throughs and amendments.
In a case of square and spline function the error rate is worse, but still the rate
of overestimated solutions is quite acceptable. For spline function some errors occurred when the student drew some additional line by mistake. In these cases the
images were rejected. Big amount of unrecognized plots has impact on the relative
errors. The results can be improved if the exam sheets is being changed and new
method for grading the solutions are introduced. In the process of electronic marking yet we did not check if the ends of ranges were properly drawn by a student
(full or empty circles).
5. CONCLUSION

The system of external examinations in Poland began 10 years ago. Electronic
systems are virtually absent in the exams. Next year, the Central Examination
Committee shall conduct the first test in e-marking. We hope that our research, the
proposed developments, will contribute to the development of assessment and examination system in Poland.
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Abstract. Optimal distribution of a number of divisions in a large area is a
very significant problem, particularly nowadays, with large competition in
virtually every domain. An example of industry where division distribution
may be a key issue is banking, where one of the main criteria of selection of a
given bank by clients is the distribution of its divisions in a specific area.
One of the possible solutions is manual planning; however, application of
digital maps is much more practical, faster and renders very good effects. In
our solution, we apply Google Maps to visualise the distribution of divisions,
as well as automatic map division into areas with designation to a given division, which is a solution never encountered before. Furthermore, the developed solution allows for adding and deleting divisions from the map, which
results in a new division of a map into areas. Thus, it is possible to search for
the best solution and to specify weaknesses of distribution of an assumed
network of divisions.
Keywords. Google Maps, optimal location, company with divisions, data
visualization.

1. INTRODUCTION

Proper distribution of offices of a company which bases its activity on a dispersed structure is a significant issue and refers to many branches of economy.
Proper distribution of ATM network, bank posts [1], newsstands, gas stations or
schools and educational institutions might be mentioned here. It should also be indicated that distribution of divisions usually concerns some limited area, e.g. a district, town or commune. Furthermore, it is obvious that as a number of facilities
increases, their optimal distribution becomes more and more difficult. On the one
hand, too dense concentration of facilities may result in higher availability for customers, but on the other hand it may cause internal competition and stealing clients
from each other.

Speaking of optimality, we should pay attention to several factors, such as:
density of population, vicinity of transport nodes, proximity to competition and
regularity of facility distribution. Also, taking into account the residential capacity
is necessary.
In the subsequent section of the article, we shall not differentiate between company types; instead we assumed that the problem of distribution is common to all
types of business activity with extended number of divisions and providing services
mainly to natural persons. A solution shall be proposed which may be useful in terms
of even distribution of divisions in a certain area, where a basic optimality criterion
shall be an even distance between divisions.
2. PRESENTATION OF THE SOLUTION

The solution mentioned in previous chapter was implemented in a in form of a
website with application of Google Maps service [2]. The service is provided by
Google Inc. and gives users access to maps, satellite and aerial photos from around
the world. For purposes of the service, Google created a free programme interface
Google Maps API [3]. It gives access to virtually all functionalities of the original
Google Maps system. Availability and vast capabilities of Google Maps API distinguish this solution among the competition [4]. Due to this fact it is possible to
introduce a map on a private website which is best adapted to user’s own needs.
Hence, this solution was adopted in solving this problem.
Apart from the service mentioned above, the following programming languages were applied for creating the website:
• HTML
• JavaScript
• PHP
• SQL
The most important part of the website was created with the application of
JavaScript. Scripts in this language are embedded in HTML document, which in
turn is generated with PHP language. All data on markers are entered in the
MySQL base.
2.1. Principle of operation

The main objective of the website is to visualise the location of thedivisions
and to present the relation of a given map area to a specific division.
Figure no. 1 presents a screenshot displaying a homepage of the presented solution together with the individual marked sections:
• search and parameter setting window,
• main result presentation window,
• list of divisions registered in the base.
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Figure 1. The website homepage.

The first stage of work with the website is the selection of a relevant map
fragment and placing markers on it, symbolising and corresponding to location of
the divisions. Each marker is labelled with a separate colour and registered in the
base at a given position, with a short description. In the next stage the center of the
page is specified by giving an exact address and entering it in a proper place on the
website, and then clicking “Search” button. This shall initiate the computation procedure, as a result of which points shall appear on a screen in colours corresponding to the markers situated closest to a given point. An exemplary search was presented in figure 2.
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As it may be noticed, points of the same colour create a region which reflects
attachment to a given marker, in other words – to a division, and the point is the
minimum distance to the given division.

Figure 2. Exemplary search (only the map fragment is visible).

By changing location, deleting and adding new markers one can form results
and thus, properly plan location of divisions and their areas assign to the division.
In a search query for objects nearest to a given point, the following formula
was applied allowing for calculating the distance in kilometers between two points,
taking into account the spherical shape of the Earth [5]:

odl = 6371 ⋅ acos(cos(Y1 ) ⋅ cos(Y2 ) ⋅ cos( X 2 − X 1 ) ⋅ sin(Y1 ) ⋅ sin(Y2 ) )

(1)

where:
X1, Y1 – latitude and longitude of the marker
X2, Y2 – latitude and longitude of a selected point on the map
Additionally, calculation results are saved in a text file. It contains all calculated points and each point is described with application of the following attributes:
• longitude and latitude,
• attachment to a relevant marker number,
• distance to the marker,
• point number horizontally and vertically.
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Due to the above data, additional analysis of obtained results is possible. The
data may be subject to statistical analysis or verified with regard to a number of
points attached to a given division. Furthermore, additional visualisations also may
be performed (figure 3, 4 – new data). The diagrams presented in the study were
performed with application of Matlab software by Mathworks [6].
Figure 3 presents a 3-D diagram in form of a colour map, where distance to
markers is labelled with a relevant colour. Due to the visualisation we may see the
most distant areas and thus perform corrections of the locations of the markers.
Map legend visible on the right specifies the colour and corresponding distance to
the nearest marker in km.

1.6
1.4
1.2
1
0.8
0.6
0.4
0.2

Figure 3. 3-D diagram presenting distances to the nearest marker by means
of a colour map.

Figure 4 also displays a classic 3-D diagram, where axis Z specifies distance
of a given point to the nearest marker; additionally the point colour specifies proper
distance according to scale.
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Figure 4. 3-D diagram presenting distances to the nearest marker.
2.2. Studying computation times

Number of computations and technologies applied result in quite significant
computation and website generation time. Therefore, studies were performed
showing how change of computation parameters affects time. Number of markers
(4,6,8,10,12), density of points (high, medium, low) and map scale (large, medium,
small) were changed in sequence. For each variant, a ten-fold calculation repetition
was provided. It turned out based on analysis of obtained results that number of
markers does not affect computation time. Thus, table no. 1 only includes effect of
map scale and density of points.
In individual table cells, mean times of all measurements for each variant
were introduced. A mean value was calculated from 50 points. As one may notice,
density and high map magnifications have major impact on computation time;
computation time is about 20 seconds then, decreasing along with change in density. The shortest computation times were obtained with large magnification and
medium density of points; in such cases, computation time is approximately 4 seconds. It should be noted that the obtained maximum and minimum times are acceptable.
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Table 1. Computation times depending on map scale and density of points.

15.32

Map scale
medium
15.02

medium

8.1

6.15

10.4

low

3.91

3.72

5.55

Density
high

large

small
20.18

Calculations were performed on a computer with Intel Core i5 CPU @
2.67GHz, 4GB RAM, NVIDIA GeForce GTX 260 graphic card, and 64-bit Windows7 64 operating system. Krasnal Serv 2.7-4 witch Apache 1.3.31 version software was used as a web server.
3. CONCLUSION

Access to digital maps and their programming interfaces allows for growing
opportunities in terms of analysis of object location on a map. In this study, the
presented solution is one of many possibilities of such an analysis. As it was described earlier, the discussed solution allows for assistance in terms of even distribution of company divisions in order to obtain the best coverage of a given area by
plotting divisions on a map and their possible correction. Export option for obtained results allows for more precise analysis of the results in other programmes.
This article presents additional visualisation of obtained results with application of
3-D maps.
Further studies of this project shall be conducted with inclination towards
automatic distribution of markers based on outlined areas, since currently all
marker settings must be performed manually. Furthermore, we intend to generate
diagrams on the website, which were presented herein and generated by a separate
tool. At further research stages, optimisation of computation time is also necessary.
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EVALUATION METHOD OF STRATEGIC VARIANT
EFFECTIVENESS IN BULDING A UNIVERSITY’S
E-LEARNING STRATEGY
Marcin W. Mastalerz
Institute of IT in Management, University of Szczecin
Abstract. An IT enterprise being successful depends significantly on the
quality of previously developer and accepted computerization strategy.
It equally concerns the efficiency of introduction of an IT system supporting
the university’s didactical process – e-learning. A very important element in
the strategy building process is the selection of an appropriate strategic variant. In case of e-learning, ex-ante efficiency estimation of the proposed solutions is very difficult. In this article a use of intentional efficiency assumptions is suggested, what allows to indicate the appropriate way of action. Additionally, the article focuses on the dependencies between economical strategy and universities’ computerization strategy their influence on creating the
e-learning strategy.
Keywords. Efficiency, e-learning, e-learning strategy, university’s computerization strategy.

1. EFFECTIVENESS MEASUREMENTS IN E-LEARNING SYSTEM SELECTION

In the science literature many definitions of economical effectiveness, approaches to the observation of its symptoms and ways to measure and evaluate it
may be found (defined also as efficiency, ability, agility, positive result). One of
the definitions says that the economical effectiveness is a result of economical activity described by a ratio of obtained result to expenditures. Another definition
describes the economical effectiveness as economical agility, which is characterized by speed and goal of action. S. Grzesiak defines the effectiveness as a result
the agility of action (optimal use of recourses) and the efficiency of the company’s
operation (an extent to which the aimed goals have been reached [8]. H. Dudycz
and M. Dyczkowski in their work entitled „A review of methods for improvement
of IT enterprises’ effectiveness”, treat the effectiveness as an ability to realize the
assumed strategies of a company (for ex. computerization strategies) and reaching
the goals there described [5]. Taking into consideration an economical effectiveness, the effectiveness will always be an economical result of an enterprise calculated as a result of assumed (achieved) relations of utility effects to the planned

(bared) expenditures [1]. It is described by a differential formula (profitability formula), described by an equation:

Ef = E(t) – N(t),

(1)

where: Ef – effectiveness, E(t) – effect, N(t) – expenditures,as well as the quotient
formula (efficiency formula) described by an equation:

Ef = E(t) / N(t),

(2)

where: Ef – effectiveness, E(t) – effect, N(t) – expenditures.
The increase in effectiveness shall always mean the rationalization of expenditures and/or optimization in given operational and economic effects conditions.
Shall the effects be greater than the expenditures and thus Ef > 1, the investment is
effective. Measuring e-learning solutions' economic effectiveness is very complex
and problematic. The first phase requires depicting the scope of study. This can be
a didactic process, usage of e-learning tools or implementation process. These are
usually hard to separate and analyze individually, but treating them as a whole
increases the scope of study and decreases chances for achieving desired results.
As M. Dąbrowski writes, the difficulty of e-learning didactic process effectiveness
measurement depends on two factors:
 because of the character of the process, the difficulty itself is the (financial) effectiveness measurement of traditional didactics or corporate training;
 e-learning experiences are far less informative, and the lack of good practice in researching the cost side can be greatly seen among the academic
environment [4].
Didactic process and training effectiveness measurement has been approached
by many academics [11]. It does not, however, answer the question of how to introduce e-learning to universities and which tools to choose? The work concentrates on assessing the effectiveness of the implemented e-learning platform. According to W. Kotarba, the economic effectiveness (effects, expenditures) can be
divided into three groups: cost-cutting, manufacturing & service and quality
[10].The first group is concerned when the implementation of e-learning system
results in a reduction of costs, expenditures and losses in comparison to traditional
didactic process. The e-learning system allows the limitation of given education
expenditures per unit. These can be costs borne by the university or the student.
The second group shall be the results of realization of e-learning solutions aimed at
increasing the volume of existing didactic processes and starting new ones together
with new types of didactic services. E-learning system opens new opens way to
new information channels and didactic methods, which can increase the number of
students and the effectiveness of the learning process. This can result in financial
advantages. The last group is related to improving or changing the functionality,
esthetics of didactic services or changing given operational parameters of the di49

dactic process. E-learning systems support information and knowledge management processes, which can positively affect the quality of didactic materials by
their more efficient acquisition, storage, processing and sharing. The quality of
materials and better access results in increasing the quality of didactic process. The
e-learning system effectiveness measurement process means assessing the level of
effects (advantages from implementing individual e-learning tools in the didactic
process), as well as expenditures (costs) resulting from using the system. Initial
problem analysis shows, that assessing both the expenditures and effects is not a
trivial matter. There are several reasons for that. One results from the fact that we
effects and expenditures are divided into: direct, indirect and alternative. If effects
and expenditures are easy to observe, the situation is not that obvious with their
indirect effect. The alternative effects and expenditures group usually means the
cost of potentially lost benefits of the work of people working on implementation
of the system. In some cases, the effects or expenditures can either be open or hidden [15]. Identification of hidden advantages is not as important as identification of
hidden costs. During the first stages of problem analysis, the assessment of expenditures may not include hidden costs. They will be revealed during the system operation stage. Their amount, despite successful implementation, can affect the possible final failure of the process. Another cause can be observed in the form of
delayed benefits effect. This affects the result of rapidly performed process effectiveness analysis. A big issue when assessing the effectiveness of e-learning is the
limited quantification of some effects and expenditures categories. If there is a
possibility to show the benefits and expenditures using the same measurable units
(preferably money-related), then calculating the effectiveness coefficient is not
complicated. Unfortunately, sometimes some information can be immeasurable.
This usually is the case when implementing e-learning on universities. In systems
implemented on universities, because of their form (very often - no profit), the
desired results will rarely be of a financial character. The benefits will rather be
indirect, in the form of improvement of the didactic process. The correct approach
when choosing e-learning solution is taking the financial aspect into consideration,
although it is not the sole factor affecting the effectiveness of system implementation. These can also include: matching the system to the needs, successful goals
and requirements realization rate. This is usually, however, qualitative information,
which is why system effectiveness measurement process has to utilize methods,
that can deal with the limited countability issue. This not always means financial
benefits and they are not the decisive factor of the results achieved. In such case,
traditional methods (e.g. finance) are not effective. That is why one has to search
for more sophisticated calculation solutions that include qualitative data. Goal effectiveness coefficient EfC, described by A. Wargin, can be such a solution, because it does not have to be a number [18]. EfC coefficient can inform of the in-

50

vestment effectiveness level thanks to measuring non-financial goal realization
level with a given budget. The coefficient is depicted according to the scheme:
 after the realization of investment, one determines the goal realization ratio and exceeding of budget;
 realization of goals without exceeding the budget means the investment is
effective;
 if not all goals have been achieved, one determines their realization level
(assigning importance to individual goals) by assessing the level of effectiveness [16].
Deeper analysis of the e-learning system effectiveness measurement issue
shows, that the process has its limitations. The first one is the fact that e-learning
solutions effectiveness can be successfully determined only after implementation
and prolonged operation. Such approach is considered ex post rating, meaning
'after the fact', which is not very helpful in case of the solution analyzed. A more
effective approach is the measurement of effectiveness of a solution prior to its
implementation, the so-called ex ante rating – before the fact. It gives precise information about the solution and its effectiveness before the implementation. Assessing future effectiveness is much harder than assessing actual results. That is
why methods used for depicting effectiveness differ from those used for diagnosing
status. The thesis proposes the utilization of goal effectiveness assumptions for
assessing e-learning variants, which is one of the stages of building and realization
of an e-learning strategy of a given university.
2. UNIVERSITY STRATEGY AND THE SHAPE OF E-LEARNING

Conscious shaping of an university (as well as other organizations) depends
on the unit's chosen mission and resulting operational goals. These elements should
be included in the university's strategy, which shall become the plan that integrates
main goals, policies and actions sequences into one coherent unit. The primary
form is the general, corporate strategy, which includes the organization's entire
activity and shows the most important, and, at the same time, most general plans of
the unit [2]. Because of the changes in the market – increasing information saturation and involvement of new technologies – more detailed strategies, concentrating
on the highly specialized area of the organization, the so-called business strategies,
or on functions of the organization, the so-called functional area strategies, are
being produced. In the considered case, the strategy utilized shall be informational
(including IT implementation strategic planning and IS information systems strategic planning) and, in a narrower sense, IT-related [12]. The first one concentrates
on the information part and its organization, whereas the second is aimed at introducing IT technologies to universities. The article proposes a new type of strategy
– strategy of e-learning, which is at the same time related to corporate and comput51

erization strategies of a university. E-learning strategy is considered to be the computerization strategy of the area responsible for the university's didactic process.
That is why it should be strictly linked with the computerization strategy and basically result from it by developing and specifying some of its provisions related to
the didactics computerization area. They concern the three main elements:
 current university activity – current state of computerization – current
state of e-learning;
 changes in the university's activity – computerization proposal –
e-learning proposal;
 strategic plan of the university – strategic plan for computerization – strategic plan for e-learning introduction.
Before making the decision regarding the choice and implementation of an
e-learning solution, the Chairs should answer a couple basic questions:
 are there currently any documents regarding the university's corporate and
computerization strategies and what do they look like?
 what is the university's mission and what goals have been chosen for realization?
 which elements of the existing strategies can be developed as part of
e-learning?
Only after acquiring detailed information with answers to the above questions
can one move to the e-learning strategy construction and realization stage. Any
actions leading to the implementation of the IT system based on the e-learning
technology and designing a new didactic model should be carefully planned and
thought through. Taking steps leading to that one has to analyze in detail the existing corporate strategy of the university. Then analyze the computerization strategy,
searching for elements related to the didactic process. The content of those strategies determines further action. The lack of any of the documents my constitute a
serious difficulty in developing the e-learning strategy.
3. CREATION AND REALIZATION OF E-LEARNING STRATEGY

Building of an e-learning strategy should have a methodology form, which introduces certain action schemes ensuring high quality and didactic process computerization effectiveness. Based on the work by Z. Drążek and B. Niemczynowicz
one can assume, that the strategy management process of a university is iterative
and requires the realization of certain basic stages (see Fig. 1):
1. determining the university's mission statement;
2. external analysis;
3. internal analysis;
4. designing strategic alternatives;
5. choosing strategic alternative;
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6. designing a detailed strategic program for the chosen strategic alternative;
7. performing the strategic program and monitoring the level of realization
of assumed goals [6].

Mission
Statement

Strategy Realization

External Analysis
Internal Analysis

Strategic Programs

Strategic Alternatives

Strategy
Choice

Figure 1. Strategy Creation and Realization Stages. Source: [6].

The process of creating computerization and e-learning strategy can take a
similar shape, however, one has to remember about the obligatory connection between the strategy and primary documents. That is why, during the first stage –
determining a university's mission statement, when constructing an e-learning
strategy, the following behavior is proposed:
Step 1 Viewing and updating existing mission statement and vision of the
university – including new e-learning-based offer on the university's
list;
Step 2 Viewing and updating strategic goals resulting from mission and vision – specifying e-learning goals;
Step 3 Viewing and updating strategy realization measures – update in the
form of adding measures strictly related to e-learning goal realization;
Step 4 Viewing and updating strategy proposals - including the e-learning
system design in the strategic projects;
Step 5 Parallel goal definition for the e-learning system design;
Step 6 Parallel the e-learning system and university goal alignment.
The first stage ends with defining:
 goals of the university resulting from e-learning implementation,
 scope of the system, i.e. the area covered by the new system,
 general user requirements for the e-learning system, i.e. system tasks and
functions.
The next stage is the external analysis (of the university's environment)
through examining the e-learning technology market resulting in a set of solutions
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and their availability. A type of benchmarking based on the observation of leaders
in the area, i.e. university, who introduced a similar solution, can be helpful in further developing the analysis. The result of the analysis will be the determination of
a set of potential solutions. As the analysis performed in a thesis by M. W.
Mastalerz has shown, implementing an e-learning system at the university can take
many different forms [14]. The decisive factor is the complexity of the e-learning
class IT system and the amount of sources for acquiring its individual components.
A simplified typical e-learning computer system assumes the existence of three
obligatory component groups. Only by synergic combining them can one make the
entire system function properly. There are three basic component groups (depending on the needs, further grouping of components can occur):
 software & hardware environment – software and hardware necessary to
install e-learning platforms,
 e-learning platform – specialized LMS, LCMS, VCS class software supporting the didactic process,
 didactic materials – any didactic content available for publication via elearning platforms.
These component groups may come from different sources, which affect the
e-learning implementation and its economical aspects. Sources can be divided into
three main groups:
 purchasing – purchasing a solution by transferring or non-transferring of
ownership rights,
 leasing – leasing, outsourcing, ASP,
 creation – creating one's own solution.
In case of an e-learning platform one can distinguish two additional sources:
 commercial source – purchasing a license;
 source based on a GNU license, Freeware, etc. – purchasing a license
free-of-charge.
The next step is to perform an internal analysis of the availability of resources,
which the university can divert to the realization of the system. It requires not only
assessing the amount of financial, but also human and time resources. At this stage
one can precise the user's requirement and preferences towards the e-learning system. The result of the internal analysis is pointing out the system's limitations. Both
the external and internal analysis can happen at the same time. The fourth stage is
the development of strategic alternatives, i.e. potential ways of introducing elearning to the university. Preparing a few alternatives is a key factor at this point.
First of all, it is necessary to recognize a set of potential possibilities of implementing the technology (performed during the external analysis stage), second - specifying the allowed variants that comply with the mission and realize the strategic
goals. As part of the agreed implementation variants it is necessary to point out
54

specific solutions in the form of a permissible hardware & software environment,
e-learning platforms and didactic materials. A necessary part of this stage is o assess the implementation costs for each alternative. The cost estimate has to be detailed and include not only financial, but also staff and time expenditures. Alternatives also need to have their implementation qualitative and quantitative benefits
assessed. The fifth stage is choosing the strategic alternative. Analysis and comparison of individual variants from the point of view of costs, time expenditures,
staff, effects and meeting the user requirements should lead to the emergence of the
most effective strategic alternative. One has to also consider the level of goal realization and the mission of the university. This step is very hard to perform without
sufficient measures and selection criteria. The sixth stage is the development of a
strategic program for the chosen alternative. After choosing the moist suited elearning implementation alternative, it is important to plan out all the steps leading
to the realization of the assumed goals. The program should include a timeframe
coinciding with the horizon for the chosen alternative. Granulation of actiondevoted time depends on the preparation of the plan but should not be overly detailed or too general. When building a strategic program, it shall be efficient to
utilize (computer) project management practices, especially in relation to scheduling techniques - Gantt schedule or network CPM/PERT, GERT scheduling techniques for one [17]. On the basis of these tools, the basic elements, such as tasks,
events, networks, paths, critical paths and resources are established. This allows to
measure the project, its budget and later monitoring – mainly on the basis of the
level of achievement of goals/control points (milestones). Such program gives a
detailed view of action with division into individual e-learning implementation
project members. The last, but also the longest, stage is the realization and monitoring of the strategic program. This is the executive part of the strategy, which length
constitutes the strategy's horizon. The most important element of this part of the
works is the monitoring of e-learning implementation progress. Thanks to a properly prepared strategic program, one knows exactly which works, in what order and
by whom should be performed. That is why they can be managed on the spot and
the people - held responsible. Based on the established control points it is possible
to gain information about the level of completion and schedule deviations. After
the strategic program is complete, all information and experiences are analyzed,
which is crucial for the next strategy building and realization cycle.
4. VARIANT EFFECTIVENESS ASSESSMENT

