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General Characteristic of the Dissertation

Topicality of the problem

Learning Object (LO) is referred here as any digital resource that can be
reused to support learning. LOs should be qualitative i.e. suitable for learning but
at the same time they should fit reusability requirement. Therefore, reusability of
LOs (or their ability to “travel well” between different contexts and education
systems) is considered in the work as a part of the overall quality of LOs. This
means that any high quality LO has some reusability level (or potential to “travel
well”), but this does not mean that any reusable LO is qualitative one. Therefore,
in the work, the problem of LOs quality is analysed paying special attention to
LOs reusability aspects.

Qualitative learning material is one of the main factors of learning quality.
Therefore, evaluation of LOs quality is one of the most relevant education
problems. The problem is relevant for all participants of the educational sector —
for educational institutions (e.g. schools) that have to select qualitative learning
material for their needs, for education policy makers who need clear quality
criteria while implementing LOs tenders, for authors of learning material (e.g.
publishers) who need to know quality requirements to create LOs etc.

LOs creation is complicated, expensive, and time-consuming process.
Therefore, small countries (e.g. Lithuania) have no possibilities to create a lot of
LOs in Lithuanian language and fitting their education systems. Thus, it is very
relevant for them to find LOs that could be applied for their learning goals in the
other countries repositories. Such LOs are named reusable.

Currently, there are millions of LOs stored in international repositories.
Majority of those LOs could be used many times in different countries and in
different pedagogical situations. Those LOs could be easily modified, localised,
and applied for particular educational context. Thus, reusable LOs are usually
considerably cheaper (since they could be used in different systems and different
pedagogical situations) and considerably qualitative (since a broad group of
experts and practitioners can contribute to their refinement).

Therefore, evaluation of the quality of reusable LOs is a problem that
should be solved constantly by each participants of educational sector. They
should refer scientific LOs quality systems (i.e. models) and practically applicable
(i.e. simple and effective) evaluation methods.

It is obvious that some LOs could be very qualitative against some quality
criteria, and the others — against the other criteria, and vice versa.

Therefore, LOs quality evaluation is a typical case where one should apply
multiple criteria decision analysis (MCDA) theory. In the work, MCDA principles
are applied to create an objective rank of LOs alternatives according to their
quality, and to evaluate each alternative‘s quality against ,,ideal quality. In the
work, LOs reusability and quality criteria system (i.e. model) is presented, as well
as created expert quality evaluation method based on fuzzy numbers theory.



Aim of the work — to propose and pilot LOs reusability and quality evaluation
methodology, i.e., quality model, and simple and effective expert evaluation
methods, thus improving solution of educational tasks using informatics
engineering methods.

Tasks of the work

1. To analyse the notions of LOs reusability and expert evaluation of quality.

2. To analyse principles of creating LOs reusability and quality model.

3. To analyse possible simple and effective methods for the expert evaluation
of LOs quality and reusability.

4. To create LOs quality and reusability model.

5. To create simple and effective expert evaluation method suitable for
evaluating LOs quality and reusability.

6. To perform experimental piloting of the model and method (i.e. to
introduce examples of practical evaluation of LOs alternatives).

7. To create an Internet tool for evaluating LOs quality and reusability.

Scientific novelty

— LOs quality and reusability model is created in conformity with scientific
principles of creating the quality model.

— LOs quality and reusability evaluation methodology (i.e. LOs quality and
reusability model and quality evaluation method) is presented and
practically piloted. Quality evaluation methodology consists of
consecutively applied methods, principles, and standards.

Methodology of research

Systematic Review method is used to fulfil literature analysis.

To create LOs quality model, MCDA theory based principles for creating a
model as well as quality criteria division principle based on quality standard
ISO/IEC 9126-1:2001(E), and sets portrait method are applied. There are
identified those LOs quality criteria that mostly influence LOs reusability
possibilities.

Expert evaluation based on numerical evaluation of LOs quality performed
by selected experts is used for simple and effective evaluating LOs quality and
reusability. The experts evaluate each criterion‘s weight and rating (value)
according to selected linguistic variables system that is further converted to
numerical values. Thus, fuzzy numbers method is selected, and scalarisation
method is applied.

LOs reusability level is evaluating by providing higher weights to LOs
quality criteria that mostly influence LOs reusability possibilities. For this
purpose, evaluation methodology based on scalarisation and fuzzy numbers theory
is created and piloted.

The fact that many experts having their own opinions and creeds
participate in decision making is also taken into account. Thus, several problems
arise:



1. how to present in numerical way the experts‘ opinion on LOs

alternatives quality criteria importance;

2. how to compare the experts ratings (values);

3. how to make a decision based on those ratings (values) and weights.

In the work, these problems are solved with the help of fuzzy numbers
theory. The first problem is solved using fuzzy numbers (i.e. linguistic variables
are converted to numerical variables), the second is solved by verification of the
experts® evaluation compatibility, and the third — by using the experts‘ utility
function (i.e. scalarisation method) which value gives the possibility to evaluate
the results obtained.

Practical value

Practical value of the work results suitability of LOs quality and
reusability model and evaluation method created and piloted during the research
for all participants of educational sector — educational institutions, education
policy makers, creators of learning material — for solving cheap and qualitative
learning material selection, creation, and application problems.

Work results were tested:

— on European level — during eQNet project: LOs reusability criteria were
created;

— on Lithuanian level — during the tender announced by Education
development Centre under the Ministry of Education and Science:
textbooks / digital teaching aids quality model and evaluation methods
were created.

Defended propositions

— Created LOs quality and reusability models conform with scientific
principles for creating a quality model.

— Created LOs expert evaluation method based on fuzzy numbers theory
and scalarisation method is simple and effective i.e. suitable and
applicable in educational institutions while evaluating LOs quality and
reusability.

The scope of the scientific work. The scientific work consists of the General
Characteristic of the Dissertation, 4 Chapters, Conclusions, List of literature, and
Appendixes. The total scope of the dissertation is 120 pages, 27 pictures, and 21
tables.

Learning Objects and Reusability

Learning objects are the elements of a new type of computer-based
instruction grounded in the object-oriented paradigm of computer science. Object-
orientation highly values the creation of components (called “objects”) that can be
reused in multiple contexts. This is the fundamental idea behind LOs:
instructional designers can build small (relative to the size of an entire course)
instructional components that can be reused a number of times in different
learning contexts.



Additionally, LOs are generally understood to be digital entities
deliverable over the Internet and any number of people can access and use them
simultaneously. Moreover, those who incorporate LOs can collaborate on and
benefit immediately from the new versions.

When teachers first gain access to the instructional materials, they often
break the materials down into their constituent parts. They then reassemble these
parts in the ways that support their individual instructional goals. This suggests
one reason why reusable instructional components (i.e. LOs) may provide
instructional benefits: if instructors received the instructional resources as the
individual components, this initial step of decomposition could be bypassed,
potentially increasing the speed and efficiency of instructional development.

