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Abstract. The aim of the paper is to present a new simple to use and efficient MCEQLS (Multiple
Criteria Evaluation of the Quality of Learning Software) TFN (Trapezoidal Fuzzy Numbers) method
for the expert evaluation of the quality and reusability of learning objects (LOs). MCEQLS and TFN
methods are analysed, improved, and practically applied to present the decision analysis process for
selecting LOs suitable to reuse in different pedagogical situations and in different education systems.
The research results are implemented in eQNet - a three-year strategic pan-European project focused
on reusability of LOs. A novel method of consecutive application of Fuzzy Numbers theory to estab-
lish the weights of LOs quality criteria and MCEQLS approach to establish final evaluation results
are explored in more detail. A number of multiple criteria decision analysis principles are applied to
create a comprehensive quality model (criteria system) for evaluating the quality and reusability of
LOs. Several practical examples of LOs evaluated against the proposed MCEQLS TFN method are
presented in the paper. The research results have shown that the proposed method is quite objective,
exact, simple to use, and efficient for selecting qualitative reusable LOs alternatives in the market.
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Introduction

The aim of the paper is to investigate, propose, and demonstrate examples of practical ap-
plication of MCEQLS (Multiple Criteria Evaluation of the Quality of Learning Software)
TEN (Trapezoidal Fuzzy Numbers) method for the expert evaluation of the quality and
reusability of learning objects (LOs). This problem is of very high practical importance for
the educational sector (both Universities and schools) that needs exact, clear, simple to use
and efficient models and methods for evaluating the quality and reusability of LOs in the
market, both proprietary and open ones. These proper quality evaluation models and methods
have to meet all the educational stakeholders’ (i.e. educational institutions, policy makers,
content creators / publishers, researchers, and practitioners (teachers)) needs. The authors
have created a coherent, simple to use and efficient model and methods for evaluating the
quality and reusability of LOs for strategic EU-funded eQNet project. 9 European Ministries
of Education directly participate in eQNet, and the other European Network’s (EUN 2012)
Ministries use the results of the project in their countries.

The various approaches to LOs attempt to meet two common objectives: to reduce the
overall costs of LOs, and to obtain better LOs. In this sense, we create cost-benefit economic
utility approach to using educational materials all over the world. Both these objectives agree
with the notion of LOs reusability. LOs reusability is one of the main conditions to achieve
high LOs effectiveness and efficiency level. The need for reusability of LOs has at least three
elements: Interoperability (i.e. LO is interoperable and can be used in different platforms);
Flexibility in terms of pedagogic situations (i.e. LO can fit into a variety of pedagogic situ-
ations); and Modifiability to suit particular teacher’s or student’s needs (i.e. LO can be made
more appropriate to different pedagogic situations by modifying it to suit particular teacher’s
or student’s needs) (Kurilovas, Dagiene 2010). Reusability of LOs (or their ability to “travel
well” between different contexts and education systems) is considered by the authors 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.

The rest of the paper is organised as follows: overview of the used notions, methods, and
related works in the area is presented in Section 1;a new MCEQLS FTN method is presented
in Section 2; MCEQLS TFN application research results are presented in Section 3; discussion
is presented in Section 4, and conclusions are presented in the last section. Section 3 is divided
into two separate parts — (1) creation of comprehensive and coherent LOs quality model
(criteria system), and (2) experimental application of MCEQLS TFN method for evaluating
the quality of several real-life LOs alternatives used in eQNet project.

1. Overview of the used notions, methods and related works in the area
1.1. Learning objects and their 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
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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 deliver-
able 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. Supporting the notion of small, reusable chunks of instructional media,
Reigeluth and Nelson (1997) suggest that when teachers first gain access to the instructional
materials, they often break the materials down into their constituent parts. They then reas-
semble 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.

The Learning Technology Standards Committee of the Institute of Electrical and Elec-
tronics Engineers chose the term “learning objects” to describe these small instructional
components, and has established a working group and provided a working definition:
“Learning Objects are defined here as any entity, digital or non-digital, which can be used,
reused or referenced during technology supported learning” (IEEE LTSC 2012). Examples of
LOs can include multimedia content, instructional content, learning objectives, instructional
software and software tools, as well as persons, organisations or events referenced during
technology supported learning.

