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Abstract—Since the discovery of the manuscript, mechanical
methods for storing, transferring and using the information have
evolved into digital methods over the time. In this process, libraries
that are the center of the information have also become digitized and
become accessible from anywhere and at any time in the world by
taking on a structure that has no physical boundaries. In this context,
some criteria for information obtained from digital libraries have
become more important for users. This paper evaluates the user
criteria from different perspectives that make a digital library more
useful. The Step-Wise Weight Assessment Ratio Analysis-Weighted
Aggregated Sum Product Assessment (SWARA-WASPAS) method
is used with flexibility and easy calculation steps for the evaluation of
digital library criteria. Three different digital libraries are evaluated
by information technology experts according to five conflicting main
criteria, ‘interface design’, ‘effects on users’, ‘services’, ‘user
engagement’ and ‘context’. Finally, alternatives are ranked in
descending order.

Keywords—Digital library, multi criteria decision making,
SWARA-WASPAS method.
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I. INTRODUCTION

ITH the usage of the manuscript by Sumerians in 3500
BC, information could be stored and transmitted.
Approximately 5000 years later, in the 1450s AC, it was
possible to spread information rapidly to the masses through
the use of the printing press. After World War II, there was a
great increase in the number of books and magazines. With the
use of the computer, the processing of information has been
facilitated; change and transformation have increased in this
area [1]. The process of storing information, which started
with handwriting, continued with mechanical methods, like in
the first calculator. With the use of punched card systems, it
has been carried out in an electro-mechanical structure. Today,
it has been moved to a digital environment with the use of
computers. With digitalization, the ability and capacity of
classification, calculation, summarization, reporting, storage,
access and replication of information has increased [2].
Librarianship has also evolved in the process of digitization.
The design and use of the systems that refresh the information
management and facilitating access to the information
resources could have been possible with digital libraries
(DLs). Digital Library Federation offered the following
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definition: "Digital libraries are organizations that provide the
resources, including the specialized staff, to select, structure,
offer intellectual access to, interpret, distribute, preserve the
integrity of, and ensure the persistence over time of collections
of digital works so that they are readily and economically
available for use by a defined community or set of
communities" [3].
The evolution of DLs has evolved over the years from
simple interfaces to complex networks that allow users around
the world to collaborate and share the information. Thanks to
the contemporary DL, people have access, debate, evaluate,
and improve different content of information [4].
DLs usage has become more widespread in the discipline of
information science and library today. They supply
consistency and economy in the use of digital services to
library users in much different geography. The digital services
consist desktops, electronic publishing (e-publishing), webportal, online database, electronic books (e-books), electronic
journal (e-journal), etc. When DLs and traditional libraries
compared to each other, the most important difference issue is
the need for physical space. DLs need very little space;
sometimes they do not need any physical space. DLs are also
capable of storing much more information than the traditional
ones. The most important advantage of DLs is undisputed
increased access unlike the traditional libraries; no
geographical constraint could prevent from accessing them.
However, the DLs users could able to access to DLs at any
time and at any place, thus saving a significant amount of time
for users [5].
For designing a digital information system, such as DLs, the
first aim to be met is to facilitate the intuitive tools needed for
information users. In order to achieve this goal, the
organization, labeling, navigation and search systems must
also be designed appropriately for controlled words that
represent this digital environment [6].
When designing a system, the needs and evaluations of the
users are guiding. Therefore, decisions should be made by
evaluating the different perspectives and different criteria to
make the decision without being overlooked. For this reason,
using a multi criteria decision making method is an effective
way for evaluation of DLs.
Providing flexibility and easy computational steps are very
important in multi criteria decision making (MCDM).
Therefore, Step-Wise Weight Assessment Ratio AnalysisWeighted Aggregated Sum Product Assessment (SWARAWASPAS) method is used to overcoming this challenge. The
details of the method are defined in Section III.
DLs and SWARA-WASPAS method related papers are