Examples of LOs can include multimedia content, instructional content,
learning objectives, instructional software and software tools, as well as persons,
organizations or events referenced during technology supported learning.

The various approaches to LOs attempt to meet two common objectives:
(1) to reduce the overall costs of LOs, and (2) to obtain better LOs.

Both these objectives agree with the notion of LOs reusability. LOs
reusability is one of the main features achieving the high LOs effectiveness and
efficiency level. The need for reusability of LOs has at least three elements:

Table 1. Basic principles of LOs reusability

Principles Explanation

LO is interoperable and can be used in

Interoperabilit . .o
P y different repositories and platforms
Flexibility in terms of pedagogic LO can fit into a variety of pedagogic
situations situations

LO can be made more appropriate to a
pedagogic situation by modifying it to suit
a particular teacher’s or student’s needs

Modifiability to suit a particular
teacher’s or student’s needs

Overview of Existing Learning Objects Quality Criteria

There is a wide range of LOs quality criteria presented in scientific
literature as well as a wide range of nationally recognised LOs quality criteria
which reflect different subjective approaches of European countries’ national
authorities based on their experience and national education culture. Most of these
quality criteria deal with technological, pedagogical and intellectual property
rights (IPR) issues (Table 2). There are a number of limitations in all of these
models. Some of the presented frameworks deal with the overall groups of LOs
quality evaluation criteria, and some of them present the brief descriptions of the
criteria containing the different attributes of the criteria that can be considered
sub-criteria. Many presented criteria overlap and depend one from another. There
are the cases where the different criteria measure the same factor.

Almost all of the presented approaches lack completeness or conciseness.
Several frameworks (e.g. [LNO7]) propose the experts some kind of numeric
values for evaluation of LOs quality, and some of them operate with linguistic



variables. In the majority of literature, no weights of quality criteria are proposed
to use by the experts in order to express their opinion on the criterion’s
importance level in comparison with the other criteria for the particular needs.
Finally, it is completely unclear how to measure the difference between the
quality of the particular LO under judgement, and the highest, i.e., ‘ideal’ LO
quality. On the other hand, the majority of the stakeholders would like to see the
evaluation results reflecting the percentage of quality that meets the particular LO
in comparison with the ‘ideal’. Therefore, the evaluation of LOs in the real life
situations is often inaccurate and highly depends on the experts’ subjectivity level.

All these shortages lead us to the conclusion that some kind of scientific
approaches are necessary to be applied in LOs quality evaluation in order to
maximise the accuracy of the evaluation results and to minimise the experts’
subjectivity. Those applicable scientific approaches are MCDA principles
proposed by [BS02] and technological quality division principle proposed by
[GCO06].

European nationally recognised (i.e., approved on the national level) LOs
quality criteria have been analysed by [KD09]. The analysis has shown that
nationally recognised LOs quality criteria are often divided into several criteria
groups such as Scope and Quality criteria (e.g., in Belgium — Flanders), different
domains such as Technical, Scientific, Educational, Language, and Values and
Attitudes (e.g., in Portugal), and different levels such as National and Local /
partner level (e.g., in Switzerland). It has been also identified that almost all
nationally recognised sets of criteria include Technological, Pedagogical and IPR
quality criteria.

Table 2: Overview of existing LOs quality criteria

LOs quality criteria Authors

Model on LOs technological quality is based on six areas: [PNO6]

(1) Definition of what is, and what is not a LO. (2) A taxonomy that is
reflected in the definition where granularities as well as special properties
are regarded. (3) Standards used for LOs should be extended to go beyond
descriptive information, such as metadata, sequencing, and packaging to
also embrace standards for interfaces, ‘machine readable’ descriptions of
technical properties and interaction interfaces. (4) Standards and
recommendations that address the internal use of data formats and data
structure. (5) The architecture of LOs should be layered as a part of best
practice, in order to separate data, presentation and application logics. (6)
Pedagogy should preferably be kept outside the LOs in order to facilitate
pedagogical context independence.

Learning Object Review Instrument (LORI) model: [VNBO3]

(1) Presentation: Aesthetics; (2) Presentation: Design for learning; (3)
Accuracy of content; (4) Support for learning goals; (5) Motivation; (6)
Interaction: Usability; (7) Interaction: (8) Feedback and adaptation; (9)
Reusability; (10) Metadata and interoperability compliance; (11)
Accessibility.

(1) Content quality: veracity, accuracy, balanced presentation of ideas, | [LNQ7]
and appropriate level of detail. (2) Learning goal alignment: alignment




among learning goals, activities, assessments, and learner characteristics.
(3) Feedback and adaptation (adaptive content or feedback driven by
differential learner input or learner modelling). (4) Motivation (ability to
motivate and interest an identified population of learners). (5) Presentation
design (design of visual and auditory information for enhanced learning and
efficient mental processing). (6) Interaction usability (ease of navigation,
predictability of the user interface, and the quality of the interface help
features). (7) Accessibility (design of controls and presentation formats to
accommodate disabled and mobile learners). (8) Reusability (ability to use
in varying learning contexts and with learners from different backgrounds).
(9) Standards compliance (adherence to international standards and
specifications).

BECTA model is based on 16 principles: [Bec07]

Core pedagogic principles: (1) Inclusion and access; (2) Learner
engagement; (3) Effective learning; (4) Assessment to support learning; (5)
Robust summative assessment; (6) Innovative approaches; (7) Ease of use;
(8) Match to the curriculum.

Core design principles: (9) Digital learning resource design; (10)
Robustness and support; (11) Human-computer interaction; (12) Quality of
assets; (13) Accessibility; (14) Interoperability; (15) Testing and
verification; (16) Effective communication.

MELT model is based on five categories: [MELOS]
(1) Pedagogical; (2) Usability; (3) Reusability; (4) Accessibility; (5)
Production.

‘Quality for Reuse’ model is based on three strategies: [Q4RO08]

(a) Strategies before LO inclusion in the LOR are based on the
principles: (1) Only build or integrate LOs, which can be certified for
quality; (2) Interactive LOs are software and as such should answer to
software quality criteria.

(b) Strategies during LO inclusion in the LOR are based on (1) The
principle of reducing form-filling; and (2) Use of guiding wizards, smart
automatic and semi-automatic computer agents to assist in assuring
technical interoperability.

(c) Strategies after LO inclusion in the LOR are based on (1) Provide
interesting and easily understood user statistics, such as stars, percentages,
voting systems, and (2) Include recommendations for reuse by the user,
both to the next user and the designer.