According to Wiley (2000), this is a very wide definition that can be interpreted to in-
clude just about anything, which makes the definition somewhat hard to use. This definition
is extremely broad, and upon examination fails to exclude any person, place, thing, or idea
that has existed at anytime in the history, since any of these could be “referenced during
technology supported learning”. Therefore, Wiley (2000) defined a learning object as “any
digital resource that can be reused to support learning”

This definition of LO is proposed for two reasons. First, the definition is sufficiently nar-
row to define a reasonably homogeneous set of things: reusable digital resources. Second, the
proposed definition is based on the LTSC definition (and defines a proper subset of learning
objects as defined by the LTSC), making issues of compatibility of LO as defined within Wiley
(2000) and LO as defined by the LTSC explicit. The proposed definition captures the critical
attributes of a LO, “reusable”, “digital’, “resource’”, and “learning’, as does the LTSC definition.
With that compatibility made explicit, the proposed definition differs from the LTSC defini-
tion in two important ways: (1) the definition explicitly rejects non-digital and non-reusable
resources. The definition also drops the phrase “technology supported” which is now implicit,
because all LOs are digital; and (2) the phrase “to support” has been substituted in place of
“during” in the LTSC definition. Use of an object “during” learning doesn’t connect its use to
learning. The definition emphasizes the purposeful use (by either an instructional designer,
an instructor, or a student) of these objects to support learning (Wiley 2000).

This concept of LOs has gained wide spread acceptance in the world of e-learning. The
main purpose of LOs is to provide a modularised model based on standards that enhance
flexibility, platform independence, and reuse of learning content — as well as providing a
higher degree of control for teachers and learners. The definition and meaning of the term
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“learning object” varies considerably between different actors and communities as well as
over time. The idea of LOs is (and has always been) to organise digital learning content into
small, fairly context-independent chunks that can be assembled, disassembled and com-
bined in different ways and in different learning contexts. LOs from different vendors can be
combined with each other to form modules that can be used in a specific learning context.
Ideas that are much inspired by experience from system development which shows that the
component-based approaches are favourable for quality and significantly reduce time to
market (Brereton et al. 2000).

According to Paulsson and Naeve (2006a), depending on the approach, the management
and composition of LOs into larger learning modules are managed by a teacher, a learner or
someone outside the educational institution (e.g. by a content provider or someone distribut-
ing a learning package). However, much of this is still just a vision and there is an impending
risk that the potential multi-billion Euro market for LOs will not develop as anticipated if
interoperability and common concepts cannot be guaranteed.

The lack of common definitions and models for LOs is a threat to interoperability and
technical quality — as well as a threat to the concept itself. McGreal (2004) points out, after a
review of the LO terminology, that a LO may range “from anything to everything”. Much of
the vision surrounding the LOs concept has yet to be fulfilled.

An important condition in order to realise LOs is the use of standards for learning tech-
nology, such as IMS (e.g. IMS CC, IMS CP), IEEE/LTSC LOM, SCORM and others. This is
an important reason why the LO community to a large extent has set the learning technology
standardisation agenda. Much of the standardisation work focuses on descriptive informa-
tion (so-called metadata), structure and packaging of learning content and not so much on
the learning architecture and virtual learning environments (VLEs). However, since many
of the content-centred standards have matured, the focus is slowly changing and the VLE is
receiving more attention.

Sosteric and Hesemeier (2002) define LOs as digital objects that have a formal educational
purpose within a predestined pedagogical context. They take on a rather traditional view
on learning. There is a risk that such view can limit the pedagogical choices as well as the
innovative aspects of using information and communication technologies and digital learning
content. McGreal (2004) means that the LO definition should be limited down to units that
practitioners already prefer to work with and suggests a definition where LO is “any reusable
digital resource that is encapsulated in a lesson or assemblage of lessons grouped in units,
modules, courses and even programmes”. Song et al. (1999) take a slightly different approach
to LOs as they mean that LOs should be regarded as decomposable, and that there must be
a separation between data, operations and the carrier of the data. They also argue thata LO
should be described using a set of attributes and relationships to other LOs. Song et al. (1999)
focus mainly on the internal structure of LOs and their relations to other LOs. Their approach
rests heavily on experience and concepts from object-oriented programming. Paulsson and
Naeve (2006b) suggest a model and a taxonomy that is compatible with the taxonomy sug-
gested by Wiley (2002) and in some ways architecturally similar to the model suggested by
Song et al. (1999). The basic idea of this taxonomy is to separate the data, application logics
and presentation of a LO. This is accomplished by the introduction of three different types
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of components, i.e. data-objects (referred to as “fundamental LOs” by Wiley (2002)), “raw
assets” by Koppi and Lavitt (2003) and “information objects” by McGreal (2004), and resource
objects. Resource objects are of two types: “helper resource objects” and “creator resource
objects” The first type is used to add application logics and / or presentation to a data-object
and the second is used to add application logics that add to the learning environment without
necessary being tied to specific content.