The actual e-learning variant effectiveness assessment process takes place
during stage five – choosing the strategic alternative – strategy building and realization. This phase uses all the information gathered during previous stages. The
most important are:
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e-learning goals derived from the general strategy and computerization,
allowable strategic variants – proposed general e-learning variants or existing IT solutions.
In the process composed of four steps, the knowledge of two groups of experts is
used:
 strategy expert,
 e-learning expert,
With the help of an analytic, they will establish their preferences. Preferences
should be compliant with the university's interest and the experts' knowledge. During the first part of the assessment, e-learning goal structure is being analyzed and
build. The structure created should contain main goals and related, affecting partial
goals. This is usually done by the analytic with the help of a strategy experts. In the
second part of the assessment, the strategy expert's role is to establish priorities importance of e-learning goals. They are separately established for main and partial
goals. The define the level of effect of the main goal on the realization of strategy
and partial goal on the realization of the main goal.

E-learning Goal Structure Building and Analysis

University General Strategy,
Computerization Strategy

E-learning Goals Structure

analytic,
strategy experts

Establishing Goal Priorities

e-learning experts

Establishing Goal Realization
Level Through Variant

E-learning Goals Structure and
priorities

E-learning Variants Set

E-learning Variants Rankings
Variant Assessment
and Selection

Effective Variant

Figure 2. E-learning Variant Effectiveness Assessment Stages.
Source: Own Research.
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The priority-enriched goal structure is used during step three, where the level
of completion of partial goals through e-learning variants is established. The assessment of individual variants is made by e-learning experts with the help of strategy experts, a result of which is the e-learning variants ranking. The variants ranking shows, how the strategy is realized through the realization of partial goals
within the established importance. For the strategy completion level assessment
using variants one can use the assessment matrix shown in Tab. 1.
Table 1. Strategy realization through variant assessment matrix.
Variant N

Main
Goals
(MG) i
Partial
Goals (PG)

Main Goals
Value
(MGV)

Partial Goals Value Weighted
(PGV)
Value (MGWV)

MG 1

MGV1

Checksum PGV
1.N = 1

Main Goals

Partial Goals
Weighted
Value

Rating Partial Goals
(RPG)

(PGWV)

PG 1.1

PGV 1.1

PG 1.2

PGV 1.2

...................

..........................

PG 1.N

PGV 1.N

MG 2

MGV2

Checksum PGV
2.N = 1

PG 2.1

PGV 2.1

PG 2.2

PGV 2.2

...................

..........................

PG 2.N

PGV 2.N

................... .................... ..........................
Checksum PGV
MG M
MGVM
M.N = 1
PG M.N

PGV M.N
Checksum
MGV = 1

MGV 1 * Sum
PGWV 1

Sum PGWV 1
WPG1.1 *
RPG1.1
WPG1.2 *
RPG1.2
.........................
WPG1.N *
RPG1.N

MGV 2 * Sum
PGWV 2

RPG1.1
RPG1.2
.......................
RPG1.N

Sum PGWV 2

WPG2.1 *
RPG2.1
WPG2.2 *
RPG2.2
........................
WPG2.N *
RPG2.N
......................... .........................
MGV M * Sum
Sum PGWV M
PGWV M
WPG M.N *
RPG M.N
Checksum
MGWV

RPG2.1
RPG2.2
.......................
RPG2.N

RPGM.N

Source: Own Research

For assessing the partial goal realization level, one can use the Likert scale
[13]. It consists of a set of five answers, from total acceptance to total rejection.
The subject's task is to determine his level of agreement with the given statement.
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Sample scale answers are:
1.- variant definitely does not realize the partial goal,
2.- variant does not realize the partial goal,
3.- I don't have an opinion,
4.- variant rather does realize the partial goal,
5.- variant definitely does realize the partial goal.
The number of possible answers can be bigger but should be kept odd, so that
the central statement be as neutral as possible.
The last stage of the assessment utilizes the effectiveness assumptions, where
all the allowable variants are concerned to comply with the established budget.
Only the effects are measured, leaving out the expenditures. In this case, the effects
are the sum of main goals weighted value. The most effective variant shall be the
one with the biggest sum, i.e. the one, that is best suited for the realization of the
university's strategy.
5. CONCLUSION

Introduction of e-learning to the universities is a very difficult process, that is
why it requires conscious choices and a detailed plan. Decisions should not be
made hastily and according to the current market trends. The functionality of the
new solution should not be temporary and fragmentary, but is worth customizing to
comply with the current information system. That is why e-learning goals should
be aligned with the university's computerization and corporate goals strategy. The
alignment of strategies is the key element affecting the e-learning implementation
process quality. Only a comprehensible approach to planning the future shape of
the university, taking the e-learning technology into consideration, can portend
success. Finding a proper methodological behavior when creating e-learning strategy and the strategic variant effectiveness measurement can increase the efficiency
of e-learning implementation on universities.
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Abstract. In the e-learning systems, that provide open and remote access to
resources, repositories play an increasingly important role. The repositories
are responsible for keeping subject-oriented knowledge in frames of a coherent ontological system, and support personalization-oriented content generation and Competence-Based Learning. The chapter will covering the issue of
the knowledge repository design and management in e-learning. The special
attention will be putted on the following topics: analysis of information to
knowledge transformation process, knowledge reflected in the ontology
model, extended ontological model.
Keywords. E-learning, knowledge repository, ontology.

1. INTRODUCTION

The learning process based on competency [17] is aimed at developing an
employee according to the labour markets demand. In the framework of the European initiative – Bologna Process, competence is going to be the tool used in the
student evaluation process and at the same time allowing concordance of learning
process with the Open and Distance Learning concept [15]. The reason for continuous repository development is resulting from the present situation on the educational market. The students are possessing almost unlimited access to different
educational resources, courses and curriculum. In the case of Europe, the European
Higher Education Area has been developed and provides a cohesive educational
system. In such situation, the quality of the repository has strong influence on the
quality of the entire learning process. Additionally, the repository’s content –
knowledge, has to be constantly updated due to continuous de-actualization of domain knowledge.
In the chapter the main discussion will be focused on the repository subject.
The discussion will have monograph character and is based on the e-quality team
work [4]. The chapter will covering the issue of the knowledge repository design

and management in e-learning. The special attention will be putted on the following topics: analysis of information to knowledge transformation process, knowledge reflected in the ontology model, extended ontological model.
2. RELATED WORKS

The knowledge model dedicated to the asynchronous mode of e-learning is
described in [22]. The formalization of the knowledge model for a given domain,
the operations on the knowledge and the algorithm of the knowledge model creation were discussed as well. The methodology described in [22], based on a generalized knowledge model, enabled developing a e-learning course mainly for the
fundamental knowledge.
The method of building and managing the knowledge repository adapted to
the SCORM standard and knowledge objects requirements are presented in [8]. As
a base, the ontological approach was adapted, where the domain knowledge model
is formulated in the form of an ontology. The material send to the student is specified on the basis of the education objectives and the student’s features. The most
important ones of those are his/her learning style and the cognitive features, e.g. the
size of working memory. The approach to knowledge repository design is discussed as well.
In the [9] authors propose an extended ontological model for e-learning, concerning pedagogical and cognitive requirements of the teaching/learning process as
well as environmental requirements represented by SCORM standard. The main
characteristic of the dedicated ontological model is reusability, which manifests
itself in the possibility of adapting the knowledge model to different contexts and
for different users by simply enabling knowledge sharing and knowledge management. From the knowledge management perspective, both at a university and in a
corporation, one of the greatest challenges standing in front of e-learning is ensuring reusability of knowledge gathered in e-learning systems. The problem of
knowledge reusability is difficult to solve because: (a) there exist different types of
knowledge, (b) there exist different ultimate environments and modes of working
with knowledge, (c) knowledge users have different cognitive characteristics. In
the article authors propose an ontological knowledge model. The model fulfils all
three (a-c) requirements and allows creating a complex system of knowledge management in the framework of a e-learning system.
In the [14] the authors proposed a model of an educational social agents collaboration between students, teacher, and an e-learning information system (repository). The system will support the competence-based learning process by means of
social network creation in order to exchange ontology in the repository environ-
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ment. The proposed model consists of three integrated sub models: (1) knowledge
management model, (2) student – e-learning information system – teacher interaction organization model (3) model for quantity assessment of collaboration.
3. LEARNING OBJECTS – KNOWLEDGE OBJECTS ADAPTED
TO E-LEARNING

The new paradigm applied in e-learning systems described by the SCORM
2004 standard [16], assumes creating a knowledge repository containing a certain
domain knowledge divided into knowledge objects (called Learning Object – LO).
Didactic material meant for a certain student is built through creating a sequence
of LO.

Figure 1. Concept of learning Object.