Methodology for Expert Evaluation of Learning Objects Quality

Proposed Quality Model

In order to create comprehensive LOs quality model, first of all MCDA
principles for identifying quality criteria are applicable. According to [BS02], in
identifying quality criteria for the decision analysis, the following considerations
(principles) are relevant to all multiple criteria decision analysis approaches:
Value relevance, Understandability, Measurability, Non-redundancy, Judgmental
independence, Balancing completeness and conciseness, Operationality,
Simplicity versus complexity.



LOs quality model created according to MCDA criteria identification
principles is presented in the Table 3. This model includes three groups of criteria:
(1) technological, (2) pedagogical and (3) IPR criteria. The model consists of 9
quality criteria, 4 of them dealing with technological quality, 4 — with pedagogical
quality of LOs, and 1 — with IPR issues.

According to the technological quality criteria division principle,
technological criteria are divided into two groups, namely ‘internal quality’ and
‘quality in use’ criteria.

Table 3. Learning objects quality model

Criteria group Nr. Quality criteria

Technological criteria

“Internal” quality 1 Interoperability

Architecture

Interactivity

Design and usability: aesthetics, navigation, user-friendly
interface and information structure, personalisation

Quality “in use”

LSS I )

Pedagogical criteria

LO relevance to educate basic subject competences criteria:

5 LO textual and visual material are suitable to acquire
knowledge, and to educate understanding, skills and values
defined in the curriculum

6 Assignments provided in LO are suitable to acquire
knowledge, and to educate understanding, skills and values
defined in the curriculum

7 LO methodological structure is suitable to acquire
knowledge, and to educate understanding, skills and values
defined in the curriculum

Criterion of LO material suitability to educate general competences defined in the
curriculum:

8 LO textual and visual material, assignments and
methodological structure suitability to educate general
competences

IPR criterion
9 Clear license: LO is open, free to use, and cost-effective

Sets portrait method was applied to identify which LO quality criteria
mostly influence LO reusability level, and it was estimated that LO reusability
level mostly depends on the 1%, 2, 3 | and 4™ LO quality criteria presented in
Table 3.

Learning Objects Quality Evaluation Method
Performed Analytic Review has not indentified any existing simple and
effective method suitable for evaluating LOs quality and reusability.



Analytic Review has also shown that fuzzy numbers and scalarisation
methods are applicable for LOs quality and reusability evaluation in terms of its
simplicity and effectiveness. Scalarisation method is referred here as the experts’
additive utility function represented by the formula (1). According to this method,
a possible decision here could be to transform a multi-criteria task into one-
criterion task obtained by adding all the criteria ratings (values) together with their
weights.

m

FX)=YafiX) ) D=1, 4,0, (1)

i=1

Here fi(X) is the rating (i.e. non-fuzzy value) of the criterion i for the each
of the examined LOs alternatives X, and a; are the weights of the quality criteria.

Thus, according to scalarisation method, one needs to know LOs quality
criteria ratings (values) and weights to evaluate quality and reusability of LOs

Estimation of Learning Objects Quality Criteria Ratings (Values)

The widely used measurement criteria of the decision attributes’ quality
are mainly qualitative and subjective. Decisions in this context are often expressed
in natural language, and evaluators are unable to assign exact numerical values to
the different criteria. Assessment can be often performed by linguistic variables:
‘bad’, ‘poor’, ‘fair’, ‘good’ and °‘excellent’. These values are imprecise and
uncertain: they are commonly called ‘fuzzy values’. Integrating these different
judgments to obtain a final evaluation is not evident.

Therefore, the author has proposed to use fuzzy group decision making
theory [OJB09] to obtain final assessment measures. The fuzzy numbers are: (1)
triangular fuzzy numbers, (2) trapezoidal fuzzy numbers, and (3) bell-shaped
fuzzy numbers. In the presented work, the author uses triangular and trapezoidal
fuzzy numbers for evaluating quality and reusability of LOs.

Use of Triangular Fuzzy Numbers

According to scalarisation method represented by the formula (1), we need
LOs evaluation criteria ratings (values) and weights.

The widely used measurement criteria of the decision attributes’ quality
are mainly qualitative and subjective. Decisions in this context are often expressed
in natural language, and evaluators are unable to assign exact numerical values to
the different criteria. Assessment can be often performed by linguistic variables:
‘bad’, ‘poor’, ‘fair’, ‘good’ and ‘excellent’. These values are imprecise and
uncertain: they are commonly called fuzzy values. Integrating these different
judgments to obtain a final evaluation is not evident. Therefore, [OJB09] propose
to use fuzzy group decision making theory to obtain final assessment measures,
with the non-fuzzy values for all aforementioned linguistic variables. Linguistic
variables conversion into triangle or non-fuzzy values



According to [ZC92], triangular fuzzy numbers are a class of the fuzzy set
representation. A triangular fuzzy number is expressed by three real numbers M =
(I, m, u); the parameters /, m and u, respectively, indicate the lower, the mean and
the upper possible values. Triangular fuzzy numbers membership functions are as
follows:

X! if er,ml
m—1
My (x) = _u, if xe[m,u], (2)

0, if xellul]

Conversion of these qualitative values into fuzzy numbers is shown in
Table 4.

Table 4. Linguistic variables conversion into triangular fuzzy numbers

Linguistic variables Triangular fuzzy numbers
Excellent (0.700, 0.850, 1.000)
Good (0.525, 0.675, 0.825)
Fair (0.350, 0.500, 0.650)
Poor (0.175, 0.325, 0.475)
Bad (0.000, 0.150, 0.300)

Therefore, in the case of using average triangular fuzzy numbers, linguistic
variables conversion into non-fuzzy values of the evaluation criteria should be as
follows: ‘excellent’=0.850; ‘good‘=0.675; ‘fair’=0.500; ‘poor’=0.325; and
‘bad’=0.150.

Use of trapezoidal fuzzy numbers

A trapezoidal fuzzy number is a fuzzy number represented by four points
as follows: M = (a, b, ¢, d). In this case, a membership function can be attached
to the level fuzzy function (3):

0, if x<a,
i if a<x<b
b—a
=< 1, if b<x<c,
Hy (X) o if x<c 3)
if c<x<d
d-c
0, if x>d.

Conversion of these qualitative values into fuzzy numbers is shown in
Table 5.



Table 5. Linguistic variables conversion into trapezoidal fuzzy numbers

Linguistic variables Trapezoidal fuzzy numbers
Excellent (0.800, 1.000, 1.000, 1.000)
Good (0.600, 0.800, 0.800, 1.000)
Fair (0.300, 0.500, 0.500, 0.700)
Poor (0.000, 0.200, 0.200, 0.400)
Bad (0.000, 0.000, 0.000, 0.200)

Therefore, in the case of using secondary trapezoidal fuzzy numbers,
linguistic variables conversion into non-fuzzy values of the evaluation criteria
should be as follows: ‘excellent’=1.000; ‘good‘=0.800; ‘fair’=0.500;
‘poor’=0.200; and ‘bad’=0.000.

