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INTRODUCTION

Currently, the changes occurring in the society place global challenges in front of mankind. The level
of professional knowledge and skills fail to keep pace with scientific and technological advance. The
importance of the investment in education grows all over the world.

In contemporary conditions the essence, role, methods and technologies of education change in
high schools. New electronic educational forms remove the traditional ones. Naturally the question
springs up: how to assess and predict the effectiveness of the e-learning? From this viewpoint, the
development and application of mathematical models that allow assessment of the effectiveness of the
educational organization activities using an e-learning form becomes ever more topical.

Key words: Balanced scorecard, e-learning effectiveness, neural networks, principal component
analysis

The purpose of the dissertation is the development of models to assess and predict the effectiveness
of the e-learning in high schools and the adequate algorithms of their application.

In order to achieve the purpose it is necessary to solve the following problems:

1. To make a review and analysis of the available models and strategic approaches suggested
for assessment and prediction of the e-learning effectiveness.

2. To develop a model on the basis of a balanced scorecard suggesting appropriate indicators
of qualitative assessment of e-learning effectiveness and forming an adequate algorithm
for implementation in high schools.

3. To suggest a model of a suitable neural network structure for prediction of the e-learning
efficiency as well as corresponding algorithm for building a neural network that is
operable at small data sample.

METHODOLOGY OF THE STUDY

In order to achieve the set target and to resolve the tasks growing of it, the systematic approach and
the traditional research methods are used in the dissertation: inquiry method, comparative method,
grouping method, graphical presentation of tendencies and the conclusions following from them,
systematization of the accumulated empirical data. Correlation analysis, interpolation, analysis by the
method of principle components are used for preliminary data treatment. The apparatus of artificial
neural networks is applied to predict the resultant efficiency index.

ANALYSIS OF THE ASSESSMENT AND PREDICTION OF THE E-LEARNING
EFFECTIVENESS IN HIGH EDUCATION

The increasingly wider application of the e-learning in high schools sets the problem of its efficiency
assessment and prediction[1]. The e-learning efficiency is determined through the degree of
conformity between the goals set and the results achieved from its implementation in the high school
[2]. Effectiveness is considered both as internal to the educational process and as external in terms of
the realization of the graduated students at labor market.

The e-learning efficiency is affected by factors related to investment size, technologies applied,
motivation and experience of the participants [3], [4], [5], [6], [7]. In order to assess their efficiency,
accurate and reliable quantitative and qualitative indicators are required, reflecting the efficiency both
of the educational activities and of the learning process results. The examination of the dependences
between the indicators of the learning process efficiency and the learning process results will result in
assessment and improvement of the e-learning efficiency both in terms of the current moment and of
the future.

The assessment of the e-learning effectiveness is connected also with assessment of its quality.
The e-learning quality is characterized by its ability to meet the requirements of the users. Standards
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6 Petar Mihajlov Halachev

such as ISO/IEC 19796-1, ISO 9126, ISO 25000, etc. [8], are applied in the assessment of the e-
learning quality.

Kirkpatrick [9], Holton[10], Khan[11], Rosenberg[12] models of assessing the e-learning
effectiveness as well as Stufflebeam and Shinkfield CIPP model (Context input process product
evaluation) [13] are widely known and implemented. The cited models reflect to a large extent the key
aspects of e-learning effectiveness assessment but do not contribute in a sufficient degree to revealing
the effect of the e-learning effectiveness indicators on the resultant indicators. Therefore, for
assessment of the e-learning effectiveness it is necessary to apply sophisticated strategic management
approaches that allow following assessment of efficiency indicators to apply adequate measures of
removing the weaknesses and oversights in the e-learning process of the education institution.

As a result of the research, analysis and assessment of different management approaches
carried out, balanced scorecard [14] is chosen as a system of interconnected perspectives, goals and
indicators reflecting the state of the main lines in learning process and permitting to find out and
remove the causes of incompliance in the processes running in the educational institution.

The successful realization of the high schools at the market of educational services depends on
the degree of achieving the set purposes. The organization and management of the processes going in
high education when e-learning is applied are connected to decision making. The possibility to predict
certain results of the management process before making a decision allows making the maximum
good choice among different e-learning alternatives.

Different methods are applied for prediction of e-learning efficiency — extrapolation, expert
assessment method [15], comparison method, mathematical modeling. The presented statistical and
mathematical models are applied to assess and reveal the interconnection between particular specific
aspects of e-learning efficiency — the probability of students falling off learning; analysis of students’
results; comparison of the quality of teaching materials of the individual disciplines. The functional
dependence between the BSC indicators and the resultant indicators of the e-learning could be
assessed by methods that allow modeling of dependences between a large numbers of variables
together with taking into account the effect of many factors on the e-learning application. A
widespread method to predict and manage various social systems is based on the use of neural
networks (NN). NN are suitable for solving such problems as they permit approximation of complex
and non-linear dependences. For the solution of application problems NN should be trained in
advance. The training process resembles experience accumulation and it is of essential importance for
the improvement of their operation.

As a result of the performed analysis the BSC approach in combination with specific for the e-
learning in high schools resultant indicators is chosen for assessment of the e-learning effectiveness.
For preparation of prognosis of resultant indicators for e-learning effectiveness on the base of BSC
indicators the neural networks apparatus is chosen because of its ability to approximate the complex
non-linear dependences existing in the e-learning process.

ASSESSMENT OF THE E-LEARNING EFFECTIVENESS BY BALANCED SCORECARD

The dissertation presents development of balanced scorecard (BSC) model for electronic education
high school. The model covers determination of the following components: mission, strategic
priorities, perspectives and purposes of the educational institution; BSC strategic map; indicators of
assessing e-learning efficiency; resultant indicators of e-learning efficiency.

In compliance with Kaplan and Norton classical strategic map and the specific features of master
education in e-learning high school the following 4 perspectives are determined in the present
dissertation work:

1. Finances;

2. Users;

3. Educational process;

4. Personnel development.
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These four BSC perspectives have cause-and-effect relation between them. The cause-and-
effect relations visualize the interconnection and dependence between the perspectives and goals in
the strategic map.

Main BSC components are the effectiveness indicators (KPI — Key Performance Indicator).
They serve the purpose of assessing the high school efficiency and are bound to the strategy, purposes
and tasks set to it. The present dissertation paper for assessment of e-learning effectiveness in high
school suggests the described in Table 2.1 perspectives, purposes and indicators.

Purpose Indicator
Income from student taxes
o Income from research projects
= Increase of income Income from sponsors
é’. Income from selling electronic teaching
g materials
= Expenses for development of 1 electronic
= course
e Decrease of expenses Expenses for hardware and software
o depreciation
Expenses for staff salaries and insurance
Increased image of high Candidates for 1 position
school Wlstc?ctieétl)e;arnmg n Average grades of master candidates
w
o Increas_e of s_tudent % students satisfied by their education
S satisfaction
Increased image of high
school amidst firms and % students with taxes/grants paid by business
business organizations
Average time spent by 1 student in e-learning
. Number of tests made in 1 discipline
@ | Improvement of teaching Interactivity d fthe educational
8 process quality nteractivity degree of the educational courses
g_ Hours spent in tradlt_lo_nal meetings between
S Teaching process PETTEIDETS
S Lo Students taught by 1 lecturer
S optimization
i | _ Number of new subjects
nnovation in the :
teaching process Number of hew electronlc.courses
Number of updated electronic courses
Staff motivation % lecturers satisfied by the teaching process
Average publications of 1 lecturer
_ Average participations in conferences of 1
2 lecturer
§ Staff qualification Number of lecturers defended scientific degree
E Doctor/ Doctor of Sciences
Number of habilitations
Number of conferences organized in
connection with e-learning

Table 2.1. BSC perspectives, purposes and indicators of electronic learning high school

The so called resultant indicators are introduced together with them; they show the final
results of the educational process and report for the degree of achieving the aims set by the
educational organization. The resultant indicators show the e-learning process status at the system
outlet depending on the operational efficiency of the educational organization. The present
dissertation paper suggests the following resultant indicators for assessment of the achieved results by
the e-learning: average grades of the students; academic performance index; number of continued to a
next degree of education ,,Doctor”; relative share of working in their specialty to the total number of
graduated students.

Through prediction of the resultant indicators on the basis of the values of the BSC
effectiveness indicators the interconnection between them could be proved, that is to say:
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8 Petar Mihajlov Halachev

improvement of aspects such as financial provision, education process organization, personnel
qualification and progress lead to increase of the educational process results.

The expenses for development of electronic teaching materials have considerable importance
in the assessment of e-learning efficiency. The present dissertation suggests two models of assessing
the indicator ,.time of developing electronic teaching materials/aids®. In the development of the
models it is assumed that the time of developing a future course could be defined in accordance with
the tendencies and rules established in a passed period. Many factors affect the process of electronic
course design and development such as: qualification and experience of executives, degree of
interactivity, course duration, etc. The main idea of the first model is based on the use of the classical
dependence of the single-factor regression analysis:

y=a+[X+¢ (2.2)

where y is the dependent variable, x is the independent variable, « is constant coefficient, g is
coefficient of the variable x and ¢ is coefficient of the effect of various external factors (,,noise”
coefficient). Numerical example illustrates the model applicability.

Russel [16] and Kapp [17] suggest a model that involves the indicators “executive
experience”, “project complexity”, “external factors” and “course interactivity degree”. In the present
dissertation paper additional normalized weight coefficients for all indicators are introduced to Kapp
model having values in the range from 0 to 1.

The values of the used indicators t, I, m, n and their corresponding weight coefficients k¢, ki,
km and k, (defined on the base of empirical data and data from publications) are presented in Table
2.6.

_ ExeCl_Jtlve Project comple_x_lty & External Interactivity
Indicator | experience number of participants factors d
S egree n
t (years) in it | (people) m
Min (> 5 years) (1 - 10 people) (weak) (no)
t=0 1=0 m=0 n=0
(< lyear) (more than 10 people) (strong) (complete)
Max e _ _ —
t=1 = m=1 n=1
Weight ki =0.4 k=1 Kn =04 ko=3

Table 2.6. Indicators and weight coefficients affecting the time of e-learning course development

Modification of Kapp model for determination of the electronic course development time is suggested
and taking into account the introduced additional weight coefficients the following formula is
proposed:

y:x+x*(kt*t+K*|+M*m+kn*n) (2.8)
where y is the predicted time of electronic course development, x is the evaluated in advance time of
electronic course development, k¢, ki, km and k, are weight coefficients of the introduced indicators
t, 1, mand n.

The suggested formula allows for assessment of the time required to develop an e-learning
process of higher accuracy degree and provides possibility to calibrate the indicators by varying the
weight coefficients.

The dissertation presents examination of two models accounting for the influence of the factors
time devoted by students to on-line learning and number of visited hypertext connections (links) of
additional teaching materials on the resultant indicator “test rating”:

By regression and multiple correlation analyses, a directly proportional dependence is found
out between the test rating (y) and the time of on-line learning as well as dependence on the number of
visited hypertext connections. Increase of hours devoted to e-learning and visited hypertext
connections increases the results of the students. Fig. 2.5 shows the dependence between on-line
learning time and test rating.
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The dissertation paper presents a developed algorithm of BSC implementation in electronic
education high school (Fig. 2.7):

Mabilization

Preparation of
management and
cooperation

Design

Strategic goals

11

Implementation

Implementation plan
® Tasks

* Responsibilities

Stable fulfillment

| Data accumulation |

ij

| Correction |

| Strategic map | ® Time limits
Identification of concepts
. . * Respurces
about basic perspectives i,L
KPI determination | | Resultant indicators | ‘
Cascading |

1l

Perspective definition

Fig. 2.7. Algorithm of BSC implementation in e-learning high school

The dissertation shows experimental implementation of BSC for assessment of e-learning
efficiency in high school realized by means of BSC Designer [18].

Appropriate tool to assess the BSC applicability in high school of e-learning is the so called
SWOT analysis [19]. In spite of some limitations and weaknesses, BSC could serve the purpose of a
system to assess the effectiveness and management of e-learning high schools. BSC reduces the
mission and strategy of the organization applying e-learning to a balanced complex of interconnected
indicators which give brief but sufficiently full information about the progress of the educational
organization towards the fulfillment of the tasks and achievement of its goals. BSC could be
successfully implemented as a mean of motivation and feed back in the realization of electronic
learning process in high education.

PREDICTION MODEL OF ELECTRONIC EDUCATION EFFECTIVENESS BY NEURAL
NETWORKS

One of the tasks of the dissertation paper is construction of an adequate and sufficiently accurate for
practical application model for prediction of the effectiveness of e-learning by neural network (NN).
A model of NN structure is developed in combination with principal components analysis [20] (PCA)
for the fulfillment of this task. Algorithm is suggested for the development of model of prediction NN
structure with the following steps:
e Data centering and normalization;
e Data correlation analysis. At this step indicators of high correlation between them are
removed;
e Data interpolation;
o Data correlation analysis with the aim to examine to what degree the correlation between the
individual indicators is retained after the interpolation;
e PCA of the input indicators;
e NN simulation.
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10 Petar Mihajlov Halachev

The following formula is used for data centering [21], [22]:
X'= X = Xayg. (3.1)
where X, 4. IS the average arithmetic value of the variable x, and x” is the new centered value. As a
result of the centering the average arithmetic value of the centered data equals to zero.

The following formula is used for data normalization [23]:
X''= X' _ X— Xavg. (32)

O O
where x” is the new normalized value of the variable, and o is its dispersion which as a result of the
normalization becomes equal to 1.

Before performing PCA it is necessary to analyze the correlation coefficients between
variables in order to remove those of them whose correlation to other variables is higher than 0.9.
Table 3.3 presents the variables removed from the data set due to their high correlation.

Income .
Income from | Expense for AN Average Average time NI @
from selling | equipment share of number of Dggree for E2F Students | Number conferenc_es on
# . students ofinter-| , .. . taught by|of new e-| e-learning
research | electronic |and software sponsored tests activity training in 1 1 lecturer| courses | organized by
projects | teaching depreciationb busin conducted discipline hiah school
materials Y DUSINESS gh schoo
1] 1.000 0.992 0.834 0.828 0.875 0.945 0.932 0.942 | 0.836 0.935
2| 0.992 1.000 0.888 0.840 0.906 0.972 0.965 0.969 | 0.857 0.961
3| 0.834 0.888 1.000 0.840 0.957 0.916 0.965 0.960 | 0.774 0.893
4| 0.828 0.840 0.840 1.000 0.873 0.778 0.871 0.906 | 0.630 0.751
5| 0.875 0.906 0.957 0.873 1.000 | 0.918 0.941 0.963 | 0.830 0.852
6| 0.945 0.972 0.916 0.778 0.918 1.000 0.961 0.959 | 0.929 0.980
7| 0.932 0.965 0.965 0.871 0.941 0.961 1.000 0.993 | 0.805 0.955
8| 0.942 0.969 0.960 0.906 0.963 0.959 0.993 1.000 | 0.825 0.936
9| 0.836 0.857 0.774 0.630 0.830 | 0.929 0.805 0.825 | 1.000 0.869
10| 0.935 0.961 0.893 0.751 0.852 0.980 0.955 0.936 | 0.869 1.000

Table 3.3. Correlation coefficients between BSC indicators higher than 0.9

The correlation coefficients between the resultant indicators do not exceed 0.85 and therefore
removal of any of them is not necessary.

In the present dissertation paper the algorithm “Hermitean” [24], [25] is chosen because the
interpolated data do not exceed the maximum value of the reference data nor they go down below
their minimum.

The interpolation of input and output data is preceded by determination of the required number
of interpolated data points by means of the following system:

Ik
k-1 (3.8)
seN;minf)
where: r — is number of variables; k — score (number of years); s — score necessary for the purposes of

PCA.

For interpolation of the variables it is enough to create one median point each. Following this
step the data sample contains 15 variables and 17 cases.

Fig. 3.4 presents the obtained by interpolation median points and the initial values of the
indicator ,,Income from students’ taxes®.
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Fig. 3.4. Interpolation of indicator ,, Income from students’ taxes” by Hermitean method

In order to examine to what extent the dependences in the data are retained it is necessary to
make correlation analysis of the input variables before and after the interpolation and to compare the
results. If the dependences in the data are retained, the difference in the correlation coefficients before
and after the interpolation is minimal. The averaged variation of the correlation coefficients after the
interpolation of the input indicators is in the range of 0.01 + 0.03, and that of the resultant indicators is
zero, i.e. the correlations between the variables before and after the interpolation are retained in the
permissible limits.

In the presence of several variables connected with correlation coefficients, by means of PCA
their number could be reduced to several less in number principle variables. The problem is reduced to
defining the values of these components and the consequence of applying the analysis is decrease of
the data dimension. In solving the problem, the value space of the variables is reduced to space of
lower dimension with the purpose of improving the neural network operation. After carrying out PCA,
by means of specialized statistical software [26], 4 principle components are obtained that reflect
together 90.239 % of the variation in the original data.

The prediction of the electronic education efficiency could be treated as function
approximation. Considering the quantity of available data, NN of linear and non-linear activation
functions (Hornik [27], Haykin [28], etc.) stand out as appropriate to construct prediction model.

The NN simulation is performed according to the following algorithm:

e NN training by known data for certain period;

e Preparation of prediction about the values of the resultant indicators for this period,;
e Calculation of the obtained error.

When working with NN, usually the training data are divided in proportion 80 % for training
and 20 % for test. NN is trained by the first part of the sample and then tested on the second part. On
the basis of the predicted output values from NN and the actual data from the sample, the error
produced by NN is determined. When the available data cover a comparatively short period of time it
is not advisable to determine test sample. For the available data adequate method to assess the
accuracy of NN operation for training in case of small data samples is the training by the method of
Leave One Out (LOO).

The following models of neural network structures are simulated: NN of linear activation
function, optimized NN structure of linear activation function, NN of non-linear activation function
and optimized NN structure of non-linear activation function.

Simulation of neural network of linear activation function

The results of NN training by linear activation function with actual data for BSC indicators of
electronic education in high school for a period of 8 years and its testing by entering known input data
for the ninth year.

