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Abstract: The paper deals with evaluation and ranking of students taking into
account two main criteria of the learning – theoretical knowledge and practical
skills. These criteria are divided into several sub-criteria to reflect different aspects
of the learning outcomes. To make such complex evaluation the proper utility
function based on simple multi-attribute rating technique is proposed. This new
utility function includes not only the evaluation score and weighted coefficients for
criteria importance, but considers also additional coefficients that indicate how
theoretical knowledge and practical skills will take part in the aggregated final
assessment. The formulated model is applied for the assessing of the students on web
programming. The students are ranked under three different cases where the
theoretical knowledge and practical skills take different part in the aggregated
assessment. The obtained results demonstrate the applicability of the described
approach by providing different ranking depending on the importance of the
theoretical and practical aspects.
Keywords: Students’ assessments, ranking, web programming, group decision
making.

1. Introduction
An important role in the modern web programming plays the recent development of
HTML5 standard where significant technological capabilities are added to the World
Wide Web [1]. The capability of HTML5 could be used not only for web sites
development but also it contributes for different web applications [2].
The dynamics in contemporary Information and Communication Technologies
(ICT) imposes the use of different approaches in developing of e-Learning tools. In
[3] two quantitative methods are proposed based on the one-factor regression analysis
and modified parametrical modelling. In the contexts of e-Learning the integration of
ICT and database contributes to develop user friendly environment to support the
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learning process [4]. Along with these, a proper testing system is needed during the
learning and teaching process. The acquired knowledge of different subjects could be
realized by using Web-based e-Testing system [5]. In addition, the peer and selfassessment in Moodle e-Learning environment could be done by implementation of
gamification in assessment activities as it is demonstrated in [6]. It is highly important
to propose to the students a friendly environment for description and visualisation of
the learning material that helps for better understanding and improving the skills in
computer programming [4, 7].
During the last two decades web applications have become more popular due to
the new web standards (like HTML5, CSS3, DOM, JavaScript, Node.js, etc.) and a
variety of web programming languages. All of these web-programming languages
are subject to different courses in the bachelor programs and are considered as
mandatory for the students in Computer Science. Depending on the key accent related
to theoretical or practical skills, the students’ competence should be properly
assessed. The theoretical knowledge is acquired during the lectures while the
practical skills are acquired and demonstrated during the exercises. The rank list
could serve as a basis when students are to be profiled for future specialization.
Depending on the particular specialization, it could be more theoretically or more
practically oriented. Thus proper students’ assessments are needed.
The assessment of students and their subsequent ranking could be viewed as
Multi-Attribute Decision Making (MADM) problem, where the students can be
considered as alternatives while the theoretical knowledge and practical skills could
be transformed into evaluation criteria.
The aim of the paper is to propose a flexible group decision making model for
students’ assessment that could be adjusted to different purposes of ranking. For this
purpose, an extended model based on classical rating technique by score is
formulated. It includes coefficients of importance set by the lecturers in theories and
practice that reflect the importance of their opinions when aggregating the final group
decision. The proposed model is able to get different rank lists of students depending
on the demonstrated theoretical knowledge and practical skills and their contributions
in the final assessment.
The rest of the paper is organized as follows: Section 2 contains the literature
review; Section 3 describes the proposed extended model based on Simple MultiAttribute Rating Technique (SMART) for determination generalized assessment;
Section 4 comprises a case study for assessments of students from Web Programming
course; Section 5 discusses the results, and Section 6 provides a conclusion and future
work directions.

