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Abstract. A significant increase in Internet usage has caused also significant
changes in how companies conduct business and their interaction with other
companies, governments and consumers. Faculties, as organizations which
provide services, also need to pay attention to these changes, as well as the
importance of their websites. Therefore, in this paper, we propose, an easy to use,
multiple criteria decision making model for evaluation of a faculty Web site,
based on the use of ARAS method.
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1. Introduction

In the professional and scientific literature, a number of papers are devoted to the
evaluation of the websites, and elements that are relevant for their quality.

For example, based on customer baying process Berthon, Pitt, and Watson
(1996), and Merwe and Bekker (2003) indented a five groups of criteria, namely:
Interface, Navigation, Content, Reliability and Technical. These groups of criteria
also contain their sub-criteria. Albuquerque and Belchior (2002) also identified a
number of criteria (quality factors), which can be used to evaluate the quality of an
e-Commerce website. These criteria are organized in several hierarchical levels,
where at the top of proposed hierarchical structure, the following criteria are
placed: Usability, Conceptual reliability and Representation reliability.

Studies that are intended to identify the key criteria and their importance, are
still actual. For example, Dumitrache (2010) gives an overview of criteria used for
evaluation of e-Commerce sites in Romania, during the period 2006 and 2009. It
also states Navigability, Response Time, Personalization, Tele-presence and
Security as very important criteria. Davidaviciene and Tolvaisas (2011) identify the
list of criterions for quality evaluation of e-Commerce website. They also provide a
comprehensive overview of the criteria that have been recently proposed by
different authors. In accordance with Davidaviciene and Tolvaisas (2011) criteria:
Easy to use, Navigation, Security assurance, Help (real time) and Design have been
discussed by numerous authors, such as (Loiacono et al. 2007; Parasuraman et al.
2007; Cao et al. 2005; Calero et al. 2005). Aydin and Kahraman (2011) proposed
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fuzzy multiple criteria decision making model for evaluation of e-Commerce
websites. Their model contains five criteria and twenty sub-criteria, where the key
criteria are: Ease of use, Products, Security, Customer relation ship and
Fulfillments.

As can be concluded from the above, different authors have proposed different
criteria and also different number of criteria for evaluating e-Commerce websites.
In addition, the proposed criteria often have different meanings, and also different
impact on overall quality of website.

Therefore, in this paper we consider evaluating and measuring the quality of a
faculty website as a multiple criteria decision making (MCDM) problem. The aim
of this paper is to form an easy to use but also effective MCDM model, which will
provides an opportunity to decision makers to perform comparisons of a faculty
website with web sites of other faculties. Therefore, for forming this model a
relatively simple but effective MCDM method, called the ARAS method, is a
chosen.

In relation to e-commerce websites, evaluation of faculty websites have their
specifics. Therefore, in section 2 of this paper we discuss the criteria for measuring
the quality of websites, identified by Kapoun (1998).Then, in section 3 of this
paper, we present the basic elements of ARAS method.

After that, in the numerical example is presents the use of ARAS method for
evaluating and measuring a quality of a faculty website.

2. The criteria for measuring a quality of a faculty website

For the purpose of forming a model that is easy to use, we decided to use of a small
number of criteria, but sufficient for adequate evaluation. These criteria, adopted
from Kapoun (1998), are:
e C; — Accuracy of the Website (Ac). The criterion Accuracy reflects the
accuracy of the information available on the website.
Criterion accuracy is very important when determining the quality of
websites, especially other types of websites such as commercial,
informational, and so on. In the case of faculty websites is expected that the
information available on the site is accurate, and therefore, this criterion has
no great significance. However, the lack of accuracy of information which
are available on the faculty website can have a very significant impact on
the quality of the website, and thus to the reputation of the faculty.
Accuracy of information can be very important for prospective students,
who based on information available on the website, and their accuracy,
make judgments about the faculty.
e C,— Authority of the Website (Au). Criteria Authority of Web document
reflects how a person or institution responsible for the website has the
qualifications and knowledge to do so.
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In the case of faculties websites, to this criterion can be assigned little
significance, because the staff at the universities has the necessary
qualifications and knowledge. However, in some cases, this criterion is
very important. Poor communication between teaching staff and
administrators of the site, lack of understanding or lack of interest can
result with reducing the authority and poor quality of a website.

e C;— Objectivity of the Website (O). The criterion Objectivity reflects the

objectivity of information available on the website.
Competitive spirit, which exists between universities, sometimes can have a
negative impact to the objectivity of information posted on the site.
However, a large amount of non objectivity, caused by the competitive
spirit, also can have a negative impact on the quality of the website.

e C4— Currency of the Website (Cu). The criterion Currency of the website
refers to: i) how current the information presented is; and ii) how often the
site is updated or maintained.