According to Paulsson and Naeve (2006a), currently, “reuse” of LOs is often limited to
packaging and sequencing of the pre-packaged units, which have nothing else in common
other than that they are called LOs, are described using the educational metadata, and are
packaged and sequenced together. They can however not function together in terms of inter-
acting, exchanging data and messages, being subordinate to the same look and feel, or share
application logics. None of their studied LOs used any standard interfaces for interaction.

1.2. Multiple criteria decision analysis in e-learning science

According to Oliver (2000), evaluation can be characterised as “the process by which people
make judgements about value and worth”. In the context of learning technology, this judgement
process is complex and often controversial. Although the notion of evaluation is rooted in a
relatively simple concept, the process of judging the value of learning technology is complex
and challenging. Quality evaluation is referred here as “the systematic examination of the
extent to which an entity (part, product, service or organisation) is capable of meeting spe-
cified requirements” (ISO/IEC 14598-1:1999). Expert evaluation is referred here as a multiple
criteria evaluation of learning software aimed at the selection of the best alternative based
on score-ranking results (Kurilovas, Dagiene 2010).

Antuchevi¢iené et al. (2006) believe that in everyday problems a decision maker often
faces interactive and interrelated criteria. According to Petkus et al. (2009), decision making
can be classified as (1) multiple attribute decision making for the sorting or ranking of al-
ternatives according to several attributes (Turskis 2008; Zavadskas et al. 2006); (2) multiple
criteria decision making (MCDM), for driving a vector optimisation based design process
to a solution. The author’s proposed method fits the last approach.

During the last year, MCDM related research results were presented in numerous papers
(e.g. Balezentis et al. 2012; Brauers, Zavadskas 2012; Liu 2012; Stanujkic et al. 2012; Zolfani
et al. 2012).

The practical problem analysed in the paper is how to choose the best reusable LO al-
ternative in the market or create it. Here “the best” alternative means an alternative of the
highest quality. Therefore, the main scientific problem analysed in the paper is creation of
simple to use and efficient models and methods for the expert evaluation of the quality and
reusability of LOs. According to Zilinskas (2005), these two characteristics are the most im-
portant while deciding on possible application of different multiple criteria decision analysis
(MCDA) methods. The efficiency of the method applied is the most important characteristic
of the method from the point of view of the methods’ creators. This characteristic could be
estimated in experimental way, and one could decide on the practical efficiency of the method
only when it is widely used and acceptable for many different users (Zilinskas 2005).
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Each alternative in a multiple criteria decision-making problem can be described by a set
of criteria that can be qualitative and quantitative. There are many methods for determining
the ranking of a set of alternatives in terms of a set of decision criteria. In a multiple criteria
approach, the experts seek to build a set of criteria using several points of view. One of the
main problems in this task is how to establish a “proper” (i.e. as objective as possible) system
of LOs quality criteria which should reflect the objective scientific principles of constructing
a model (criteria system) for their quality evaluation. These issues have been analysed in the
research works on MCDA. Another problem is application of suitable MCDA methods in
the numerical evaluation of the quality and reusability of LOs. The main problems of the
existing approaches in the area are a high level of expert evaluation subjectivity as well as their
insufficient exactness, clarity, usability and efficiency. Moreover, existing literature analysis
performed by the authors using systematic review methodology showed that currently there
are no simple to use and efficient models and methods proposed for the expert evaluation
of LOs quality and reusability.