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presented in Section II, and the steps of SWARA-WASPAS
method are presented in Section III. In Section IV, an
application of evaluating three DLs is given. At the last
section, the conclusion is presented to summarize the study
and recommendations for the future are given.
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II. LITERATURE REVIEW
Sun and Yuan [7] presented an overview of DL studies
consists of DL features, advantages, disadvantages and
functions. Ahmad and Abawajy [8] proposed a model from the
perspective of the digital service providers for evaluating the
performance of DL services. Topçu et al. [9] explained data
standardization in DLs due to regulations, language and
cultural characteristics of the country. Barbuti et al. [4]
presented an integrated management system for DLs. They
defined a structure that goals to bring together the practice,
expertise and software developed by university and companies
analysts. Perez-Montoro and Nualart [6] proposed an
articulation of navigation and search systems for DLs. Xu and
Du [10] pointed out that instead of information quality, system
and service quality significantly affected the ease of usage
perception for DLs. Li and Liu [11] explored the relationships
between user interaction and DLs evaluation. Li et al. [12]
focused on the importance of user services and types of big
data resources which could be used by DLs. They also
examined the problems and capacity of DLs in the age of big
data relative to data, technology, services, and users.
Xie et al. [13] presented a very remarkable study in terms of
the evaluation criteria for DLs. In this study, a multifaceted
evaluation was presented by using 10 main criteria with 94
sub-criteria. These criteria are “collections” (digitization
standards, authority, cost, item quality, format compatibility,
audience,
scope/coverage,
contextual
information,
completeness, diversity and size), “information organization”
(appropriateness, accessibility to metadata, metadata accuracy,
metadata standards, consistency, comprehensiveness, depth of
metadata,
metadata
interoperability
and
controlled
vocabulary), “interface design” (search function, browsing
function, navigation, intuitive operation, search results
presentation, consistency, reliability, help function, visual
appeal, user control and personalized page), “system and
technology” (retrieval effectiveness, reliability, server
performance, response time, fit-to-task, connectivity, page
loading speed, integrated search, error rate/error correction,
flexibility and linkage with other DLs), “effects on users”
(research productivity, learning effects, knowledge change,
instructional efficiency, perception of DLs, information
literacy/skill change), “services” (service quality, usefulness,
user satisfaction, types of services for users w/ disabilities,
reliability, responsiveness, timeliness, types of services,
availability of DL staff, confidence, follow-up services,
frequently asked questions/questions and answers, user
education, types of unique services and customized services),
“preservation” (completeness, ability to migrate, preservation
policy, preservation infrastructure, institutional support, types
of archiving methods and cost per record), “administration”
(budget, planning, staffing, staff training, marketing, regular
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assessment, management policy, fundraising/sponsor and
incentive), “user engagement” (resource use, user feedback,
site visit, integration with external applications, help feature
use, user participation channels, user knowledge contribution
and e-commerce support) and “context” (copyright,
information ethics compliance, organizational mission,
targeted user community, content sharing, collaboration and
social impact).
SWARA and WASPAS were presented in 2010 [14] and
2012 [15]. They were applied to solve real problems in life.
SWARA was used for architect selection [16], Zolfani et al.
[17] used SWARA to make business decisions and to design
products [18]. Aghdaie et al. [19] used SWARA for selection
of machine tool. For selection of deep-water port, WASPAS
was used by Bagoˇcius et al. [20]. Zavadskas et al. [21] used
WASPAS for assessment of facade alternatives. D˙ejus and
Antucheviˇcien˙e [22] used WASPAS for health and safety
issues in construction area. Bitarafan et al. [23] used
WASPAS to evaluate of bridge sensors for structural health
monitoring.
In this paper, DLs are evaluated by SWARA-WASPAS for
the first time in the literature.
III. SWARA-WASPAS METHOD
The SWARA method is one of the new MCDM methods
presented by Keršuliene et al. [14]. The WASPAS method is a
unique combination of Weighted Sum Model (WSM) And
Weighted Product Model (WPM), developed by Zavadskas et
al. [15]. In this section, the SWARA method and the
WASPAS method are explained step by step.
A. SWARA Method
The SWARA method was developed by Keršuliene et al.
[14] and the steps of the method can be clarified as follows;

Step 1: The criteria are organized in descending order
respect to their expected significances.

Step 2: The expert expresses the relative importance of
criterion j in relation to previous (j-1) criterion and this
process starts from the second criterion. The determined
relative importance is represented by Sj.