Insufficient or poor communication between the leadership of a faculty,
academic staff and administrator of a website can lead to lack of currency,
and also can significantly to reduce the quality of the website.

e Cs — Coverage of the Website (Co). Criterion Coverage refers to the
compressibility of information and their hierarchical organization of the site.
Adequate organization of information on the website can significantly
reduce the search time and the use of links, and also increase customer
satisfaction.

As shown using the previous steps, ARAS method has a simple to use a
procedure which can be easily used for solving MCDM problems, even when this

method is used by ordinary users.

3. A new additive ratio assessment (ARAS) method

A typical Multiple Criteria Decision Making (MCDM) problem, which contains m
alternatives and n criteria, can be concisely expressed in a matrix form, as follows:

c, C, - C,
A [ X1 X o X
D=A X2 Xp - X%
e (1)
Am Xin - Xon ' Xmn

W =[wy, Ws,..., W, ]

where A;, Ay, ..., An are available alternatives, C;, C,, ..., C, are criteria, xj IS
performance rating of i-th alternative with respect to j-th criterion, w; is weight of
j-th criterion, i=1, 2, ..., m,and j=1, 2, ..., n.
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Over time, many MCDM methods have been formed, such as: Simple
Additive Weighting (SAW) method (MacCrimon 1968), Compromise pro-
gramming (Zeleny 1973; Yu 1973), Analytic Hierarchy Process (AHP) method
(Saaty 1980), Technique for Ordering Preference by Similarity to Ideal Solution
(TOPSIS) method (Hwang, Yoon 1981), Preference Ranking Organisation Method
for Enrichment Evaluations (PROMETHEE) method (Brans, Vincke 1985),
ELimination and Choice Expressing REality (ELECTRE) method (Roy 1991),
COmplex PRoportional ASsessment (COPRAS) method (Zavadskas et al. 1994),
VIKOR (Vlsekriterijumska optimizacija i KOmpromisno Resenje, in Serbian
means Multicriteria Optimization and Compromise Solution) method (Opricovic
1998), Multi-Objective Optimization on the basis of Ratio Analysis (MOORA)
method (Brauers, Zavadskas 2006) and Multi-Objective Optimization by Ratio
Analysis plus Full Multiplicative Form (MULTIMOORA) method (Brauers,
Zavadskas 2010). Using any of them MCDM problems can be transformed into
appropriate single criteria decision making problems, and based on that much
easier be solved.

A new additive ratio assessment (ARAS) method was proposed by Zavadskas
and Turskis (2010), and it can be classified as a newly formed, but effective and
easy to use, MCDM method. The ARAS method has been applied to solve various
decision-making problems, and also have been formed its fuzzy and grey
extension, named ARAS-F (Turskis, Zavadskas 2010b) and ARAS-G (Turskis,
Zavadskas 2010a). From many papers, here we mention only a few, such as:
Zavadskas et al. (2010, 2012), and Bakshi and Sarkar (2011).

The procedure of solving problems by using ARAS methods can be precisely
described by using the following steps:

Step 1: Determine optimal performance rating for each criterion. After
creating a decision matrix, the next step in the ARAS method is to determine the
optimal performance rating for each criterion. If decision makers do not have
preferences, the optimal performance ratings are calculated as:

(2)

miaxxij; J€Qpay
0j =
ij

min x J€Qmin’
I
where Xoj is optimal performance rating in relation to the j-th criterion, Qpa

denote a set of benefit type criteria, i.e. optimization direction is maximization; and
Qnin denote a set of cost type criteria, i.e. optimization direction is minimization.
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Step 2: Calculate the normalized decision matrix R=[r;]. The normalized
performance ratings are calculated by using the following formula:

X:: .
m—” Je Qmax
Z'—o Xij
lij = " ) 3)
Uxi
~—m J € Qmin

ZZO]/X“ |

where Tjj is normalized performance rating of i-th alternative in relation to the j-th
criterion.

Step 3: Calculate the weighted normalized decision matrix V =[Vi]1. The
weighted normalized performance ratings are calculated by using the following
formula:

Vij = Wj - Fijs

i=12,..,m, 4)
where v;; is weighted normalized performance rating of i-th alternative in relation
to the j-th criterion.