The presented questions have already been analyzed in literature in the context of e-learning systems. In [10] the knowledge model is a structure of rules described in New Object-oriented Rule Model (NORM). A method establishes the
content of LO in the form of a knowledge class. However, basing the knowledge
repository on the rule-model makes controlling the concepts’ capacity and localizing concepts from a given domain more difficult. In [21] the knowledge model has
the form of a table called Knowledge Construction Model. A method of defining
the order of LO in the form of a knowledge element is proposed. The structure of
LO was not specified, nor were the criterions defining the content of a LO. In [20]
an approach to building LO in the form of Intelligent Reusable Learning Components Object Oriented (IRLCOO) was proposed. The knowledge model uses the
approach of a concept graph. For defining the sequence of LOs being delivered to
the student a multi-agent approach was used. The method does not specify the way
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of defining the size of LO. Moreover, the method of modeling knowledge with the
conceptual graphs cannot successfully model procedural and fundamental knowledge. Unfortunately, none of the propositions fulfill entirely the requirements of
the SCORM standard, such as reusability, accessibility, durability and interoperability of didactical materials and environments of e-learning system.
The LO issue is intensely explored by the IT companies and main computer’s
vendors like IBM, Cisco System, Macromedia and many others. The industrial
effort is particularly devoted to content repositories, learning systems, and authoring tools. For the IT sector the Cisco System has made the biggest effort in terms
of LO management. In [2] Cisco’s Reusable Learning Object Strategy (RLOS) is
presented. The RLOS combines Reusable Learning Objects which include: overview, summary, assessment and five to nine Reusable Information Object (RIO).
According to [2] each RIO is built upon a single education objective and combined
content items, practice items and assessment items. The RLOS can be seen as a
complete management tool for LO, which is successfully implemented in CISCO
Networking Academy. However, the RLOS is missing the procedure for knowledge management and whole knowledge manipulation depends on the Subject Matter Expert and the Knowledge Engineer. Other companies focus rather on their
product LO’s compatibility. The LO economy is supported by the market leading
learning
systems
like
Blackboard
(www.blackboard.com),
WebCT
(www.webct.com), TopClass (www.websystem.com), Lotus LearningSpace, IBM
LMS (www.ibm.com) and free Moodle (http://moodle.org/). The reason standing
behind it is that the companies follow industrial standards which continually keep
missing the knowledge aspect of LOs and concentrate only on technical issue, like
LO’s metadata or communication.
4. THE ROLE OF THE REPOSITORY IN THE TEACHING/LEARNING PROCESS

The etymology of the term “repository” says that it is a place intended for the
storage of records and official books with the ability to use them [14]. The present
sources significantly extend the nature of functioning of the repositories. Currently
they are a place for storing collections of digital documents, shared them in the
network with the use of appropriate interface for a selected group of people or with
unlimited access [7,12].
The main task of the repository is to ensure for each user the possibility to
read, copy, distribute, print, search or link the full texts of scientific articles and
other materials and documents placed in the repositories. This concept is strongly
supported by members of the Open Archives Initiative (OAI) [3].
The existing repositories can be used for the purpose of the learning process
as a source of outlook shaping, research way development or as a source of didactic materials. By using the repository, there are shared the elements of domain
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knowledge, mainly in the form of Learning Objects (LOs), which are interpreted as
modules of knowledge that arise as a result of the analysis and division of knowledge into a “pieces” [8].
5. E-LEARNING ONTOLOGICAL MODEL
5.1. Knowledge representation in e-learning

The analysis of existing models of knowledge representation shows that none
of them satisfy the demands of e-learning. It is shown in [13] that the structure of
knowledge which differs from the rules systems can be presented on the basis of
semantic networks. Semantic networks can represent both abstract categories and
certain objects. The big obstacle for using semantic networks is the difficulty with
formal representation of semantic relations. Semantic networks are the starting
point for such knowledge representation models as Mind Maps, Conceptual Maps,
Conceptual Graphs and Topic Maps. The models are oriented towards a specific
kind of knowledge and a certain user. Each of them is dedicated to a specific kind
of tasks and a specific domain. The e-learning knowledge representation model
merges the knowledge manipulation language with the corresponding pedagogical
approach, which is used to learn about a subject. The adequate knowledge representation model has been discussed in detail in [22].
Reality is defined by an unlimited and diverse set of information and stimulus
which attract human perception system. The cognitive science assumes the natural
mind’s ability to conceptualize. The conceptual scheme exists in every domain and
informs about the domain’s boundaries and paradigm. The conceptual model of the
knowledge domain can be created in the form of an ontology, where the concepts
are the atomic, elementary semantic structures [18]. From the practical point of
view, the ontology is a set of concepts from a specific domain. The modeling approach, considered as a cognition tool, assumes some level of the examined object‘s simplification.
5.2. Extended ontological model

When considering the possibility of creating an ontological model for elearning that ensures reusability, one has to pay attention to the necessity of formal
definition of appropriate operations and model (structure). In e-learning we deal
with the situation when with the help of a structure we try to reflect domain knowledge together with the corresponding pedagogical and cognitive requirements.
When domain knowledge is the object of structuralization, concepts that can
be sorted in different ways become the main components. The aim of the domain
knowledge structure is ensuring conformity of the knowledge representation model
with the student’s cognitive profile and learning goals. This is exactly the kind of
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mission a teacher carries on during direct contact with a student. Another – just as
important – task results from this: ensuring possibility for adjusting the established
knowledge structure to the personal educational situation in the situation when
teacher is not present.
The above discussion leads us to considering the following conditions influencing the extended ontological model in e-learning [9]:
1. When creating ontological model it is vital to differentiate knowledge: the fundamental (theoretical) from the procedural (operational) one, which together
make up domain knowledge. Fundamental knowledge represents conceptual
thinking, in result of which new paradigms, problems, task assumptions and
behavior rules can be formulated. Procedural knowledge is essential for developing and realizing algorithms, performing operations, manipulating equipment etc. Analysis of different situation a person encounters bases on simultaneous usage of both kinds of knowledge, in different proportions – depending
on the level of problem’s complexity and its origin.
2. Following David Ausubel, the author of the concept of meaningful learning
[1], we can state that learning consists in assimilating new concepts to the cognitive structures (conceptual maps) already existing in the student’s mind. Contrary to rote learning, learning through understanding (meaningful learning)
uses discovery learning process [6], where all concepts attributes are individually identified by the student. In order for this to happen the following requirements must be met: (i) learning material has to be conceptually clear, language and examples should be adapted to knowledge already possessed by the
student, (ii) student has to be able to recognize and understand the linking between new material and his/her knowledge, (iii) student has to make effort and
choose meaningful learning by himself/herself.
3. While designing a e-learning system based on knowledge it is especially necessary to pay attention to the relationship: information – knowledge – competency. Competences and qualifications are one of the basic mechanisms of assessing knowledge assimilated by the student. Competencies are always connected to a certain person and represent his/her knowledge and ability to use
this knowledge in certain domain. On the other hand, qualifications reflect the
competences basing on some assessment system. Nowadays several systems
are being created (e.g. Framework for Qualifications of the European Higher
Education Area) to enable assessing qualifications/competences at different
educational levels. The qualification system defines a spectrum of qualifications, where the bottom qualification includes noticeably smaller amount competencies then the top one. Every qualification is related to a corresponding set
of competences.
4. Developing a system which would ensure human-computer interaction requires
a detailed analysis of the problem’s cognitive aspects. When analyzing an on65

tological knowledge system being developed with special attention paid to elearning it is important to consider among others the following: (i) the way different types of knowledge are stored in our mind, (ii) organization of the information – knowledge processing chain in the mind, (iii) human perceptual
constraints, (iv) cognitive learning styles.
5.3. Model formalization

In the domain of knowledge management, ontology is defined as an intentional, formal specification of concepts in a given domain and relations between
them [5]. In [11] an ontology definition most accurate for learning purposes occurs,
which differentiates between ontology defining structure and thesaurus.
The suggested by the authors extending of the ontological model consists in
adjusting the classically understood ontology to the presented above requirements
(1-4) and also considering the demand for reusability. The aim of the authors is
extending the ontological model for the benefit of learning goals. Basing on the
present state of knowledge it is not yet possible to create a universal ontology,
which could be used in different contexts. Therefore, it is necessary to create a
methodology for dedicated model management. We assume that a typical scenario
of working with the knowledge model in its first step has the teacher choose the
scope of knowledge. The choice of knowledge scope can be narrowed to defining
the set of concepts which will make up the basis for creating didactic material. In
the second step, semantic depth – the scope of competences to be passed on to the
student – is defined for each concept .
The ontology structure of the extended ontological model consists of the way
of describing concepts structure and the accepted relations between concepts. The
relations have been divided into taxonomic and non-taxonomic ones and also a set
of axioms making up the platform of domain knowledge of the modeled domain.
Thesaurus defines the vocabulary that can be used while defining concepts and
relations and also references for concepts and relations. The ontological model
(OM) can be presented as follows:
OM = {S, T},
where: S – ontology structure, T – domain description thesaurus,
S = {Sc, R, T, A},
where: Sc – concept structure, R – relation between concepts, T – taxonomy,
A – set of domain axioms.
T = {Tp, Tr, Fp, Fr},
where: Tp – thesaurus for the set of concepts, Tr – thesaurus for the set of relations,
Fp – references for concepts, Fr – references for relations.
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In literature we come across many definitions of concept. The main characteristic of concept is usually mental representation structure created through abstraction and generalization. [19] proposed an interpretation of concept as a nomination
of a certain class of objects which have similar features. In our research the following definition of a concept will be used: concept is a nomination of classes of objects, phenomena, abstract category, for each of them the common features are
specified in such way that there is no difficulty with distinguishing every class.

Figure 2. Concept’s matrix description structure.

The approach bases on using semantic operations PART_OF, IS_A, KIND OF (see fig. 2). Aggregation (PART_OF), generalization (IS_A) and specialization
(KIND_OF) are semantic operations, which can be considered as results of abstraction creation method. Concept can be seen as an abstraction, what helps to understand a complex object through decomposing it into less complicated components.
Through PART_OF relation it is possible to describe the set of characteristics sufficient to recognize a certain abstract object as a member of the considered class.
IS_A states that a specific object with the given values has been counted as a
member of the same class. KIND_OF means that specific objects listed by name
have been counted into the considered class.
Developing a concept matrix structure (fig. 2) bases on choosing and using
existing definitions of concepts. For this, intentional and extensional approaches
can be used. Each of the definitions is the basic point for specifying the characteristics of the object being defined, finding sets of defining characteristics and creating
classifying schemas.
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Formally the content, capacity and depth of knowledge can be described in
the following way as a matrix concept structure:
G = g ij , i = 0, i * , j = 0, j * ,

where:
⎧ Gˆ , i = 0, j = 0, concept ' s name
⎪
⎪ O , i = 1, i *, j = 0 − names of objects belong to class Gˆ ,
g ij = ⎨ i
ˆ
⎪Wi , i = 0, j = 1, j * − names of common attributes belong to class G ,
⎪ g ij , i = 1, i *, j = 1, j * − value of feature j for object i,
⎩

then: tuple < Gˆ ,W1 ,W2 ,…,W > describes the content of knowledge corresponding to
j
*

the term of concept Ĝ . Tuple < Gˆ , O1 , O2 ,…, Oi > describes the capacity of knowledge corresponding to the term of concept Ĝ . The set of values of all features of all
objects {g ij } is a description of the depth of knowledge corresponding to the term
*

of concept Ĝ . Adding new elements to set I = 1, i * while maintaining the content of
the concept means broadening the examined class of objects. Adding or removing
elements from set J = 1, j * means changing the content of the concept. Intersection
δ = I ∩ J ≠ 0 is the measure of acceptable tolerance for different forms of the concept, which correspond to the border of the domain being examined. If δ = I ∩ J = 0
we deal with a situation when the same word in different domains of knowledge
refers to a different thing or phenomenon. The adequate extended ontological
model creation algorithm has been discussed in detail in [22].
6. CONCLUSION

Creating an intelligent method of Learning Objects modeling requires a high
level of personalization. Because each of the students has his/her own cognitive
characteristic and his/her own style of learning, the basic structure of knowledge
repository should reach a smaller level of granulation than the structure of Learning
Object. Concepts network built on the basis of expert’s knowledge and expressed
through an ontological model seems to be a good solution for a basic form of
knowledge storing.
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Abstract. Rapid development of Information and Communication Technologies poses many questions about the future of education. Experts have
been analysing the role of the paper course books, examinations, schools and
the traditional teachers in the educational processes and they are wondering
about their further roles on the threshold of these considerable changes in
education. A lot has been changed in a way knowledge is shared and delivered to young people. This has already been confirmed by the results and
findings of the Mathematical Emergency E-Services project, which has been
carried out over a year now by the Technical University of Lodz. The first
part of the article reveals results of the survey conducted among pupils involved in the project, whereas its second part presents basic concepts of the
new vision on how educational processes can be supported by ICT in the
light of the research in question.
Keywords. E-services, e-learning.