2. Literature review
Different techniques have been proposed to cope with multi-criteria decision-making
and a detailed review of the literature with their applications is given [8]. In decision
making, two different strategies can be used to identify the best choice among a given
set of alternatives – compensatory and non-compensatory [9]. Compensatory
decision making strategies are based on using tility function that should be
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maximized [10]. In contrast to compensatory strategies, non-compensatory strategies
apply heuristics for faster evaluation of alternatives with minimal effort and
acceptable loss of accuracy [9]. In multi-criteria decision making, the Decision
Maker’s (DM) preferences modelling play an essential role [11]. Depending on the
investigated problems, the evaluation criteria can be expressed by quantitative,
qualitative, fuzzy or mixed model. In such situations, the multi-criteria decision
models with fuzzy relations could be best suited [12]. The authors show that except
the evaluation criteria, the criteria weights can be expressed also by fuzzy numbers
or fuzzy relations to articulate the importance between criteria [13]. The modelling
of preferences deals with the problems concerning the expression of DM’s
preferences. A brief review of the problems of DM’s preferences expression is
decision models given in [14]. When the problem has to be approached by group
decision-making, the main efforts should be focused on the way of DMs’ preferences
aggregation. It should be noted that availability of some kind of uncertainty requires
using proper multi-criteria group decision making models [15].
The students’ assessment and subsequent ranking are common activities for
each university. There are different approaches to make different classification
depending on its purpose. For example, data mining methods are used for
classification by predicting student performance [16]. Using the idea of the described
multi-criteria models for cluster design could contribute to the evaluation, ranking
and distribution of the students in groups [17]. For the purpose of the students’
assessment and subsequent ranking the MADM based on utility function seems to be
the more suitable approach. The well known MADM problems could be approached
by methods based on some utility function [18]:
A*  ui ( x) | max ui ( x), i = 1, 2, …, M,
(1)
where the numbers of alternatives are expressed by index i, i=1, 2,..., M; ui denotes
the utility function of i-th alternative and the best alternative A* achieves the
maximum value of the used utility function.
The most representative example of the methods based on utility function is the
Simple Additive Weighting (SAW) [19]. The utility function of SAW sums up the
multiplication of the scores toward evaluation criteria for the alternatives with the
weights for importance of the criteria. Another model with utility function is the
weighted product model, which is similar to SAW. The main difference between
WPM and SAW is in the mathematical operations and instead of summing it uses
multiplication of scores in respect to the evaluation criteria raised to a power of the
relative weight for the corresponding criterion [19]. SMART relies on linear additive
utility function [20]. The VIKOR and TOPSIS methods are also utility-based and
their function represents the closeness to the ideal [21]. Beside these widely used
MADM methods their variations and combinations are proposed to cope with
different problems [22, 23]. The determination of the best alternative could be
obtained by using of combinatorial optimization where binary integer variables
contribute for selection of the best alternative taking into account additional
coefficients about the importance of experts’ opinions in determination of the final
group decision [24].
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3. Extended model based on SMART for determination generalized
assessment considering acquired theoretical knowledge and practical
skills
The determination of more objective generalized assessment of students requires
considering different aspects of the acquired theoretical knowledge and practical
skills. For this purpose these two main criteria of evaluation could be expressed by
using some sub-criteria for more detailed evaluation in forming the overall
generalized evaluation as shown in Table 1.
Table 1. Input data for aggregated assessment of the students
Criteria weights
Main criteria
Sub-criteria
DM-1
DM-2

C1 – Theoretical
knowledge (Lectures)

C2 – Practical skills
(Exercises)

C11

(lecturer)
(w11)

(instructor)
---

C12

(w12)

---

…

…..

---

C1N

(w1N)

---

C21

---

(w21)

C22

---

(w22)

…

---

…

C2M

---

(w2M)

Weights for theoretical
and practical outcomes
(DMs)





The main criterion concerning the theoretical knowledge C1 is composed of N
number sub-criteria (C1 = {C11, C12, ..., C1N}), while the second criterion representing
the practical skills C2 is composed of M number sub-criteria (C2 = {C21, C22, ..., C2M}).
The lecturer (DM-1) responsible for theoretical knowledge evaluation should
determine corresponding weighted coefficients that express relative importance
between sub-criteria (C11, C12, ..., C1N). The evaluation of the theoretical knowledge
could be done by using different tests [25, 26]. The instructor (DM-2) should
determine other weighted coefficients for relative importance between sub-criteria
(C21, C22, ..., C2M) for the practical skills. In such way, both DMs independently could
express the evaluations and corresponding weight toward the criteria importance. For
a more realistic assessment, it is suggested to use additional weighted coefficients
about the theoretical () and practical () results (Table 1).
To get a generalized assessment about the students’ performance taking into
account the acquired theoretical knowledge and practical skills, an extended model
based on SMART is proposed. The utility function for the extended SMART model
(e-SMART) is as follows:
(2)
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M
 N

max    w j eij    wk eik  , i = 1, 2, …, S,
k 1
 j 1


N

(3)

w

j

 1,

k

 1,

j 1

M

(4)