Step 4: Calculate the overall performance index for each alternative. The
overall performance index S;, for each alternative, can be calculated as the sum of
weighted normalized performance ratings, using the following formula:

j=1

Step 5: Calculate the degree of utility for each alternative. In the case of
evaluating faculty websites, it is not only important to determine the best ranked
website. There is also important to determine relative quality of considered
websites, in relation to the best ranked website. For this we use degree of utility,
which can be calculated using the following formula:

Qi:i_i; i=12,....m, (6)

0

where Q; is degree of utility of i-th alternative, and S is overall performance index
of optimal alternative, and it is usually 1.

The largest value of @, is the best and the smallest one is the worst.
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Step 6: Rank alternatives and/or select the most efficient one. The
considered alternatives are ranked by ascending Q;, i.e. the alternatives with
greater values of Q; have a higher priority (rank) and the alternative with the
largest value of Q; is the best placed. Therefore, determination of the most
appropriate alternative, A", can be done with the following formula:

A*:{Ai‘miain}; i=12...m. (7)

4. A Numerical Example

To present the effectiveness of the proposed methodology, in this section, we
present the partial results taken from a survey that was conducted in order to
determine the quality of the websites of some universities in Serbia.

Criteria weights, obtained on based on the opinions of a group of students, and
the use of pairwise comparison obtained from the AHP method, are shown in
Table 1.

Table 1. The criteria weight

Criteria Wi
Cy Ac 0.10
C, Au 0.17
Cs 0] 0.13
Cs Cu 0.32
Cs Co 0.28

The data obtained on the basis of evaluation faculty websites obtained from
three students are shown in Tables 2, 3 and 4.

Table 2. The data obtained from the first student

Ac Au (6] Cu Co
Aq 8 9 8 7 8
Ar 7 8 9 8 7
Az 9 9 9 9 8

Table 3. The data obtained from the second student
Ac Au (0] Cu Co

A, 8 9 8 6 7
A, 8 9 9 9 7
A, 9 9 9 9 8
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Table 4. The data obtained from the third student

Ac Au (0] Cu Co
A 7 8 8 8 8
A, 7 8 8 9 8
A; 8 9 9 8 9

For evaluation, respondents have used assessment scale from 1 to 10. Average
performance ratings, shown in Table 5, obtained on the basis of a group of K
respondents, were calculated using the following formula:

k K
% {H xgj , ®)

where xi is performance ratings of i-th alternative with respect to j-th

criterion obtained from k-th respondent, k=1, 2, ..., K, and K is the number
of decision makers.

Table 5. The average performance ratings

Ac Au 0] Cu Co
Ao | 8.65 | 9.00 | 9.00 | 8.65 | 8.32
A, | 765 | 865 | 8.00 | 6.95 | 7.65
A, | 732 | 832 | 8.65 | 8.65 | 7.32
A; | 8.65 | 9.00 | 9.00 | 8.65 | 8.32

In Table 5 are also, in the column A, are shown optimal performance ratings,
determined using the Formula (2). Normalized performance ratings, determined
using the Formula (3), are shown in Table 6.

Table 6. The normalized decision matrix

Ac Au (0] Cu Co
A | 024 0.25 0.23 0.21 0.24
A, | 0.23 0.24 0.25 0.26 0.23
A; | 0.27 0.26 0.26 0.26 0.26

Weighted normalized performance ratings, determined using the Formula (4),
are shown in Table 7.

Table 7. The weighted normalized decision matrix

Ac Au 0] Cu Co

A; | 0.024 | 0.041 | 0.029 | 0.068 | 0.068
A, | 0.023 | 0.040 | 0.032 | 0.085 | 0.065
A; | 0.027 | 0.043 | 0.033 | 0.085 | 0.074
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The overall performance indexes and is degrees' of utility, obtained by using
the formulae (5) and (6), are shown in Table8.

Table 8. The overall performance indexes and degrees' of utility

Si Qi Rank
Ay 0.231 0.88 3
A, 0.245 0.93 2
As 0.262 1.00 1

In the considered example, for clearer presentation, websites of three cha-
racteristic universities are chosen. The results shown in Table 8 clearly prove that.

Faculty website labeled as A; is representative of universities who devote
significant attention to their websites.