In the beginning of the training the error is considerable and with the progress of training it
decreases, after the twentieth training cycle going to its minimum value.
Abstracts of Dissertations 4 (2012) 3-14



12 Petar Mihajlov Halachev

In order to increase the prediction accuracy, a method is applied to improve NN of linear
activation function. The improvement of NN structure is performed by the OBD algorithm [29]
(Optimal Brain Damage). As a result a structure is obtained shown in Fig. 3.6, where the dotted lines
mark the synaptic weights that drop out from the initial structure:

Output layer
Input layer

Fig. 3.6. Diagram of NN of linear activation function

Simulation of neural network of non-linear activation function

In the construction of neural network of non-linear activation function it is necessary to determine
both the number of hidden layers and the number of neurons in it. From the main approximation
theorem it follows that only one hidden layer is sufficient.

The number of neurons in the hidden layer is calculated by the system [30]:
mN

—— <L, Sm[N+1](n+m+1)+m
1+log, N m

L:L

n
2(L+n+m)<N

g (1.3)
m
10(L+n+m)

IN+

where n — dimension of the input signal; L — number of hidden layers; L, — required quantity of
synaptic connections; m — dimension of the output signal; N — number of components in the training
sample.

Following the necessary calculations on the basis of the known actual data it is determined that
five neurons in the hidden layer are sufficient to build the structure of neural network of non-linear
activation function.

The obtained structure of NN of non-linear activation function on which the OBD method is
applied is shown in Fig. 3.9, where the dotted lines mark the removed synaptic weights.
Hiddenlayer

Outputlayer
Input layer

Fig. 3.9. Diagram of optimized NN of non-linear activation function

After training NN of non-linear activation function with actual data of BSC indicators for
electronic education in high school for a period of 8 years, prediction is made about the values of the
resultant indicators for the following year that are compared with the known data for the same year.

Abstracts of Dissertations 4 (2012) 3-14



Forecasting and assessment of the effectiveness of e-learning in higher education through balanced
scorecard and neural networks 13

The generalized data about the predictive values of the resultant indicators determined by
different NN structures are presented in Table 3.2.

Number of .
A\t/r?gagri(;ii:il;s o Coefficient of | continuing to higher elcq)e::t“?;cst??irr? otfhe Average
s%udents g progress educational level - Peop sgecialty g error,%

Doctor
value |error value |error value |error value |error
Range width 0.49 0.15 4.00 21.00
(min-max)
Target value (2009) 5.08 0.83 1.00 58.00

NN of linear activation function 5.15 1429 | 0.83 0.00 2.00 25.00 61.00 14.29 13.39

Optimized NN of linear activation | 514 | 1594 083 | 000 | 100 | 000 | 6100 | 1429 | 6.63
function
NN of non-linear linear activation
function
Optimized NN of non-linear
activation function

5.15 1429 0.82 6.67 2.00 25.00 61.00 14.29 | 15.06

5.12 8.16 | 0.82 6.67 1.00 0.00 58.00 0.00 3.71

Table 3.20.Generalized data about predictive values of the resultant indicators determined by NN of different structures

The average error obtained as a result of the prediction made using NN of linear activation
function is 13.39% of the total range width of the resultant variables. The averaged results of the
prediction made by optimized NN structure of linear activation function leads to error of 6.63%,
which shows improvement of the prediction capabilities compared to the initial NN structure. The use
of NN of non-linear activation function results in prediction error at the rate of 15.06 % of the total
range width of the resultant variables. The determination of prediction values of the resultant
indicators by optimized NN structure of non-linear activation function leads to error of 3.71 %. From
statistical point of view the level of the error is in the permissible limits of 5 %, therefore, it follows
that the prediction accuracy of optimized NN of non-linear activation function is higher than that of
optimized NN of linear activation function. Five simulations for each NN architecture were carried
out with the purpose to verify the choice of optimized NN structure of non-linear activation function
as the most accurate. The difference in the results of all simulations varies in the range of (0+0.5) % of
the examined indicator width.

By optimized NN of non-linear activation function 25 predictions are obtained for the values
of the resultant indicators for 1 year. Table 3.21 presents the averaged values of the resultant
indicators for the year, the average prediction values and the corresponding prediction error.

Average results of Coefficient of Number of continuing | Relative share of
Indicator the graduating roaress to higher educational | people practicing
students prog level - Doctor the specialty
Actual 5.08 0.83 1.00 58.00
values
Predicted values 5.10 0.82 1.02 58.07
(average of 25 experiments)
Error 0 o o 0
(average of 25 experiments) >% 4% 3% 1%

Table 3.21. Results of 25 predictions of indicator values

Table 3.21 shows that the values of the obtained resultant indicators for the e-learning
effectiveness are sufficiently close to the actual ones.
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Petar Mihajlov Halachev
SUMMARY OF THE DISSERTATION CONTRIBUTIONS

The main results of the dissertation paper could be summarized as follows:
1. A model of balanced scorecard (BSC) is developed for assessment of the e-learning

effectiveness in high education. Set of resultant indicators is suggested which permits
assessment of the e-learning and realization of BSC model feedback on definite indicators.
Algorithm for BSC application is elaborated that provides possibility of adaptation to the
specific requirements of various e-learning high schools.

Two models are developed for assessment and prediction of the time required to work out the
electronic course as one of the essential indicators of e-learning efficiency. Advantage of the
models is the higher accuracy degree of the assessment of course development time and the
possibility to calibrate the indicators through variation of the weight coefficients. On the basis
of correlation analysis there are examined two models for assessment of the effect of on-line
learning of the students on the resultant indicator “Exam rating”.

Model of neural network structure is developed for prediction of e-learning efficiency in high
education. Advantage of the said model is the combination of neural networks, PCA and
interpolation that allows improvement of the prediction accuracy at small data samples.
Algorithm and methodology are suggested for realization of the model. The numerical
experiments carried out on the base of actual data about the resultant indicators of e-learning
verify the applicability of the developed neural network structure for prediction of the e-

learning efficiency.
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YBO/JI

I[HGC, IMPOMCHHUTC HACTBIIBAIIA B O6IJ.I€CTBOT0 IOCTaBAT TJI00ATHU NpCAU3BUKATCIICTBA TIPCI
yoBeuecTBOTO. HUBOTO Ha HpO(I)eCI/IOHaJ'IHI/I 3HaHUA U YMCHHA M30CTaBa OT TEMIIAa Ha Pa3sBUTUC Ha
HAaYy4YHO-TCXHHUYCCKUS IPOTPECC. VBenuuaBa ce 3HAUSHUETO Ha MHBECTUILIMUTE B 06pa30BaHI/IC 110 I CIusA
CBIAT.

Ot riegHa ToYka HA 00pa30BaTEIHUTE MHCTUTYIIMH CPEICTBATA, MHBECTUPAHH B MOBUINIABAHE
Ha eeKTUBHOCTTa Ha OOY4YEHHETO, C€ BB3BPBHINAT MOJ (GopMara Ha yBEIMYaBaHE Ha MPUXOJUTE,
nooOpsiBaHe Ha UMHUJKA B OOIIECTBOTO, U KAaTO LISJI0, MOBUIIABAaHE HA KOHKYPEHTOCTIOCOOHOCTTA Ha
nasapa Ha 00pa30BaTeIHU yCIyTH.

B CbBPCMCHHUTC YCJIIOBHUA CC MPOMCHAT CHUIIHOCTTA, POJIATA, MCTOAUTC U TCXHOJIOTMHUTC Ha
oOydyeHue BBB BHUcCHIUTE yuuiuia. HoBu enexktpoHHu ¢opmu Ha 0OydeHHE HU3MECTBAT
TpaJUIIMOHHUTE. ECTECTBEHO BH3HUKBA BBIIPOCHT: KaK J]a Ce OLEHHU M MPOTHO3HUpa e(PeKTUBHOCTTA HA
€JIEKTPOHHOTO 00ydeHue? OT Ta3u rieqHa ToYKa pa3paboTBaHETO U MPHJIAraHETO Ha MAaTeMaTHUECKU
MOJIeNIM, KOUTO Jia TO3BOJIABAT Jla C€ OLEHH e(QEKTUBHOCTTa OT JeHHOCTTa Ha oOpa3oBaTeliHa
OpraHu3aIys, U3I0JI3Balla eIeKTPOHHA OopMa Ha 00yYeHHUE, CTaBa BCE MO-aKTyaTHO.

e Ha HacTOAIMSA IUCEPTALIMOHEH TPYA € Ja ce pa3paldoTAT MOJENU 3a OICHSBaHE M
MpPOTHO3UpaHEe Ha e()EKTHBHOCTTA Ha EJEKTPOHHOTO OOY4YCHHE BBHB BHUCIIECTO OOpa3oBaHUE W
CHbOTBCTHU aJITOPUTMU 3a NPUJIOKCHUCTO UM.

3a rmocTUraHe Ha IejaTa € HeoOX0IUMO JIa C€ PEIaT CIICTHUTE 32 aUH:

1. I[a CC HallpaBU MpPErjica M aHaJIu3 Ha CbIICCTBYBAIIUTEC MOIACINW U CTPATCTUYCCKU
HOAXO/AW, KOUTO Ce TpHiarar 3a OLEHSBaHE W NPOTHO3MpaHe Ha e(PEeKTHBHOCTTA Ha
eJIEKTPOHHOTO 00y4YeHHE.

2. Jla ce paspabotm Moxaen Ha 0Oa3zara Ha OajaHCHMpaHa CHCTEMa OT TOKa3aTelid, KaTo ce
MPeIIoXKaT TMOAXOMASIIN TOKa3aTelld 3a KOJMYECTBEHA OILEHKa Ha e(QEeKTUBHOCTTA Ha
EJIEKTPOHHOTO OOYYEeHHE W Jla Ce ChCTaBU MOIXOISII aJrOPUTHM 3a TPUIOKEHUE BBHB
BUCHIUTC y4YHUJIUIIIA.

3. Jla ce mpemioxu Mojen Ha MOAXOJsIIa CTPYKTypa Ha HEBPOHHA MpeXa 3a MPOTHO3UpPaHE
Ha e(EeKTUBHOCTTa HAa EJIEKTPOHHOTO OOy4YeHHE, KaKTO M CHOTBETEH aJrOpUTHM 3a
U3rpakJaHe Ha HEBPOHHA MpeXka, paboTocrnocoOeH Mpyu MajIKu U3BAJKU OT JaHHHU.

JlcepTallMOHHUAT TPYJ C€ ChCTOU OT 3 I1aBM M 3akimoueHue. B I'imaBa 1 e HanpaBeH aHanus
Ha CBHBPEMEHHHUTE MOJENM W TOAXOAW 3a OIICHABaHE M TMPOTHO3WpaHe Ha e(EeKTUBHOCTTa Ha
EJIEKTPOHHOTO OOyUYEHUE U Ca OMPEJCIICHN MEePCICKTUBHUTE M3CIICIOBATECIICKH HAMPABJICHUS B Ta3U
obnact. B I'maBa 2 e pa3paboreH Mozen Ha OajaHCHUpaHa CHCTeMa OT IMOKa3aTelH 3a OICHSBaHE Ha
e()eKTUBHOCTTA Ha EIEKTPOHHOTO O0yYCHHE BbB BHCIIETO 00pa30BaHUE U € MPEAIOKEH AIrOPUTHM 32
npunoxenue. UYpez SWOT ananus ca onpeneneHu npeauMcTBaTa U HEJOCTaThIIMTE HA U3IOJI3BAaHETO
Ha BSC 3a onenka edextuBHocTTa Ha EO BBB BUCHIe yumnuine. PazpaboTeHn ca Mojenu 3a OIeHKa
Ha CBINECTBEHM TMOKa3aTeld Ha eQEeKTUBHOCT Ha €JIeKTPOHHOTO oOydeHue. OmnucaHo e
EKCIIEpUMEHTAIHO TMpPHUJIOXKEeHHe Ha OalaHCHMpaHa CHCTeMa OT TIOKa3aTeld 3a OICHABAaHE Ha
e(eKTUBHOCTTa Ha €JEKTPOHHOTO O0ydyeHHue BBB BHcIIeTO oOpa3oBaHue. B I'maBa 3 e paszpaboren
MOJIEJI, W3IMOJI3BAIll HEBPOHA CTPYKTypa 3a IMPOTHO3UPAHE Ha €(PEKTUBHOCTTA HA EJICKTPOHHOTO
oOyuenne. Ha 06azata Ha peanHu MJaHHU € TPOBENEHO EKCIIEPUMEHTATHO U3CJEe/lBaHE Ha
BBH3MOKHOCTTA 32 MIPOTHO3UPAHE Ha MOKa3aTeIuTe 32 €(EeKTUBHOCT HA €IEKTPOHHOTO 00ydeHHe upe3
MPEJIOKEHUS MOJIEN HA CTPYKTYpa Ha HEBPOHHA MPEKa.

Howmepupanero nHa popmynure, Tabnuuute u purypute B aBTopedepara € HISHTHIHO C TOBA B
JMCEPTAlMOHHUS TPYI.
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I'TABA I: AHAJIN3 HA OEHSIBAHETO U ITPOI'HO3UPAHETO HA ®EKTUBHOCTTA
HA EJJEKTPOHHOTO OBYYEHHME BbB BUCHHIETO OBPA30OBAHUE

EnextponHoTo oOyueHue e mporec Ha NpuAoOHBaHe HA 3HAHMSI U YMEHHMsI, BKJIIOYBAIIO MPUIOKEHHE
Ha KOMYHUKAIIMOHHU U WHGOPMAIMOHHH TeXHoJoruu. LlenTa e 1a ce ocurypu q0cThIl A0 00ydaBaiu
PECYpCH IO €JIEKTPOHEH ITBT MO BCAKO BPEME, OT BCSIKO MSCTO U 3a BCHUKH 00y4YaBaHH.

Bce mo-mmpoKoTO MPUIIOKEHHE HA CICKTPOHHO O0YYeHHE BHB BUCIIMTE YUWIIUINA TOCTaBSI
BBIIPOCA 3a OICHSABaHE M IMpOrHosupane Ha edexruBHOCTTa My[l]. Haii-00mo edexkruBHOCTTA CE
pasriiexk/Ia KaTo OCHOBHA XapaKTEPHUCTHKA Ha (DYHKIIMOHUPAHE HA CHCTEMATa Ha €ICKTPOHHO O0yUeHHE
[2]. EbexTrBHOCTTA Ha €IEKTPOHHOTO O0YUYCHHUE CE OMPE/IEs Ype3 CTEMEeHTa Ha ChOTBETCTBHE MEXKTY
IIOCTaBEHHUTE LENM M MIOCTUTHATUTE PE3yJITaTH OT IPUIIOKEHUETO My BbB Bucmeto yuwinnie [3], [4],
[5], [6], [7]. EdextuBHOCTTa Cce pa3riexaa W Karo BBTPEIIHA 3a IMpoleca Ha OOydeHHE M Karo
BBHIIIHA, OT [VICJHA TOYKA HA PCATU3ALMITA HA 3aBbPIIUINTE CTYJCHTH Ha Ma3apa Ha Tpy/a.

Bbpxy edhekTuBHOCTTA HA €IEKTPOHHOTO O0yueHHE BIUAAT (AaKTOPH, CBBP3aHH C pa3Mepa Ha
HHBCCTUIHUUTC, MPUIIAraHUTC TCXHOJIOTMH, MOTHBAIWA W ONWUT HA YYaCTHHULHUTC. 3a OLCHABAHE Ha
BJIIMSTHAETO UM Cca HEOOXOIMMH TOYHH U HAJIS)KTHU KOJIMYECTBEHU M KAYECTBEHH TTOKA3aTeIH.

3a KOMIUICKCHO OIICHSBaHE Ha €(EKTUBHOCTTA HA EJICKTPOHHOTO OOy4eHHE ca HEeOOXOIUMHU
MOKa3aTeNlH, KOUTO OTpa3siBaT e(heKTUBHOCTTA KaKTO Ha AEMHOCTTa Ha 0Opa3zoBaTelIHATa UHCTUTYLIUA
(mpuxoauM W pa3xXoaW, OpraHu3aluMs Ha 00pa3oBaTeNHUsS MPOIEeC, MNPOYECHOHATHO |
KBaTM(UKAIIMOHHO PaBHMINE Ha MPENOJABATSIICKUS ChCTaB), Taka M TOKa3aTeIH, OTpa3sBalllH
pe3yaTaTuTe OT mpoiieca Ha oOydueHue (ycreX Ha BUIYCKHHUIIMTE, OTHOCHTENICH ST Ha 3aBBPIIHIIUTE
B CPOK M TpymoBaTta MM peanu3aius). KOMIUIEKCHOTO H3ClieBaHe HA 3aBUCHUMOCTHTE MEXIy
nokasarenuTe 3a e()eKTUBHOCT Ha 00pa30BaTEIHUSI MPOIIEC U PE3YyATATUTE OT Mpolleca Ha 00yJYCHHE
1€ JI0BE/E /10 OLICHSBAHE M MOBUIIABaHE Ha €(EKTUBHOCTTA Ha €JIEKTPOHHOTO OOyueHHue, KakTo OT
rJieHa TOYKAa Ha HACTOSAIIUS MOMEHT, Taka W B Objemie. 3a BUCIIETO 00pa3oBaHUE CHIIECTBEHO
3HaYeHHE UMa OLICHSBAHETO Ha PE3yJTaTUTE OT 00y4YEHHUETO.

OneHsBaHeTo Ha €(PEKTHMBHOCTTA HA EIEKTPOHHOTO OOYYEeHHE € CBHP3aHO M C OILIEHKa Ha
Ka4yecTBOTO My. KauecTBOTO Ha €1eKTpPOHHOTO 00y4YeHHE Ce XapaKTepUu3HUpa cbC CIIOCOOHOCTTAa My Jia
OTrOBOpY Ha OYaKBaHUATA Ha moTpedurenute. EQPEeKTUBHOCTTa Ha €IEKTPOHHOTO OO0Y4YEHHE TOKa3Ba
CTENEHTa Ha IOCTUraHE Ha IeJIMTe Ha 0Opa3oBaTENHMs MPOLEC IPU OTYUTAHE HA PE3yJTaTHTE U
U3pa3XOJBAaHUTE BpEeME, MaTepUalHU U TPYAOBU pecypcu. PesynraTHuTe mOKa3aTeld OT
€JIEKTPOHHOTO OO0Yy4€HHE 3aBUCAT OT KauyeCTBOTO Ha IIOArOTOBKaTa Ha CHELMAIUCTUTE, OT
NpUIaraHuTe TEXHOJOTHHM U CPEJCTBA 3a 00y4YEeHHE, OT KBaJU(HUKAIMITA HA MPENOJaBaTeINTe U OT
OpraHu3alysATa Ha y4eOHUS IpoLiec.