1. INTRODUCTION

One can find plenty of websites offering payable services for solution tasks of
mathematics. Even more often students make use of this dubious form of assistance. They receive ready-made solutions without understanding them. The former
Polish minister of Education prof Zbigniew Maciniak had an idea of introducing
“state tutoring” that should solve the problem of private lessons in primary schools
for class range IV-VI [1]. State tutoring includes obligatory classes of two main
subject: Polish and Maths.
By this way, the government wanted to equalize the chances of education and
attenuate the common problem of private lessons.
Unfortunately, parents send their children for private lessons, not trusting, that
the school provides appropriate education meeting their needs. The problem of
private lessons is also growing in high and secondary schools, in particular with
regard to mathematics and foreign languages [3, 4].

Being employees of Technical University of Lodz, we have faced this problem since 2009. From that time we have been working over the project “Mathematical Emergency E-services” (ME), which is entirely financed from EU funds.
Its goal is providing a real-time, immediate assistance in the field of mathematics for students of secondary schools. Every week from Sunday to Thursday,
from 5 PM to 10 PM four teachers provide assistance using a special computer
system. The student, who has a problem with solution of his homework in mathematics or does not understand some issues, may connect to the teacher using Internet. The student will not get the ready solution, he must actively participate the
discussion with the teacher.
30 schools in Lodz province are covered by this program, from which more
than 1000 students can get the assistance. The project will end in September, 2011.
In this work we present and discuss the results of the survey conducted after
one year of launching the project. We try to outline the new vision of assistance to
students using new technologies.
2. DESCIPTION OF THE PLATFORM

For the purpose of the project, the LearnWay ver. 2.4 has been purchased.
This system is equipped with functionality required by ME project [2].
In Figure 1 a screenshot of an exemplary conversation between a student and
a teacher is presented.

Figure 1. LearnWay platform for ME.
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During he conversation, the teacher may upload some predefined files (in this
example is an image of the pyramid).
This library (images of geometrical figures, mathematical formulae) has been
prepared especially for the ME project. The task of the teacher is directing the
student to solve the task. The student may complete the drawing or the formula and
conduct the discussion with aid of voice connection or the chat.
It is important, that teachers do not relieve students, but rather help them. The
description and analysis of several consultations may be found in [5].
3. THE SURVEY

The survery have been conducted after one year of running the ME project.
The forms have been sent to schools, and filled only by students, who participated
in the project. 615 of sheets which is almost 100% were given back. About 2 – 3 %
of respondents did not answer individual questions. In Figures below, results of the
survey are presented.
Initially, students were asked, how they rate the idea of ME (Figure 2). We
can observe a high acceptance ratio; 44 per cent encourage the idea, however, more
than 20% prefer traditional forms of private lessons.

Figure 2. Survey question 1: How do you rate the idea of mathematical e-emergency?
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E-learnig in Poland is still poorly prevalent. The survery prooved, that only
about 10 per cent of respondents used this form of education in the past (Figure 3).

Figure 3. Survey question 2: Have you ever used a platform similar to ME?

Young people need help in solving tasks in mathematics and looking for the
assistance. Only 7% said, that can cope alone with this problem (Figure 4).

Figure 4. Survey question 3: Do you use any form of help in mathematics?

The students asked, how do they rate the level of consultation offered by ME,
in most were satisfied (Figure 5).
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Figure 5. Survey question 4: How do you rate the level of the consultations?

The survery showed, that about 66 per cent of the respondents would
recommend this form of education to their friends (Figure 6). There is a group of
about 20%, which is reluctant.

Figure 6. Survey question 5: Will you recommend this form of assistance to your friends?

Definitely, the students can see that this form of education broadens their
skills. As many as 66% of students want in the future use of this form of learning
(Figures 7 and 8).
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Figure 7. Survey question 6: Does in your opinion using the e-emergency complement and
extend your knowledge and skills in mathematics?

Figure 8. Survey question 7: Will you prefer to learn in the future using such a platform?

29% of students believe, that this form of education can reduce the need of
private lessons, others express themselves positively, but are not quite convinced.

Figure 9. Survey question 8: Will the e-emergency reduce the number of students
in private lessons?
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4. CONCLUSION

Mathematical Emergency E-service project has been repeatedly described in
the media, especially in nationwide (Gazeta Wyborcza, Przekroj) and local press
(Dziennik Lodzki, Express). It was also mentioned on the radio (ex. Radio Zet).
Inspecting the survey may lead to conclusion, that the ME project has
provoked a great interest among students in secondary schools. The analysis of
individual answers clearly indicates, that this trend in education is advisable. It
seems to us, that in the future the project should be extended to nationwide
mathematical emergency service covering other subjects. The idea may be also
extended to all levels of education. Such projects should be funded systemically
(by The Ministry of Education).
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Abstract. The time required to reach the needed information, which plays a
key role among the many factors that influence a website's, particularly an
online store’s, usability, depends to a significant degree on the site's design.
A home page of a website plays a crucial role in the exploration of the site's
contents by the user. The uniqueness of the page's design and the conciseness
of the contents are often decisive for the user's interest in the offer of the
store, company, public institution etc. This article presents an original approach to manage the presentation of information on a homepage of a website. Finally some conclusions and experience from realization are presented.
Keywords. World Wide Web, website design, website usability, XSLT,
XML.

1. INTRODUCTION

Jacob Nielsen, a leading expert on web design and usability, emphasises the
fact that, with the increasing competitiveness of the Internet and the growing demands and expectations of the users, website usability is crucial to corporate success [1]. The usability of a website is directly correlated to its understandability for
the end user [2]. One of the decisive elements of usability evaluation is information
access time. An underestimated factor, however, is the correlation between the
various visual elements (colours, shapes, photographs, pictures, typeface, etc.)
filling the graphical layout and the structuring of the content (e.g. hierarchisation –
the ordering of the content according to its importance – or grouping – classification according to similarities and differences) associated with those elements.
The time needed to access information is correlated, among others, with its
graphical presentation. The perception of the visible elements of the design is dependent, in turn, on the various graphical means applied. This term encompasses a
range of methods, procedures or techniques of using elements of graphical design
to achieve the desired effect. One of those methods is contrasting the design elements, i.e. highlighting their distinctiveness, difference from other elements, which
increases their visibility and decreases the users' perception time [3].

The home page is one of the most important pages of any website, including
an online store. Its design is often decisive for the user's interest in the offer of the
company. At the same time, the amount of information presented there and its diversity make its design particularly challenging [4]. At the initial stage of creating
the store, this solution to this problem rests with the designer, who has to ensure a
high usability of the web page through its graphical layout. Once operational, the
web page is the responsibility of its owner, who, by updating the site's content
through adding or changing the text and graphics displayed on the respective
pages, modifies its content, often unintentionally decreasing its usability. Such
situations are, naturally, disadvantageous to the owner, designer and the customer
alike. The core of the problem is that, on the one hand, the store owner has to have
the possibility of modifying the page, and on the other, the modifications shouldn't
disrupt the overall graphic design. At the design stage, the designer specifies all
parameters of the page, from its geometry (also called the grid), through the typography, colour scheme, to the interaction. The design should take into account the
possibility of further modifications; however, it is usually impossible to determine
the range of those modifications. In practice, the layout often proves not to be
flexible enough to adapt to the dynamically changing contents.
2. HOME PAGE LAYOUT

The basic functionality of an e-commerce site, including an online store, is the
possibility of managing its contents. The separation of the content and the presentation layers allow for generating each page of the site dynamically, that is, the application layer populates the document template, i.e. the page layout, with the data
retrieved from a database. The layout is defined thorough specifying the structure
of the (X)HTML document and the manner of rendering the page through a CSS
style sheet. In the general model of a content management system (CMS), the designer defines as many page templates as there are variants of the layouts of the
contents [5,6,7,8]. In the online store example, those would be the layout of the
home page, the product list, the description of a specific product and the shopping
cart management pages. Most such systems already define an internal standard of
storing such templates, usually grouped into fixed categories of particular elements,
such as the header, the menu, etc. While designing the page, the designer has to follow this organisation of data and specify the layout for each module individually.
The jCMS system developed by the author is a prototype, adaptive CMS, which
offers the possibility of modifying the home page layout based on rules and facts
defined by the system's owner (administrator). The system has been developed using
the Java Enterprise Edition platform; the database back-end is MySQL, the application layer is based on Enterprise Java Beans, and the presentation layer uses ICEfaces
(the administrative interface) and Java Server Pages (the user front end).
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Figure 1. Example layouts of the modules within the home page template, with the “content” module highlighted. Source: own preparation.

Similarly to the standard CMS systems described above, the home page layout template consists of individual modules, which are containers for the particular
types of information - the header, menu, search field, footer, and content (Fig. 1).
Following this categorisation, the most important information (e.g. the product
offer) is displayed in the “content” module, and this is the module whose layout
will undergo modifications, the other ones containing mostly navigational, and thus
naturally stable, elements.
The content module is further divided into the information, priority information, category, priority category, special category containers (Fig. 2), each displaying a specific set of data. The display is based on the priorities assigned to the particular data sets by the site owner in the administrative interface. This scheme
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maintains the classification of data according to thematic categories, the discussed
containers being an additional, superordinate level of hierarchisation, allowing for
controlling the position of information on the home page depending on the current
sales strategy.

Figure 2. An example division of the “content” module into particular containers.
Source: own preparation.

Such ordering the data allows the administrator to change its position and display style according to its priority. This scheme differs from standard solutions,
where home page templates group data only according to thematic categories.
The possibility of modifying the position of the data based on its priority is fundamental for adapting the page layout to its contents. The correlation between the
position of the information and the time needed to locate has been widely discussed
in the literature [9,10,11,12]. Therefore, the first option of customising the web
page layout according to the data it contains provided by the CMS is controlling
the position of the data.
3. EXTENDING THE CONTROL OVER THE LAYOUT

Page templates are the standard means for controlling the web site display,
and all their modifications are independent from external factors. As the main goal
of the system is to provide the means for controlling the display of the contents
dynamically, it allows the administrator to specify additional rules governing the
presentation which extend the page templates with definitions of the range of
graphical modifications occurring at the change of the data. Some of them can be
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defined at the design stage, in addition to the page templates. The innovative approach of the jCMS system to content management in complex web sites enables
the owner/administrator to adapt the home page layout to the current sales strategy
by editing those rules “live”, on a running system.
Within the system, the page structure is stored as an XML document, which
provides the basis for the generation of an initial knowledge base containing a set
of facts (axioms). Fact descriptions are based on the similarity between the XML
node specification and the classical ternary fact representation:
< O, F, V>, where O – object, F – feature, V – value

(1)

This can be represented in XML as <O F=”V”/>, where each node is an object with
a set of attributes and values. The initial knowledge base is therefore created from
an XML file storing the structure of all page components. This means that a specific procedure of generating the knowledge base has to be adopted, meeting two
basic requirements: each component displayed on the page has to have a corresponding XML node, and each has to be an individual object, whose features are
stored in respective attributes. The following code fragment meets both requirements:
<product id="100" title="Special product">
<title text="Special product" link="leaf.jsp?id=100"/>
<image height="90" width="90" url="..."/>
<abstract>...</abstract>
</product>