Experts Evaluation Compatibility Check

One more problem for such multiple criteria evaluation tasks is
minimisation of the experts’ (decision makers’) subjectivity. The experts’
subjectivity can influence the quality criteria ratings (values) and their weights.

There are some scientific approaches concerning this item. One of them is
formulated in [Ken79]. According to [Ken79], in general, the experts influence
importance is different, and therefore this importance should be assessed using the
appropriate methodology. It is important to form the experts group purely by their
competence. Furthermore, we should eliminate the extreme experts’ assessments
of the criteria ratings and weights. In order to pursue the compatibility of the
experts’ assessments we should calculate so-called concordance rates W and
distributions 4°:

128 “4)

rz(mj—m)

where r — the number of experts; m — the number of the parameters under
evaluation; S — the square sum of evaluated importance rates’ values deviations
from the experts’ aggregate average.

In its turn,

128

rm(m+1)

If the experts’ opinions are compatible, the value of the concordance rate
W is close to 1, and if their opinions are very different, the value of W is close to
0. The compatibility of the experts’ assessments is considered sufficient if the
value of concordance rate Wis 0.6-0.7.

A =Wr(m-1) =

Estimation of the Weights of Learning Objects Quality Criteria

The weights of LOs quality criteria could be selected by the experts. If we
have e.g. r experts and n criteria, the expert k can point the importance (i.e.
weight) of the criterion j. There are two possible ways to evaluate the importance
(weight) of the particular criterion. They are:



1. The expert k should point the importance of the criterion j by fuzzy
number M | = (lk’,m,f,uk’ . Here m/ is the main value, while I/ and u/
reflect the experts’ uncertainty.

2. The expert k should point the importance of the criterion j by the only
number m;] from the particular interval.

If there are r experts, each criterion’s importance (weight) is calculated as
the average of the experts’ values [Upp89] as follows:

I )
my = me}(
t k=1
The weights are normalised according to formula (6):
my (6)

a;=—
2
s=1
n

Thus, Za,‘ =1.

i=1

Calculation of Values of the Alternatives and Decision Making

After estimating the ratings (values) and weights of LOs quality criteria,
one should apply the experts’ additive utility function (1), i.e. add together all LOs
quality criteria ratings (values) multiplied by their weights. The major is the
meaning of the experts’ additive utility function (1) the better LOs meet the
quality requirements in comparison with the ideal (100%) quality.

The weight of the evaluation criterion reflects the experts’ opinion on the
criterion’s importance level in comparison with the other criteria for the particular
needs. In our case, higher weights are estimated for those quality criteria that
mostly influence LOs reusability level (i.e. criteria 1 — 4 in Table 3). The weights
are estimated according to formulas 5 — 6.

Examples
Application of LOs quality and reusability MO evaluation method: use of
triangle and trapezoidal fuzzy numbers to estimate importance of the groups of
LOs reusability criteria.
The method is used to evaluate the importance of the groups of criteria of
the following Math learning objects:
- LO;: ,,Tangents through an external point* (available at:
http://www.mathopenref.com/consttangents.html);
- LO;: ,,Tangent to a circle at a point* (available at:
http://www.mathopenref.com/consttangent.html);
- LO;s: ,,Secant” (available at: http://www.mathopenref.com/secant.html).




Table 6. Evaluation of the importance of the groups of criteria of Math LOs by 3 experts

LO, LO, LO;
Expert
Nr.
1 2 3 Sum 1 2 3 1 2 3
Criterio
Nr.
1 5 3 3 11 4 4 4 5 5 5
2 5 4 4 13 4 4 4 5 5 5
3 4 3 3 10 5 5 4 5 5 5
4 4 4 4 12 4 4 4 5 4 4
5 4 5 4 13 5 5 4 5 5 5
6 5 5 5 15 5 4 4 3 4 4
7 4 4 4 12 5 4 5 4 3 3
8 3 4 4 11 4 4 4 4 4 3
9 5 5 5 15 5 5 5 5 5 5
Total sum: 112

In eQNet, the experts evaluated selected LOs quality criteria groups
importance in per cent paying special attention to LOs reusability criteria
“Interoperability”, “Architecture”, “Interactivity” and “Design and User
Interface™:

+ Tinkamumas ugdyti dalykines ir bandrmsias kompstanefjas -
wiF

. N;l.udnjimn paprastumas ir intuityvomas - mf

+ MO nepriklausormmas kalbos atfvilgiu - m/

+ MO nereikalauja papildomoes metodings pagalbos - mef
, + Adtki licencija - m#

+ Diizainas ir vartotoju sasaja - m#
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paﬂaudﬂjamuma I\.lt] kﬂk‘:‘.‘ gz Eih I\.-IC_I kaj-‘bES wvertmmo kﬂT’Eﬂ]ﬂl
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Fig. 1. Expert evaluation of importance of LOs criteria groups in eQNet

After that, the value of the most important criteria is increased by Pax and

Nk
the value of the others — by 2« part of the per cent:
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LOs quality criteria importance established by 3 eQNet experts in per cent
is presented in Table 7:




Table 7. LOs quality criteria importance values in per cent

Exp eA};ts Experts
N 2 3 N | 1| 2|3
Criterid Quality criteria
groups
Criteria - Interoperability 5 4 4
most - Architecture 4 4 4
important 80% | 60% | 70% | - Interactivity 4 4 5
for LOs - Design and User 3 3 3
reusability Interface
- LO suitability to
educate subject and
5 5 4
general competences
defined in the curriculum
Other LOs - Simplicity apd 4 4 4
qu.alztly 20% | 40% | 309, | Intuitivenessinuse
criteria - Independence in terms
5 5 5
of language
- Additional
methodological support 5 5 5
is not needed
- Clear licence 5 5 5
Using triangle fuzzy numbers (Table 4) and criteria importance level
(Table 7), one should obtain the matrix of LOs quality criteria weights Az gk
Ag e = (01170 01077 01170 00798 0,140 00972 0,224 0,224 0,1224) (8)
Using triangle fuzzy numbers (Table 5) and criteria importance level
(Table 7), one should obtain the matrix of LOs quality criteria weights Ag_srqp:
Ag_wap = (0.1187 0,1095 01187 00685 0,1153 00988 0,1235 01235 0,1235) 9)

Let us multiply the values of those matrixes by LO;, LO;, and LO; criteria
ratings established by the experts (Formula 10).

The result functions using triangle and trapezoidal fuzy numbers are

presented accordingly in Formulas 11 and 12.