In contrast, the faculty A; was chosen as an example of the universities which
can be characterized by a lack of intention to recognize and adopt importance of
their websites, or universities which can be characterized by inadequate
communication between their teaching staff and administrators of websites.

By using the relative performance index instead of the overall index, much
better can be determined its quality compared to competitive websites, and on this
basis much better specify actions that are needed to improve its quality.

5. Conclusions

The faculty website is very important in a competitive environment, which also
exists between the various universities and faculties. The faculty website has
several purposes, such as: i) providing information to prospective students, ii) the
provision of information to students, and so on.

In the presented case, some general evaluation criteria and an effective and
simple to use MCDM method are used.

With more precise identifications of typical users of faculty websites, more
precise identification of their needs and a more precise determination of the
importance of key evaluation criteria, can be formed MCDM models which will
allow more precise measurement of the quality of faculty websites.

Based on existing literature and information available from the Internet, we are
not convinced that to the mentioned problem was given enough attention.
Therefore, one of the goals of this paper is to initiate further research that will lead
to a greater quality of faculty websites.

552



References

Albuquerque, A. B.; Belchior, A. D. 2002. E-commerce web sites: A qualitative evaluation.
In Proceedings of the 11th International World Wide Web Conference, Honolulu,
Hawaii.

Aydin, S.; Kahraman, C. 2012. Evaluation of e-commerce website quality using fuzzy
multi-criteria decision making approach, International Journal of Computer Science
(IAENG) 39(1): 64-70.

Bakshi, T.; Sarkar, B. 2011. MCA based performance evaluation of project selection,
International Journal of Software Engineering & Applications (IJSEA) 2(2): 14-22.
http://dx.doi.org/10.5121/ijsea.2011.2202

Berthon, P. R.; Pitt, L. F.; Watson, R. T. 1996. The World Wide Web as an advertising
medium: Toward understanding of conventional efficiency, Journal of advertising
research 36(1): 43-53.

Brans, J. P.; Vincke, P. 1985. A preference ranking organization method: The PROMETHEE
method for MCDM, Management Science 31(6): 647—656.
http://dx.doi.org/10.1287/mnsc.31.6.647

Brauers, W. K. M.; Zavadskas, E. K. 2010. Project management by MULTIMOORA as an
instrument for transition economies, Technological and Economic Development of
Economy 16(1): 5-24. http://dx.doi.org/10.3846/tede.2010.01

Brauers, W. K. M.; Zavadskas, E. K. 2006. The MOORA method and its application to
privatization in a transition economy, Control and Cybernetics 35(2): 445-469.

Calero, C.; Ruiz, J.; Piattini, M. 2005. Classifying web metrics using the web quality model,
Online Information Review 29(3): 227-248.
http://dx.doi.org/10.1108/14684520510607560

Cao, M.; Zhang, Q.; Seydel, J. 2005. B2C e-commerce web site quality: an empirical
examination, Industrial Management & Data Systems 105(5): 645-661.
http://dx.doi.org/10.1108/02635570510600000

Davidaviciene, V.; Tolvaisas, J. 2011. Measuring quality of e-commerce web sites: Case of
Lithuania, Economics and Management [Ekonomika ir vadyba] 16(1): 723-729.

Dumitrache, M. 2010. E-Commerce applications ranking, Informatica economica 14(2):
120-132.

Hwang, C. L.; Yoon, K. 1981. Multiple attribute decision making: Methods and
applications. Springer New York. http://dx.doi.org/10.1007/978-3-642-48318-9

Kapoun, J. 1998. Teaching undergrads web evaluation - a guide for library instruction,
College and Research Libraries News 59(7): 522-523.

Loiacono, E. T.; Watson, R. T.; Goodhue, D. L. 2007. WebQual: An instrument for
consumer evaluation of Web sites, International Journal of Electronic Commerce
11(3): 51-87. http://dx.doi.org/10.2753/JEC1086-4415110302

MacCrimon, K. R. 1968. Decision Marking Among Multiple-Attribute Alternatives: a
Survey and Consolidated Approach, RAND memorandum, RM-4823-ARPA. The
Rand Corporation, Santa Monica, California.

Merwe, R.; Bekker, J. 2003. A framework and methodology for evaluating e-commerce
web sites, Internet Research: Electronic Networking Applications and Policy 13(5):
330-341. http://dx.doi.org/10.1108/10662240310501612

Opricovic, S. 1998. Visekriterijumska optimizacija u gradevinarstvu [Multi-criteria
optimization of civil engineering systems]. Faculty of Civil Engineering, Belgrade.