Therefore, in their previous works, the authors analysed several scientific methods, re-
quirements and principles to minimise the aforementioned problems in evaluating the quality
of learning software and proposed to use MCEQLS approach based on vector optimisation.
MCEQLS approach, in their opinion, is quite easy-to-use and efficient in real-life situations.
MCEQLS approach was presented in Kurilovas and Dagiene (2010) and refined in Kurilovas
et al. (2011). In those works, it was shown that the MCEQLS approach could significantly
improve the quality of the expert evaluation of learning software and noticeably reduce the
expert evaluation’s subjectivity level.

2. New MCEQLS TEN method in multi-criteria decision-making
in e-learning science

2.1. MCEQLS approach

MCEQLS approach consists of the complex application of a number of scientific principles,
methods and requirements as follows: (1) the principles of MCDA for identification of the
quality criteria, (2) technological quality criteria classification principle, and (3) experts’ ad-
ditive utility function using normalised weights of the quality criteria (Kurilovas et al. 2011).
A short description of all those stages of MCEQLS approach is as follows:

(1) According to Zavadskas and Turskis (2008), each alternative in the multi-criteria
decision making problem can be described by a set of criteria. It can be qualitative and
quantitative. According to Belton and Stewart (2002), in identifying criteria for the decision
analysis, the following considerations (principles) are relevant to all MCDA approaches: value
relevance; understandability; measurability; non-redundancy; judgmental independence;
balancing completeness and conciseness; operationality; and simplicity versus complexity.
These principles should be applied in creating a proper LO quality model.

(2) According to software quality standard (ISO/IEC 9126-1:2001(E)), we can divide the
learning software quality criteria into “internal quality” and “quality in use” criteria. Internal
quality is a descriptive characteristic that describes the quality of software independently
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from any particular context of its use, while Quality in use is evaluative characteristic of
software obtained by making a judgment based on the criteria that determine the worthiness
of software for a particular project.

(3) One of the suitable vector optimisation methods is the experts’ additive utility func-
tion represented by equation (1) below including the learning software quality criteria, their
ratings (values) and weights:

fX)=a,f(X,). (1)
i=1

Here f1 (Xj) is the rating (value) of the criterion i = 1, 2 ... m for the each of the examined
software alternatives X, and a, are the weights of the evaluation criteria. The weight a, of the
evaluation criterion reflects the expert’s opinion on the criterion’s importance level in com-
parison with the other criteria. The following ‘normalisation’ requirement (Eq. (2)) exists for
the weights of the evaluation criteria in equation (1):

m

Zaizl,ai>0. (2)

i=1

According to Zavadskas and Turskis (2010), the normalisation aims at obtaining compar-
able scales of criteria values. The major is the meaning of the utility function in equation (1)
the better the learning software meets the quality requirements in comparison with the ideal
(100%) quality (Kurilovas et al. 2011). The biggest value of the function in equation (1) is the
best, and the least one is the worst (Zavadskas, Turskis 2010).

Now one has to establish proper ratings (values) and weights of the quality criteria to
apply equation (1).

2.2. New MCEQLS TFN Method
2.2.1. Method of TEN application to establish the values of the quality criteria

According to Ounaies et al. (2009), the wide-used measurement criteria of the decision
attributes quality are mainly qualitative and subjective. In this context, decisions are often
expressed in the natural language, and evaluators are unable to assign exact numerical values
to different criteria.

Assessment can be often performed by the linguistic variables such as ‘bad; ‘poor, ‘fair,
‘good’ and ‘excellent’ These linguistic variables allow reasoning with imprecise information,
and they are commonly called fuzzy values. Integrating these different judgments to obtain a
final evaluation is not evident. In order to solve this problem Ounaies et al. (2009) suggested
using the fuzzy group decision making theory to obtain final assessment measures. According
to their proposal, first, linguistic variable values should be mapped into fuzzy numbers, and,
second, into non-fuzzy values. In the present paper, the authors use trapezoidal fuzzy numbers
(TFNs) for evaluating the quality and reusability of LOs alternatives (Fig. 1).
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Fig. 1. Trapezoidal fuzzy numbers

According to Kurilovas et al. (2011), in the case of using average TFNs, linguistic variables
conversion into non-fuzzy values of the evaluation criteria should be as follows (Table 1).