The following facts would be generated by the deductive system for the node highlighted in grey:
//product[@id=100]/title, text, Special product
//product[@id=100]/title, link, leaf.jsp?id=100
The object product[@id=100] has two attributes: text, with the value Special product, and link, with the value leaf.jsp?id-100.
A key feature of the system is that it is extensible with additional, external
facts and rules, defined by the administrator in the administrative interface, thus
allowing the modification of the graphical presentation according to specific criteria. The rules are created on the basis of facts and specified as:
fact AND fact... => fact, where fact = <O F=”V”/>

(2)

An example rule can specify that a product named “Special product” is to be
treated in a special way, with a font size of 15 px. If the page template sets the
product name (for instance for a given category) to 12 px, then the above rule will

82

force the string “Special product” to be displayed in a larger font. The rule would
be specified as:
product title, text, Special product => product title, style+, font-size: 15 px;
If the system defines additional facts and rules, the deductive engine extends
the initial knowledge base created on the basis of the original XML with new facts
generated in the inference process. This generates the output XML, containing a
list of all page components (nodes) with additional features resulting from the rules
defined by the administrator. Considering the example rule presented above, the
output XML would contain the line:
<title text=”Special
size: 15px”/>

product”

link=”leaf.jsp?id=100”

style=”font-

Fig. 3 presents the general flowchart of the algorithm.
As all nodes can specify the class and style attributes, which allow for complete control over the presentation of the element on the web page, the system provides an unlimited flexibility of design. The possibility of managing the attributes
through rules defined in the administrative interface gives the administrator absolute freedom in modifying the page display through Cascading Style Sheets (CSS).

Figure 3. The general flowchart of the algorithm. Source: own preparation.
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4. XSLT TRANSFORMATIONS

The jCMS system renders the pages through XSLT transformations. In response to user queries, the server sends XML documents and the locations of
XSLT files. As the transformations are resource-intensive, they are done clientside; otherwise, concurrent access by many users would cause a significant performance drop.
The XSLT transformations are based on XHTML templates and the output
XML documents containing the structures of data to be displayed on the page. During the processing of the transformations, the values of the class and style attributes
are copied from the page template to the output XML. The following Java code
applies the transformations:
sb.append("<xsl:attribute name=\"style\">");
sb.append("<xsl:value-of select=\"@style\"/> "+styleValue);
sb.append("</xsl:attribute>");
sb.append("<xsl:attribute name=\"class\">");
sb.append("<xsl:value-of select=\"@class\"/> "+classValue);
sb.append("</xsl:attribute>");

The parameters of the append function call are appended to the output XSLT transformation, sb. For instance, when calling the function with <xsl:value-of select=@style/>, the Java engine first concatenates the string <xsl:value-of select=@style/> to the styleValue string, containing the value of the style attribute of
the page template; further on, the XSLT transformation appends the value of the
style attribute of the current XML node to the processed string. The class attributes
are treated correspondingly.
5. CONCLUSION AND FURTHER AREAS OF DEVELOPMENT

This article presents a prototype content management system, jCMS, providing a greater control over the graphical presentation of home page contents. Its
main feature is the dynamic control over two (X)HTML attributes, style and class,
which allow for unlimited flexibility of the design of all page components. This
level of control is achieved through the possibility of managing those attributes
from the administrative interface with external rules and a special treatment during
XSLT processing. Furthermore, the system enables the owner/administrator to
control the position and display properties of data based on its rank, using an innovative system of extending the page templates with a logical categorisation of the
data employing user-defined priorities. The system assumes, however, that the
geometric layout of respective template containers is fixed and independent from
external factors.
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Further development includes adapting the system to production environments, taking into account the significant server load during concurrent access by
many users. Certainly one of the means of improving the system performance
would be to introduce a caching mechanism, particularly for the base XML documents, currently generated during each access.
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REMOTE AUTHENTICATION AS A GATEWAY TO AUTOMATE
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Abstract. Remote authentication is generally linked with electronic services
offered (mainly) by commercial institutions. New generation services, which
are provided remotely and mainly on-line, discovered a need to authenticate
user (client) remotely. Rapid development of such a electronic services, increased also the variety of methods and possibilities to authenticate: user,
place, time or transaction. All of those, starting from simple username (nick)
on the web discussion, up to sophisticated user/time/place authentication
methods using strong encryption, works everyday to verify electronic transactions. Such a variety of methods showed a possibility to widen on a standard services, which uses real (physical) products. There is no need to use
face to face contact in a rental company, car parking or even at the hotel,
when the client can be verified remotely, using one of existing authentication
methods. What’s more this can totally automate the process of standard service offering even excluding physical transaction in process realization. The
article describes some fully automated services, working in Europe, analyzing the way of verification method selection, to make service secure and
available for the customers.
Keywords. Authentication, identification, authorization, remote services,
access control, electronic payments.

1. REMOTE AUTHENTICATION

Rapid development in electronic communication and services provided as a
non-physical products, discovered requirement for also non-physical user authentication and verification, that could be also done through the network. Internet and
all other computer networks have a lot of possibilities, that brought a radical
changes in everyday private and business life, but also have a lot of limitations that
excludes doing things that can’t be done using computer network. One of them is
transferring physical objects. Computer network can move an information from
one end to another in a seconds. That’s a lot, concerning that the sender and the
receiver can be distanced from each other for thousands kilometers and a simple

information gets the destination in seconds (of course time depends on transferred
data size, but generally is incredibly short regarding the distance that is covered).
Constant IT hardware and software development, continuously brings a new
possibilities in networking. We can already hear, see or even smell [2] things using
the internet connection. Software and hardware reads physical object parameters,
converts it to information that is sent as a data packets over the network, to the
designated destination, all over the World. So for now it’s quite easy to hear and
watch the object on-line, but there is still a lack of possibility of touching it. [3]
Providing detailed information of the physical object on the network, makes possibility of recreating the object at the destination place. It is not a problem to do an
electronic image (scan) of paper document or a CD/DVD, send it using Internet to
the other destination where such an image is printed or burned on the other (similar
or the same) media. That action takes it back to the physical form, that can be used
like the original source. That was easy and very obvious example, but can be also
used in more complicated situation. Detailed description of a key (implement that
is turned to open or close a lock) sent by the network, can be used as a source of
information for making physical copy of it. It is possible to pass our door key to
someone who is far away using the Internet, but generally is more complicated than
sending it with the standard transport. More over using such a solution fe. to provide a key to the room at the hotel or of the car at the car rental company is totally
irrational. Unless the key is the physical object such an action won’t be used. Generally taking the key is something that provides access to something that needs
authorization. The key holder is an authorized user, like: owner to enter and start
his car or merchant to open the door of his shop. So if the physical object is the
limit, why not change it to information that can be easily converted to electronic
data. Changing door key to door code makes the solution. It can be transferred
through the network, it gives access for the user that knows the combination and
what’s more, can be also changed because don’t require any hardware replacement,
but data stored in it. That is the first step of remote authentication that evolved
from checking the simple password (code) as an authorization confirmation, up to
biological authentication[5] where the key is part of the human body and what is
obvious, can’t be easily passed to someone else to use it. All of the verification
methods that uses information as a key, can be implemented in on-line systems, so
the limitations connected with the physical key are gone. Getting information as a
result of request that demands authentication, like own bank account balance, is
nothing new. Both authentication as well as request feedback are data (information)
that can be transferred over the network. But what if the transaction feedback
would be a physical object, that is provided in a short time by it’s owner… remotely? Now it’s also possible. Changing key to electronic access control and us87

ing one of the remote user or place authentication method, makes remote service
providing possible, even when the subject of service is the real product not only the
information. The only problem is how to select client authentication method to be
secure enough for the scope of activity and also available for the client to use it
without carrying a set of hardware, to confirm his identity when it’s needed.
2. STANDARD SERVICES WITH REMOTE AUTHENTICATION

Some standard services that are offered to the client are becoming more automated. Client is able to proceed more tasks of the service process himself, without
assistance of any person who is providing it. Service provider is replaced with the
machine, which is able to support client in a way that everything can be done without any salesman or other person. Some parts of the process, may be also realized
remotely over the network. Those two ways (standard and automated) of providing
any service differ from each other by the way of user authentication and control. In
a standard service client is authenticated during the face to face contact between
him and the service provider. Also the object which is fe. rented can be controlled
before and after was given to the client. Those things must be done remotely while
the service is automated, because there is no man just the machine.
Selecting the right method for user verification and other control in automated
process, must assure the process security as well as availability of the method for
the standard user. [4] Customer may quit the procedure if it’s too complicated and
need too many effort or other things that client don’t have (like digital signature).
The examples described below are working services in Europe that has been successfully implemented and selected verification methods are satisfied for both:
provider and customer.
3. AUTOMATED CAR PARKING EXAMPLE

Car parking is the place where we can leave our car and be sure that it won’t
be towed away. Such a places, especially in the areas of big interest, are paid. The
simplest way to charge drivers and control the parking is hiring someone to collect
payments and also control parking period (because payment amount often depends
on parking time). Now this parking employee may be switch with the computer
system and some parking mechanisms. Some parking next to the shopping areas
are fully automated. Driver may use this service and be charged without meeting
any person.
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Figure 1. Sample of information flow model in non-electronic service offering with remote
user authentication. Source: Own elaboration.