553


http://arxiv.org/find/cs/1/au:+Bakshi_T/0/1/0/all/0/1
http://arxiv.org/find/cs/1/au:+Sarkar_B/0/1/0/all/0/1
http://dx.doi.org/10.5121/ijsea.2011.2202
http://dx.doi.org/10.1287/mnsc.31.6.647
http://dx.doi.org/10.3846/tede.2010.01
http://dx.doi.org/10.1108/14684520510607560
http://dx.doi.org/10.1108/02635570510600000
http://dx.doi.org/10.1007/978-3-642-48318-9
http://dx.doi.org/10.2753/JEC1086-4415110302
http://dx.doi.org/10.1108/10662240310501612

Parasuraman, A.; Zeithaml, V. A.; Malhotra, A. 2007. E-S-QUAL.: a multiple-item scale for
assessing electronic service quality, Journal of Service Research 7(3): 13-33.

Roy, B. 1991. The Outranking Approach and the Foundation of ELECTRE Methods,
Theory and Decision 31(1): 49-73. http://dx.doi.org/10.1007/BF00134132

Saaty, T. L. 1980. Analytic Hierarchy Process: Planning, Priority Setting, Resource
Allocation. McGraw-Hill, New York.

Turskis, Z.; Zavadskas, E. K. 2010a. A novel method for Multiple Criteria Analysis: Grey
Additive Ratio Assessment (ARAS-G) method, Informatica 21(4): 597-610.
http://dx.doi.org/10.3846/transport.2010.52

Turskis, Z.; Zavadskas, E. K. 2010b. A new fuzzy Additive Ratio ASsessment method
(ARAS-F). case study: the analysis of fuzzy multiple criteria in order to select the
logistic centers location, Transport 25(4): 423-432.

Yu, P. L. 1973. A Class of Solutions for Group Decision Problems, Management Science
19(8): 936-946. http://dx.doi.org/10.1287/mnsc.19.8.936

Zavadskas, E. K.; Turskis, Z.; Vilutiene, T. 2010. Multiple criteria analysis of foundation
instalment alternatives by applying Additive Ratio Assessment (ARAS) method,
Archives of Civil and Mechanical Engineering 10(3): 123-141.
http://dx.doi.org/10.1016/S1644-9665(12)60141-1

Zavadskas, E. K., Vainiunas, P. Turskis, Z., Tamosaitiene, J. 2012 . Multiple criteria
decision support system for assessment of projects managers in construction,
International Journal of Information Technology & Decision Making 11(2): 501-520.
http://dx.doi.org/10.1142/S0219622012400135

Zavadskas, E. K.; Kaklauskas, A.; Sarka, V. 1994. The new method of multi-criteria com-
plex proportional assessment of projects. Technological and Economic Development
of Economy 1(3): 131-139.

Zavadskas, E. K.; Turskis, Z. 2010. A new additive ratio assessment (ARAS) method in
multicriteria decision-making, Technological and Economic Development of Economy
16(2): 159-172. http://dx.doi.org/10.3846/tede.2010.10

Zeleny, M. 1973. Compromise programming, In: Multiple Criteria Decision Making, eds:
J. Cochrane L. & M. Zeleny, pp. 262-301, University of South Carolina Press,
Columbia, SC.

Dragisa STANUJKIC is an Associate Professor at the Department of Information
Technology at the Faculty of Management Zajecar, Megatrend University in Belgrade,
Serbia. His current research has focused on decision-making theory, expert systems and
intelligent decision support systems.

Rodoljub JOVANOVIC is an Associate Professor at the Faculty of Management Zajecar,
Megatrend University in Belgrade, Serbia. His current research interests include decision-
making theory, production management in complex manufacturing systems, with special
interest in production of copper ore concentrate.

554


http://dx.doi.org/10.1007/BF00134132
http://dx.doi.org/10.3846/transport.2010.52
http://dx.doi.org/10.1287/mnsc.19.8.936
http://www.sciencedirect.com/science/article/pii/S1644966512601411##
http://www.sciencedirect.com/science/article/pii/S1644966512601411##
http://www.sciencedirect.com/science/article/pii/S1644966512601411##
http://www.sciencedirect.com/science/journal/16449665
http://dx.doi.org/10.1016/S1644-9665%2812%2960141-1
http://dx.doi.org/10.1142/S0219622012400135
http://dx.doi.org/10.3846/tede.2010.10