Table 1. Conversion of linguistic variables and into non-fuzzy values
to establish the values of the quality criteria

Linguistic variables Trapezoidal non-fuzzy values
Excellent 1.000
Good 0.800
Fair 0.500
Poor 0.200
Bad 0.000

2.2.2. Method of TFN application to establish the weights of the quality criteria

The authors propose to use TEN method not only for establishing the ratings (values) of the
quality criteria but also for establishing the proper weights of the quality criteria. In the case of
using average TFNs, linguistic variables conversion into non-fuzzy weights of the evaluation
criteria should be as follows (Table 2).

Table 2. Conversion of linguistic variables and into non-fuzzy values
to establish the weights of the quality criteria

Linguistic variables Trapezoidal non-fuzzy values
Extremely valuable / Essential 1.000
Very valuable 0.800
Valuable 0.500
Marginally valuable 0.200

Not valuable 0.000
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If an expert evaluator establishes a weight of the criterion i in a form of a linguistic vari-

able, we can convert it into trapezoidal fuzzy number m} . According to Uppuluri (1989), if
we have t experts (two in our case), we can calculate it using the experts’ average (Eq. (3)):

R LN
m;:?Zm;( (3)
k=1

If we want to normalise the weights, we should use equation (4):

a, = . (4)

In this case, one could obtain normalised weights: Y a; =1.

i=1

According to MCEQLS approach, after using the TEN application method, the experts’
additive utility function (Eq. (1)) should be applied to calculate the weights and the ratings
(values) of the experts” additive utility function (Eq. (1)) for each of the explored LOs al-
ternatives.

MCEQLS TFN method is convenient in the case when there are many probably qualit-
ative alternatives in the market. It shows not only the difference between the quality of the
evaluated alternatives expressed in per cent, but also the difference between the quality of
the real-life alternatives and the ideal quality.

3. Experimental application of MCEQLS TFN method
3.1. Learning objects quality model

The proposed LO quality and reusability model (Table 3) includes three groups of criteria,
namely, technological, pedagogical and intellectual property rights (IPR) criteria. The model
consists of 10 quality criteria, 4 of them dealing with technological quality of LOs, 5 — with
their pedagogical quality, and 1 — with IPR issues. Those criteria are based on the authors’
previous works (Kurilovas et al. 2011; Kurilovas, Dagiene 2010) results and communication
with eQNet partners resulted in LO quality criteria deliverables.

The authors’ analysis has shown that the model presented fits all MCDA criteria identifica-
tion principles proposed by Belton and Stewart (2002). Taking into account Non-redundancy,
Judgmental independence, Balancing completeness and conciseness, Operationality, and
Simplicity versus complexity MCDA criteria identification principles the authors consider
that the following 10 LOs quality criteria should construct the comprehensive and coherent
LOs quality model.
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Table 3. Learning objects quality model (criteria system)

715

Criteria group

No

Quality criteria

References

Technological quality criteria

“Internal” quality

1

Technological interoperability
and reusability

Paulsson and Naeve (2006a);
Vargo et al. (2003);
Leacock and Nesbit (2007)

2 Layered architecture Paulsson and Naeve (2006a)
3 Technical stability and robustness Becta (2007)
Quality “in use” 4  Design and usability: aesthetics, Vargo et al. (2003);

navigation, user-friendly interface and MELT (2008);
information structure, personalisation Leacock and Nesbit (2007)
Pedagogical quality criteria

5  Trans-national or multidisciplinary/ eQNet (2012)
cross-curricular topic

6 Interactivity, strong visual element MELT (2008);

eQNet (2012)

Language independence

MELT (2008); eQNet (2012)

Ease of use, intuitiveness

MELT (2008); eQNet (2012)

Additional methodological support

eQNet (2012)

for teachers is not needed

IPR criterion

10 Clear license: open, free to use, MELT (2008); eQNet (2012)

cost-effective

In order to create the proper model, the authors first of all have analysed a number of
existing sets of quality criteria for evaluating the technological quality of LOs. According to
this analysis, technological quality criteria and their sub-criteria should be as follows:

“Internal quality” criteria:

(1) Technological reusability (according to (Kurilovas, Dagiene 2010)): Interoperability
(i.e. metadata accuracy; compliance with the main import/export standards); Decontextu-
alisation (i.e. LO aggregation (granularity) level); LO modularity (i.e. full functionality of
the parts of a content item on their own); Cultural and learning diversity (i.e. adaptability:
LO flexibility (possibility to modify LO, e.g. from a configuration file, from a plain text file
or because it is provided along with its source code or an authoring tool; LO suitability for
localisation); Accessibility (i.e. design of controls and presentation formats to accommodate
disabled learners, compliance with accessibility standards).