First of all driver is not able to enter the parking until registration numbers of
his car are not scanned. This action is made automatically in a seconds and driver
gets a confirmation that he has entered with his car at the specified time and gate.
After that he is able to leave his car on designated by the system or any free parking place and go for the shopping. Parking area is monitored so any bad action
taken by any driver or other person inside, would meet fast reaction of the security.
Before leaving the parking area, driver must “check out” so he is using the automate to be charged for the specified time before entering and leaving that place.
User (driver) authentication at the machine is made by the ticket (confirmation)
that he got while entering. The machine knows entering time so may easily count
parking period and amount of money that must be paid. So after such an amount is
displayed, the driver must settle the account, it is also made automatically by receiving cash or charging credit card. As a confirmation and a authentication key at
the gateway he gets back his ticket with a adequate data stored on it. Leaving the
parking unpaid or with the other car is impossible, because mechanisms at the
gateway are automatically controlling it. Payment by the ticket which must be inserted and car by the registration number which are scanned again and compared
with the ticket information. Everything is done without service provider attendance
and the whole process is realized faster than would be in a standard way, because
some tasks can be done faster by the machines (like in/out authentication) than
human would do.
That is the simplest example of remote authentication and control at the
physical service, that needs no user authentication to start it. More complex system
is working in Germany mainly at the airports parking. This service can be booked
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in advance and also paid on-line. When service is booked and was already paid,
system must just authenticate client at the beginning and at the end. Difference
between this and previous example is that the process is started on-line what means
no physical contact between customer and provider neither his machine, so there is
no chance to pass the ticket like it was on the first example. The procedure was
designed in a way, that provider authenticate customer using the key that was used
for making the reservation.
The process can be started on-line by any user who wants to leave his car near
the airport, for a period longer than one day. User may go to the providers web
page, and check price and availability. There is also difference in price depending
on the parking standard. There are often cheaper places outside and more expensive at the roofed area. Just after the parking period was selected system provides
information about the prices at the specified areas and also visualize them on the
virtual map, so the driver can see where is the parking location. This part of the
process needs no user authentication so is available for every Internet user. If the
driver is satisfied with the price and location may choose booking option. The
booking procedure requires inputting some personal data like name and the address
to verify user in case of automatic verification fails. Second step is payment which
is taken in advance. All proceedings are also made on-line, using secure connection
between users computer and providers service. To pay for the service driver uses
his credit card by giving its: number, name on it, validity date and security code –
this is are standard data used in each electronic card payment. Service provider
charge customer from his credit card and book a place on his parking at the designated location. Last thing is how to verify clients that have already paid and those
who are just driving in to leave the car for a short time. Especially when there will
be no further contact between customer and seller, so he won’t give him any access
code or other key card. At this moment provider got and information to authenticate his client and what is more key to proceed this authentication is already in the
clients hands. That key is the credit card used for payment. Service provider didn’t
have it physically but he got private information stored on it which was passed over
the network. So the only thing that he must do to verify user by his card is to tell
his to provide the same card as a authentication key. This key (card) is scanned at
the gateway while entering and exiting the parking area what is the great method of
authentication in such a service and situation. This card provided by totally other
company, is used also as an access key for the parking and may be used the same in
other situations. It’s obvious that this card was issued for payment realization, but
if it already exist, why not using it also for authentication? What is more, if
planned and paid in advance parking period extends, service provider may automatically charge driver for additional fee. Of course he needs customer confirmation for doing it, but it’s also very simple and automated. According that the client
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paid for 48 hours of service and because his plane was late he is leaving the parking area 10 hours later. Before the system let him go away, he must agree to charge
his card for additional amount, which is the difference between planned and real
time of service providing. [4] Customer can get an invoice for the amount that he
paid and this is also made automatically in an on-line system. That is automatic
control approach that secures service owner even that he is not at the place where
the service is provided. That example shows a good authentication method selection that secures seller business and is available to the client without any need of
serious commitment.
4. AUTOMATED BIKE RENTAL EXAMPLE

The example above shows possibility of servicing without self attendance of
the provider. Offering parking places is quite secure, because there is little possibility of causing any damages on the subject of service what could cause a lost for its
owner. Next example is concerns a real product that is rented for a specified time,
so the owners control possibilities must be also wider, but still should not cause
customer reluctance to use his service. The example is bike rental company available in one of the Italian metropolis. Owner is providing his bike for rental, but the
whole process from giving it out to collecting back is automated. That gives possibility of spreading rent points all over the city and lowering costs of keeping the
service alive.

Figure 2. Bike station locations including number of free bicycles and slots, supported by
Google Maps. Source: http://www.bikemi.com.
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Unfortunately need of widening control caused also additional activities that
are demanded from the client, but these are still not as complicated to block the
business. BikeMi is the company that provides a service of bike ranting for the
registered users. There are three kinds of service subscription depending on users
needs: daily, weekly and annual. Each subscription must be paid and is taken in
advance. Every subscribed client may use one of many bikes, on condition that he
takes and return it in designated areas called “bike stations”.[1] Service provider do
not charges his clients unless bike is rented for less than 30 minutes, what is
enough time to get from point A to point B. If the time was exceeded, seller
charges clients credit card with a specified fee, for each additional hour of use.
The process can be started only on-line, by registering private account at supplier web page. The registration must be paid, depending on subscription period
length (mentioned above). After that, client is registered and potential service
owner claims are secured with the credit card access given during registration.
Client may authenticate, to get his bike, at each bike station using his individual
access code (string of characters) provided to him by the company at the clients
profile on the web. So to get the real physical product which is bike, client must
just find the nearest bike station, enter his code into the machine and after successful verification he is authorized to get one of the bikes.

Figure 3. Bike station and terminal welcome screen. Source: own elaboration based on
http://cappuccinoexperience.com.
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Each station is equipped with the special bikes positions that automatically
unlocks the bike when authorized client wants to take it and locks after it is returned. Such a mechanism need no human interaction during the rental process.
Everything can be controlled remotely, even the number of available bikes at each
station, which is also an information provided in a real time on the company web
page. Additionally, but that is an information that is not widely published, each
bike has its own GPS receiver and actual position transmitter, so it can be easily
tracked by its owner. That is additional protection against theft or other incidentally
bike lost.
Such a totally automated system was designed to simplify the process of bike
rental, to convince people that taking a bike from the station and riding it through
the city may be faster and better for them and their health. Remote authentication
was the thing that allowed such a system design and implementation, because it is
secure enough for the supplier and simple enough for the customer. The second
probably wouldn’t be interested in the service if he had to make more effort or
spend more time for the proceedings. In that case, when getting a bike is as easy as
buying a public transport ticket and much faster and cheaper than driving own car,
customer will probably use the service more often than before.
5. CONCLUSIONS AND SUMMARY

Variety of methods to authenticate user remotely, gives many possibilities to
design new models of non-electronic service providing. Standard methods can be
switch with the computer verification and that is a straight way to process automation. Excluding face to face contact by moving people form the fist line of customer contact has many advantages like: lower costs of running the business, possibility of multilingual system interface implementation, better customer relation
(no access barrier for shy people), world wide availability to start the process over
the network and also process automation will result in shortening service proceedings time. It is very important to select and implement the optimal verification and
payment method, otherwise customer may not be interested in using the service.
The selection of authentication method scheme should base on the sentence: “as
simple as possible to serve secure”. Because only thing, beside electronic exclusion, that may frighten potential customer is procedure complexity. To summarize,
adequate user authentication method in automating the non-electronic service offering may be the main reason of business success or failure.
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1. INTRODUCTION

The knowledge importance has been addressed in the economic literature for
many years. The role of the skills was appreciated by A. Smith and neoclassical
economists. However, knowledge was treated as a factor difficult to measure, subjective and not directly related to the operational effectiveness of the company.
It has been rated as intangible capital component of equity, subject of large and
unpredictable fluctuations, which sooner or later would be revealed as measurable
financial results [1].
An essential element in the value creation is the knowledge used in practice,
and therefore it is crucial to use technology in order to stimulate various forms of
activity and creativity of users and customers. Good interaction with them is important in the context of confidence-building and the flow of information. It enables creation of profiled consumer groups, which can evolve in accordance to
their wishes. The network extends the geographical area, which the company can
handle [2].
The growing importance of knowledge and skills will be perpetuated, pushing
the society to become "knowledge society" based on modern technology and science. Companies that remain in the global market must become learning organizations, grouped around the acquisition, expansion and dissemination of knowledge.
The value of each organizational unit will be proportional to the value of people
who work for them, which is related to their knowledge, skills and experience.

These values should "emanate" from the organization - only then will be considered as trusted by the customers [3].
Competitiveness, position in the market and financial results will relay on
how quickly and how relevant the decisions are made. For decision-making process
(both- operational and strategic), it is necessary to quickly provide relevant information. However, technology no longer offers us such a competitive advantage.
It becomes the basic requirement needed to effective knowledge management
systems.
In business management, information is defined as any data that increases
knowledge, which allows to reduce the uncertainty at the strategic level (corporate
goals, strategies. The need to obtain complete information to support decisionmaking processes will force the partition of functional information management
system. There will be two types of tasks: recording and informing the decisionmakers.
Information system is being formed by the elements related to the processing
and storage of information. Its components are: users, information resources, tools
used, information about the system, management of the formula. Information management consists of two main streams
• Information identification,
• Access to information.
Knowledge management in the enterprise requires the creation of a system
covering almost all of its elements. Entry to the system is data, which processed
into information is subject to further transformation. When we add a context we
receive knowledge on the phenomenon that the information described. The information may come from inside the enterprise and its environment. The same applies
to knowledge, which is used within the organization but also a large part of it is
passed out.
E - learning is:
• a set of technologies based on standards and methods of storage, processing and delivery of information and knowledge for the purposes of training
and management,
• training content available for the above mentioned technologies,
• the process of securing the information needs through the general support
systems, group work, interaction within and outside the organization,
which allows an effective dialogue with the information society in order to
provide them the best value.
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Traditional formal education is based on the paradigm known broadly
as "a model of knowledge duplication". The methods in this model are used
as lectures, printed scripts, exercises and practice lessons, and consultations. The elearning technology as is cut off from the living language and non-verbal communication channels must put great emphasis on the learners activation ways.
2. PROJECT AND VISUALISATION

The overall process of creating and implementing e-learning in the company
includes several stages. The most common method is a process similar to the model
ADDIE:

Figure 1. Developing and implementing of e-learning.
Source: own preparation.

The first phase of the creation and implementation of training is ex-ante
analysis. This is a test prior to any action to determine the status of current goals to
be achieved and any other considerations relevant to the planned implementation. It
consists of:
1. The purpose of training.
2. The choice of e-solutions.
3. The details of methodology.
4. Determination of the degree of parameterization.
5. Implementation of the project.
6. The cost and anticipated return on investment.
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Then, educational material is produced. For all the related operations it consists of:
• development of training methodology,
• the creation of training,
• the training scenarios,
• development of options for training trajectory,
• development of tests and methods of communication.
The project comes into practice through e-coaching.
Example visualization of a project for training on 6 levels:

Figure 2. Training project visualization. Source: own preparation.

The whole project is finalized by ex-post analysis to check whether the objectives of the project were achieved.
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3. EDUCATION BASED MARKETING

Taking under consideration, widely spoken fact of information society formation, which is the next phase in the development of civilization, information and
knowledge are becoming key factors of production. There are a number of interdependent elements in the process of transformation to the information society:
• Information has become an essential and strategic resource, which depends
on the organization of the world economy,
• Development shall provide the necessary IT infrastructure for the processing and distribution of information, such as allowing trading in real time
(real time trading), the monitoring of economic, social and political relations on a global scale.
• The development of telecommunications and media information services
will reengineer global economic and financial system. The traditional
boundaries of the organization are vanishing (borderless organizations).
• Local economy integrates into the world economy (transnational corporations).
• Electronic communities, consumer groups that influence the market and
“shape” products and services.
• Education - the acquisition of knowledge enables practical use of information technologies, as well as raises awareness of the need to adapt to the
requirements of the information society.
The process of training cannot be done in isolation from other business processes of the company. E-learning may be involved in multiple internal and external
processes. Taking as an example the production process - obtaining an internal
certificate after completing the e-learning course may prevent the company from
critical errors[4].
In the case of products and services rich in knowledge and innovation one of
the most important functions of management should be presenting the company as
the new technology-oriented and trustworthy.[5]
The primary aspect of the new paradigm of marketing is to benefit from the
knowledge and experience. The company strengthens relationships with customers,
competitors, and monitors the use of data analysis system that generates information about the market and competitors, useful in creating new strategies.
Most of potential customers do not establish contacts with companies who do
not trust. This is the field for the new marketing strategy EBM - the Education
Based Marketing.
EBM is a marketing strategy that creates credibility of the company through
the creation of a scientific message. This is a completely different approach than
traditional marketing, which is used to send commercial message. This strategy is
in line with the generally understood knowledge management.
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In a perfectly realized EBM system, the training process should be subject not
only business partners but clients.
Operators and job training related to micro-environment the following table:
Table 1. Operators and job training related to micro-environment.

Training related to:

Workers

Prosumption

Clients

Partners

+

Platform Support

+

Products

+

+

+

Source: Own study based on M. Bullen, D. Janes, "Making the Transition to E-learning:
Strategies and Issues", IGI Global 2006.