3a omleHsABaHE HAa KAa4yeCTBOTO HA EIEKTPOHHOTO OOYYEHHWE ce TpWiiaraT CTaHAapTH KaTo
ISO/IEC 19796-1, ISO 9126, ISO 25000 u ap [8]. HabopbT OT TEXHHYECKH CTAHAAPTH 3a €JCKTPOHHO
ooyuenue (SCORM) omnpenenst kak on-line y4e0HOTO ChIbpKaHHE KOMYHHUKHpPA ChC CUCTEMHTE 32
yrOpaBieHue Ha chabpkanueTo (LMSs) W € mHpOoKO HM3IMOJI3BaH MPU CH3JAaBEHETO Ha MPOTPaMHHU
CHCTEeMH 3a C€JCKTPOHHO oOyueHue. V3Moii3BaHETO Ha BCHYKM CTaHIApPTH yBelIWYaBa Oposi Ha
NOKa3aTenTe, KOMTO JecHO MOoXke a HaaxBbpiau 2000, KoeTo mpaBH OLEHSBAHETO HA KAYECTBOTO Ha
EIIEKTPOHHOTO 00yYeHHE U3KITFOUUTEIHO TPYIOEMKO U CKBIIOCTPYBAIIIO.

I_HI/IPOKO H3BCCTHU WM TIIpUAJlaraHn ca MOJCIUTC 3a OLCHABAHC Ha e(beKTI/IBHOCTTa Ha
enektponHoTo o0yuenue Ha Kirkpatrick[9], Holton[10], Khan [11], Rosenberg [12], moaensT CIPP
(Context input process product evaluation) ua Stufflebeam u Shinkfield [13]. TTocouennte momenu
oTpassdaBar B rojisiMa CTCIICH KJIIOYOBH ACIICKTH Ha OLCHABAHCTO Ha eq)eKTI/IBHOCTTa Ha CJIICKTPOHHOTO
06yquI/Ie: (bl/IHaHCOBa BB3BPBIIACMOCT Ha MHBCCTHULIUHUTEC, YAOBJICTBOPABAHC Ha HOTpe6HOCTI/ITe Ha
0o0y4aBaHHTE, KAUeCTBO M CKOPOCT Ha OOyUEHHE, HO HE CIIOCOOCTBAT 3a pa3KpHBaHE Ha BIMSHHCTO HA
IIOKa3aTcjauTe 3a e(l)eKTI/IBHOCT Ha CJIICKTPOHHOTO 06yquI/Ie BbpPXY PEIYITATHUTC II0KA3aTCIIN.
Mogensr Ha Holton e mpenHasHadeH 3a OlEHSBaHE Ha €JICKTPOHHOTO OOydeHHEe B Om3Heca u
IMOKAa3aTCjIuTE B HCro0 HE Ca HAIBJIHO IPHIOXHUMHU KbM BHCIICTO 06p330BaHI/Ie. CaM0 HIKOH OT
nocoyenute Mmonenu (Rosenberg um Scriven) mo3BosisiBaT OTYMTaHE HA HEYJOBJICTBOPHTEIHUTE
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XapaKTEPUCTHKH Ha EJIEKTPOHHOTO OOydeHHe M OTKpOsBaHE HAa NMPUYMHHTE 3a ToBa. ETO 3amio 3a
OlLICHSIBaHE Ha e()EKTUBHOCTTA HA EJIEKTPOHHOTO 0OyueHHe € He0OX0JUMO NpUiIaraHe Ha KOMIIJICKCHU
CTpATETHYECKH YIPABICHCKU TOJXOJW, KOWTO IO3BOJISIBAT CIIE] OICHSBAaHE Ha TOKa3aTeNUTe 3a
e(EeKTUBHOCT Ja ce MPHJIOKAT CHOTBETHH MEPKHU 3a OTCTpaHABAaHE HAa CIa0OCTUTE M MPOIYCKUTE B
NPUJIOKCHUETO Ha €JICKTPOHHOTO 00y4eHue B 00yJaBalaTa MHCTHTYIH. ENWH moaxo/ 3a OleHsIBaHe
Ha e(EeKTUBHOCTTa HAa EJEKTPOHHOTO OOydeHHe, MO3BOJABAIl Ha oOydaBaliara MHCTUTYLHS 1a
peanu3upa ycCIeliHa cTparerus, € cb3aaaeHara ot Robert Kaplan u David Norton [14] ,,6anancupana
cucrema ot nokasatenu” (Balanced ScoreCard — BSC). Enna ot ocHoBuute uaen B BSC e uzesra 3a
u3MepuMocT. Benuku akropu, KOMTO ca BaKHM 3a YIIPABICHUETO HAa OpraHM3alusATa TPsOBa 1a ce
U3MEPAT U NPEICTaBAT BbB BUJ Ha mokazatenu. OCHOBHATA HJiesl Ha KOHLENIHATA € ,,AKO HEIlo He
MOXE J]a C€ U3MEPH, TO HE MOKE Jia CE€ yrnpaBJsiBa’.

B pesynrar Ha HampaBeHOTO NpOYyYBAaHE, aHAIU3 M OLCHKA HAa Pa3IMYHH YHPABICHCKH
noxxoxu e m3bpana BSC, kaTo cuctema OT B3aMMOCBBP3aHH IIEPCICKTHBH, LEIH M MOKA3aTely,
oTpasdaBallid CbCTOAHUCTO HA OCHOBHHUTC HAIIPABJICHHA Ha MPOLCCAa HA O6y‘IeHI/Ie U IIO3BOJIsIBAIlla Oa
CC YCTAHOBAT M OTCTPAHAT IPUYMHHATEC 32 HECHOTBETCTBHE B IIPOLECUTE, NPOTHYALIMA B
oOpa3oBaTenHaTa HHCTUTYIHSI.

B nuceprannoHHUS TpyR NpU Ch3IaBaHETO Ha MOJIEN M aJlTOPUTHM 3a npuiioxenue Ha BSC 3a
OLICHSIBAHE HA €()EKTHBHOCTTA Ha EJICKTPOHHOTO OOyYeHHE BHB BUCHICTO 00Opa3oBaHUE Ca OTYCTCHU
clieqHuTe 00CTOSATEIICTBA:

e cneuudukara Ha npuinoxenne Ha BSC npu onensBane Ha epeKTUBHOCTTA HA €IEKTPOHHOTO
o0ydyeHue e anaimornyHa Ha wmozena Ha Kaplan u Norton mo oTHomenue u3zbopa Ha
MEepPCIIeKTUBUTE U HepapXusaTa UM B CTpaTernyeckaTa KapTa;

® HEOOXOAMMOCTTa OT MOAM(DUIIMPAHE HA CTPATETHYESCKUTE 1IETH M Ha KITFOYOBUTE TTOKA3aTeIH,
C LIeJT OTpa3sBaHe crenuduKara Ha 00pa3oBaTeIHaTa HHCTUTYIIHS;

® OIlICHKAaTa Ha IOKa3aTelnuTe 32 e)EKTHBHOCT M ONpPE/CIITHE Ha LEJIEBH CTOWHOCTH MO3BOJISIBA
U3M0JI3BAHETO MM 32 MOI00PSBaHE HAa PE3YNITATUTE OT EICKTPOHHOTO 00yYEHHE.

VYcenemnara peanu3anys Ha BUCIIUTE yYWIMIIA HA [1a3apa Ha 00pa3oBaTeIHUTE YCIYTH 3aBUCH
OT CTENEHTa Ha MOCTUTaHE Ha IMOCTAaBEHHUTE lenu. Bucmure ydeOHHM 3aBeneHUs (YHKIMOHUPAT B
CJIO’KHA U ITOCTOSIHHO IIPOMEHSLIA CE cpella U € TPYAHO Ja ce MPEeABUIN BIUSIHUETO Ha MHOXKECTBOTO
BBHILHYU U BETPEIIHU (PAaKTOPH BBbPXY AeiHOCTTa UM. OpraHu3anusaTa u ynpaBJIeHHETO Ha IPOLECUTE,
IPOTHYAILM BbB BUCLIETO 00pa30BaHKE MPHU MPUIOKEHUETO HA €IEKTPOHHO 00Y4YEHHUE ca CBbP3aHU C
B3€MaHE Ha peleHus. Bp3M0oXKHOCTTa /1a c€ MPOTHO3UPAT ONPENEICHHU PE3YJITaTH Ha YIPABICHCKUS
Ipoliec Mpear B3eMaHE Ha pElLIeHHE, MO3BOJIABA Jja Ce HAIpPaBU MAaKCUMAJIHO A00BP MU300p MEXIy
pa3IMYHM aJITEpHATHUBU Ha €JIEKTPOHHO oOyueHue. 3a Ta3MW Led € HEOOXOAMMO HU3BBPIIBAHE HA
IPOTHO3UpPaHe Ha €(EeKTUBHOCTTA Ha €JIEKTPOHHOTO o0ydyeHHue. ToBa MPOTrHO3UpaHe HamallsiBa pHCcKa
OT I'pelIKa IIPU B3EMaHE Ha yIPaBJICHCKHU PELICHHUS.

3a mporHo3upaHe Ha €(PEKTUBHOCTTa Ha E€JIEKTPOHHOTO OOydeHHe ce Mpuiarar pa3iuyHH
METOJIY — eKCTpAroalys, METO/] Ha eKCIIepTHH OleHKH [15], MeTox Ha cpaBHEHHE, MaTEMAaTHYECKO
Mozenupane. [locoueHuTe CTaTUCTUYECKM M MAaTEMaTHYECKM METOIU CE Npuiarar 3a OLEHSBaHE U
pasKkpuBaHE Ha B3aMMOBPB3KaTa MEXIy OTACTHH 4YacTHH acleKTd Ha eQEeKTUBHOCTTa Ha
€JIEKTPOHHOTO 00Y4YeHHE — BEPOSITHOCT 3a OTMaJlaHe Ha CTYJeHTU OT 00y4YeHHUe; aHaJIu3 Ha yclexa Ha
CTYACHTH; CpaBHSBaHE Ha KayeCTBOTO Ha Yy4YeOHUTE MaTepuald MO OTACITHHU JUCHUIUINHHU.
['open3zbpoeHuTe MeToaM HE MOraT JAa CIIy)KaT KaTO HMHCTPYMEHT 3a pa3KpUBaHE Ha YCTONYMBHU
3aBHCUMOCTH MEXIYy pe3yiaTatuTe OoT oOyueHHeTo W Tmokaszarenure 3a edexkruBHocT oT BSC.
@DyHKIMOHAIHATA 3aBUCUMOCT MeEXIy nokaszarenure or BSC um pesynraTHuTe mNOKazaTenu OT
€JIIEKTPOHHOTO O0Yy4YeHHME MOXKE Ja C€ OLEHHM 4pe3 IOAXO0JU, KOUTO IO3BOJIABAT MOJEIMpPAaHE Ha
3aBUCUMOCTH MEXy roJisiM Opoi MPOMEHJIUBY, IIPU OTUYUTAHE HA BIUSIHUETO HA MHOKECTBO (PaKTOpU
BBPXY MPUIIOKEHUETO Ha €JIEKTPOHHOTO 00ydeHue. EnuH paznpocTpaHeH MoAXo7 3a IPOrHO3UpaHe U
yIpaBICHUE HA PA3IMYHU OOILIECTBEHH CUCTEMM c€ 0a3upa Ha U3II0JI3BAHETO HAa HEBPOHHU MPEXKHU
(HM). HM ca noaxozsmy 3a perniaBaHe Ha TaKMBa 3aJ1a4M, Thid KaTO IMO3BOJISBAT Jla CE€ allPOKCUMHPAT
CIIOKHM U HEJIMHEWHHM 3aBUCUMOCTU. 3a pellaBaHEeTO Ha NpwiokHU 3azaud, HM TpsOsa
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npeaBapuTenHO Ja ce oOyuar. [IpoumechT Ha oOydyeHue Hammog00sIBa HATPYNBAHETO HA OMHUT U € OT
CBIIECTBEHO 3HAYCHHUE 32 MOA0OPSABAHETO HA paboTaTa UM.

Bbpxy orneHsBaHeTO Ha €(PEKTHUBHOCTTa Ha EJIEKTPOHHOTO OOYYCHHE BIUSAT TOJISIM Opoi
pazHooOpa3Hu (PaKTOpH U 32 OTUYMTAHE HA BIUSHUETO UM € HEOOXOAUM TOJIIM HabOp OT MOoKa3aTelu.
OneHsIBAHETO HAa TE3W TIOKA3aTelH, TO3BOJISIBAT Ja CE YCTAHOBIT W CHIICCTBYBAIU IPOITYCKH B
mporeca Ha eJeKTpoHHO oOyueHue. CTemeHTa Ha TMOCTHTaHe Ha CTpaTerMYecKUTe IeTd Ha
€JIEKTPOHHOTO 00YyUEHHE MOJKE JIa CE OIICHU C T. Hap. Pe3yJITaTHH IMOKa3aTelu.

B pesynrar Ha HanpaBeHUs aHAIH3 3a OLICHsBaHE e(DEKTUBHOCTTA HA EIEKTPOHHOTO O0yueHHUE
e n30bpan noaxoaa Ha BSC B koMOuHanust cbC cienuuIHM 3a €JICKTPOHHOTO OOYYECHHE BHB BUCIINUTE
YUYWIHNIIA, PE3YITATHU [I0KA3aTEIIN.

3a U3roTBsIHE HA MPOTHO3a HA PE3YJITATHUTE MOKA3aTeNn 3a €(PEKTUBHOCT HA €IEKTPOHHOTO
o0yyeHne Ha ocHoBara Ha nokasatenu or BSC e m30Opan amapara Ha HEBPOHHUTE MPEXHU, MMOPAIH
CHOCOOHOCTTA MY J1a aIPOKCUMHMpA ChIIECTBYBAILUTE B IIPOLIECa HA €IEKTPOHHOTO O0yUEHHE CIOKHU
HEJIMHENHU 3aBUCUMOCTH.

I'JTABA II: OHEHABAHE HA EOEKTUBHOCTTA HA EJIEKTPOHHOTO OBYYEHHUE
YPE3 BAJTIAHCUPAHA CUCTEMA OT IIOKA3ATEJIN

B nacrosmara rmaBa e paspaboreH monen Ha BSC 3a Buciie ydmiuine ¢ €IeKTPOHHO OOydYeHHE.
MO,Z[GJIT;T BKJIFOYBa ONPCACTIAHE HA CIICAHUTC KOMIIOHCHTU:

® MHCHS, CTPaTerH4YeCKH MPUOPUTETH, IEPCIIEKTUBH U LIEJIH Ha 00pa3oBaTeIHaTa UHCTUTYIIHS,
e crparernuecka kapra Ha BSC;

e [I0Ka3aTeNH 3a OlleHsBaHe Ha edekTuBHOCTTA Ha EO,;

® pe3yNTaTHH MokKa3arenu 3a edekTuBHOCT Ha EO.

EI[Ha OT IPCAINNOCTABKUTC 3a YCIICHIHOTO PAa3sBUTHUC HA BUCHIUTC YUYMJIMIIA, KOUTO HU3IOJI3BAT
SNIEKTPOHHO O0yYeHHE € ONpPE/CIIHETO Ha MUCHATA. Pa3paboTBaHeTo Ha OajaHcHpaHa CHCTEMa OT
nokasatenu (BSC) e HeBb3MOXKHO 0€3 sICHO pa30upaHe 3a MUCHSITA, M3UCKBAHUATA U OTPAaHHUYCHUSITA,
BB3MOYKHUTE U HEBB3MOXKHU HACOKHU HA Pa3BHUTHE, KAKTO M 3a IIOCTABEHATA CTPATEIUsl M IbJITOCPOYHH
nend. MucusTa Ha BUCIIC YYWIHILE C CIEKTPOHHO oOydeHHe Moke na ObJe ompejerneHa Karo
npugIuuane U NOO2OMESIHE HA BUCOKOKBANUDUUUPAHU U KOHKYPEHMOCHOCOOHU Kaopu, KaKTO W
NBIHOYEHHOMO — U3NON36AHEe HA  Bb3MOICHOCMUME HA  CbBPeMeHHUme  UHDOPMAYUOHHU U
KOMYHUKayuonnu mexnonoeuu. Ha OCHOBa Ha JeKiIapupaHaTa MHUCHS C€ OIPEACISAT OCHOBHUTE
cTpaTerH4ecKH TPHOPUTETH. 6UCOKO pasHule HA 00pazosamentus npoyec, pasgumue U
NPUNLOJICEHUE HA CbEPEMEHHU UHPOPMAYUOHHU MEXHOIOSUU.

CneleaLuaTa CTBhIIKA, CJICH ONPCACIEIHCTO Ha MHUCHUATA U CTPATCTUYCCKUTC HNPUOPUTCTHU, €
dbopMyIUpaHETO HAa MepPCHeKTHBHU, CHCTaBIABAIM CTparerndyeckara kapra Ha BSC nHa Bucmero
yumnunie. [lepcriektuBute Ha BSC 32 onensiBane Ha eeKTHBHOCTTA Ha C €IEKTPOHHO OOyUYeHHE ca B
CBHOTBCTCTBUC C MUCHATA, CTPATCIUATA U OCO6€HOCTI/IT€ Ha q)YHKL[I/IOHI/IpaHeTO Ha BUCHICTO YUYMJIUIIC.