w
k 1

(5)
    1,
where wj is the coefficient for relative importance between evaluation sub-criteria
with regard to the theoretical knowledge, wk is the coefficient for relative importance
about the sub-criteria in regard to the practical skills, eij represents evaluation score
about i-th student toward j-th criterion in respect of the theory, eik is the evaluation
score about i-th student toward k-th criterion in respect of the practice.
The modification of e-SMART consists in using additional weighed coefficients
 and  that indicate how theoretical knowledge and practical skills take part in the
aggregated final assessment. There is one additional restriction about these
coefficients as expressed by relation (5). The normalization is needed to provide the
comparable dimensions between the coefficients for relative importance of subcriteria (wj and wk), additional weighed coefficients ( and ) and sub-criteria
evaluations eij and eik.
The fact that the degree of knowledge and practical skills vary should be taken
into account when aggregating the final students’ assessment. Therefore, it is
appropriate to distinguish the importance of theoretical and practical outcomes using
the proposed weighted coefficients for the purpose of evaluation and ranking.

4. Numerical Application of the e-SMART for Students’ Assessment
on Web Programming Course
The knowledge in Web programming can be divided as theoretical knowledge and
practical skills. The first part of assessment is the theoretical knowledge of students’
that is realized via test format by the lecturer. The second part of assessment is a
result of demonstrated practical skills during the exercises. The students finish the
course of web programming with two tests and a project on a chosen topic for website
development. The content of these tests covers the theoretical knowledge of a
complete course of web programming including the latest technologies in HTML,
CSS and JavaScript. The acquired knowledge is tested periodically during the
exercises. At the end of the course, the developed website project should be
functional, but it is not obligatory to be fully built. In addition, the students should
demonstrate their creativity and the developed website should reflect the acquired
knowledge in the studied technologies of HTML5, CSS3 and JavaScript.
The overall estimation of the students’ practical skills is done by using several
criteria. These criteria are related to different aspects of developed website and
include: 1) visual design, 2) user interface, 3) content strategy, 4) technical
implementation, and 5) creativity, as it is shown in Fig. 1.
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Visual design

User interface

Creativity

UX
Technical
implementation

Content strategy

Fig. 1. Some basic aspects of User Experience (UX) design

User experience (UX) design expresses the user satisfaction with a product by
considering the usability, accessibility, and satisfaction provided by the website
usage. It involves the integration of the particular product, including some aspects of
branding, design, usability and functionality. In the context of the current paper, the
practical skills of students are assessed toward five main features as visual design,
user interface, content strategy, technical implementation and creativity considered
as a part of UX. UX design could be interpreted as a part of art and science that
contributes for users’ satisfaction of usage of the product.
Visual design is related to the aesthetical view of any user interface. In the era
of digital technologies, the user interface is an essential component for the success of
any product. The visual design focuses on the used elements including colours,
images, fonts and symbols to convey the right message to the users concerning
particular content.
The user interface is a part of visual design but it has its own specifics that could
be realized by horizontal or vertical menus or combining both of them. All of these
navigations should be carefully thought out in respect with the topic of the presented
project. The web programming languages, such as HTML and CSS allow making it
easier to create such user interface that best fits the content of the website. Due to
this, the user interface is used by a separate evaluation criterion. The well designed
interface should make the user more effective when using the presented navigations.
Content strategy is focused on the planning, creation and managing of website
content. The content of pages includes not only the plain text pages but involves also
appropriate images and multimedia.
Technical implementation involves particular aspects of the used technology to
implement the overall design including the responsive design. The usage of CSS
media queries makes possible to adapt the website to different screen resolutions
including mobile devices that is the basic role of responsive design.
The main aspect of Creativity is the uniqueness of overall design. It includes the
combination of colour schemes that could make essential difference of design.
Another important feature of the creativity is the typography. It consists of choosing
the most suitable fonts in relation to the specific topic of the project.
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All of the described criteria for acquired theoretical knowledge together with
practical skills are used as evaluation criteria of the proposed new utility function.
The trainers in lectures and exercises are considered as a group composed of two
decision makers.
The proposed e-SMART model has been applied during the forming the
assessments of the students of a web programming course. The evaluation process is
based on two main criteria and several sub-criteria as shown in Table 1. Each year
the students that pass the course of web programming are more than 200. For
example, the number of students for academic year 2018/2019 in bachelor
programme “Information and Computer Sciences” at the University of Library
Studies and Information Technologies is 212. It should be mentioned that the
students’ number that pass web programming course at New Bulgarian University is
more than 120. To provide quality of education the students are usually divided into
several groups.
The input data for numerical application of the proposed e-SMART model are
based only on one group composed of 21 students. The evaluation score for
theoretical knowledge is composed of two tests, while practical skills are determined
based on the developed project for website concerning five criteria about visual
design; user interface; content strategy; technical implementation and creativity. The
obtained data about the theoretical and practical students’ performance are shown in
Table 2.
Table 2. Evaluation score for a group of students
Subcriteria