Operators and job training related to marketing-mix:
Table 2. Operators and job training related to marketing-mix.

Training related to:

Workers

Clients

Partners

Product concept

+

+

+

Distribution

+

+

Pricing

+

Promotion

+

Source: Own study based on M. Bullen, D. Janes, "Making the Transition to E-learning:
Strategies and Issues", IGI Global 2006.

There are many examples of the application of this strategy. Cisco company
using e-learning training, including external trading partners and customers have
almost eliminated the misuse of their products and thus claims and returns [6].
4. MAJOR ISSUES

Among the specific issues that hamper the development of e-learning in the
enterprise are:
4.1. Financial issues

Calculation of rates of return on investment in the case of e-learning is not
easy. Training activities the company is not affiliated directly with revenue. Therefore, the e-learning, rather situates in the heart of costs and not revenues. Until
now, e-learning was promoted as a cheap answer to the task of educational policy.
There are many credible sources showing high efficiency of financial e-learning
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applied on a large scale. Note however that the calculation of the projected ROI
may encounter many problems such as problems with determining the appropriate
time period, made improper relationship with the investment benefits, etc.
4.2. The content of training

Prepared training content that are available on the market have a limited range
of topics. Training materials and programs are typically designed for technical
personnel - mainly concerned with the use of standard software packages, and for
managers and managerial activities, such as marketing, or learning a foreign language. In addition to this issue, the provision of training materials is very limited.
Thus, the available materials are mostly intended for technical staff and management associated with the zone, and thus for knowledge workers. It remains, therefore, tedious and expensive materials to create dedicated. Some may be facilitating
the work requested in integrating the system of e-learning system and workflow
issues, and knowledge management system. Almost every time a document is predefined as a potential training facility LO.
4.3. Technology and standards: enabling learners to create their own training
materials

Establishment and adoption of common standards would mean that the training materials and education systems could be implemented on a wider scale and,
hence, their use would be more balanced. Huge advantage of this approach is that it
allows to reflect and to promote the various contexts in which learning takes place
in small and medium-sized enterprises.
5. CONCLUSION

We have a number of examples of the use of e-learning technologies and
methodologies in enterprises, however, we still know very little about its importance for the whole business processes. Decisions regarding the advisability of such
investments are made intuitively and on a principle of following others. Are we
dealing with another "internet bubble" - a phenomenon that is associated with too
high expectations as to the possibilities of technology? This matter is not clear, but
there are many signs that the companies “did their homework” after the first wave
of Internet technology and make their decisions in a more balanced way. The collected research materials and sources of literature reveal that there are particular
business conditions in which the implementation of distance learning technology
may help to improve financial performance, have influence on company image and
become a motivation for more formal understanding of knowledge management
processes.
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1. INTRODUCTION

The company management means serving the customers, shareholders or their
representatives and employees of its organization, creating a vision of the systems
and values consolidation, foresight, planning and setting goals; listening to opinions, evaluating, coordinating and resolving conflicts, strengthening the authority
and competence of associates; decision-making. Under this definition the new
companies pursue their goals based on the exchange of data, information, knowledge and skills. Information and the media become the most important management tool for companies and the future of e-business arises when a wide range of
Internet links the enormous resources of traditional systems of information technology [1].
Competitiveness, position in the market and financial results will relay on
how quickly and how relevant the decisions are made. For decision-making process
(both- operational and strategic), it is necessary to quickly provide relevant information [2]. However, technology no longer offers us such a competitive advantage.
It becomes the basic requirement needed to effective knowledge management systems [3].
A new model of the economy can be characterized not only by the description
of the most important phenomena, but also by properties of the entities involved.
These are companies with formerly unknown characteristics: the value of their
physical assets is small in relation to total capital, they owe. They utilize highly
innovative technologies. The biggest challenge is the twenty-first century is the
ability to create and absorb an innovation. A good examples are "second wave"
companies cited above. The knowledge organizations are more flexible then their
industrial predecessors. The rules of competition that they are guided, are also dif-

ferent from the rules formulated for the purpose of industrial companies. As an
example we should mention Blue Ocean Strategy which is a business strategy that
promotes creating new market space or "blue ocean" rather than competing in an
existing industry.
An important role in knowledge management systems plays technology. You
can say that implementation of KM system may be effective only in an enterprise
equipped with the basic tools of information technology, such as a computer network. The company's computer network should have all the information related to
your business. The network should be expanded to cover all the departments and
ensure seamless communication between them, as well as receiving information.
Information - its collection, supply, processing, storage and use are one of the
main factors affecting the effectiveness of management. Communication is a dynamic multilateral process of the information transfer through channels between
the sender and the recipient.
At present, more and more frequently the term "knowledge management
tools" is used. Rudy Ruggles of Ernst & Young defines them as technologies that
help and enable the creation, codification and knowledge transfer. Like any tool,
they are resulting in efficient use of resources where it is most needed. Their primary task is to facilitate access to information (both structured and unstructured),
and knowledge - including the tacit one, inside the people minds. It has been estimated that well over half of the managers and members of project teams time take
the administrative and coordination as well as various meetings and updating of
information.
2. BUSINESS MODELS AND KNOWLEDGE MANAGEMENT

Business process is a set of structured activities in time and space to provide
value to the market, and success measured by the creation of goodwill. Components of this process are the following elements: the choice of values, supplying to
the market and informing the customer. This is a sequence of actions aimed at creating a product or performing a service that meet customer expectations.
The business process includes:
• suppliers,
• audience,
• measurable inputs,
• results.
In addition to the value delivered to the customer, the company creates its
own chain of values, which has changed under the influence of the development of
information technology, permeated in each link. The change of the orientation of
enterprises from functional to trial puts the marketing activities as a set of proc-
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esses permeating different organizational units. These processes are customeroriented and focused on delivering value.
The business process of marketing is composed of:
• analysis of marketing opportunities,
• research and selection of target markets,
• designing marketing strategies,
• drawing up marketing plans,
• implementation and monitoring of marketing activities.
Elements of management activities related to e-learning focus mainly around the
areas of:
• management of knowledge and skills,
• management of intellectual capital,
• management of human resources.
Determination of impact of e-learning models on knowledge management:
• Aims of knowledge management,
• Feedback,
• assessment of knowledge,
• locating knowledge,
• acquisition of knowledge,
• development of knowledge,
• sharing and distributing of knowledge,
• use of knowledge,
• preservation of knowledge.
The knowledge management in an organization consists of six basic areas
which can be characterized as follows:
1. The acquisition of knowledge - a large part of the knowledge base of each company, derives from an external (relations with customers, suppliers, partners). The
problem, which clearly emerged in the course of studies is poor use of these very
often free and available "at your fingertips" data sources. The combination of technology and e-learning methodologies can fill this gap provided the properly parameterized tools and good practices developed to match the characteristics of contact
with the surrounding businesses.
• Company,
• e-learning training,
• clients,
• partners,
• Supply of information in the form of questionnaires, tests, discussion
forums.
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Figure 1. Acquisition of knowledge from external sources and e-learning. Source: Own.

Acquisition of knowledge from the environment can also take place in the
"traditional" way by purchasing ready-made or dedicated training to raise skills in a
specific field.
2. The development of knowledge - consists of acquiring knowledge and specific
skills, improving and creating processes and products, market and customer behavior research. In this element of knowledge management, not only technology is
important but also designed e-learning methodology. The collection of knowledge
in the organization as a database or data warehouse can be done using e-learning
standards SCORM type. Each piece of the potential knowledge is submitted to
description and parameterization for further use. For example, documents relating
to one project are described in such a way that is easy to find them all and link in a
"portion" of knowledge about this project. Therefore there is a sort of dynamic
content creation that can be further developed and communicated in the form of out
of box training.
3. Sharing and distributing of knowledge. The basic problems with this issue are: to
encourage employees to share knowledge, create appropriate mechanisms to facilitate this process, and finally to determine who should participate in this and to what
extent. Distribution means sharing separated information and combining the skills
of workers so that they can develop synergy effect, which is summed up in one
piece favorable for the whole organization. The most important aspect of sharing
and distributing is in fact "merging". The following diagram illustrates the exemplary use of e-learning and the characteristics of combining portions of knowledge
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(Learning Objects) into a single whole. The example concerns a process of improving the product, which is a computer program. During the production of such a
program documents are created, such as: user manual, a list of bugs, feedback from
testing users.
Opportunities of parameterization of information gained from e-learning, allow to describe using metadata that clearly identify those separated documents,
which appear in the company as part of a project and can easily create a sort of "ad
hoc" training. As a result, employees have a full set of information needed to decide on the further development and improvement of the product [4].
Example project: "Improving an application created by the company"
Sales inform the technical department of the need to improve a computer program being sold.
Technical department searches the e-learning in terms of resources generated
by this project.
• LO – the instruction manual,
• LO – list of bugs,
• LO - feedback from users testing.
The result of this search are the above data that thanks to parameterization ‘ad
hoc’ create e-learning training, which is made available to employees in sales and
technical departments in order to share knowledge, further addition and creation of
a product improvement project.
Standard for Learning Object Metadata is an internationally-recognised open
standard (published by the Institute of Electrical and Electronics Engineers Standards Association, New York) for the description of “learning objects”. Relevant
attributes of learning objects to be described include: type of object; author; owner;
terms of distribution; format; and pedagogical attributes, such as teaching or interaction style.
Example XML containing description of data in above mentioned Learning Object.
<?xml version="1.0" encoding="UTF-8" ?>
<lom xmlns="http://ltsc.ieee.org/xsd/LOMv1p0"
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xsi:schemaLocation="http://ltsc.ieee.org/xsd/LOMv1p0
http://.../oai/lom/lom.xsd">
<general>
<title>
<string>The manual</string>
</title>
<description>
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<string>
The manual of application…
</string>
</description>
<!-- Many other keywords snipped -->
<keyword>
<string>basic application resources</string>
</keyword>
<keyword>
<string>requirements</string>
</keyword>
<keyword>
<string>description of module</string>
</keyword>
</general>
<lifeCycle>
</lifeCycle>
<technical>
<format>text/html</format>
<location>http://......./developerworks/xml/</location>
</technical>
<educational>
<learningResourceType>
<source>DCMIType</source>
<value>Text</value>
</learningResourceType>
</educational>
</lom>
4. The use of knowledge. The main issue is the productive use of existing stocks of
organization knowledge and overcoming the various concerns and problems associated with, for example: routine, bad self-evaluation, a false understanding of own
position and threat to it in the case of disclosure of knowledge.
5. Preservation of knowledge - gathered knowledge must be maintained. This is
done by selecting, storing and updating data. This is to prevent loss of valuable
intellectual resources.
6. Locating knowledge – developing methods of discovering organization knowledge and its quick localization, for example by developing a structure for the presentation of the organization knowledge.
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3. CONCLUSION

Theoretical considerations concern the basic economic mechanisms at work
which highlight the role of knowledge and technology of its collection and transfer
to the general background of the phenomena. This is a summary of current trends
and analysis, which are the background and foundation for further detailed
consideration. The concept of distance learning is presented. Methodologies,
models and technologies related to this issue are discussed. Theoretical
considerations are supported by examples of existing and planned solutions. The
dissertation broadly analyzes the impact of e-learning technology and
methodologies on business processes and management, both internal and external.
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