B cpoTBeTcTBHE C Kiacuyeckara crparernuecka kapra Ha Kaplan u Norton u cneunduynure
0COOEHOCTM Ha OOYyYEHHMETO Ha MarucTpu BBB BHUCIIE YUWIMILE C €JIEKTPOHHO OOydeHue, B
HACTOSIILUS IUCEPTALIMOHEH TPY/ Ca ONPEAETICHU CICAHUTE 4 IepCIEKTUBHU:

1. ®unancuy;

2. Tlorpeburenw;

3. OOpa3oBareneH mporiec;
4. Pa3BuTHe Ha IEpCOHAA.

Te3u uermpu nepcnextBn Ha BSC ca B mpuumMHHO-CIIEZACTBEHA BpbB3Ka IOMEXIY CH.
EdexTHBHOTO M3MOJI3BaHEe Ha YOBEHIKUTE PECYpPCH JONpUHACS 3a MON00psBaHE HA CTOWHOCTUTE HA
noKaszareJnTe OT MepcrekTuBara ,,O0pazoBaTenieH Mmporec', KOeTo Ha CBOM peJl BOAM J0 IpU3HAHHUE

Ha o0OpasoBarenHaTta WHCTHTYIMS OT IOTPEOUTENM M HMHBECTUTOPHM, a KPaMHUAT pE3yirar e
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nojpoOpsiBaHe Ha (UHAHCOBUTE I mokasarenu. B lepapxusta Ha nepcnektusute ,,OuHancH”,
»llorpedburenn”, ,,O6pazoBateneH mporec” U ,,Pa3BuTHe Ha nepcoHana” ca OMpeeNieH! U, KOUTO
CIOCOOCTBAT 32 pealiu3alysl Ha MUCHUATA U CTPATETHTa HA BUCIIE YUHITUIIE.

[TprunMHHO-CNIEICTBEHUTE BPBH3KH BH3yalM3UpaT B3aMMOBPH3KATA M 3aBHCHMOCTTa MEXKIY
NEPCIEKTUBUTE M ILIEIUTE B CcTparerndyeckara kapra. Crparermueckara KapTa Ha IEJIHTE, M3BECTHA
Olle 0]l HAUMEHOBAHHUETO ,,IBPBO HA LENUTE” € MOCTPOCHA Ha MPHUHIIMIIA ,,aK0-TO” M MO3BOJISIBA MO
BT Ha Tpa)UYHO TPEACTaBSHE JIa C€ YCKOPH M ONPOCTH OILEHKaTa M aHalM3a Ha IMPOLECHTE B
oOpa3oBaTenHaTa HHCTUTYIIHS MPU B3€MaHe Ha YIPABICHCKH PEIICHUS.

Ha ®wur. 2.2 e nokazana pa3paboTeHa CTpaTernyecka KapTa Ha IEJIUTE Ha BHUCIIC YYHIIUIIE C
eIeKTPOHHO 00OyueHue, B CbOTBETCTBHE C HepapXusTa Ha OTJAeNHUTE NieperekTuBu Ha BSC.

Yeesmyapane Ha NpHXO/HTE Hamansmane na pasxoaure
MotpeGutenu \

[Toennapane HMHDKA HA [Noenwapanero na VIAOBJIECTBOPEHHETO [ToeHwapane HMHIDKA HA YHHBEpCHTETA
= 44— ¢ e J
VHHBEPCHTETA B OOLLUECTRBOTO Ha CTYICHTHT¢ cpen ¢ll[)lllll¢ H OH3HEC OpraHH3allHHTe

O6pasoBareneH npouec

ITonobpspane Ha KauecTBOTO Ha OntuMusanns Ha yqeGHuA nponec HuoparierocT B ofpasoparenara
yuedHus nporec nefiHoct

Pa3sutue Ha nepcoHana

[ToHmapane Ha MOTHRAIHATA HA IToeninapane Ha KB THQUKAIHATA HA
nepcoHaa nepconana

Que. 2.2. [lpumepna cmpamezuvecka Kapma Ha yeaume Ha GUCULe YHUIUWe C eLeKMPOHHO 00yuenue

OcnoBuu komnoneHtn Ha BSC ca nokasarenure 3a edpextuBHoct (KPl — Key Performance
Indicator). Te ciyxkar 3a orneHsiBaHEe Ha €()EKTHBHOCTTA OT JCHHOCTTa HA BHCIIETO YYWJIMINE U ca
00BBpP3aHU ChC CTpATETUsATA, LEIUTE U 3aJaunTe, nmocraBeHu mnpea Hero. KPI ca konuuecTBeHn win
KAueCTBEHM II0Ka3aTelld, KOWTO II0Ka3BaT CTENEeHTa Ha JOCTHIraHe Ha TAKTHYECKHTE M Ha
CTPATETUYECKUTE [IEJIH Ha OpraHU3aIusiTa.

B Hacrosmust aucepTaniMoOHEH TPy 3a OICHsABaHE Ha €(PEKTHMBHOCTTa Ha EJIEKTPOHHOTO
oOydeHre BBHB BHCIIEC YYHIHUIIEC ca MPEAoKeHu onucaHute B Tabnwma 2.1 mepcrneKkTuBH, LETH U
MMOKa3aTelH.

3aeHO C TAX Ce BBBEXJAT U T. HAP. pe3ynmamuu nokazamenu, KOUTO OTpa3sBaT KpaitHUTE
pesynraTH OT mpomeca Ha OOy4eHHEe M OTYMTAT CTENEeHTa Ha IOCTHraHe Ha Halens3aHUTe OT
oOyudaBaiaTa opraHusanus 1enu. Pe3ynTatHuTe mOKa3aTelH MOKa3BaT ChbCTOSHUETO Ha Ipoleca Ha
€JIeKTPOHHO OOyuYeHHE Ha M3XO0Jla Ha CHUCTeMara B 3aBUCHMOCT OT e(eKTHMBHOCTTa Ha paboTara Ha
oOydJaBalaTa OpraHu3alys, a UMEHHO: YCIIeX Ha CTYICHTHTE, pealn3alus U KOHKYPEHTOCIIOCOOHOCT
Ha naszapa Ha Tpyzaa. OTYMTaHETO Ha 3aBUCHUMOCTTa Mexay nokaszarenure or BSC u pesynaratHute
IOKa3aTeI MOXKE Ja II03BOJIM Ja C€ HAcTPOSAT MPOLIECHTE Ha OpraHu3alus U YIpaBIeHUE Ha
SJIEKTPOHHOTO OOydYeHHe, Ha JEWHOCTTa Ha IPENOJNABATEICKUS W aJMHHUCTPATUBHHUSA CHCTaB, HA
(MHAHCOBOTO M Y4eOHO-METOAMYECKOTO OCHTYpsSBaHE Taka, 4e€ B pe3ylaTaT Ja ce Ioiydar
MaKCHMAaJTHO BUCOKO PaBHUILE HA 3HAHUS U YCIICIIHA TPY/0BA peaan3anus Ha BUITYCKHUIUTE.
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ea Iloka3ares
IIpuxonu OT CTyAE€HTCKH TaKCH
o [Ipuxoaw OT HAYYHH TPOEKTH
<
2 £ VYBenuuaBaHe Ha NPUXOIUTE [Ipuxonu oT cioHCcOpHu
B
% % [Tpuxomu oT npoax0a Ha eNEKTPOHHU YIeOHU
= 5 MaTepHaIn
S §‘ Pasxomu 3a pazpaboTka Ha 1 eJeKTpOHEH Kypc
HamansBane Ha pa3zxonure Pasxoau 3a amopruzanms Ha JIMA n JIHA
Pa3xo/u 3a 3a11aTé ¥ OCHTYPOBKH Ha IEpCOHANIA
VYBennuaBane umupka Ha BY ¢ Kangumaru 3a 1 mscto
B EO B 0611ecTBOTO. CpezieH BXOAI yCIIeX Ha KaHTUAATATE 32 MAarHCTPH
o
& YBenn4yaBane Ha o
= % CTyIEHTH, YIOBICTBOPEHH OT 0OYUEHHETO CH
° YAOBJIETBOPEHHUETO Ha CTY/ICHTHTE
§ VYBenuuaBaHe UMUIDKA Ha
= BHCIIIETO YYWININE cpel GupmMute % CTyAEHTHTE C TIOSTH TaKCH/CTUIICHINH OT OU3HEeca
1 OU3HEC OPraHU3alUUTe
Cpeano Bpeme npekapaso ot 1 crynent B EO
Q o
2] Bpoii npoBenenn TecToBe B | qUCHUIUIMHA
g [MomoOpsiBaHe HAa KAYECTBOTO HA
2 CTeneH Ha MHTEPAKTUBHOCT HA YYEOHHUTE KYpPCOBE
g y4eOHHs Tporiec
- YacoBe, mpekapaH B TPATUIIMOHHU CPEIIU MEKITY
% YYACTHUIUTE
E OntuMu3upane Ha ydeOHuUs
a2 Crynenta, 00y4aBaHu OT 1 mpernojaBaren
9] mpolec
é’ Bpoii HOBHU crienManHoCTH
O v
o) MHOBaTUBHOCT B Y4eOHHS MPOIIEC Bpoil HOBU eNIeKTPOHHU KypCcOBe
Bpoii 00HOBEHH €JIEKTPOHHU KYpCOBe
MortuBaIs Ha epcoHaia % TpenojaBaTeNy, YAOBICTBOPEHH OT YUCOHUS MPOIEC
[Ty6nukanuu cpenHo Ha | mpemnogaBaTen
Ei VYuacTtusi B KOHQEepeHIMU CpeIHO Ha | mpenojjaBaren
é Kpanmudukanus Ha nepcoHana Bpoii npenogapareny 3alUTHIIN HAYYHA CTEIICH
= JokTop/[loKTOp HAa HAYKHUTE
Bpoii xabunuraiuu
Bpoii kondepeHunu, opranuzupanu BbB Bpb3ka ¢ EO

Tabnuya 2.1. Iepcnekmusu, yeau u nokazamenu Ha BSC 3a eucuie yuunuue c enekmpoHHo odyuerue

3a OLCHABAHC Ha MOCTUTHATHUTC PCE3YJITATH OT CICKTPOHHOTO 06yquHe B HaACTOAIIUA
AUCEPTAIMOHCH TPY/ Ca MPEATIONKEHHU CIICAHUTE PE3YJIITATHU ITOKA3aTCIIN:

® CpEICH YCIEX Ha CTYACHTHTE — CTOWHOCTTAa My MOXE Jia CIY)XKH 3a CpaBHSBaHE Ha ycriexa
Ha CTYACHTUTC, KAKTO B pa3JIM4YHU CICHUAIHOCTH W BHUCIIN Y4YHUJIUIIA, TadKa U 3a OTACIIHU
TO/INHH;

e KOoe(HIMEHT Ha yCIEeBAaeMOCT — OTHOCUTENEH JsUT Ha Oposi Ha 3aBbPIIMINTE CTYACHTH KbM
Opost Ha 3amHcaNuTe ce. 3a CTYJCHTUTE, 00yJaBally ce eJICKTPOHHO € XapaKTepeH BUCOKHUST
OTHOCHUTEJICH [SUI Ha OTMAJallUTe W OICHSIBAHETO W MOHHUTOPUHTA Ha TO3M MOKAa3aTel
croco0cTBa 3a MOBHUIIIaBaHe Ha €()eKTUBHOCTTA Ha 00YUEHHUETO;

e Opoil MPOIBKWIM CleIBallla CTeeH Ha oOydenue ,,fokrop”. IloBuIIaBaHe Ha TO3U
MOKa3aTes ToKa3Ba e)eKTUBHOCTTA HA CIEKTPOHHOTO O0YUEHHE;

® OTHOCHTEINICH JISUT Ha PabOTENH MO CHENUATHOCTTa KbM 00II Opoi 3aBBPIIUIN CTYICHTH.
BucoxusT npoueHT Ha npodecuoHaIHa peann3anus Mokas3Ba, 4ye (puHaHCcOBaTa HHBECTHUIIHS
Ha CTYJCHTHTE B OOYYEHHETO MM ¢ oOe3leueHa OT MPUAOOUTH KOHKYPEHTHH 3HAHHS H
YMEHHUS.

Upe3 mporHo3upaHe Ha pe3yJdTaTHUTE I[IOKa3aTeld Ha OCHOBaTa Ha CTOWHOCTHTE Ha
nokasarenure 3a epekTuBHOCT 0T BSC Moke na ce qokake B3aMMOBPB3KaTa MEXKIY TSIX,  UMEHHO:
noo0psiBaHETO Ha AacHeKTH KaTro (UHAHCOBO oOe3redaBaHe, OpraHu3allvs Ha y4eOHHUs MpoIllec,
KBaTM(DUKAIKS ¥ Pa3BUTHE Ha TIEPCOHANIA BOJAT J0 MOBUIIABAHE HA PE3YJTATUTE OT 00pa30BaATEITHUS
porec.
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C men MOHHWTOPWHI Ha pe3y/ITaTHUTE IMOKa3aTenu MoraT jaa ce u3noi3sar BSC kaprtu, Ha
KOUTO C€ OTYMTAT TEKYIIUTE U LEIEBUTE UM CTOHHOCTH. OOydaBamiaTta WHCTUTYIUS MOXE J1a BIIUSIE
BBPXY CTOMHOCTUTE HA TE3U MOKAa3aTeNIN Ype3 Habela3BaHe Ha MOAXOASAIIN MEPOTIPUATHUS 3a TOBA.

BaxxHo 3HaueHue TpU OICHABaHE Ha EPEKTUBHOCTTA HA EJIEKTPOHHOTO OOYy4YeHHE HUMAaT
pa3xoauTe 3a Ch3/IaBaHE HA CICKTPOHHM ydyeOHW MmaTepuanu. [lpw eneKTpoHHOTO 00ydeHue ca
HEOOXOUMH y4eOHU MaTepUal ¢ BUCOKO KaueCTBO M MHTEPAKTHUBHOCT, Thi KaTO T€ CE€ MOJI3BaT OT
roJisiM OpO¥ CTYZEHTH U OOYYCHHETO MOXKE Ja C€ OCBIIECTBIBA CAMOCTOSITEIIHO, 0€3 IPUCHCTBUETO HA
npenoaaBareln. Pazxoaute 3a npoekTupane, pa3padboTBaHe U BHEIPSIBAHE HA €JICKTPOHHU KYpCOBE ca ¢
BHCOKA CTOMHOCT.

B HACTOAIIUA JUCCPTALIMOHCH TPY/J Ca MPCAJIOKCHHU JIBa MOACIIA 3a OLICHABAHC Ha MOKAa3aTCIIA
,»BpEeMe 3a pa3paboTBaHE Ha €IIEKTPOHHM y4eOHH MaTepuanu'. [IporHo3MpaHeTo Ha TO3W TOKAa3aTeln
MOXKE Ja JOBEle [0 MpuiaraHe Ha MEPONpHSTHS 3a HaMalsBaHE Ha pPa3XOAWTEe Ha BpeMe 3a
n3paboTBaHe HAa KaYECTBEHU EJIEKTPOHHHM KYypCOBE M OT TaM 3a IMOBHIIABaHE HAa €(EKTHBHOCTTA Ha
eneKTpoHHOTO oOyuenue. Ilpu paspaboTBaHeTo Ha MOJAETUTE CE€ MpHeMa, Y€ BPEMETO 3a
pa3paboTBaHe Ha OBJCIl Kypc MOXE Ja C€ ONpeAeir B ChOTBETCTBHE C TEHICHIMHTE U
3aKOHOMEPHOCTHTE, YCTAHOBEHH B MUHAJI Nepuoj. B mporeca Ha mpoekTHpaHe U pa3paboTBaHe Ha
€JIEKTPOHEH KYpC BJIMSAT MHOXKECTBO (DaKTOPH, KATO: KBATU(PHKAIMS M ONUT Ha H3IIBIHUTEIUTE,
CTCIICH HAa UHTCPAKTUBHOCT, MPOABILKHUTCIHOCT HA KypcCa U Jp. OcHoBHaTa e Ha IbpBUA MOACI CC
0a3upa Ha U3MOJI3BAHETO Ha KJIAaCHUYECKaTa 3aBUCUMOCT Ha eTHO(PAKTOPHUS PETrPECHOHEH aHAIIN3:

y=a+[X+¢ (2.2)
KBJETO Y € 3aBHCHMaTa MPOMEHIINBA, X € He3aBHCUMAaTa MTPOMEHITUBA, 0 € TIOCTOSTHEH KOS(UIIMEHT, [ €
KOe(QHIMEHT Ha NMPOMEHJIMBATa X U & € KOS(UIMEHT Ha BIMSHUETO HAa PA3IMYHU BBHIIHH (PAKTOPU
(koedunueHt Ha ,,iryma”). [IpunokuMocTTa Ha MoJIesia € HITFOCTpHUpaHa ¢ YHCIICH ITpUMep.

Russel [16] u Kapp [17] npemnaraT Mojen, KOMTO BKIIOYBA IOKA3aTEIUTE ‘‘OMUT Ha
W3MBJIHUATENS, “CIIOKHOCT Ha MpoeKTa”, “BBHIMHU (hakTOpu~ W ‘‘CTENEH Ha WHTEPAKTHBHOCT Ha
Kypca”.