(2) Architecture: Is LO architecture layered in order to separate data, presentation and
application logics?

(3) Robustness, technical stability (according to (Becta 2007)): Having help functions
that identify common user problems and their solutions; Having navigational actions that
can be undone; Giving quick, visible and audible responses to user actions; Allowing the
user to exit at any point; Not being adversely affected by user experimentation and error. If
users do experience an error they should be able to recover quickly and, where appropriate,
be informed about the nature of the error.
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“Quality in use” criterion:

(4) Design and usability (i.e. design of visual and auditory information for enhanced
learning and efficient mental processing): aesthetics; navigation; user-friendly interface;
information structuring; personalisation (Kurilovas, Dagiene 2010).

Those LOs technological quality criteria are included into a majority of the existing LOs
quality models. ‘Interoperability’ and ‘Accessibility’ criteria being independent criteria in,
e.g. Leacock, Nesbit (2007) or Becta (2007) are included as sub-criteria into “Technical
reusability’ criterion in the presented model. There are several reasons for this, e.g. both
‘Interoperability’ and ‘Accessibility’ criteria deal with international interoperability standards
and specifications, both influence LO technical reusability level in different repositories and
platforms. MCDA Non-redundancy principle is applied here.

On the other hand, the authors have analysed a number of existing sets of quality criteria
for evaluation of pedagogical quality of LOs (e.g. Becta 2007; Leacock, Nesbit 2007; MELT
2008; Vargo et al. 2003).

Suitable pedagogical criteria and their sub-criteria based on MCDA principles are as
follows:

(5) Trans-national or multidisciplinary / cross-curricular topic (eQNet 2012).

(6) Interactivity, strong visual element (e.g. LOs include animations, images, short videos
and simulations that are self-explanatory or have just a few text labels or icons/buttons for
start, stop, etc.; strong visual structure) (MELT 2008).

(7) Language independence (i.e. LO is not text-heavy; LOs may have little or no text; or
low language dependence (easily translatable); or LOs are multilingual, i.e. LOs have been
designed to be language customisable and are already offered in more than one language)
(MELT 2008).

(8) Ease of use, intuitiveness (i.e. users can find their way through the resource almost
intuitively, they can broadly understand what is the intended learning objective or topic;
LOs provide appropriate guidance, where necessary, for learners and/or practitioners; LOs
make appropriate assumptions about the ICT skills of users, both learners and practitioners,
or provide straightforward guidance on this (MELT 2008); and LOs not present a barrier or
impede the learning experience) (Becta 2007).

(9) Additional methodological support for teachers is not needed (eQNet 2012).

IPR quality criterion:

(10) Open license, free to use, open code: Licensing (clear rules, e.g. compliance with
Creative Commons); Economic efficiency - Cost versus Quality taking into account probable
LO reusability level (Kurilovas et al. 2011).

Now let us analyse the relationships between LO reusability elements (see Introduction)
and LOs quality criteria presented in Table 3.

Every LO quality criterion in Fig. 2 fits one or more LO reusability elements. The details of
interconnection of LOs modifiability element and LO quality criteria are elaborated as follows.
First of all, modifiability to suit particular teacher’s and student’s needs is legally possible
in the case of clear open license e.g. Creative Commons (clear and open license criterion)
(MELT 2008; eQNet 2012). According to MELT (2008), modifiable LO should also be not
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Fig. 2. Relationships between LOs reusability elements and quality criteria

text-heavy and easily translatable (language independence criterion). Besides that, it is also
easier to modify LO having well-structured information, clear navigation and user-friendly
interface (design and usability criterion) (Leacock, Nesbit 2007). LO modifiability is easier
when its architecture is layered, i.e. its data, presentation and application logics are separated
(architecture criterion) (Paulsson, Naeve 2006a). At last, according to MELT (2008), modi-
fiable LO should be interoperable at least in terms of its metadata accuracy, modularity and
adaptability, e.g. LO can be modified from a configuration file or from a plain text file and it
should be suitable for localisation (interoperability criterion).

This LOs quality and reusability model was practically verified and validated during
eQNet project by selected experts of 9 European Ministries of Education. Verification and
validation confirmed that the model meets the needs of its users.