06167 06750 0,8500
07333 06750 0,8500
0,5583 07917 0,8500
06750 06750 07333
f(x;)=]07333 07917 08500 (10)
0,8500 07333 06167
06750 07917 0,5583
06167 08500 06167
0,8500 0,8500 0,8500

Agc e f(x;)=(05896 06405 06565) (1)

Adk_wap F(x;)=(0.5899 06453 0,6602) (12)

LOs reusability level evaluation results (Matrix 11) show that LO; matches
58,96% quality level in comparison with the ,,ideal*, LO, — 64,05%, and MO; —
65,65%. Matrix 13 results show that LO; matches 58,99% quality level in
comparison with the ,,ideal®, LO; — 64,53%, and LO; — 66,02%,. Therefore, LO; is
the best alternative in terms of selected LOs reusability.

These results also show that LOj; is the best evaluated alternative in terms
of reusability using both triangle and trapezoidal fuzzy numbers.

General Conclusions

Using Systematic Review of scientific literature method, it was not
managed to find neither suitable LOs quality and reusability model nor evaluation
method. Therefore it was necessary to create both model matching scientific
principles of creating a model as well as simply and effective evaluation method.

LOs reusability is one of the main features of LOs quality, i.e. each LO has
some reusability level but not each reusable LO is qualitative one. Therefore, in
the work, the problem of LOs quality is analysed paying special attention to LOs
reusability aspects.

Education institutions have to often deal with LOs quality and reusability
problems. In practice, educational institutions deal with (a) finite but (b) wide
choice of LOs. Therefore, we have to analyse (a) vector optimisation methods,
and (b) fuzzy numbers method. The reason is that both Pareto and paired
comparison methods are obviously hardly applicable for the aim of the research in
terms of simplicity and effectiveness of the evaluation methodology applied.

In the work, evaluation methodology for evaluating quality and reusability
of LOs i.e. both created model and method are presented.

The LOs quality model created consists of 9 quality criteria divided into 3
groups i.e. technological, pedagogical, and IPR criteria. This model is
comprehensive and matches scientific principles of creating a model.

LOs quality and reusability model is created having in mind MCDA
principles of creating a model i.e Value relevance, Understandability,
Measurability, = Non-redundancy, Judgmental independence, Balancing
completeness and conciseness, Operationality, Simplicity versus complexity.



While creating a model, requirements of software quality standard
ISO/IEC 9126-1:2001(E) have been taken into account incl. technological criteria
division principle.

LOs reusability is mostly influenced by the following LOs quality criteria:
Interoperability, Architecture, Interactivity, and Design and User Interface.

Following methods are selected and consecutively applied in the research
while evaluating LOs quality and reusability level:

— Scalarisation. The experts’ additive utility function is used, i.e. the sum
of all criteria ratings (values) multiplied by their weights.

— The experts’ opinions on importance of LOs reusability criteria is
converted into numerical information using fuzzy numbers theory principles (both
triangle and trapezoidal).

— Before MCDA calculations, the experts’ evaluation compatibility is
checked, i.e. concordance rates are calculated.

— The results obtained while applying the experts’ additive utility
function are compared in terms of LOs alternatives general quality and reusability
level.

The method for estimating final weights of LOs quality and reusability
criteria using fuzzy numbers is newly created and practically applied in the
research.

LOs expert evaluation method created based on fuzzy numbers and
scalarisation methods is simply and effective while evaluating LOs alternatives in
the market or creating qualitative LOs. The method created is suitable and
practically applicable in education institutions for evaluating LOs quality and
reusability.

LOs quality and reusability evaluation method was created by improving
scalarisation and fuzzy numbers methods. To evaluate LOs reusability level,
higher weights of reusability criteria in the model were applied.

In the work, different examples of the model and evaluation method
application are provided i.e. while selecting quality criteria weights, calculating
those weights, applying triangle and trapezoidal fuzzy numbers, and creating PHP
internet evaluation tool.

LOs quality and reusability evaluation results are similar in terms of using
both triangle and trapezoidal fuzzy numbers. Application of trapezoidal fuzzy
numbers shows a slightly larger difference in per cent while comparing final LOs
evaluation results.

In order to practically evaluate LOs quality and reusability, internet tool
was created PHP language (available at:
http://www.kompiuteriams.com/upc_vert/). The tool presents LOs quality model,
and all the calculations are performed automatically according to proposed
method using trapezoidal fuzzy numbers.

Thus, the evidence of the work‘s scientific novelty is provided by the fact
that simple and effective LOs quality and reusability evaluation methodology was
created and piloted on the large scale for the first time. The methodology consists
of LOs quality and reusability model and evaluation method.
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Mokomyjy objekty daugkartinio panaudojamumo kokybés vertinimo
metody taikymo tyrimas

Mokslo problemos aktualumas

Mokomasis objektas yra bet koks skaitmeninis iSteklius, kuris gali biti
naudojamas pakartotinai (i§ naujo) mokymuisi palaikyti. MO turi biiti kokybiski,
t.y., tinkami mokymui(-si) bei atitikti daugkartinio panaudojamumo reikalavima.
Tokiu biidu, daugkartinis panaudojamumas yra viena i§ pagrindiniy MO kokybés
savybiy, t.y., kiekvienas kokybiskas MO turi tam tikra daugkartinio
panaudojamumo lygj, taCiau ne visi MO pasiZymintis aukStu daugkartinio
panaudojamumo lygiu yra kokybiski. Todel darbe yra nagrin¢jama MO kokybés
problema, ypatinga démesi skiriant MO daugkartinio panaudojamumo aspektams.

Kokybiska mokomoji medZiaga yra viena svarbiausiy mokymo(-si)
kokybés veiksniy, tod¢l mokomuyju objekty daugkartinio panaudojamumo
kokybés vertinimas yra viena opiausiy Svietimo problemy. Problema yra aktuali
visiems Svietimo dalyviams — Svietimo istaigoms (pvz., mokykloms), kurios turi
iSrinkti kokybiSka mokomaja medZiaga savo tikslams pasiekti, Svietimo
politikams, kuriems reikia aiSkiy kokybés kriteriju vykdant MO vieSuosius
pirkimus, mokomosios medZiagos autoriams (pvz., leidykloms), kurie turi Zinoti
kokybés reikalavimus, remdamiesi kuriais jie kurs MO, ir pan.

Mokomuyju objekty kiirimas yra sudétingas, brangus ir darbui imlus
procesas, tod¢l mazos Salys (pvz., Lietuva) neturi galimybiy sukaupti daug MO,
sukurty ju kalba ir pritaikyty ju Svietimo sistemoms. Tod¢l joms ypac aktualu
surasti kitose saugyklose (pvz., uzsienio) MO, kuriuos galima biity lengvai
pritaikyti savo Svietimo tikslams pasiekti. Tokio tipo MO vadina daugkartinio
panaudojamumo mokomaisiais objektais.