B Hacrosmms nucepranoHeH TpPya KbM Mojela Ha Kapp ce BbBeXAAT JOMBIHUTEITHU
HOPMHUPAHH TETJIOBHU KOS(PHUIIMEHTH 32 BCHYKH TIOKa3aTelln, ChbC CTOMHOCTH B Tuamna3zona ot 0 jo 1:

e ONWT Ha M3MBJIHUTEISA, pa3paborsain Kypca (1), 3a KoiTO ce mpuema, ue aKoO H3IIBJIHUTEIAT
uMa Haj S roguan onuT t = 0, a ako onuThHT My € 710 1 roguHa t = 1;

® CIIOKHOCT Ha Kypca u Opoii yuacTHuiy B Hero () — To3u mokasaresn oTyuTa CIOKHOCTTA Ha
Kypca 3a eNeKTPOHHO OOYyYeHHE, a ChIO U JOMBIHUTEIHUTE 3aryou Ha BpeMme, CBHP3aHU C
OpraHU3AIMOHHM BBIIPOCH M OOIIyBaHE MKy ydacTHUIUTE. [Ipuema ce, 4e KOJIKOTO ImoBeue
Xxopa palboTAT MpU Ch3/IABAHETO Ha Kypca, TOJKOBA € MO-BUCOKO HHBOTO HA CIIOKHOCT —
KOIaTo KOJIEKTHBA € OT | 4OBEK — HUBOTO Ha CIIOKHOCT € HUCKO U | = 0, a mpu KOJEKTHBH OT
10 1 moBeue YOBEKa ce mpuema, e CI0KHOCTTa € Bucoka u | = 1;

e BBHIHHK (akTopH (M) — Te HE ca MPSKO CBBP3aHU ¢ paboTara MO Kypca, HO BIHUAAT BHPXY
BpEMETO 3a pa3pabOTBAaHETO MYy — HAmpUMEpP, BpeMe 3a IpOoBEpKa Ha EJIEKTPOHHA IIOIIa,
TerneOHHU Pa3roBOpH, OTCHCTBUS U Jip. [Ipuema ce, e rpu cnabo BIUSEHIN BHHITHU (PaKTOpU
m = 0, a Tpu CWJIHO BiusiHUEe M = 1;

e CTeleH Ha MHTEPAKTUBHOCT (N) — B HAM-MPOCTHUTE Clydyal MHTCPAKTUBHOCT HE ChIIECTBYBA —
oOydJaBaniuTe HE BIHMSAT BBbPXY MHPOpMAIUATA HA KOMITIOTHPHHS €KpaH. BbBekIaHETO Ha
MHTEPAKTUBHOCT yBEJIMUaBa BPEMETO, HEOOXOIUMO 3a Ch3laBaHe Ha Kypc. [Ipu Hammume Ha
BHCOKA CTETEH HAa MHTEPAKTUBHOCT (HAIp. ayAuo- U BUJICO-KOMYHHKAIIUS C MPENogaBaTeis B
peasHoO BpeMe) BPEMETO 3a pa3paboTKa Ha €JIEKTPOHEH KypC MOXE Jia C€ YBEJIMYH TMOBeYe OT 3
II'BTH CIPSMO BpEMETO 3a pa3paboTBaHe Ha Kypc 0Oe3 uHTepakTuBHOCT. [lpm numca Ha
MHTEPAKTUBHOCT N = () ¥ pH IIbJIHA HHTEPAKTHUBHOCT N = 1.

CroiiHocTUTE Ha W3NOJ3BaHMTE mokaszarend t, |, M, N U CHOTBETHUTE UM TEITIOBHU
koeunuentu K¢, K|, kn um K, (ompenmemenu Ha 0Oa3ara Ha €MIHUPUYHH [JAHHH W JaHHHA OT
JUTEpATYpHHU U3TOYHMIN) ca IoKa3aHu B Tadmuia 2.6.
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CJ107KHOCT Ha MPOEKTA
OnuTHOCT HA N p BbHunn CreneH Ha
1 Opoil yYacTHMIY B
Iloka3zaTten | M3NBJIHUTEJS Hero taxTopn HHTEPAKTHBHOCT
t (romunm) m n
| (xopa)
Min (> 5 ronuHN) (1 - 10 goBexa) (cirabm) (msima)
t=0 | =0 m=0 n=0
(< Iroguna) (mag 10 yoBeka) (cuHn) (rpHA)
Max _ _ _ _
t=1 =1 m=1 n=1
Texect k; =0.4 k=1 km =0.4 k,=3
Tabnuya 2.6. Ilokazamenu u meeio6Hu KoeuyueHmu, 6IuAewU 8bPXY 6PEMemo 3a paspabomeane Ha KypcC 3a eleKmpOHHO
obyuenue

[Mpemioxkena e moaudpukanus Ha Mojaeida Ha Kapp 3a ompeaensHe Ha BpeMero 3a
pa3paboTBaHe Ha €JIEKTPOHEH KypC M KaTo Ce B3eMaT MPEJIBHJI BHBEJICHUTE JIOMBIHUTEIIHN TETJIOBHU
KoeUIMEHTH ce npeasara Gpopmyrara;

y =X+ Xk *xt+k*l+k,=m+k *n) (2.8)
KBJICTO y € TNPOTHO3WPAHOTO BpEeMe 3a pa3paboTKa Ha EJIEKTPOHHHS KypC, X € NIPEIBAPUTEITHO
OILICHEHO BpeMe 3a pa3paboTBaHE EJICKTPOHEH Kypc, Ki, Ki, Km u K, ca TernoBHu koeduimentn Ha
BBBeJIEHNTE Mokasarenu t, |, mu n.

[Ipemioskenara ¢popmysa Mo3BoOJsABA J1a C€ OLEHH BPEMETO, HEOOXOIUMO 3a pa3paboTBaHEe Ha
KypC 32 €JIEKTPOHHO 00y4YeHHE C IMO-BHCOKA CTEIIEH Ha TOYHOCT M JaBa Bb3MOXHOCT 3a KaJuOpHupaHe
Ha [OKa3aTeNuTe Ype3 BapUPAHETO HA KOS(HUITMEHTUTE 3a TEXKECT.

[TogoOHM ONEeHBPYHHM MPOTHO3UPAIINA MOJEIH Ouxa MOTJIHM Aa ce cbeTaBsaT u 3a npyru KPI ot
cTpaternueckata kapra Ha BSC ¢ nien na ce paskpue QyHKIIMOHAIHATa 3aBUCUMOCT Ha ChOTBETHHUTE
MoKa3aTeli U (aKTOPUTE, KOUTO BIUSAAT BHPXY TAX. ChCTaBIHETO HA MPOTHO3HHM MOJEIH 3a OICHKA
Ha KOHKPETHH TOKa3aTeld MOXeE Ja JOMPHHECe 3a MO-TOYHOTO MM OTYUTAHE M B MEPCIEKTUBA I0-
peaTMCTUYHO OmpenessiHe Ha 1eneBuTe ctoiHocTr Ha KPI.

B nucepranmonHust Tpyn ca u3ClHeABaHM JBa MoOjJeNa 32 OTYMTAHE HA BIMSHUETO Ha
(dakTopuTe BHPXY pe3yJTaTHUS IMOKa3aTeN “‘OllCHKa OT U3IUTa’”:

e ype3 BpeMe, OTACIICHO OT CTYACHTUTE 3a ON-line oOy4eHue,

e uype3 Opoli MOCETEHU XHUIIEPTEKCT-BPH3KH (JTMHKOBE) C JIOMBIIHUTETHA YIeOHa JINTepaTypa.

Upe3 perpecHOHEH W MHOKECTBEH KOPEIAlMOHEH aHAIM3 € YCTAHOBEHA MPaBO-TMPOMOPIHOHAIHA
3aBHCHUMOCT MEXIY OlleHKaTa oT u3nuTa (y) u Bpemero B On-line obyuenue (X). Ot Tyk cienBa, 4e
MOBHUINIABAaHE HAa YaCOBETE, OTICICHU 3a €JIEKTPOHHO O0ydeHHe, MOBHUINABA U yCIeXa Ha CTYACHTHUTE

(Dwr. 2.5).

6,5 1

515 — et »

4,5

OueHKa oT U3NUTa
[&)]

3,5 T T T T
130 150 170 190 210

Yacose

| . [eicTBUTENHN CTOWHOCTU — =— = PerpecuoHeH TpeHa ‘

@ue. 2.5. 3asucumocm meoncdy epeme 6 On-line obyuenue u oyenkama om usnuma

Upe3 BTOpHS MOJEN € YCTaHOBEHA IMPaBO-IIPONOPLHMOHAIIHA 3aBUCUMOCT MEXIy Opos Ha
MOCETEHUTE OT CTYACHTA JUHKOBE C JION'BJIHUTEIIHA YYeOHU MaTepuaId U OlleHKaTa oT u3nura (dwur.

2.6).
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Que. 2.6. 3asucumocm medcdy 6post nocemenu TUHKOBE U OYEHKAMa om usnuma

YcnopeaHo ¢ wu3cielBaHE Ha IOKas3aTens ‘‘ycleX Ha CTYIEHTUTE , 4Ype3 MOAXOASILU
MaTeMaTHYeCKU U CTATUCTMYECKH MOJENIU MOraT Ja ce M3cielBaT U JAPYr'H pe3yiTaTHU I0Ka3aTelx
(“Opoii crymeHTH, paboTeNIM IO CHEMUATHOCTTA”, “OpOil CTyAEHTH, MPOIBIDKWIA ClIeaBaIla
Hay4HOOOpa3oBaTesHa CTENeH”) U T.H., C LieJl pa3KpUBaHe Ha (PaKTOPUTE, KOUTO UM BIMSSAT.

B auceprammonHus Tpyn € paspaboTeH anropurhM Ha mnpuioxenue Ha BSC BbB Bucuie
YUUIIHIIE C eIEKTPOHHO 00ydenue (Pur. 2.7):

IToaroToRrka Ha
PBKOBOAICTRO H

TIpoekTHpaHe

Bueaparaxe

Crparerigeckn
nemnn

IInau 3a BHEApARaHE
* Sajaan

YeroiiuuBo
H3ITEJIHEHHE

‘ Crbupane Ha maHuH ‘

!

CHTPYAHHIECTBO i L + OTroBOpHOCTH
* Cpokoee ‘ Kopurupane ‘
Crpareruiecka kapra ‘ « PecypcH
Hnentudikanus Ha HaeH ‘ ¥
23 OCHOBHHTE iL iL ﬂ
NepcnekTHEH
P ‘ Onpenersine Ha KPL ‘Pegyma:mﬂ noxaza:enn‘
‘ Kackapgupane

Onpenesine Ha
HEPCHEKTHEH

Que. 2.7. Aneopumem 3a npunodicernue na BSC 6 ucuie yuunuuje ¢ enekmpoHno ooyuenue

B mnpomeca Ha MoOMaM3anmusi ce HACHTU(UIUPAT OCHOBHUTE HJAEH U CE€ OIpenessaT
nepcnexktuute. llenra e ga ce orpaHuyaT NMPUOPUTETUTE B MUCHUITA U CTpaTerusTa Ha BHUCILIETO
yUWJIMILE, Thil KaTo PBKOBOJCTBOTO MOXE Jla C€ CBhCPEJOTOYM CaMO BBPXY oOIlpeneiaeH Opoii
MPUOPHUTETH 3a JIaJieH mepuo1 oT Bpeme. Omnpesens ce Kak MUCHUsITa Ha 00pa3oBaTeIHaTa HHCTUTYIIHS
Ce OTHAcCs 10 BTPELIHUTE MPOLIECH B Hesl U KaK TPsIOBa /1a ce MPOMEHST BbTPEUIHUTE MPOLIECH, KOUTO
BIIUSAT BbPXY MUCHSITA HA OPTaHU3ALIUATA.

IIpy mpoekTHpaHeTO ce ONpENeNAT CTPAaTEerMYEeCKUTE LEIU U Ce ChCTaBs CTpaTeruyecka
KapTa Ha MPUYUHHO-CIeCTBeHUTE Bpb3ku (Dur. 2.2). PazpaboTBa ce HAOOP OT KIIFOYOBHU MOKA3aTEIH
(KPI) 3a MOHUTOpHHT M OLieHsBaHEe Ha e()EKTHBHOCTTA Ha €NEKTPOHHOTO oOydeHme. Omnpenenst ce
ueneBn 3HadeHuss Ha KPl ¥ OCHOBHUTE MepomnpusTHs 3a NMOCTHUTaHE Ha IMOCTaBEHHUTE IEIH. 3a
OTIEJTHUTE CTPYKTYPHU MOJpPA3JENIEHUs Ce ChbCTABAT OTAEIHM cTparerndecku kaptu Ha BSC, kouto
OOMKHOBEHO MNOBTapAT Mozena Ha BY kato msuto. Ha To3m eranm ce ompenenst ¥ pe3yiaTaTHU
IIOKa3aTesM 3a OLIEHsBAaHE Ha CTENIEHTA Ha IOCTUIaHe Ha LienuTe, nocraBeHu B BSC.

CrezBaiara CTbhIIKa B IPEIJIOKEHHs aJrOPUTHM € ChCTaBAHE Ha IUIAH 3a MPHJIOKEHHE Ha

BSC. 3a pasnauunure 00pa3oBaTeIHy UHCTUTYLIMU MOAXOAUTE Ca PAa3IMYHU, HO MOTaT Ja Ce CIeaBaT

HACOKH, KOUTO Ja YCKOPST IIpOIleca Ha MPUIIOKEHHE — OOyd4eHHE Ha CHTPYAHUIMTE, MMOCTOSHEH

MOHHUTOPUHT BLPXY U3IBIHEHUETO HA IIOCTABEHHWTE 3aaui, Ch3JaBaHe Ha CHCTEMA 3a CTHMYJIUPAHE
4pe3 Bh3HAIPAXKICHUE 3a MIOCTHKEHUATA U JIP.
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3axnrounTtenHara (asza e yecroiiumBo usnbiaHeHue. Ta3u dasza ce pokycupa BbpXy OlLlEHKaTa
Ha TMokaszarenuTe 3a epeKkTUBHOCT ype3 BSC kaTo yacT OT exeIHEBHHUTE NMPOLEAYPU BHB BUCILETO
yaunumie. HaGupaneto Ha wuH(oOpMmainus 3a e(pEeKTHUBHOCT Ha €JIEKTPOHHOTO OOy4YeHHEe |
aHATM3UPAHETO W TMoANoOMara ycremHotro npuioxenue Ha BSC B oOpa3oBarenHaTa MHCTUTYIHSL.
Taka c1abocTHTe ¥ MPOITYCKUTE MOTAaT Ja Ce OTKPOST HaBPEME U Ja CE€ OTCTPAHAT upe3 HaOelsI3BaHe
Ha CbOTBETHH MEPOIPUSATHSL.

Haii-kpaTkusi mbT 3a NpakTHYECKa peau3alis U MOHHTOPUHI BBPXY H3IIBIHEHHETO Ha
CTpaTcrusTa Ha OGpﬂBOB&TGHHaTa HHCTUTYLIUA € 4Ype3 IMPUTIOKCHUC HaAa aBTOMAaTU3HWpaHa
nH(popMaInMoHHa CUCTEMA 32 OTYUTAHE Ha Moka3aTenute Ha BSC.

B nucepranmsATta € moka3aHa eKCIepUMEHTanHO npuwiokenne Ha BSC 3a  ornenka
e(eKTUBHOCTTa Ha EJICKTPOHHOTO OOYYEHHE BBHB BHCIIC YYHIHIIE, PEATU3UPAHO C IMOMOINTA Ha
noao6Ha cuctema [18]. [Ipemnoxenu ca:

® [EPCIEKTHBH, OTTOBAPSIIM HA MUCHATA HA BUCIICTO YUUIIHUIIIE;

e moka3arenu 3a onensBane (KPI), kaTo ca 3a1aieHU CIeJHUTE XapaKTePUCTHKH:
- cmotiHocm — TEKyIlla CTOMHOCT Ha IOKa3aTels 32 KOHKPETHATa roIMHa;
- min/max cTOMHOCT Ha MmoKa3aTessl Mpe3 U3CIICABAHUS TICPUO/T;

e 1300p Ha TOCOKa Ha MOAOOpsIBaHE HA IMOKa3aTeN (J1a ce yBennyaBa W Jla ce HaMallsiBa).

W3non3Banero Ha chenManu3upaH MporpamMeH NpoAaykT 3a mnpuwioxkeHue Ha BSC pgama
BB3MOXKHOCT 4Ype3 HACTpOWKa Ja ce HaOJo/IaBaT IMOKa3aTeIWTe, KOUTO Ca W3BBH IMPEIBAPUTEITHO
3aJaICHUTC FpaHI/H_[I/I. TGBI/I IIOKa3aTeJIn N3NCKBAT IMOBUIIICHO BHUMAHUEC HpI/I onpenenﬂHe Ha 1eJiIcBa
CTOMHOCT Ha ITOKa3aTes.

Crnenunanu3upaHusaT MporpaMeH MNpPOJAYKT MO3BOJISIBA Jla C€ Ch3/aBaT IuarpaMH 3a BCsKa
MepCHeKTUBa CJe/ BhBEeXKIaHE Ha MHGOPMAIHATA 33 MEPCIEKTUBUTE M TOKA3aTENIUTEe 3a OMpeneacH
nepuoa OT BpeMe. Upe3 TakwBa auarpamu, Osxa ONpPENEICHH KAaTO HM30CTaBalllM ITOKA3aTelUTe
»Kanmumatu 3a 1 Macto™ u ,,OTHOCHTENEH JsUI Ha CTYACHTHTE C IMOETH TaKCH OT Ou3Heca” 3a
nepcrnekTunara ,,Ilorpedurenu’ 3a nanena roguna. Te3u pe3yiaratu Morar Ja ce U3MOJ3BaT, 3a Ja ce
HaOeeKaT MepONPUSTHS 3a MTOBUIIIABAHETO HA CTOWHOCTUTE HA W30CTABAIIUTE MTOKA3aTEIIH.

Cnen ompenensHe Ha M30CTABALUTE WM BJIOLIABAILMTE CE IIOKA3aTEIM 3a OLEHSABAaHE Ha
e(eKTUBHOCTTa Ha EJIEKTPOHHOTO OOydeHue, ce pa3paboTBaT MEPONpPHSTHS 3a IOCTUraHE Ha
CTpaTEernueCcKUTE IENIM HA BUCIICTO YUHIIUIIE. 3a pa3pad0TEHUTE MEPOTIPUSITHS C€ ONPEaesi OOIKET,
CPOKOBE 3a M3II'BJIHEHHE U OTTOBOPHHUIIM. MeporpHsaTHITa MOraT Ja ce OOeJAMHST B KI'BCTEPU U Ha
Ta3u OCHOBa Ja ce ¢GopmupaT ONU3KM TIO HACOYEHOCT WHUIMATUBH W MEPONPHSITHS B
CTpaTernyecKuTe Nporpamu.