3.2. Example of evaluating quality and reusability of learning objects
in eQNet project

A number of probably qualitative reusable Mathematics LOs have been identified while
implementing eQNet project (eQNet 2012) and evaluated against the proposed MCEQLS
TFN method.
Those LOs alternatives are as follows:
- LO;: “Mixed Numbers” (available from Internet: http://celebrate.ls.no/english/
animations/mathematics/tilblanda/index.html);


http://celebrate.ls.no/english/animations/mathematics/tilblanda/index.html
http://celebrate.ls.no/english/animations/mathematics/tilblanda/index.html
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- LO,: “Practice with Tangents and Circles” (available from Internet: http://regentsprep.

org/Regents/math/geometry/GP14/PracCircleTangents.htm); and

- LO,: “How to Construct a Tangent to a Circle” (available from Internet: http://www.

mathopenref.com/consttangent.html).

The weight a. of the evaluation criterion reflects the expert’s opinion on the criterion’s
importance level in comparison with the other criteria.

If the quality criteria are equally important for the experts-evaluators (let us call this
“general case”), they should use the same weights for all the quality criteria according to
normalisation requirement (4). If the experts-evaluators consider all criteria “very valuable”
(i.e. TFN = 0.800 (Table 2)), we'll have the following matrix (Eq. (5)) of “general” (g) weights
of the LOs quality criteria:

mi
g = 08004100,
m 8,000
me
s=1
agZ(O.l()() 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100). (5)

In real-life situations (e.g. in the case of analysing reusable LOs), different criteria are of
different importance. In this case, the experts-evaluators should use different weights for
different criteria. There could be different expert groups who determine the relative weights
of criteria, and they could represent different education stakeholders, but all the experts
should be qualified enough to evaluate the level of importance of both technological and
educational LOs quality characteristics. If we pay special attention to LOs reusability level,
we should establish higher weights to the 1%, 5%, 7" and 9™ quality criteria (Table 1), because
those criteria deal with LO reusability mostly. Therefore, according to formula (3) and Table
2, if we should establish “extremely valuable / essential” weights to these reusability criteria,
and leave “very valuable” weights for the other quality criteria in Table 1, we’ll get the fol-
lowing “reusable” weights:

m?5,7>9 =1.000 and m}’3’4’6’8’10 =0.800 .

After normalisation of these weights according to equation (4), we'll get the following
matrix (Eq. (6)) of “reusable” (r) weights of the LOs quality criteria:

1,5,7,9 2,3,4,6,8,10
m )))))
f 1.000 m 0.800
a =———=—=0.114 and a = = =0.091;
1,579 = 83800 2,3,4,6,8,10 o 3.800
me me
s=1 s=1
ar:(0.114 0.091 0.091 0.091 0.114 0.091 0.114 0.091 0.114 0.091). (6)

Now we can apply the experts’ additive utility formula (Eq. (1)).


http://regentsprep.org/Regents/math/geometry/GP14/PracCircleTangents.htm
http://regentsprep.org/Regents/math/geometry/GP14/PracCircleTangents.htm
http://www.mathopenref.com/consttangent.html
http://www.mathopenref.com/consttangent.html
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Criteria ratings (values) obtained while evaluating LO , LO, and LO, by the experts using
TENs are presented in matrix as follows (Eq. (7)):

0.800 1.000 1.000
1.000 0.800 0.500
0.500 0.800 0.800
0.800 0.200 0.800
0.800 1.000 0.800
1.000 0.800 1.000 |
0.800 0.500 0.800
0.500 0.800 0.500
1.000 0.800 1.000
1.000 1.000 1.000

The results of experimental evaluation of the analysed Math LOs “general” quality (g) using
weights (Eq. (5)) and ratings / values (Eq. (7)) are presented in matrix as follows (Eq. (8)):

a - f(X;)= (0.8200 0.7700 0.8200). (8)

The results of experimental evaluation of the analysed Math LOs “reusable” quality (r) using
weights (Eq. (6)) and ratings / values (Eq. (7)) are presented in matrix as follows (Eq. (9)):

a,- f(X;)=(0.8260 0.7810 0.8360). (9)

The obtained evaluation results mean that LO, meets 82.00% “general quality” (Eq. (8))
in comparison with the ideal, LO, - 77.00%, and LO, - 82.00%. They also mean that LO,
meets 82.60% “reusable” quality (Eq. (9)) in comparison with the ideal, LO, - 78.10%, and
LO, - 83.60%.