Students and corresponding evaluation score
S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

S13

S14

S15

S16

S17

S18

S19

S20

S21

C11

0.97 0.70 0.81 1.00 0.70 0.85 0.77 0.78 0.95 0.98 0.75 0.70 0.84 1.00 0.65 0.93 0.90 1.00 0.72 0.95 0.68

C12

0.70 0.65 0.90 0.75 0.65 0.90 0.85 0.82 0.85 0.75 0.70 0.64 0.95 0.80 0.82 0.85 0.87 0.78 0.65 0.70 0.70

C21

0.80 0.88 0.90 0.65 0.85 0.80 0.65 0.70 0.80 0.70 0.67 0.60 0.75 0.80 0.70 0.82 0.80 0.80 0.70 0.60 0.60

C22

0.77 0.75 0.88 0.70 0.75 0.80 0.70 0.60 0.85 0.75 0.72 0.65 0.75 0.70 0.68 0.95 0.85 0.85 0.85 0.77 0.80

C23

0.86 0.70 0.80 0.68 0.72 0.75 0.70 0.75 0.75 0.75 0.66 0.70 0.80 0.75 0.75 0.66 0.70 0.78 0.78 0.83 0.80

C24

0.68 0.65 0.84 0.75 0.68 0.90 0.77 0.75 0.80 0.90 0.80 0.78 0.85 0.89 0.68 0.81 0.73 0.63 0.82 0.90 0.82

C25

0.90 0.73 0.80 0.90 0.74 0.85 0.62 0.65 0.85 0.80 0.78 0.75 0.90 0.75 0.70 0.90 0.75 0.70 0.73 0.76 0.77

The two tests are with different degree of complexity and this is taken into
account by assigning of corresponding weights for these two criteria. These weights
are provided by the DM-1 while the weights for the practical skills evaluation are
given from DM-2. The particular values for criteria importance are shown in the first
part of Table 3 together with the weights for DMs when generalized assessment is
formed.
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Table 3. Weights for criteria importance and weights for students’ learning outcomes
Case-1
Case-2
Case-3
Weights for subWeights for
Weights for
Weights for
Subcriteria importance
outcomes (DMs)
outcomes (DMs)
outcomes (DMs)
criteria
DM-1
()

DM-2
()

DM-1
()

DM-2
()

DM-1
()

DM-1

DM-2

(wj)

(wk)

C11

0.44

---

C12

0.56

---

C21

---

0.19

---

---

---

C22

---

0.21

---

---

---

C23

---

0.18

---

C24

---

0.20

---

---

---

C25

---

0.22

---

---

---

---

DM-2
()

---

0.50

---

0.55

0.45

---

---

0.50

---

---

0.45

---

0.55

5. Results and discussion
Three different cases representing different combinations for importance of
theoretical and practical aspects when forming overall assessments are investigated:
Case-1, Case-2 and Case-3. Case-1 considers the theoretical knowledge and practical
skills with equal importance, while Case-2 emphasises on the theoretical importance
rather than practical skills. Case-3 expresses the opposite situation of Case-2 where
the most important are practical skills rather than the theoretical knowledge. All of
these cases share the same input data as shown in Table 2.
The obtained results about the overall assessment of the students by using the
classical SMART and proposed e-SMART are visualized in Fig. 2.

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

S13

S14

S15

S16

S17

S18

S19

S20

S21

Fig. 2. Students’ assessment by classical SMART and e-SMART

The obtained results (Fig. 2) for students’ assessments by using of e-SMART in
three different cases share the same weights for the criteria importance as it is shown
in the first two columns in Table 3. These results are used to compare the students’
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ranking by using classical SMART and the proposed e-SMART in three different
cases as shown in Table 4.
Table 4. Students ranking by classical SMART and e-SMART
Ranking
Students
Classic SMART e-SMART (Case-1) e-SMART (Case-2) e-SMART (Case-3)
S1
10
10
10
9
S2
20
20
20
20
S3
4
4
4
3
S4
11
11
11
11
S5
19
19
19
19
S6
5
5
5
5
S7
13
13
13
13
S8
14
14
14
14
S9
3
3
3
4
S10
8
8
8
8
S11
16
16
16
17
S12
21
21
21
21
S13
2
2
1
2
S14
6
6
6
6
S15
18
18
17
18
S16
1
1
2
1
S17
7
7
7
7
S18
9
9
9
10
S19
15
15
17
15
S20
12
12
12
12
S21
17
17
18
16