[Moxxoxasiny MHCTPYMEHT 3a OIlCHKa Ha NpwiokuUMocTra Ha BSC BBB BucIIe ydwiuiie ¢
eleKTpoHHO o0yuenue ¢ T. Hap. SWOT amamuz [19] (Strengths — mpemumcrsa, Weaknesses —
HenoctaTbiu, Opportunities — Bp3MoXkHOCTH, Threats — 3amiaxu), KOWTO MO3BOJISIBA J1a C€ OMPEACIIST
OCHOBHHUTE MpeUMyIiecTBa U HemocTarhii Ha BSC. M3BOABT OT TO3M aHAIU3 €, Y€ BBHIIPEKH HIKOH
orpanmueHus u cinaboctu, BSC Moxe na cioykd KaTo CHUCTeMa 3a OICHKa Ha €(EKTUBHOCTTA H
YIPaBJICHUETO Ha BUCIIN YYHIIHIIA C €JIeKTPOHHO 00yueHune. BSC mpuBexma MUCHATA U CTpaTerusTa
Ha OpraHU3alUATa, TPUIAraiia eJeKTPOHHO 00ydYeHHe, B OaJaHCHPaH KOMIUICKC OT B3aUMOCBBpP3aHU
MOKa3aTell, KOUTO JaBaT KpaTka, HO JOCTaThuHO MbJIHA HHGPOPMAIMS Ha JABHKCHHUETO Ha
oOyuaBariaTa OpraHu3aliys KbM H3IIbIHCHUETO HA 33JaUunTe M MIOCTHraHeTo Ha 1enute if. BSC moxe
YCIEIIHO [1a Ce Mpujiara KaTo CPeJCTBO 3a MOTHBAIlMs U 0OpaTHa BPh3Ka MPH OCHIICCTBSIBAHE HA
npolieca Ha eIeKTPOHHO 00yueHHe BbB BUCILIETO 00pa30BaHHeE.
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I')TABA I11I: MOJIEJI 3A IPOI'HO3UPAHE HA E@EKTUBHOCTTA HA
EJJEKTPOHHOTO OBYYEHUME YPE3 HEBPOHHU MPEKU

Enna oT 3amaunTe Ha IUCEPTAIMOHHHS TPYI € Ja Ce IMOCTPOU aJIeKBaTeH M JOCTaThUHO TOYCH 32
MPAKTUYECKO MPHUIIOKEHUE MOJIET 3a MPOTHO3UpaHe Ha e(heKTHMBHOCTTA HAa €NIEKTPOHHOTO OOYYCHHE
ype3 HeBpoHHA Mpeka (HM). 3a m3mbiIHEHHETO Ha Ta3u 3aada € pa3paboTeH MOJeN Ha CTPYKTypa Ha
HM, B xomOuHaius ¢ ananu3 Ha riaBHuTe KoMroHeHTH [20] (AI'K). IlpemnoxeH e anropurbm 3a
pa3paboTBaHETO HAa MOJIEN HA CTPYKTypa Ha mporno3upamnia HM cbe cThiku:

e [lenTpupaHe U HOpMHUpAHE HA JAHHUTE,

e KopenanuoHneH ananu3 Ha gfaHHuTe. Ha Ta3u cThhka ce OTCTpaHsIBaT MOKAa3aTEIUTe, KOUTO
MMAT roJsiMa KOpeJialus MOMEKy CH;

o I/IHTepHOHaI_II/IH Ha JaHHUTC,

L KOpeHaHI/IOHeH dHaJIM3 Ha JAHHUTEC, C LEJI Ja CC IMPOBCPU B KaKBa CTCIICH KOpEiIalusaTa
MECXKAY OTACIHUTEC IIOKA3aTC/IM CC 3alla3Ba CJIC MHTEPIIOIauATa,

e AT'K Ha BXOAsSImMTE MOKA3aTEIIN;

e Cumynauusa Ha HM, kosTo nporuya npe3 cneanute eranu: HM ce oOydaBa ¢ gaHHUTE;
U3rOTBS CE€ IPOrHO3a 3a CTOMHOCTUTE HA pPE3YATATHUTE IIOKa3aTelu Ha Oa3zaTa Ha
M3BECTHU PEAITHU JaHHU; U3YHUCIIABA CE TI0JyYeHaTa IPeIKa;

e cumynupa ce HM c nunelina akTuBupaiia QyHKIUs;

e cumynupa ce nogodbpena HM c nuneiiHa aktuBupamia QyHKIus;

e cumynupa ce HM c HenmHeitHa akTHBHUpaIia QyHKIHS;

e cumynupa ce nogodbpena HM ¢ HenuHeltHa akTuBupama ¢ yHKIHS,

e CpaBHSBAT CE€ IPEIIKHTE Ha NMPOTHO3HUTE PE3yiTaTH U ce u3bupa crpykrypata Ha HM,
YUSTO IPOrHO32a € C Hali-MaJIKa rpellka.

HeHTpnpaHe U HOpMHUPAHE HA JaHHUTE

[Mpunoxenuero Ha AI'K mocTaBst U3HCKBaHETO JTaHHUTE, BHPXY KOMTO Ce MpUIIara, a ca HeHTPUPaHH
Y HOpMHpaHU. 3a IEHTPUpPaHe Ha JTAaHHUTE ce u3noi3Ba popmynara [21], [22]:

X=X Xy (3.1)
KBICTO Xgp qp. © CPEIHATA apUTMETHYHA CTOMHOCT Ha NPOMEHIMBATA X, a X € HOBaTa LEHTPUpaHa
CTOMHOCT. B pe3ynraT Ha IIEHTpUpaHEeTO, CpeIHaTa apUTMETUYHA CTOMHOCT Ha LIEHTPUPAHUTE JTAHHU
€ paBHa Ha HyJIa.

3a HOpMHpaHe Ha TJaHHHUTE ce u3noyi3Ba popmynara [23]:
X' X Xpap. (3.2)

o o
KbJeTO X~ € HOBaTa HOPMHUpaHa CTOWHOCT Ha MPOMEHIIMBATA, & ¢ € JUCHEPCUITA i, KOSITO B Pe3yaATaT
Ha HOPMHPAHETO, CTaBa paBHa Ha 1.

3a 1enuTe Ha U3CIeABAaHETO Ca U3MOI3BAHU JaHHU 3a MEPUOJI OT JIEBET TOANHH, PEAOCTaBEH!
ot CA “Il. A. llenoB”. Pe3ynrarure oT HEHTPUPAHETO U HOPMHUPAHETO HA MPEAOCTABCHUTE JaHHU ca
rmoxasasu B Tabiuma 3.1.
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IMoka3zaTeju Mo rOAMHU 2001|2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
IIpuxoau OT CTYAEHTCKH TaKCH -0.86(-0.95|-0.77|-0.66|-0.44 |-0.15]| 0.88 | 1.43 | 1.52
IIpuxoau OT HayYHH NPOEKTH -0.841-0.93|-0.84|-0.56 |-0.49(-0.12| 0.77 | 1.52 | 1.50

[Ipuxoau oT crioHCOPH -0.81(-1.29|-0.33|-0.17|-0.17(-0.33|-0.01| 1.03 | 2,08

[Mpuxomu ot npoxax0a Ha €IEKTPOHHU
yueOHHM MaTepuain
Pasxou sa pa3pa6K°yTp"ca Ha | exeKTpOHER | g 61 |.1.48|-0.83|-0.61| 0.27 | 0.70 | 1.14 | 1.58 |-0.17
Pasxon 3a amoptm3anus Ha IMA w HMA |-1.19|-1.40|-1.08|-0.23| 0.30 | 0.77 | 0.84 | 0.94 | 1.05
Pasxoju sa sanuatit 1 OCHIYpOBKH Ha | 4 g1 871.0.90| 0.15 | 0.72 | 0.79 | 0.89 | 0.68 | 0.56
nepcoHaia
Kangunatu 3a 1 msicto -1.27|-0.25|-0.59| 0.78 | 1.12 | 1.63 | 0.26 |-0.76|-0.93
CCPeAcH BXOJAIL YCNIEX HA KARMMATHTE 32| 59| 0 36 |.0.37|-1.16 |-1.52|-0.22| 0.41 | 1.62 | 1.09
MAarucTpu
OTHOCHTEJICH 51 CTYICHTH, YJOBJIETBOPESHU
o1 o0y4yeHneTo %
OTHOCHTEIEH IS CTYSHTH C ITOCTH
TaKCH/CTHUIIEHINHN OT OM3HECa
CpemHo BpeMe TIpeKapaHo oT | CTyeHT 3a
n3y4yaBaHe Ha | quciymmHa
Cpenen Opoit mpoBeIeHN TECTOBE B 1

-0.91|-1.05|-0.91|-0.50{-0.36| 0.13 | 0.62 | 1.46 | 1.53

-1.38|-0.69|-0.46|-1.38| 0.23 | 0.69 | 0.92 | 0.92 | 1.15

0.34-2,07|-0.46|-0.31{-0.54| 0.30 | 1.22 | 1.14 | 0.38

-0.42|-2,47|-0.05| 0.55 | 0.79 | 0.67 | 0.43 | 0.19 | 0.31

-1.35|-1.44|-0.79] 0.12 | 0.08 | 0.17 | 1.09 | 0.99 | 1.13

JIUCIUIIIIHA
(CTemen 1 WHTEPAKTUBHOCT Ha yieOUMTe | 4 5 | 5 0g|.0.79|-0.51 | 0.19 | 0.12 | 0.36 | 1.39 | 1.53
KypcoBe
Cpeano speme 3 F2F odysierme 8 1| g 951 1 351 .0,87|-0.65(-0.04| 0.52 | 0.81 | 1.09 | 1.43
JUICIUILIMHA
Crynentn, obyyaBanu ot | npenonaBaresn |-0.93]-1.48]-0.77(-0.46|-0.15| 0.40 | 0.87 | 1.18 | 1.34
Bpoii HOBU cnienanHocTu -1.85(1.48 |-0.18(-0.18| 1.48 |-0.18|-0.18|-0.18|-0.18
Bpoil HOBU eJIeKTPOHHU KypCOBE -1.54(-0.95|-0.36 |-0.07| 0.53 |-0.36|-0.07| 1.71 | 1.12
OOHOBEHHM €JICKTPOHHH KypPCOBE -0.37]0.58 |-1.32]-1.32]-0.37|-0.37| 0.58 | 1.05 | 1.53

[IpenogaBaTeny, ymaoBIETBOPEHHU OT 1.981-0.671-0.37|-0.07| 0.84 |-0.67|-0.37| 2.05 | 0.54
yueOHus nporec %o : : . . . . , , .

[Ty6nukannu cpenno Ha | npenogasaren  [-0.05(-1.44|-1.37]| 0.03 |-0.09] 1.35] 1.49 | 0.07 | 0.01

bpoit ysactins B koneperini cpeatio a1 | g 631 0 731 140 | 1.31|-0.80|-0.65 | 1.21 |-0.90 |-0.21
NpenoaBaTen ' ' ' ' ' ' ' ' '

bpoii mpeniofaBaTeit AL KAYIHA CIENEH | (5 | 0 00 | 1.41 | 0.00 |-1.41| 0.00 |-1.41| 0.00 | 1.41
Joxrop/[IokTop Ha HaykuTe
Bpoii xabunutupaHy npernoiaBaTesin -1.20|-1.20|-0.12]-0.12] 0.96 | 2,04 |-0.12|-0.12|-0.12

bpoii kondepenuum, no EQ opranusupanit | g3 93|.0.93(-0.93| 0.27 [ 0.27 | 0.27 | 1.47 | 1.47
By 93[-0.93|-0.93|-0.93| 0.27 | 0.27 | 0.27 | 1.47 | 1.

Tabnuya 3.1. l{lenmpuparu u Hopmupanu cmouHocmu Ha Kouoeu nokasamenu Ha BSC

TpsiOBa ma ce otOenexu, 4e He € HEOOXOAMMO PE3YJITATHUTE MOKAa3aTeIu /1a ce IEHTPUPAT U
HOpPMHpAT, Thi KaTo Te HsAMa Aa ce nojiarat Ha AI'K. B Ta6nuna 3.2 ca npencraBeHn CTOMHOCTHUTE
Ha pe3yNTaTHUTE MOKa3aTelu.

IMoka3aTean Mo roMHN 2001|2002 20032004 | 2005 | 2006 | 2007 | 2008 | 2009
CpeneH ycnex Ha 3aBbpriBanture cryaentu | 4.87 [ 4.98 | 5.04 | 5.17|5.32|5.36 | 5.34 | 5.26 | 5.08
Koe¢uiyeHT Ha ycreBaeMoCT 0.8710.85/0.84|0.81|0.76 | 0.72]0.73 | 0.80 | 0.83

Bbpoil npoabipkuy cienBaiia CTENeH Ha
oOydeHne JOKTop
OTHocHUTeINEeH JsU1 Ha paboTeIuTe 1o
CHENHAIHOCTTA

1.00|1.00|0.00|1.00|2.00|3.00|4.00|3.00|1.00

62.00{54.00|53.00(57.00(63.00|69.00{74.00{70.00/58.00

Tabnuya 3.2. Cmounocmu Ha pe3yimamuume noKazamenu
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OHeHﬂBaHe " IIPOTHO3UpPpaHe Ha e(beKTI/IBHOCTTa Ha €JIEKTPOHHOTO OﬁyquI/Ie B'bB BUCIHIETO

O6paBOBaHI/Ie qape3 GaHaHCI/IpaHa cucreMa OT IIokKasaTeJIn 1 HEBPOHHU Mpe>Xun 29

Kopenaunoneﬂ AHAJIM3 HA JAHHUTE C HEJT HAMAJIABAHE HA Pa3MEPHOCTTA

Kakto e u3BecTHO, mpH craTHcTHYecKa 00paOOoTKa HAa JaHHWUTE, KOraTo JBE MPOMEHJIMBH HMAaT
KOe(QUIMEHT Ha Kopenauus no-rosssM ot 0.9 ce npuema, ye Te U3MepBaT €AMH M ChII I10KA3aTel U B
Habopa OT JaHHU TpsAOBa J1a ocTaHe camo eaHa ot TsX. [Ipeau nposexnane Ha AI'K e HeoOxonumo 1a
Ce aHAIU3UpPaT KOe(UIMEHTUTE Ha KOpenalus MeX1y INPOMEHJIMBHUTE, 3a Ja C€ OTCTPAHSIT TE€3H OT
TSAX, YUATO KOpeNalus ¢ APYrd MpoMeHauBH € no-roisima ot 0.9. B Tabnuua 3.3 ca npencraBeHH
IIPOMEHJIMBUTE, KOUTO C€ OTCTpaHsBaT OT Habopa ¢ JaHHU NOopaau BUCOKaTa UM KOpEeIalus.

Tpuxomm ot OtHocuTene Cp. Bpeme 3a| Cryzmenty, | bpoi Bpoit
Ipuxoau | mpomax6a Ha | Pasxon 3a Cpenen ’ i
H JI5U1 Ha . |CremeH Ha F2F oOy4yaBaHU | HOBH | KOH(epeH-
OT Hay4HH | €NEeKTPOHHU |aMOPTU3a-IHs Opoii
# CTYICHTHTE C HHTEpaK- | 00ydeHue B or 1 enexTpoH| uu, no EO
IIPOEKTH y4eOHn Ha /IMA u NIPOBEECHU
o) ——— Takcy, moetw| | TMBHOCT 1 aucuun- | mpenoja- HU OpraHu3u-
’ (HI; ) | ot busHeca JIMHA BaTen KypcoBe |panu oT BY3
1| 1.000 0.992 0.834 0.828 0.875 0.945 0.932 0.942 0.836 0.935
2| 0.992 1.000 0.888 0.840 0.906 0.972 0.965 0.969 0.857 0.961
3| 0.834 0.888 1.000 0.840 0.957 0.916 0.965 0.960 0.774 0.893
4] 0.828 0.840 0.840 1.000 0.873 0.778 0.871 0.906 0.630 0.751
5| 0.875 0.906 0.957 0.873 1.000 0.918 0.941 0.963 0.830 0.852
6] 0.945 0.972 0.916 0.778 0.918 1.000 0.961 0.959 0.929 0.980
7] 0.932 0.965 0.965 0.871 0.941 0.961 1.000 0.993 0.805 0.955
8| 0.942 0.969 0.960 0.906 0.963 0.959 0.993 1.000 0.825 0.936
9| 0.836 0.857 0.774 0.630 0.830 0.929 0.805 0.825 1.000 0.869
10| 0.935 0.961 0.893 0.751 0.852 0.980 0.955 0.936 0.869 1.000

Tabnuya 3.3. Koegpuyuenmu na xopenayust mexcoy BSC noxazamenu, no-eonemu om 0.9

KopenanoHHUAT aHanM3 Ha pe3ylaTaTHUTE IIOKa3aTelnd II0Ka3Ba, 4e€ KOpPETallMOHHHUTE
KOe(QHIIMEHTH MEXY pe3ylITaTHUTE MOoKazarenu He npeBumiaBar 0.85 u cienoBarenHoO HE ce Hajara
OTCTPAHSABAHETO HAa HUTO €UH OT TSX.

I/IHTepHOJIaIII/Iﬂ Ha JaHHUTE

W3BecTHU ca cieJHUTE BUAOBE MHTEPIIONALMS HA JAHHUTE: JIMHEWHA, TIOJIMHOMHA, CIUIaiH, KyOHM4YeH
ciwiaiiH BB (opma Ha Epmut u ap. B Hacrosmms aucepTanioHeH TPyX € M30paH alropuTbma
“crutaiiH  (wm QyHkums) Ha Epmur” [24], [25] Tl Karo WHTEPHONAHTUTE HE HAAXBHPIAT
MaKCHUMaJlHaTa CTOHOCT Ha €TAJOHHUTE JJTaHHH, HUTO CIIM3aT N0 TeXHUst MUHUMYM (Dur. 3.2).