Therefore, both LO, and LO, are the best alternatives (among the evaluated ones) from
“general” quality point of view, but LO, is the best from “reusable” quality point of view.

4. Discussion

The method for evaluating quality and reusability of LOs proposed in this paper is simple
to use and efficient. It is simple to use because it is based on simple scalarisation i.e. using
the experts’ additive utility function represented by equation (1), and no additional complex
optimisation is required in this case. It is efficient (i.e. performing and functioning in the
best possible manner with the least waste of time and effort) in comparison with the other
analysed methods because it was widely and successfully applied during the last 3 years by
9 European Ministries of Education in eQNet project. Over 200 thousand LOs in European
Learning Resource Exchange (LRE 2012) system for schools were analysed by eQNet experts,
and over 5 thousand reusable LOs were identified there according to the MCEQLS TFN
method and tagged “travel well” in LRE.
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The authors have analysed the interactive and interrelated relationships among the
criteria proposed by Antucheviciené et al. (2006) and have tried to adopt some other more
comprehensive analytical tools (e.g. pair-wise comparison and other optimisation methods
presented in Dzemyda et al. (2007) for possible use in the current study. Besides that, TFN
method used in the current study to converse linguistic variables into non-fuzzy values to
establish the values of the quality criteria and the weights of the quality criteria can be re-
placed by some comprehensive ways such as the one proposed by (Opricovic, Tzeng 2003)
and (Wu, Lee 2007). However, the authors came to a conclusion that the proposed MCEQLS
TFN method is the better alternative for the aims of the study in comparison with the other
analysed methods because of its simplicity and efficiency. Besides that, eQNet experts also
consider that the method proposed is effective, i.e. adequate to accomplish a purpose and
producing the intended or expected result. Application of MCEQLS TNF method in eQNet
have shown the similar results in comparison with evaluating LOs from the users’ perspective
in terms of number of LOs downloads, users’ comments and star-ratings in LRE.

This method was also proposed to use to the other European Ministries of Education and
publishers while evaluating quality and reusability of LOs. This will have a strong impact on
turther purchasing of LOs in the market by the Ministries of Education that have created EUN
association, and on LOs creation process used by publishers.

Conclusions

Research results presented in the paper show that the original MCEQLS TFN method
for evaluating quality and reusability of LOs (a) is applicable in real life situations when
educational institutions decide on reusing LOs for their educational needs, and (b) could
significantly improve the quality of the expert evaluation of LOs by noticeably reducing the
expert evaluation subjectivity level. Experimental evaluation results show that the method
proposed is quite objective, exact, simple to use, and efficient for selecting qualitative reusable
LOs alternatives.

On the other hand, the proposed LO quality and reusability evaluation approaches are
applicable for the aims of eQNet project in order to select LOs suitable to apply in different
education systems in different European countries. Therefore, these approaches have been
recommended by the authors to be widely used by European policy makers, researchers, pub-
lishers, practitioners (teachers), and experts-evaluators both inside and outside eQNet project.

Overall, MCEQLS TFN method is convenient in the case when there are many probably
qualitative alternatives in the market, and it shows not only the difference between the quality
of the evaluated alternatives expressed in per cent, but also the difference between the quality
of the alternatives and the ideal quality.

There are some limitations of the presented research: since the authors’ task was to propose
simple to use and effective model and method for the expert evaluation of LOs quality and
reusability, a very limited number of existing evaluation methods was deeply analysed. The
large scale analysis and validation of suitability of both quality model and evaluation method
proposed were performed in eQNet.by a large group of different education stakeholders,
i.e. experts (researchers), Ministries of Education, publishers, and practitioners (teachers).
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Future research work in the area could include an analysis of more comprehensive evalu-
ation methods. LOs quality and reusability model could also be improved by individualising
quality criteria according to different learners’ needs, e.g. their prerequisite knowledge,
preferred learning styles, etc.

Both the LOs quality and reusability model and method of TFN application to establish the
quality criteria weights presented in this paper are absolutely novel and these new elements
make the given work distinct from all the other/earlier works in the area.
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