The obtained students’ rank list when using classical SMART and e-SMART in
Case-1 show identical results. This is an expected result, because Case-1 of the
e-SMART model simulates the situation with equal importance of the theoretical
knowledge and practical skills.
When using the proposed e-SMART model in Case-2 the corresponding
students’ rank list differs from the classical SMART and e-SMART in Case-1 (see
Table 4). There are five students with different positions within rank list when
Case-2 is used and they are as follows: S13, S15, S16, S19 and S21. For example, in Case1 the student S16 is at the top in rank list followed by S13 (same as the classical
SMART), while in Case-2 where more weight is put on the theoretical knowledge,
the student S13 is the first in the rank list followed by S16.
The obtained results in Case-3 and using the proposed e-SMART model (more
importance of practical skills than theoretical knowledge) show major differences in
the ranked students. The following six students: S1, S3, S9, S11, S18 and S21 have
differences in positions in the rank lists for Case-1 and Case-3. The comparison
between the rank lists for Case-2 and Case-3 shows different positions for the
following ten students: S1, S3, S9, S11, S13, S15, S16, S18, S19 and S21. The graphical
visualization of students’ ranking using classical SMART and the proposed
e-SMART model under three different cases is shown in Fig. 3.
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Fig. 3. Students’ ranking by classical SMART and e-SMART

It should be noted that there is some limited number of students that preserve
the position in the rank list despite of the used models and simulated situations
regarding the importance of theoretical knowledge and practical skills. The students
without change in the position in the ranking are as follows: S2, S4, S5, S6, S7, S8, S10,
S12, S14, S17 and S20 (see Table 4). These eleven students represent 52.38 % of the
entire group. For the rest of the students who are 47.62% it is highly important how
theoretical knowledge and practical skills will be considered in the aggregated final
assessment.
The advantage of the proposed utility function is the ability to take into account
not only evaluations about the criteria and their corresponding weights for
importance, but involving also additional weights for theoretical and practical
outcomes that play an essential role in the ranking of students. The obtained ranking
of the students could be used for different purposes. For example, such a ranking
contributes to dividing the total number of students into small groups in the relevant
specialty. In this case the different courses could be interpreted as evaluation criteria
and the corresponding assessments by score will form the overall ranking. The
relative weights about the courses could be assigned by the group authorized to
perform the ranking lists.
The described case study is based on 5 % differences in favour of theoretical
knowledge in Case-2 and 5 % differences in favour of practical skills in Case-3.
Determination of the percentage of predominance will be subject to future
developments. In contrast to [16] where the focal point is the prediction of student
performance, the current paper aims to propose the ranking of the students
considering their achievements in the theoretical and practical aspects.

54

6. Conclusion
The paper describes a flexible approach for evaluation and ranking of students using
multi-attribute decision making techniques. The proposed modified utility function
takes into account with different importance theoretical and practical aspects of the
learning. The main contribution is the usage of the introduced coefficients that
indicate how theoretical knowledge and practical skills take part in the aggregated
final assessment. The formulated e-SMART model is used for ranking of the students
by evaluation in respect to two major criteria and several sub-criteria about the
acquired theoretical knowledge and practical skills.
The applicability of the proposed approach is illustrated for the case of assessing
and ranking of students from web programming course. The described case study
concerns assessing and ranking of the students from bachelor programme
“Information and Computer Sciences” at the University of Library Studies and
Information Technologies for academic year 2018/2019. It is shown that using the
proposed e-SMART approach determines different students’ rank lists having
different importance about the theoretical knowledge and practical skills. Similar
rank lists of students could contribute in determination of students oriented to
scientific research or practical implementation.
The described modelling approach based on new utility function is able to
summarise together the evaluation scores, weights for criteria importance, and
weights about the theoretical and practical aspects. There are no restrictions about the
number of the basic criteria and their sub-criteria and respectively for the number of
DMs to be involved in the process of students’ assessment. In this regard, the future
investigation of the discussed problem is related to the aspects of e-testing and its
assessment and integration for the purpose of students’ ranking.
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