Siuo metu tarptautinése saugyklose yra sukaupta milijonai objekty, kuriy
didelg dali galima naudoti i§ naujo skirtingose Salyse skirtingose pedagoginése
situacijose, lengvai juos modifikuojant, lokalizuojant ir kitaip pritaikant
konkrec¢iam Svietimo kontekstui. Tokiu biidu, daugkartinio panaudojamumo MO
paprastai yra Zymiai pigesni (nes jais galima naudotis jvairiose sistemose ir
pedagoginése situacijose) ir Zymiai kokybiSkesni (nes prie ju tobulinimo prisideda
platus eksperty ir praktiky ratas).

Todél MO daugkartinio panaudojamumo kokybés vertinimas yra ta
problema, kuria turi kasdien spresti visi Svietimo sektoriaus dalyviai. Jie turi
remtis mokslinémis MO kokybés sistemomis (modeliais) ir praktiskai tinkamais
(t.y., paprastais ir efektyviais) vertinimo metodais.

Vieni mokomieji objektai gali buti labai kokybiski vertinant pagal tam
tikrus kokybés kriterijus, bet nekokybiski pagal kitus.

Tod¢l mokomuyju objekty kokybés vertinimas yra tipiSkas atvejis, kai
turime naudoti daugiakriteriniy sprendimy analizés (angl. k. MCDA — Multiple
Criteria Decision Analysis) teorija. MCDA darbe naudojama tam, kad sudaryti
objektyvia mokomuyju objekty alternatyvy eil¢ pagal ju kokybe bei jvertinti kiek
kiekviena alternatyva yra kokybiska lyginant su ,idealia® kokybe. Siame darbe
yra pristatoma sudaryta mokomuyjy objekty daugkartinio panaudojamumo kokybés



kriterijy sistema (kokybés modelis). Darbe taip pat yra sukurtas ekspertinio
kokybés vertinimo metodas, pagristas neraiskiuju skaiciy teorija.

Darbo tikslas ir uZdaviniai
Darbo tikslas yra pasidilyti ir iSbandyti MO daugkartinio panaudojamumo
kokybés vertinimo metodika: kokybés modeli ir paprastus bei efektyvius
ekspertinio kokybés vertinimo metodus (t.y., pagerinti edukologiniy uZdaviniy
sprendimo galimybes naudojant informatikos inZinerijos metodus).
Siekiant Sio tikslo yra sprendZiami tokie uZdaviniai:
1. ISanalizuoti MO daugkartinio panaudojamumo ir ekspertinio kokybés
vertinimo sgvokas.
2. I8analizuoti MO daugkartinio panaudojamumo kokybés modelio sudarymo
principus.
3. ISanalizuoti galimus paprastus ir efektyvius MO daugkartinio
panaudojamumo kokybés ekspertinio vertinimo metodus.
Sukurti MO daugkartinio panaudojamumo kokybés model;.
Sukurti paprasta ir efektyvy MO ekspertinio kokybés vertinimo metoda
tinkama MO kokybei ir daugkartiniam panaudojamumui jvertinti.
6. Atlikti modelio bei metodo taikymo eksperimentini aprobavima (pateikti
realiyjy MO alternatyvy ivertinimo pavyzdziy).
7. Sukurti MO daugkartinio panaudojamumo kokybés vertinimo internetini
frankij.

i

Mokslinis naujumas

— Sukurtas MO daugkartinio panaudojamumo kokybés modelis
atitinkantis mokslinius kokybés modelio sudarymo principus.

— Pateikta ir praktiSkai iSbandyta mokomuyjy objekty daugkartinio
panaudojamumo kokybés vertinimo metodika, ty., mokomuyju objekty
daugkartinio panaudojamumo kokybés modelis bei kokybés vertinimo metodas.
Kokybés vertinimo metodika sudaro taikomuy metody, principy ir standarty
visuma bei juy taikymo nuoseklumas.

Tyrimy metodika

Literatiiros analizei atlikti naudojamas sistemingos apZvalgos metodas.

MO kokybés modelio kiirimui naudojami MCDA teorija gristi modelio
kiirimo principai, kokybés kriterijy klasifikavimo principas gristas kokybés
standartu ISO/IEC 9126-1:2001(E) bei aibiy atvaizdavimo metodas. MO kokybés
modelyje identifikuojami tie kokybés kriterijai, kurie labiausiai lemia MO
daugkartinio panaudojamumo galimybes.

Paprastam ir efektyviam MO daugkartinio panaudojamumo kokybés
vertinimui naudojamas ekspertinis vertinimas, kuriame parinkti ekspertai vertina
MO kokybe skaiciais. Ekspertai kiekvieno kriterijaus svorj ir reikSme (jverti)
ivertina pagal pasirinkta lingvistiniy kintamyjy sistema, kuri po to konvertuojama
1 kiekybines iSraiskas. Pasirenkamas neraiskiyju skai¢iy metodas ir taikomas
skaliarizacijos metodas.



MO daugkartinio panaudojamumo lygis vertinamas, skiriant didesnius
svorius tiems kokybés kriterijams, kurie labiausiai lemia MO daugkartinio
panaudojamumo galimybes. Tam sudarysime ir iSbandysime vertinimo metodika,
taikydami skaliarizacija bei neraisSkiyjy skaiciy teorija.

Ivertinama ir tai, jog priimant sprendima dalyvauja daug eksperty, turinciy
savo nuomong ir paZzitiras. Tad iSkyla kelios problemos:

1. eksperty nuomong apie MO alternatyvy kokybés kriterijy svarba

paversti skaitine informacija;

2. palyginti tarpusavyje eksperty jvercius;

3. priimti sprendima $iy jverciy bei svoriy pagrindu.

ISvardintos problemos darbe sprendZiamos pasitelkus neraiSkiyjy skaiciy
id¢ja. Pirmoji problema sprendZiama naudojant neraiSkiuosius skaicius
(lingvistinius kintamuosius konvertuosime { kiekybines iSraiSkas), antroji —
eksperty ivertinimy suderinamumas yra patikrinamas skaiciuojant konkordancijos
koeficienta, o treCiajai spresti naudojama eksperty naudingumo funkcija
(skaliarizacijos metodas), kurios reikSmé leidZia ivertinti gautas alternatyvas.

Rezultatai
Darbo rezultaty praktiné reikSmé yra ta, kad tyrimo metu sukurti ir
iSbandyti mokomuyju objekty daugkartinio panaudojamumo kokybés modelis ir
vertinimo metodas yra tinkami visiems Svietimo sektoriaus dalyviams — Svietimo
istaigoms, Svietimo politikams, mokomosios medZziagos kuré¢jams — sprendZiant
pigios ir kokybiSkos mokomosios medziagos parinkimo, kiirimo bei taikymo
klausimus.
Darbo rezultatai buvo isbandyti:
— Europos mastu — eQNet projekte: sukurti MO daugkartinio
panaudojamumo kokybés vertinimo kriterijai.
— Lietuvos mastu — SMM UPC konkurse: sukurtas vadovéliy /
skaitmeniniy mokymo priemoniy (SMP) kokybés vertinimo modelis ir metodai.

