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VARIATION DEGREE IN E-LEARNING COURSES:
ASSESSMENT THROUGH FEATURE MODELS

Ivo Damyanov, Nikolay Tsankov
South-West University, Blagoevgrad

Abstract. The current paper presents a model for assessing e-learning courses
through the application of quantitative methods based on feature oriented domain
analysis. The approach gives an opportunity to assess: 1) the variation degree
of electronic courses specified in university standards through invariant feature
diagrams which can be modified for the specific purpose; 2) the quality and design
of e-learning platforms. The assessment can be conducted at two levels: in relation
to the structure and organization of the platform and as regards the relations among
the courses it offers. This in turn can be used as a technique for comparing distance
learning standards of different universities and for improving courses. The paper
presents a sample feature model of the elements of an electronic course with a
calculated variation degree.

Keywords: e-learning courses, variation degree, functional models

Introduction

Contemporary requirements to educational environment guarantee a high level of
individualization in education based on the construction of pedagogical situations.
In the context of e-learning platforms, these requirements are closely connected
to the learner-centered approach in education. Despite the diversity of contexts in
the construction of learning objects (Wiley, 2000), it is of utmost importance to
establish a procedure for the design of Learning Context Models (hereafter LCM)
(Tankeleviciene & Damasevicius, 2009) of electronic courses with different degrees
of variation.

The design of such models facilitates the achievement of the immediate
necessity of variation and diversity of the electronic educational content and meets
the long-term demand of flexibility, adaptability, personalization and reiteration of
that content.

Electronic platforms employing the embedded features of Learning Content
Management Systems (hereafter LCMS), which additionally make use of learning
objects and LCM as a basic criterion of quality assessment, have two major advantages
in terms of their degree of variation: (1) it can be explicated within a specific university
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standard for electronic courses (i.e., as regards its components); (2) it can be specified
within the whole platform (i.e., among the separate electronic courses).

The functional features of BlackboardLearn™ as an e-learning system have been
presented in earlier studies (Plachkov et al., 2014; Tsankov & Damyanov, 2014).

The concept learning object occupies an important place in contemporary
electronic education research. So far however, its meaning has been an issue of
controversy (Damasevidius & Stuikys, 2008). In its most general, the concept
learning object is defined as a relatively self-sustained unit of the educational
content or as a feature which can be employed in a specific module, lecture, and
seminar with a certain degree of adaptability depending on its capacity for structural
and functional re-modeling.

The analysis, design and goal orientation of the learning objects within an
electronic educational platform are part and parcel of the whole process of the
conceptual modeling ofboth the educational content and its functional interpretations.
As such, they serve as a solid foundation for the construction of feature diagrams
resulting from this process.

Feature models and feature diagrams

In essence, a feature model is a hierarchical arrangement of a set of features.
Table 1 presents the relations between the parent feature and its child features
within a feature model, as well as the dependencies among features regardless of
their direct subordination.

Any standard for electronic educational courses can be modeled and described
in the language of functional diagrams. Fig. 1 offers a general illustration of the
learning objects and their relations in electronic courses.

Table 1. The language of functional diagrams

Symbol Type of relationship Description
/\ And-relation All child-features must be included
A Alternative Only one child-feature can be included
. One or more than one child-features can
,‘\ Or-relation be included
| Mandatory Mandatory functionality
l Optional Optional functionality
+--p» Mutual exclusion Mutually exclusive functionalities
I . The selection of one functionality implies
> Inclusion the selection of another
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Fig. 1. Feature model of a standard for electronic course: illustration

Degree of variation and opportunities for its assessment through feature
models

Feature based domain modeling is a well-known technique in the engineering of
product lines. Von der MaBlen & Lichter (2005) analyze the variation degree with
respect to different domain relationship types based on Feature Oriented Domain
Analysis (FODA) (Kang et al., 1990). Variation degree reveals the scope of the
opportunities presented within a feature model and provides information in terms
of flexibility, complexity and adaptability.

Two options for calculating variation degree in the context of product lines are
proposed by Von der MaBBen & Lichter (2005).

The first (basic) option considers the functional model as pure hierarchical
dependencies and takes into account the level of variation in terms of subordination
only — mandatory and optional elements, as well as alternative items.

The second option proposed examines the feature model as a network, including
the dependencies of components that are not directly or indirectly subordinate. This
includes both single and multiple dependencies between elements.

We suggest that these methods can successfully be transferred and applied to
assess the variability of e-learning courses. We will limit our study to the first
(basic) option in the consideration of the feature model of e-learning courses.
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To calculate the variation degree of e-learning courses we first construct a diagram
of the course features. The variation degree of the parent feature F' (hereafter var
(F)) depends on the variation degree of its child features (namely F, F, ...F), as
well as on the parent-child dependency types.