15 T T T
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LaHHK
epMuT

— -~ - cnnamH
1 L L 1 T

-1 0 1 2 3
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@ue. 3.2. Pasnuxa medxcoy unmepnonayus upe3 cniaun-gynxyus u pynxyus na Epmum

Hanpumep, npu uHTEepronaus Ha napamerbpa ,,ycrex Ha CTyAeHTa 3a pa3jihKa OT APYTruTe
METOJY, UHTEPIOJIAHTUTE HE HAJAXBBPJIAT MaKCUMaJIHAaTa CTOMHOCT OT 6, HUTO ca M0J MUHUMAaIHaTa
croitHOCT OT 2. Ha ®wur. 3.2 e wirocTpupaHa pa3jiuKaTa Ipyu HHTEPIoJalys Ha JaHHU 4upe3 “‘CIiiaiiH-
¢ynkuus” u Gpynkuus Ha Epmur.

WuTepnonanusara Ha BXOAAIIUTE M U3XOMAUIM JAaHHU C€ MpEALIecTBa OT OMpeleisiHe Ha
HeoOXxoauMusi Opoil MHTEPIIONAHTH. XapaKTepHO 3a WHTEPIOJialusATa €, Y€ B JaHHUTE ce “BHAcs”
IIyM, KOMTO HapacTBa MPaBOIPONOPLMOHAIHO Ha YBEIMYaBaHETO Ha Opost Ha uHTepnoianTture. C uen
Jla ce HaMalld IIymMa 10 MHUHHMAJIHH CTOWHOCTH € HeoOXOIMMO Ja ce u30epaT MHHHUMAalleH Opoi

ToukH, gocrarbueH 3a AI'K. M3uCKBaHETO KbM JAHHUTE € OpOAT COydad Aa € IO-TOJISIM OT Opost Ha
Asemopegepamu na ducepmavyuu 4 (2012) 15-38



30 Ilerbp MuxaiisioB XajiaueB

poMeHJIUBUTE. BposT Ha HEOOXOAMMHUTE 3a MHTEPIOJIAIUS TOYKHU C€ OMpEJeNsl Upe3 peliaBaHe Ha
cJe/lHaTa CUCTeMa:

S>E (38)
seN;minf)
KbAETO: I — ¢ Opoii mpomeHnuBH; K — Opoii mageHu Touku (Opoit romumuu); S — OpoOll TOYKH,
HeoOxomumu 3a nenute Ha AI'K.
W3uncnennsta mokasBar, 4e 3a MHTEPIIOJIAIUS Ha IIPOMEHJIMBUTE € JIOCTaThUHO JIa CE Ch3/ale
10 €1Ha MexAuHHa Touka. Clieq Ta3u CThIKA M3BaJKaTa OT JAaHHU Chbabpxka 15 mpomennusu u 17
ciryyas (Tabmuma 3.4).

BSC nokazarenm Pesyararan
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-0.8600 [-0.8100|-0.6100 |-1.0800 |-1.2700 |-0.2200 |-1.3800 | -0.4200|-1.8500 | -0.3700 |-1.2800 |-0.0500 | -0.6300 | 0.0000 |-1.2000 0.87 | 1.00 | 62.00

.
h=ai--]
LR |

-0.9331(-1.2000|-1.2488 | -1.6463 |-0.5475 | 0.2244 |-0.9631 | -1.9806| 0.5431 | 0.4019 |-0.9296 |-1.0100|-0.7175 | 0.0000 |-1.2000 0.86|1.00 | 56.78

-0.9500(-1.2900|-1.4800 | -1.8200 |-0.2500 | 0.3600 |-0.6900 | -2.4700| 1.4800 | 0.5800 |-0.6700 |-1.4400 |-0.7300| 0.0000 |-1.2000) 4.98 | 0.85 | 1.00 | 54.00

-0.8771|-0.8443|-1.1961 |-1.4826 |-0.4200 | 0.0899 |-0.5319 | -1.3802| 0.6500 | -0.3700|-0.5072 |-1.4217 | 0.3350 | 0.7050 |-0.6600) 5.01 | 0.85 | 0.50 | 53.28

-0.7700|-0.3300|-0.8300 | -0.9000 |-0.5900 | -0.3700 | -0.4600 | -0.0500| -0.1800 | -1.3200 |-0.3700 |-1.3700 | 1.4000 | 1.4100 |-0.1200| 5.04 | 0.84 | 0.00 | 53.00

-0.7163|-0.2157 |-0.7229 | -0.3448 | 0.0269 |-0.7980 -0.9200 | 0.3273 | -0.1800|-1.3200 |-0.2389 |-0.6533 | 1.3766 | 0.8813 |-0.1200) 510 |0.83 | 0.38 | 54.40

-0.6600(-0.1700|-0.6100| 0.1500 | 0.7800 |-1.1600 |-1.3800 | 0.5500 | -0.1800|-1.3200|-0.0700 | 0.0300 | 1.3100 | 0.0000 |-0.1200) 5.17 | 0.81 | 1.00 | 57.00

-0.5629(-0.1700|-0.1982 | 0.5118 | 0.9671 |-1.4018 |-0.6644 | 0.7129 | 0.6500 | -0.8450 | 0.4414 |-0.0300 | 0.2334 |-0.8813 | 0.2850 | 5.25 [0.79|1.50 | 59.85

-0.4400(-0.1700| 0.2700 | 0.7200 | 1.1200 |-1.5200 | 0.2300 | 0.7900 | 1.4800 |-0.3700 | 0.8400 |-0.0900 |-0.8000 |-1.4100 | 0.9600 | 5.32 [ 0.76 | 2.00 | 63.00

-0.3203|-0.2500| 0.5028 | 0.7603 | 1.4260 |-0.9761 | 0.5111 | 0.7500 | 0.6500 | -0.3700 | 0.0850 | 0.5981 |-0.7597 |-0.7050 | 1.6350 | 5.35|0.73 | 2.50 | 66.07

-0.1500(-0.3300| 0.7000 | 0.7900 | 1.6300 |-0.2200 | 0.6900 | 0.6700 | -0.1800-0.3700 |-0.6700 | 1.3500 |-0.6500 | 0.0000 | 2.0400 | 5.36 | 0.72 | 3.00 | 69.00

0.3319 |-0.2312|0.9194 | 0.8503 | 1.0912 | 0.0975 | 0.8433 | 0.5600 | -0.1800| 0.0264 |-0.5867 | 1.4519 | 0.3147 |-0.7050 | 0.9600 | 535 |0.72|3.63 | 72.18

0.8800 [-0.0100|1.1400 | 0.8900 | 0.2600 | 0.4100 | 0.9200 | 0.4300 |-0.1800| 0.5800 |-0.3700 | 1.4900 | 1.2100 |-1.4100 -0.1200) 5.34|0.73 | 4.00 | 74.00

1.2253 | 0.4406 | 1.4150 | 0.8041 |-0.3597 | 1.1186 | 0.9200 | 0.2800 |-0.1800| 0.8342 | 0.9067 | 0.7944 | 0.1550 |-0.8813|-0.1200] 5.31 | 0.76 | 3.67 | 72.75

1.4300 | 1.0300 | 1.5800 | 0.6800 |-0.7600 | 1.6200 | 0.9200 | 0.1900 |-0.1800| 1.0500 | 2.0500 | 0.0700 |-0.9000 | 0.0000 |-0.1200] 5.26 | 0.80 | 3.00 | 70.00

1.4943 | 1.5537 | 1.0606 | 0.6103 |-0.8814 | 1.5300 | 0.9919 | 0.2125 |-0.1800| 1.2887 | 1.7294 | 0.0256 |-0.8138 | 0.7050 |-0.1200 5.18 | 0.82 | 2.15 | 65.25

1.5200 | 2.0800 |-0.1700 | 0.5600 |-0.9300 | 1.0900 | 1.1500 | 0.3100 |-0.1800| 1.5300 | 0.5400 | 0.0100 |-0.2100 | 1.4100 |-0.1200| 5.08 | 0.83 | 1.00 | 58.00

Tabnuya 3.4. Pezynmam om unmepnonayus Ha oanHume no memooa va Epmum

Ha d¢ur. 3.4 ca mnpenctaBeHM MOJyYeHUTE 4Ype3 HMHTEPHONALUS MEXKAMHHU TOYKH M
I'bPBOHAYAIIHUTE CTOMHOCTH Ha IOKa3arens ,, [ [puxoau OT CTYAEHTCKH TaKCH .

2 T T T T T T
15+
1 -
051
0 -
05 < [puxoam OT CTYAEHTCKW TaKCH
¥ MEMAMHHK /MHTEPNONUPaHW TOYKKM
1 1 1 1 T T T
2001 2002 2003 2004 2005 2006 2007 2008 2009

Que. 3.4. Humepnonayus na noxazamens ,, [Ipuxoou om cmydenmcku makcu’ no memooa Ha Epmum
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OIJ,eHSIBaHe " IIPOTHO3UpPpaHe Ha e(beKTI/IBHOCTTa Ha €JIEKTPOHHOTO 06yquI/Ie B'bB BUCIHIETO
O6paBOBaHI/Ie qape3 GaHaHCI/IpaHa cucreMa OT IIokKasaTeJIn 1 HEBPOHHU Mpe>Xun 31

KopenanuoneHn aHaIu3 Ha JaHHUTE ¢ 1eJ1 IPOBePKA HA Pe3yJTaTa OT HHTePNOJIAIUATA

3a J1a ce mpoBepU JOKOJIKO 3aBUCUMOCTUTE B JJAHHUTE Ca CE 3ala3uid, € He0OX0AUMO J1a c€ HallpaBu
KOPEJAl[MOHEH aHAJIN3 Ha BXOJAILIMTE IPOMEHJIMBH MPEAU U CIIE] UHTEPHOJAlUsaTa U J1a CE CPaBHAT
pe3yaTatute. AKO 3aBHCUMOCTUTE B JIaHHUTE ca C€ 3ala3uiM, pa3jiiKara B KOpEJallMOHHHUTE
KOCQUIMEHTH TMpeId M cjel HUHTEpHoNalusaTa € MHUHMMajliHa. YcpenHeHaTa NpoMsHAa Ha
KOPEIALMOHHUTE KOC(QULUEHTH CIlIeJl MHTEPIOoNalusaTa Ha BXOJAIIUTE MOKa3aTeau € B PaMKUTE Ha
0.01 + 0.03, a Ha pe3ynTaTHUTE NOKA3ATENH € HYJa, T.€. KOpEeIalMuTe MeXAY IPOMEHIMBHUTE MIPEIH U
CJIeJl UHTEPIIOJIaluATa CE 3ala3BaT B IOIYCTUMUTE FPAHULIM.

AHAJIN3 HA I''TABHUTE KOMIIOHEHTH

[Tpy HamMuue Ha HAKOJIKO MPOMEHJIMBHU, CBBP3aHU MOMEXIY CH C KOEQUIMEHTH Ha KOpenauus, 4pes3
AT'K TexuusT Opoil Moxke 1a ce HaMajH J0 HAKOJKO MO-MajJKo Ha Opoi MPUHIUIHKA NPOMEHJIMBU.
3amagara ce CBeXJa O ONpPElEeNssHE Ha CTOMHOCTUTE HA TE€3M KOMIIOHEHTH, a KaTO CIEACTBHE OT
IPWIOKEHUETO HAa aHAJIM3a € HaMaJlsiBaHE Ha pa3MepHocTTa Ha naaHHuTe. Ilpu pemaBaHeTo Ha
3aJa4ara, MPOCTPAHCTBOTO HA CTOMHOCTUTE HAa IIPOMEHJIMBUTE CE€ CBEXJA 10 MPOCTPAHCTBO OT IIO-
MaJIka pa3MepHOCT, ¢ Iies moxoOpsiBaHe Ha padoraTa Ha HeBpoHHaTa Mpexka. Cren mpoBexIaHe Ha
ATK ¢ momornra Ha Crenuaiu3upaH cTaTucTHuecku codryep [26] ce momyuaBar 4 NPHHIKAITHH
KOMIIOHEHTa, KOUTO oTpa3zsaBar o0uio 90.239 % ot BapuanusaTa B OpUrHHAIHUTE JaHHMU.

IIporuo3upane Ha e()eKTHBHOCTTA HA €JIEKTPOHHOTO 00y4yeHHe 4pe3 cumyaanust Ha HM

[Iporno3zupaneTo Ha e(eKTHBHOCTTA Ha EJIEKTPOHHOTO OOyYEHHE MOXKE Jla ce pas3riexia KaTo
anpokcumanus Ha ¢pyHkuus. Karo ce uma npenBuj KOJIMYECTBOTO HAJIMYHU JaHHM, KaTO MOAXOAIIN
3a CbCTaBsiHE Ha IPOTHO3Mpal] mMojen ce oTkposBaT HM ¢ nuHeliHa M HEJMHEWHAa aKTUBUpPAILH
dbyukuuu (Hornik [27], Haykin [28] u ap.).

Cumynanusara Ha HM ce u3BbpiuBa 1o cieaHus anropuThM:

e o0OyuaBane Ha HM c u3BeCTHM TaHHU 3a OTIPECIICH MEPUOT,

® U3TOTBAHC HA IIPOrHO3a 34 CTOMHOCTUTE Ha PE3YITATHUTC MMOKA3aTCIIU 3a TO3U IICPUO;
® M3YHCIIBAHC Ha IIOJYyYCHATa rpCiika.

[Ipu pab6ora ¢ HM o6uxkHOBeHO 0OOydaBamuTe JaHHU ce pasnensaTt B oTHouueHue 80 % 3a
obyuenue u 20 % 3a tectBane. HM ce oOyuaBa ¢ mppBaTa 4acT OT M3BaJKaTa, CJIE]l KOETO CE TeCTBa
BBpXY BTOpara yacT. Ha 0a3aTa Ha MpOTHO3MpPAHUTE U3XOAHU CTOWHOCTH oT HM u peanmHurte naHHU
OT M3BaJIKaTa ce OIpeaess Irpelkara, koaro gasa HM.

Koraro HannyHHUTE JaHHU 00XBaIIaT CPAaBHUTEIHO KbC MIEPHO] OT BpeMe, HE € IeJIeChoOpa3Ho
Jla ce OIpe/enH OTAeNHa TecToBa m3Baaka. [Ipw Hammunute nanau B Tabmuna 3.1 u Tabmuna 3.2
TIOJTXO/ISAI] METOJT 32 OlleHKa Ha TOYHOCTTAa Ha paborata Ha HM 3a o0y4yeHne npu Mallku U3BAJKH OT
JaHHU e o0ydeHuero upe3 merona Leave One Out (LOO). To3u MeToa MpOM3X0Kaa OT CTaTHCTHKATA,
KBJETO € u3BecTeH karo ,,Cross Validation®. Ha ®wur. 3.3 e mpeacraBeHa 0JIOK-CXeMa Ha aaropuThMa
Ha merona LOOQO. Ilo abuucara Ha rpadukara € MpeAcTaBeH Oposl HA MOBTOPEHUSATA HA IHKbBJIA HA
oOyJaBarusi arOpUTHM, a IO OpJMHATaTa — CTOMHOCTTA Ha TpeliKaTa Mpu BCEKU 00yvaBall MUKBIL.
3a BCSAKO MpOBENEHO OO0ydeHHe Ha Bcsika OT m3cienBaHute HM cTpykTypu ce moiyyaBa 1Mo eHa
TakaBa jJuarpama. Te3u JuarpaMu UMar WICHTUYHU XapaKTEPUCTHKH M B HAYAJIOTO Ha OOYYCHUETO
rpelikara € ToysiMa, a ¢ Mporpecupane Ha OOYYEHUETO TS HaMmajsiBa, KaTo CIIeH IBafeCeTHs KB Ha
o0y4eHHe OTHBAa KbM MHUHUMAITHATA CU CTOWHOCT. [lopamu ToBa € moka3aHa caMo IbpBata OT 0010 5
Jarpamu Ha Ipolieca Ha 00y4eHHe.

CumynupaHu ca CJIEJHHTE MOJENN Ha CTPYKTYpuU Ha HeBpoHHH Mpexu: HM c nmuHeiina
aKkTUBUpama ¢GyHKuus, mogodpeHa cTpykrypa Ha HM c nmueiina aktuBupamia ¢yakuus, HM c
HEeJMHEHHa akTuBUpama (yHKOus U momoOpeHa cTpykTypa Ha HM c HenmHeliHa akTHBHpaIia

byHKIHS.
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1.0T1 TabIHIHTE ce H3KIIOYBAT AaHHH 2a 1
roJHHAa

¥

2.HM oTHOBO ce HHHIHATH3HPA H ce ofydapa
OCTAHAIIHTE JJaHHH

v

3.HM ce TecTRa BEPXY JaHHHTE 38
TNoKasaTe/HTe OT H3KIIOHeHaTa roJIHHA

Yma e roAHHH, KOHTO He ca
OHIH HIKIIOYeHH

5.¥cpenuspane HA FIAHHHTE OT BCHYKH TeCTORH
TpHMEPH

Que. 3.3. Brox cxema na ancopumovma Ha ooyuerue no memooa LOO

Cumyaanus Ha HEBPOHHA MpesKa ¢ JIMHelHA aKTUBUPaIa GpyHKIus

Pesynratute ot oOyuenunero Ha HM c nuHeliHa aktuBupama (QyHKIUs ¢ peasHn AaHHU 3a BSC
MOKAa3aTeIl 3a EJIEKTPOHHO O0y4YeHHe BHB BHUCIIC y4eOHO 3aBeJCHHE 3a MEpHoj OT 8 TOAMHHU U
U3MUTBAHETO 1 Ype3 MoiaBaHe Ha U3BECTHH BXOJHH JJAHHU 3a JIeBeTaTa T'OJIMHA.