Ginamieji teiginiai

—  Sukurtas MO daugkartinio panaudojamumo kokybés modelis atitinka
mokslinius kokybés modelio sudarymo principus.

— Sukurtas MO ekspertinio kokybés vertinimo metodas, pagristas
neraiskiyjy skaiciy teorija bei skaliarizavimo metodu, yra paprastas ir efektyvus,
t.y. tinkamas ir praktiSkai taikytinas Svietimo istaigose MO daugkartinio
panaudojamumo kokybei jvertinti.

Darbo rezultaty aprobavimas
Tyrimy rezultatai buvo pristatyti ir aptarti Siose nacionalinése ir
tarptautinése konferencijose Lietuvoje ir uZsienyje:
1. Konferencijoje ,,XV Kompiuterininky dienos 2011“.  Klaipédos
Universitetas, 2011 m. rugs¢jo mén. 22 — 24 d.
2. Tarptautinéje konferencijoje ,, The 9th European Conference on e-
Learning (ECEL 2010)“. Porto, Portugalija, 2010 m. lapkric¢io 4 — 5 d.



(geriausio straipsnio apdovanojimas, iSpléstas straipsnis iSspausdintas
mokslo zurnale Electronic Journal of e-Learning).

3. Tarptautinéje konferencijoje ,, The 3rd World Summit on the
Knowledge Society (WSKS 2010)”. Corfu, Graikija, 2010 m. rugs¢jo
22 — 24 d. (geriausio straipsnio apdovanojimas, iSpléstas straipsnis
iSspausdintas mokslo Zurnale International Journal of Engineering
Education).

4. Lietuvos matematikos draugijos 51-oje konferencijoje. Siauliy
Universitetas, Siauliai, 2010 m. birzelio 17 — 18 d.

5. Tarptautinéje konferencijoje ,, The 4th International Conference on
Informatics in Secondary Schools: Evolution and Perspectives (ISSEP
2010)“. Zurich, Austija, 2010 m. sausio 13 — 16 d.

6. Tarptautinéje konferencijoje ,,The 5th International Conference on
Sustainable Development “Knowledge-Based Technologies and OR
methodologies for Strategic Decisions of Sustainable Development”
(KORSD 2009)*. Vilnius, 2009 m. rugséjo 30 — spalio 3 d.

Tyrimy rezultatai pateikti 10 mokslinése publikacijose:
- recenzuojamuose periodiniuose leidiniuose, iraSytuose i Mokslinés
informacijos instituto (Web of Science) sarasa:

1. Kaurilovas, E.; Serikoviene, S. (2012). New TFN Based Method for
Evaluating Quality and Reusability of Learning Objects. International Journal of
Engineering Education, Vol. 28, Issue 6, 2012, pp. 1288-1293. ISSN 0949-149X

- kituose uZsienio ar tarptautiniy organizacijy leidZiamuose periodiniuose
recenzuojamuose leidiniuose:

2. Kurilovas, E.; Vinogradova, I.; Serikoviene, S. (2011). Application of
Multiple Criteria Decision Analysis and Optimisation Methods in Evaluation of
Quality of Learning Objects. International Journal of Online Pedagogy and
Course Design, October-December 2011, Vol. 1, Issue 4, pp. 62-76. IGI
Publishing, USA. ISSN 2155-6873

3. Kurilovas, E.; Bireniene, V.; Serikoviene, S. (2011). Methodology for
Evaluating Quality and Reusability of Learning Objects. Electronic Journal of e-
Learning, Vol. 9, Issue 1, 2011, pp. 39-51. Academic Publishing, UK. ISSN
1479-4403

4. Sérikoviené, S.; Kurilovas, E. (2010). Matematikos mokymosi objekty
daugkartinio panaudojamumo kokybés vertinimas eQNet projekte. Lietuvos
matematikos rinkinys. Lietuvos matematiky draugijos darbai. T. 51 (2010), pp.
319-324. ISSN 0132-2818

5. Kurilovas, E.; Serikoviene, S. (2010). Application of Top-Down
Approach for Evaluation of Quality of Learning Objects. In: M.D. Lytras et al.
(Eds.): WSKS 2010, Part I, Communications in Computer and Information
Science (CCIS) 111, pp. 437-443. Springer, Heidelberg (2010). ISSN 1865-0929



6. Kurilovas, E.; Serikoviene, S. (2010). Learning Content and Software
Evaluation and Personalisation Problems. Informatics in Education, Vilnius,
2010, Vol. 9, Issue 1, pp. 91-114. ISSN 1648-5831

- recenzuojamame konferencijos leidinyje, itrauktame { tarptautines
duomeny bazes (ISI Web of Science):
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Darbo apimtis ir struktiira

Darba sudaro bendra darbo charakteristika, keturi skyriai, iSvados ir
rezultatai, naudotos literatliros saraSas ir priedai. Bendra disertacijos apimtis yra
120 puslapiy, 27 iliustracijos, 21 lentel¢ ir 4 priedai.

Pirmame disertacijos skyriuje pateikta bendra darbo charakteristika.

Antrame disertacijos skyriuje analizuojama mokomojo objekto savoka,
daugkartinis panaudojamumas, mokomuyjuy objekty kokybés modelio sudarymo ir
vertinimo metodo parinkimo principai. Skyriaus pabaigoje pateikiamas
apibendrinimas.

Tre¢iame disertacijos skyriuje yra pateikiama mokomyjuy objekty
daugkartinio panaudojamumo kokybés vertinimo metodika, t.y. sukurtas MO
daugkartinio panaudojamumo kokybés modelis ir pritaikyti kokybés vertinimo
metodai. Metodika sudaro taikomy metody, principy ir standarty visuma ir ju
taikymo nuoseklumas. Taip pat pateikti mokomuyju objekty daugkartinio
panaudojamumo kokybés vertinimui parinkti metodai: skaliarizacija, neraiskiyju
skaiciy teorija, eksperty vertinimy suderinamumas ir naudingumo funkcija.



Ketvirtame disertacijos skyriuje yra pateikti sukurto mokomuyjy objekty
daugkartinio panaudojamumo kokybés modelio ir vertinimo metodo
eksperimentinio taikymo pavyzdZiai: pasirenkant kokybés kriteriju svorius
(vienodus ir skirtingus), skai¢iuojant kokybés kriteriju svorius (taikant trapecijos
ir trikampiy neraiskiuosius skaicius), skaic¢iuojant MO kokybés vertinimo kriteriju
grupiy bei labiausiai jtakojanciy daugkartinio panaudojamumo kriteriju grupés
svarba, taikant sukurta interneting priemong PHP kalba. Pateiktuose pavyzdZiuose
demonstruojamas mokomyjuy objekty daugkartinio panaudojamumo modelio ir
metody taikymas realaus gyvenimo situacijose, kai Svietimo institucijos turi
priimti sprendimus dél ju poreikiy atitinkancius mokomujy objekty isigijimo
rinkoje ar nemokamose saugyklose.