Mandatory relationship

In this relationship, the selection of a parent feature requires a selection of a child
feature as well. The variation degree of feature /' ith n mandatory child features F,
F, ...Fis the product of the variation degrees of all mandatory child features, i.e.

n

var(F) = 1_[ var(F;).

i=1

Optional relationship

In this relationship, if parent feature F' is selected, the child feature F, can
but needs not be selected.The variation degree of feature F with nopt10nalch11d
features F, F,..F is the product of thevariation degrees of all optional child
features, i.e.

var(F) = H(uar(m +1).

Since the optional child feature can be either selected or not, we increase its
variation degree by 1.

Alternative relationship

Alternative-relationship selection of parent feature F forces the selection of
exactly one feature of the alternative child features. The variation degree of feature
F with nalternativechild features F', F,,...F, is the sum of the variation degrees of
all alternative child features, i.e.

n

var(F) = Zvar(Fi).
=1

Or-relationship

An or-relationship between parent F’ feature and child feature F, means that if
the parent feature is selected, at least one of the or-child features must be selected.
The variation degree of feature /' with nor-child features F » FyF, is equal to
the variation degree of a feature FF with optional child features decreased by 1
because at least one or-child feature has to be selected. The case when no child
feature is selected must be subtracted, i.e.
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n

var(F) = (H(var(Fi) + 1)) -1

=1

Variation degree — case studies

Each functional model based on specific requirements and standards concerning
the design of curricula, the organization of education, the interaction and
communication between subjects and the various functionalities of LCMS, enable
a comprehensive quantitative and qualitative evaluation of variations with respect
to the established standards in the university.

The degree of variation makes it possible to compare the standards for
the electronic courses between universities by transforming them into functional
diagrams and using the method described above.

The calculation below gives the variation degree of the illustrative feature model
in it completeness (Fig. 1).

var (F) = var (F1).(var(F2) +1).var (F3).var(F4);,

var (F1) = var (F1.1).(var (F1.2) + 1).(var (F1.3) +1).var (F1.4).(var (F1.5)
+1)=23=8;

var (F2) = var (F2.1) = 1;

var (F3) =var (F3.1). var (F3.2),

var (F3.1) = (var (F3.1.1) + 1) (var(F3.1.2) + 1) (var(F3.1.3) + 1) - 1=2° -1

var (F3.2) = (var (F3.2.1) + 1) (var(F3.2.2) + 1) (var(F3.2.3) + 1)~ 1 =23 — 1

var (£3) =49;

var(F4) = (var (F4.1) + 1).var(F4.2).(var (F4.3) + 1)(var(F4.4) + 1). var (F4.5)
=23=3;

Thus the intrinsic variation degree of the illustrated model amounts to: var(F) =
8.(1 +1).49.8 =6272.

Once articulated as educational content meeting a certain standard, an electronic
course can be assessed regarding the degree to which it complies with that standard.
Naturally, the mandatory elements (Learning Objects) will be part of it. The
realization of each mandatory element, as well as the realization of the actual part
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of the variations can be subject to quantitative assessment showing the number of
specific elements in the course that belong to one and the same Learning Object type.
In this manner, any electronic course can be assessed against the variation degree of
the model giving grounds for its comparison with other courses established on the
basis of the same functional model. In order to account for the mandatory character
of certain elements that have been articulated, it is possible that their quotient be
doubled.

Table 2. Course assessment

Course Students Variation degree
Education science | Students majoring in The e-course includes:
(Theory of Education science Content: Lecture Notes (15), Guided
education and Practices (8)
didactics) Element of Assessment: Tasks (40)
Feedback: E-mail, Journals,
Announcements
Evaluation:
(15*2+8*2)+(40)+(1+1+1)= 89
Object-oriented Students majoring in The e-course includes:
programming Computer science, Content: Lecture Notes (12),
Mathematics and Presentations (13), Guided Practices (13)
Computer science, Self-Assessment: Tests (13)
Information Element of Assessment: Essay (3),
technology in Tests (3), Exam (3), Tasks (3)
environmental Feedback: Email and Announcements
science Evaluation:
(12*%2+13+13*2)+(13)+[(3)+(3+3+3)]+
(1+1) =90

Table 2 presents the results of the assessment of the variation degree of
two actual courses designed in the Blackboard platform after they have been
conducted.

Conclusion

The application of conceptual modeling based on feature diagrams in the de-
sign of e-learning courses facilitates the quantitative assessment of the variation
degree of course standards in different universities as well as its intra-systemic
variability. These quantitative indicators enable a comparisons of the standards
adopted by different universities in order to guarantee the quality of the e-learn-
ing content. The quantitative assessment of the variation degree presented in the
present paper can be employed both in the accreditation of DL and in the com-
parative analysis preceding the choice of different platforms managing the edu-
cational process.
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