Step 3. The coefficient kj is calculated as follows:
j 1
j 1

 1
kj 
 sj 1


Step 4. The recalculated weight qj is calculated as follows:

 1

qj   k j 1
 k
 j


(1)

j 1
j 1

Step 5. The criteria’s relative weights are calculated as:
qj
wj  n
(3)
q
k
k 1
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where Wj denotes the relative weight of criterion j.
B. WASPAS Method
The steps of the WASPAS method, developed by 15], are
given as the following:

Step 1: Carry out linear normalization of performance
values as in the following
j=1,2,…,n ( set of alternatives)
i=1,2,…,n ( set of criteria)
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𝒙𝒊𝒋

1-7 Likert scale and all the criteria are benefit criteria. Table II
shows the evaluation of alternatives according to the criteria.
TABLE I
CALCULATION RESULTS FOR WEIGHTS OF CRITERIA
Criterion
C1
C2
C3
C4
C5

𝑖𝑓 𝑖 ∈ 𝐶

⎧
⎪

(4)

⎨
⎪
⎩



∑

𝑖𝑓 𝑖 ∈ 𝐶

𝑤 𝑥̅

𝑄

∑

𝑥̅

(5)

𝜆𝑄

1

𝜆 𝑄 , 𝜆

0, … ,1

𝑄

∑

𝑤 𝑥̅

C2
0.27

C3
0.19

C4
0.12

C5
0.08

A1
A2
A3

7
6
4

4
6
7

7
5
3

4
5
7

3
3
4

TABLE III
NORMALIZED DECISION MATRIX FOR DLS EVALUATION
A1
A2
A3

C1
1.00
0.86
0.57

C2
0.57
0.86
1.00

C3
1.00
0.71
0.43

C4
0.57
0.71
1.00

C5
0.75
0.75
1.00

Then, we compute the measures of WSM and WPM for
each alternative. Table IV presents WSM, WPM and
WASPAS results obtained by (5)-(7).
TABLE IV
WSM, WPM AND WASPAS RESULTS OF ALTERNATIVES
A1
A2
A3

IV. APPLICATION
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0,20
0,40
0,50
0,60

C1
0.32

(7)

DLs can be evaluated from a system-oriented or useroriented perspective. In our study, we discussed the criteria set
by Xie et al. [13] which are important only for users. These
are “interface design (C1)”, “effects on users (C2)”, “services
(C3)”, “user engagement (C4)” and “context (C5)”.
In the application section, three different DL alternatives
were evaluated according to five different criteria. The relative
weights of criteria were determined by the SWARA method,
and the relative weights of alternatives were determined by the
WASPAS method. Three information technology experts were
used to evaluate the criteria. The decision matrix was created
by agreed decision by three experts. Three experts discussed
about which criterion is the most important, and the first
criterion “interface design” was selected as the most important
criterion. Then, the steps of SWARA were implemented, and
Table I shows the calculation results of SWARA steps.
After getting criteria weights by the SWARA method,
relative weights of alternatives were computed using the
WASPAS method. Experts evaluate the alternatives by using

wj
0,32
0,27
0,19
0,12
0,08
∑𝑤
1

First, we normalize the decision matrix by (4); the
normalized matrix can be seen in Table III.

(6)

where λ is the parameter of the WASPAS method. When λ=0,
WASPAS becomes WPM; and When λ=1, WASPAS becomes
WSM. In our research’ we use λ=0.5 for evaluation of
alternatives.

Step 4: Rank the alternatives according to decreasing
values of Qi

qj
1,0
0,84
0,60
0,40
0,25
∑𝑞
3,09

Weights

Step 3: Compute the aggregated measure of the WASPAS
method for each alternative using:
𝑄

kj
1,00
1,20
1,40
1,50
1,60

TABLE II
DECISION MATRIX OF THE DLS EVALUATION

where Cb and Cn are the sets of benefit and cost criteria.

Step 2: Compute the measures of WSM Q and WPM
Q for each alternative using:
𝑄

sj

QJ1

QJ2

QJ

Ranking

0.703
0.703
0.700

0.776
0.798
0.754

0.740
0.751
0.727

2
1
3

According to Table IV, ranking of alternatives is
A2>A1>A3.
V. CONCLUSION
Due to developing technology, fast access to information
provides many advantages, thus human beings are seeking the
fastest way to reach information. DLs have more content and
capacity than just literature, easy access to and use of
information.
Due to the increasing interest in DLs, their numbers are
increasing day by day. It is important to prepare the content
and technology background of DLs by experts.
In this paper, three different DLs are evaluated according to
five conflicting criteria. Criteria are selected from the
literature survey, and their relative weights are determined by
the SWARA method. Then, three different alternatives are
evaluated by using the WASPAS method. Finally, alternatives
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are ranked in descending order.
For further research, the obtained results of our paper can
be compared by the results of other multi-criteria methods like
EDAS, ELECTRE, or VIKOR.
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