Bendrosios isvados

Taikant sistemingos apZvalgos metoda, mokslinéje literatiiroje nepavyko
rasti nei MO kokybés modelio, nei tinkamy vertinimo metody, skirty MO
daugkartinio panaudojamumo kokybei ivertinti, todél juos reikéjo sukurti.

Daugkartinis mokomuyju objekty panaudojamumas yra viena i$ pagrindiniy
mokomuyju objekty kokybés savybiy, t.y., kiekvienas kokybiskas mokomasis
objektas turi tam tikra daugkartinio panaudojamumo lygi, taCiau ne visi
mokomieji objektai pasizymintis aukStu daugkartinio panaudojamumo lygiu yra
kokybiski. Todé¢l darbe nagringjome mokomuyju objekty kokybés problema,
ypatinga démes;i skiriant jy daugkartinio panaudojamumo aspektams.

Svietimo jstaigos daZnai susiduria su mokomujy objekty kokybés
problematika. Turint omeny, kad praktiskai Svietimo istaigos turi (a) baigtini,
taciau (b) dideli mokomuyjuy objekty pasirinkima mokomuju objekty kokybei
vertinti, turime nagrinéti (a) vektorinio optimizavimo metodus ir (b) neraiskiyjy
skai¢iy metoda, kadangi Pareto ir porinio palyginimo metodai yra akivaizdZiai
sunkiai taikytini vertinimo paprastumo ir efektyvumo sumetimais.

Darbe yra pateiktas sukurtas mokomuyju objekty daugkartinio
panaudojamumo kokybés modelis ir vertinimo metodas.

Yra sukurtas mokomuyjy objekty kokybés modelis, kurj sudaro devyni triju
grupiy (technologiniai, pedagoginiai, intelektiniy teisiy) kokybés kriterijai. Sis
kokybés modelis sudaro visapusiska kokybés kriteriju sistema, kurioje yra svarbiis
ne tik patys kriterijai, bet ir ju tarpusavio sarySiai.

Mokomuyju objektu kokybés modelis yra sudarytas remiantis
daugiakriteriniy sprendimy analizés principais: savokos siejimas su tikslu,
vienodas  suprantamumas, matuojamumas, nepertekliSkumas,  vertinimo
nepriklausomumas, iSsamumo ir glaustumo balansas, operacionalumas,
paprastumo ir sudétingumo balansas.

Kuriant modeli yra atsizvelgta { ISO/IEC 9126-1:2001(E) standarto
reikalavimus bei i technologiniy kokybés kriterijuy klasifikavimo principus.

Mokomuyju objekty daugkartinio panaudojamumo charakteristikas atspindi
Sie mokomuyju objekty technologiniai kokybés kriterijai: saveikumas, architektiira,
interaktyvumas bei dizainas ir naudotojo sasaja.

Mokomuyju objekty daugkartinio panaudojamumo kokybés vertinimui yra
parinkti ir patobulinti Sie nuosekly ekspertinj vertinima atliekantys metodai:



— skaliarizacija. Naudojama eksperty naudingumo funkcija — kokybés
vertinimo kriteriju iver¢iy padauginty i kriterijy svoriy suma.

— eksperty nuomoné apie mokomuyjy objekty  daugkartinio
panaudojamumo kokybés kriterijy svarbg i skaitmening informacija paverciama
neraiskiyju skaiciy teorijos principais (lingvistiniai kintamieji konvertuojami i
trikampiy ar trapecijos neraiskiyju skaiciy kiekybines israiskas).

— prie§ pradedant daugiakriterinio vertinimo skai¢iavimus, nustatomas
eksperty vertinimy suderinamumas (skai¢iuojamas konkordancijos koeficientas).

— naudingumo funkcijos rezultatais palyginamos gautos alternatyvos
bendrosios mokomuyju objekty kokybés atzvilgiu bei ju daugkartinio
panaudojamumo kokybés atzvilgiu.

Mokomuju objekty kokybés kriteriju svoriy nustatymo metodas naudojant
neraiSkiyjy skai€iy teorija yra naujas mokslo literatiiroje. Jis buvo iSbandytas §io
tyrimo metu.

Sukurtas mokomyjuy objekty ekspertinio vertinimo metodas gristas
neraiskiyjy skai€iy teorija bei skaliarizavimo metodu, yra paprastas ir efektyvus
vertinant mokomuyjy objekty alternatyvas rinkoje arba kuriant kokybiskus
mokomuosius objektus. Sukurtas mokomuyjuy objekty ekspertinio kokybés
vertinimo metodas yra tinkamas ir praktiSkai taikytinas Svietimo istaigose
mokomuyju objekty daugkartinio panaudojamumo kokybei jvertinti.

Sitlomas kokybés vertinimo metodas yra patobulintas skaliarizacijos ir
neraiSkiyjy skaiCiy taikymo metodas. Mokomuyju objekty daugkartinio
panaudojamumo galimybéms ijvertinti nustatytiems daugkartinio panaudojamumo
kriterijams yra taikomi didesni svoriai.

Darbe yra pateikti mokomuyju objekty daugkartinio panaudojamumo
kokybés modelio ir vertinimo metodo taikymo pavyzdziai: pasirenkant kokybés
kriterijy svorius, skaiCiuojant kokybés kriterijy svorius, taikant trapecijos ir
trikampiy neraiskiuosius skaiCius, taikant sukurta interneting priemon¢ PHP kalba.

Mokomuju objekty kokybés vertinimo rezultatai yra artimi naudojant tiek
trikampius, tiek trapecijos neraiSkiuosius skaicius. Tik trapecijos neraiskiyju
skai¢iy metodo taikymas rodo kiek didesni skirtuma tarp mokomuju objekty
kokybés jvertinimo rezultaty.

Mokomuyju objekty daugkartinio panaudojamumo kokybei vertinti yra
sukurta interneting priemoné PHP kalba:
http://www.kompiuteriams.com/upc_vert/, kurioje pateiktas mokomuyju objekty
kokybés modelis, o skai¢iavimai programoje atliekami pagal apraSytus metodus:
kriterijy iverCiy bei svoriy nustatymas, ju ,normalizavimas®“ ir eksperty
naudingumo funkcijos reik§miy skaiciavimas yra atlikti naudojant trapecijos
neraiSkiuosius skaicius.

Taigi darbo mokslinis naujumas yra toks, kad pirma karta mokslo
literatiiroje yra pateikta ir praktiskai iSbandyta mokomuyju objekty daugkartinio
panaudojamumo kokybés vertinimo metodika. Sia metodika sudaro mokomujy
objekty daugkartinio panaudojamumo kokybés modelis bei kokybés vertinimo
metodas.
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