Juarpamara Ha o0yyenne Ha HM c nuHeliHa akTuBHpama (QyHKIHs € IOCTPOeHa ¢ MOMOIITa

Ha niporpamuaust mpoaykT MATLAB u e npencraBena na dwur. 3.5.
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Que.3.5. Juacpama na npoyeca na ooyuenue na HM c¢ nuneiina akxmusupawa gynkyus

3a a ce MOBHIIM TOYHOCTTAa Ha NPOTHO3aTa ce Mpuiara Meron 3a nomodOpssane Ha HM c
nuHeliHa akTuBUpama ¢yHkuusa. [logoOpsiBaHeto Ha crpykrypara Ha HM ce wu3BbpmBa 1o
anmroputbma OBD [29] (Optimal Brain Damage). Karo pesynrar e moiydeHa CTPYKTypa, KOSITO €
noka3aHa Ha ¢ur. 3.6, KpAETO C MYHKTUPaHH JIMHUU ca OTOCNSI3aHU CHHANTHYHUTE TErja, KOMTO
oTHazaT oT IIbPBOHAYAIIHATA CTPYKTYpa:

Bxoaai cnoii

M3x0oAeH cAoi

Que. 3.6. Cxema Ha nodobpena HM c nuneiina akmugupawya QyHKyus
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CumyJianusi Ha HeBpOHHA MpesKa ¢ HeJIMHellHa aKkTUBHpAaIa pyHKIusA

[Ipu mocTposiBaHe Ha HEBPOHHA MpeXa ¢ HelUHeHHa akTHBHpalla (yHKIHS € HEOOXOOUMO Jaa ce
onpesieNy KakTo Oposi Ha CKPUTHTE CJIOEBE, Taka M Oposi Ha HeBpoHUTe B Hero. OT OCHOBHAara
anpoKCHMAallMOHHA TeOpeMa CIIEBa, Y€ € JOCTAThYEH CaMO €IUH CKPUT CJIOM.

BposiT Ha HEBPOHHUTE B CKPUTHS CIION Ce M3UUCIIABa upe3 cuctemara [30]:

L_ W <m E+1 (n+m+1)+m
1+log, N m
L

L=—™" 1.3

— (L3)

n+
2(L+n+m)<N <10(L+n+m)

KBAETO N — pa3MEpHOCT Ha BXoZsAmus curHair, L — Opoit ckputu cnoese; Ly — Heobxomumo
KOJIMYECTBO CHHANTHUYHU BPB3KH; M — pasmep Ha m3xomsamus curHair; N — Opoil ememeHTH B
oOydaBaiaTa U3BaJKa.

Cren n3BbpIIBaHE HA HEOOXOIUMHTE U3UUCIICHUs Ha 0a3aTa Ha U3BECTHUTE PEaJIHU JJaHHU Ce
onpezens, ye MeT HEBpOHA B CKPUTHs CJIOM ca JOCTaThYHM 3a IOCTPOSBAHE Ha CTPYKTypaTa Ha
HEBPOHHA MpeXa ¢ HeJIMHEeWHa akTUBHpaIla (GyHKLHUS.

[Tonmyyenara crpykrypa Ha HM ¢ HenuHeiHa akTHBHpaIia GyHKIUsS, BBPXY KOATO € IPUI0KEH
meroaa OBD, e mokazana Ha ¢ur. 3.9, KpJeTO C MyHKTUPAHU JIUHUU Cca OTOENSI3aHH OTCTPAHCHHUTE
CHUHANTHYHU TeTJa.

CKpHT cJ10H

HMaxonmsam o
Bxo s cioi

Que. 3.9. Cxema Ha nooobpena HM ¢ nenunelina akmusupawa QyHKyus

Crnen oOyuenne Ha HM ¢ HenmHeitHa akTHBHpamna QyHKIUS ¢ peadnn ganau 3a BSC nokaszarenn 3a enexTpoHHO
o0yueHNe BbB BHCIIIE YIeOHO 3aBeICHUE 3a MIEPUOJ OT 8 TOJMHU € HAIpaBeHa MPOrHO3a 32 CTOHHOCTUTE Ha PEe3YJITATHUTE
MOKAa3aTeNHu 3a ClieJBallaTa roIMHa, KOUTO Ca CPaBHEHH C M3BECTHUTE JTAHHU 3a ChIIIATa TOJINHA.

O0001IeHUTE TaHHU 32 MPOTHO3HM CTOMHOCTH Ha PE3YJITATHHUTE MOKA3aTelIH OINpEeNICHH 4pe3 pasnumunun HM
CTPYKTYpH, ca npejacraBeHu B Tabnuma 3.20.

(i};iierllﬂ 3];cne;THa e - bpoii :poz[m;xc;in O6T: nf:fT Hzli1 cpeaHa
PIIBAIIATE SERCTEET cJIeBaIlla CTeIe paboremmre 0 | rpemka,
CTYJIEHTH 00ydeHue - IOKTOp |  CIENUaTHOCTTa %
CTOMHOCT |TpelllKa | CTOMHOCT |TpellKa | CTOMHOCT |Tpelika | CTOHHOCT |rpemnika
Illupuna na unrepsana 0.49 0.15 4.00 21.00
(min-max)
Ieaena croiinoct (2009 r.) 5.08 0.83 1.00 58.00
HM c guneiiHa akT. ¢-a 5.15 14.29 0.83 0.00 2.00 25.00 61.00 14.29 | 13.39
nonoGpena Hl‘;jl“““e““a KT-| 514 | 1224 | 083 | 000 | 100 | 000 | 6100 | 1429 | 6.63
HM c HeauHeiiHa aKT. ¢-s1 5.15 14.29 0.82 6.67 2.00 25.00 61.00 14.29 | 15.06
“°I“’6P"'“aa fTqu nemmmelina | 512 816 | 08 | 667 | 100 | 000 | 5800 | 000 | 3.71

Tabnuya 3.20. Obobwenume Oantu 3a NPOZHO3HU CIMOUHOCIMU HA pe3yImamnume noxkasamenu, onpedenenu upez HM c
PA3TUYHU CIPYKMYDU
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Cpennara rpeiika, MoJIyd€Ha B pe3yJITaT Ha HalpaBeHaTa MPOrHo3a, uinon3paiiku HM ¢
auHelHa aktuBupama ¢yHkuug e 13.39 % oT obmiara mumprHa Ha MHTEPBAJIUTE Ha PE3y/ITaTHUTE
MIPOMEHJIUBH. Y CPETHEHUTE pe3yJITaTH OT HalpaBeHaTa MPOTHO3a upe3 mogodpena HM crpykrypa ¢
JWHEWHa akTHBHpam@a (YHKUIUS BOAAT 1O rpemka oT 6.63 %, KosATO Moka3Ba MoJOOpsBaHE Ha
MIPOTHO3UPAIIUTE CIIOCOOHOCTH B CpaBHEHHUE C IIbpPBOHOUYANHATA CTpykTypa Ha HM. M3non3BaneTo Ha
HM c HenuneiiHa akTuBUpaiia (GyHKIMS BOAM 10 Tpellka Ha Mporuo3ara B pasmep Ha 15.06 % ot
oOmiaTta mMpoYrHA HAa UHTEPBaIa Ha Pe3yJATaTHUTE TTOKA3aTEeNH.

OmnpenensiHETO Ha MPOTHO3HU CTOMHOCTH Ha pe3yJTaTHUTE MOKa3aTelu ype3 nojgoopena HM c
HeJMHEeWHa akTuBHpama GyHKuus Boau 1o rpemka oT 3.71 %. OT craTUCTHYecKa TJIeaHa TO4YKa
HUBOTO Ha TpeliKaTa € B JONYCTUMUTE TpaHulu OT 5 %, OT KBAETO CJe/lBa, Y€ TOYHOCTTA HA
nporHo3ara Ha mogoOpena HM c¢ HenuHeliHa akTtwBUpama (QyHKIMS € MO-BHCOKa OT Ta3W Ha
nogodpena HM c nuneiina aktuupama QyHkuus. C 1en noTBbpkaaBaHe Ha n3dopa Ha mojo0peHa
ctpykrypa Ha HM c HenuHeiiHa akTtuBHpama (yHKIHS KAaTo Hal-TOYHA, OsiXxa MPOBEIEHU IO 5
cumynanuu cbc Bcsika HM apxutektypa. Pasnukara B pe3ynraTuTe OT pa3iMYHUTE CUMYJAalUU
Bapupat B pamkute Ha (0+0.5) % oT mmpuHaTa Ha U3CIeIBaHHS TTOKA3aTeI.

Upe3 momobpena HM ¢ HenmHeliHa akTHBHpamia (YHKIHMS ca TOJydeHH 25 TpPOTHO3HM 3a
CTOMHOCTHTE Ha pe3ylTaTHUTE Moka3atenu 3a 1 ronuna. B Tabmmma 3.21. ca mokazaHu OCpeTHEHUTE
CTOMHOCTM Ha pE3yJTaTHUTE T[OKa3aTelu 3a TOJWHATA, CPEJAHUTE NPOTHO3HU CTOMHOCTH U
ChOTBETHATA IPEIlIKa Ha MPOrHO3aTa.

Cpenen ycnex Ha KoedumuenT na Bpoii npoabxnin OTH. a1 HA
IToxa3zarea 3aBbPLIBALIUTE cJIeBAIIA CTENEH HA padoTreuniure mo
ycneBaemMocT
CTYAEHTH o0yuyeHHe JOKTOp CHENHAJTHOCTTA
DaKTHYECKH CTOMHOCTH 5.08 0.83 1.00 58.00
IIporHo3upanu croiiHOCTH 510 0.82 1.02 58.07
(cp. ot 25 onuTa)
Tpemxa 5 % 4% 3% 1%
(cp. ot 25 onuta)

Tabnuya 3.21. Pesynmamu om 25 npo2Ho3u 3a CIMONHOCMume Ha nokasameaume

Ot Tabmuua 3.21 ce BWXIa, Y€ MOJyYEHUTE OT MPOTHO3aTa CTOMHOCTH Ha pPE3yJNTaTHUTE
MoKa3aTeNn 3a €PEKTUBHOCT HA €JICKTPOHHOTO OOYYEHHE Ca IOCTATHYHO ONM3KH 10 (PaKTHYECKUTE.
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3AKIIOYEHHUE

B naucepranmMoHHusS TpyA ca NpPEACTaBEHW HW3CIEABAHMUS U PE3YNITATH, CBbP3aHU C OLCHSBAHE M
MPOTHO3UpaHEe Ha e€PEKTUBHOCTTA Ha elNeKTpoHHOTO oOydeHue (EO) BbB BHcmieTo oOpazoBaHue. 3a
nenta e paspaboreH Monen Ha OamaHcupana cuctema oT mnokaszarenn (BSC), cpoOpaseH cbe
crnenudukara Ha EO BBB BucHieTo obpazoBanue. Upes SWOT ananm3 ca onpenesaeHu npeauMcTBaTa
U HelocTarhiuTe Ha u3nomsBaHeto Ha BSC 3a onenka edextuBHOocTTa HA EO BBHB BUCIIE yUUITHIIE.
Pa3zpaboTenu ca Mojienu 3a OIieHKa Ha ChIIECTBEHU MOKa3aTenu Ha edekTuBHOCT Ha EO, karto ,,Bpeme
3a pa3paboTBaHE Ha EJICKTPOHEH Kypc” u “omeHka oT u3nuta’. OleHeHO ¢ BIUsSHHETO Ha on-line
AaKTUBHOCTTA Ha CTYAEHTHUTE BbpXY edexTuBHOcTTa Ha EO.

N3cnenBanu ca Bb3MOXKHOCTHTE 3a IPHIIOKEHWE HAa HEBPOHHM MPEKU 3a IPOTHO3MpAHE Ha
edextuBHOcTTa Ha EO BBB BHCHIETO OOpa3oBaHue. 3a Ch3JaBaHE Ha MPOTHO3UpAIl MOJCI Ha
pe3y/ITaTHUTE IMOKa3aTeld Ha EJNEeKTPOHHOTO OO0y4YeHHWE C IMPHEMJIMBO pPAaBHUINE Ha Tpelika Ha
MPOTHO3aTa Cca M3CJIEABAHM ANTEPHATHBHU CTPYKTypu Ha HM. VYcraHoBeHO €, 4ye rpemikara Ha
IpoTHO3aTa HaMassiBa MpH u3noisBane Ha HM ¢ HenuHelHa akTHBHpaia GyHKIUS, KOETO TOKa3Ba,
ye crneurdukaTa Ha MOKa3aTeIMTE 3a MPOrHo3MpaHe Ha edexTuBHOCTTa Ha EO BBB BHCHIETO
oOpa3oBaHue ONpeaess HEMMHEHHHN 3aBHCUMOCTHY Ha JaHHUTE.

Pa3paboren e Mojien Ha CTPYKTypa Ha HEBPOHHA MpeXa U alfOPUTHM 3a IMPUIIOKEHUE, YHETO
NPEIMMCTBO € KOMOMHHMpaHETO Ha HeBpoHHM Mpexu, AI'K u umHTepmonamus, KOeTo IMO3BOJISBA
MOBUIIABAHE HA TOYHOCTTA HA MIPOrHO3aTa IPU MAJIKU U3BAJIKU OT JaHHU. [Ipennoxenu ca anroputeM
Y METOJ0JIOTHS 3a PeaM3upaHe Ha MOJIENa.

IIpoBeneHuTe uYHCIEHM EKCIIEPUMEHTH, Ha 0a3ara Ha peaJHd JaHHHU, IOTBbpXKIaBaT
NPUIOKUMOCTTA Ha MPEATIOKEHUs MOZIeN Ha cTpykTypa Ha HM 3a mpornosupane e(eKTUBHOCTTa Ha
EO.

W3cnenBanusTa 1o AucepTanusaTa U NOJydeHUTe pe3ynTaTu ca orpazeHu B 10 myOnukanuu, 8
OT KOUTO Ca CaMOCTOATENIHU. HacT OT mosiyueHUTe pe3yiTaTd ca BbB BPb3Ka C M3INBIHEHUETO Ha 2
npoekTa, (puHaHCcupaHu o EBpornelicku mporpamu.

[Tocturnatute pe3yiaTatu B AUCEPTALMOHHUS TPYZA OuepTaBaT CIEIHUTE HACOKU 3a ObAeUIn
u3CcieqBaHusl B oOJacTTa Ha OLIGHSABAHETO W IPOTHO3MPAHETO Ha edekTuBHOCTTa Ha EO: 1)
npuinoxxenne Ha BSC 3a cpaBHsBane edextuBHOocTTa Ha EO Ha pasnmuuHu oOpa3oBaTesHU
MHCTUTYLIMH; 2) U3CIIEIBAHETO HA Bb3MOKHOCTUTE 3a Ch3JaBaHE HA [10-TOYHHU MPOTHO3UPAILU MOJIEIH
(Ha Oa3aTa Ha HEBPOHHHM MPEXHU W/WUIW APYTH MOJIEIUPAIIN MOAXO01) 3a OIleHKa e(DEeKTUBHOCTTA Ha
EO.
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CIIPABKA 3A ITPUHOCUTE B JIUCEPTALIMOHHUA TPY I

OCHOBHHUTE PE3YyTaT B AUCCPTAIUOHHUA TPy MOTaT a 6’BI[3.T O606H.[€‘HI/I KaKTO CJICABA.

1.

Pazpaboren e momen Ha Oamancupana cuctema oT mokazatenu (BSC) 3a oneHsBaHe Ha
e(eKTUBHOCTTA HA €JIEKTPOHHOTO 00yueHHEe BbB BUCIIETO oOpa3oBanue. [Ipemnoxen e Habop
OT PEe3yNATaTHH IOKa3aTeNH, TO3BOJISABAIL 1A Ce OL[CHHU IpOoLeca Ha eJIeKTPOHHO 00y4eHHE U Aa
ce HampaBu oOpaTHa Bpb3ka Ha mojena Ha BSC c¢ ompenenenu mokasarenu. Pa3paboten e
anropuThM 3a mnpwiokeHne Ha BSC, koiTo maBa BB3MOXKHOCT 3a aJalTHPaHE KbM
cneur(UIHUTE U3UCKBAHMS HA PA3IMYHHU BHCUIM YUMIHIIA C €IEKTPOHHO O0yUYeHHUE.

Pa3zpaborenu ca aBa mMojena 3a OLIEHKa M NMPOTHO3MpAHE HAa BPEMETO 3a pa3pabdoTBaHE Ha
EIeKTPOHEH KypC, Karo €IWH OT ChIIECTBEHUTE WHAWKATOPH Ha €QEKTUBHOCTTa Ha
eJIeKTPOHHOTO 0oOyueHue. [IpequmMcTBO Ha MOJENUTE € MO-BUCOKAaTa CTENEeH Ha TOYHOCT Ha
OIICHKaTa Ha BPEMETO 3a pa3paboTBaHE Ha KypC U BB3MOXKHOCTTA 3a KanuOpupaHe Ha
MOKa3aTelIuTe 4pe3 MpPOMsHA Ha TErJIOBHUTE KoeduimeHtu. Ha GazaTa Ha KopenalMoHEH
aHAJIM3 Ca W3CJICBAaHU JIBa MOJIENa 3a OICHKA Ha BIMSHUETO Ha on-line akTMBHOCTTA Ha
CTYACHTUTE BbPXY pe3yaTaTHUs NMokazaTen “OleHka oT u3nura’.

Pa3paboTen e Moaen Ha CTPYKTypa Ha HEBPOHHA MpeKa 3a MPOTHO3UpaHe e(EeKTUBHOCTTA Ha
€JIEKTPOHHOTO O0ydeHHe BbB BHCLIETO oOpa3zoBaHMe. IIpeanMcTBO Ha MOCOUYEHHS] MOAET €
KOMOMHMpAHETO Ha HEBPOHHU Mpexku, AI'K u nHTepnonanus, KOETo I03BOJIsIBA IIOBUILIABAHE
Ha TOYHOCTTa Ha MPOrHO3aTa MPU MAJKM M3BaJAKH OT JaHHU. IIpe/ioskeHu ca aaroputbM M
METOOJIOTHS 32 pealn3upaHe Ha mozena. [IpoBeeHnTe YMCIIEHU eKCIIEPUMEHTH Ha 0a3a Ha
peasHM JaHHM 3a PEe3yJTaTHUTE IIOKA3aTeld Ha EJIEKTPOHHOTO O0y4eHue, MOTBbPXKIaBaT
NpUIOKUMOCTTa Ha pa3paboTeHaTa CTPYKTypa Ha HEBPOHHAa MpeXka 3a NPOrHO3MpaHe Ha
e(hEeKTUBHOCTTA Ha €JICKTPOHHOTO 00yUYEHHE.
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