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Abstract

Learning management systems (LMSs) are used today to assist in the designing, delivery and
management of learning resources for learners. There are hundreds of LMS available in the marketplace.
Selecting the most suitable LMS that meets specific requirements is a problem of decision making. Many
studies in learning management system selection are implemented under complete information, while in the
real world many uncertainty aspects do exist. As these systems were described by decision makers with
vague, imprecise, ambiguous and inconsistent terms, it is understandable that traditional multi criteria
decision making methods may not be effective. This paper develops a novel hybrid neutrosophic analytic
hierarchy process approach to support facing of uncertainty in the decision making process to handle
indeterminacy of information. In order to show the application of the developed method, a numerical
experiment for an LMS selection is made using the method of neutrosophic analytic hierarchy process.
Results show that the neutrosophic logic is capable of representing uncertainty manner understandable by
the human logic. Obtained results have shown that Moodle is the best LMS that meets defined criteria.

Keywords: Learning Management System; Multi-criteria Decision Making; Uncertainty; Neutrosophic

1. Introduction

Learning Management Systems (LMSs) are web based applications used to manage the e-learning
process, and assist instructors and learners [1]. The use of these applications has increased in higher
education as it assists students and instructors to design, share and deliver learning materials [2]. Many
universities consider LMSs as useful tools that support spreading educational resources to the learners [3-
5]. There are hundreds of LMS products available in the marketplace. Educational institutions try seriously
to determine what type of LMS is most appropriate for their requirements [6]. Therefore, there is a need to
help institutions with the tools necessary to evaluate the effectiveness of these systems [7,8]. The problem
of LMS selection is an example of multi-criteria decision making (MCDM) problem. The traditional crisp
MCDM methods are not enough to solve these problems as they cannot handle the uncertainty present in
real world cases, when the decision maker has usually vague, imprecise, ambiguous and inconsistent
information [9]. Thus it is more reasonable to find a better method to collect the opinions of the decision
makers [10].

One of the most popular MCDM methods is Analytical Hierarchy Process (AHP). It divides the problem
into a system of hierarchies of objectives, attributes and alternatives. Advantages of the AHP include
dealing with tangible and non-tangible attributes, comparing alternatives with relative ease, group decision
making problems, adjusting size to accommodate decision making problems due to its hierarchical
structure, and checking inconsistencies which are not achieved in other multi criteria decision making such
as TOPSIS, VIKOR, PROMETHE and ELECTRE. AHP is a scalable method and although it requires
enough data to properly perform pairwise comparisons, it is not nearly as data intensive as multi attribute
utility theory (MAUT). The main disadvantage of AHP is incapability of reflecting uncertain human’s
thoughts. The traditional AHP considers the definite judgments of decision makers, thus the neutrosophic
set theory makes the expert's preferences more flexible. [11,12]. This is the disadvantage that this paper
focuses on as the problem.
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A decision making processes is needed to select the most suitable LMS option from a set of alternatives,
due to organizational requirements. Taking a decision would require one to choose the best choice from a
set of alternatives a small set of good alternatives, by analyzing the different criteria present [12]. The
selection process of an LMS is in general costly, time consuming and exhausting [13]. One of the key
issues in decision making is the eliciting of judgments from decision makers. MCDM approaches form
major parts of the decision theory and analysis, particularly when the elements of the problem are
numerous, and the interrelationships among the elements are extremely complicated [14].

The analytic hierarchy process is a multi-criteria decision making method, used in management science,
for determining priorities. AHP was developed by T. L. Saaty. It helps decision makers to decompose a
complex problem into a hierarchical structure, and to derive a ratio scale of relative priorities in order to
rank them [15]. In the traditional AHP method, the values that are used to compare different criteria are
represented by crisp numbers within the 1-9 scale. In a real environment, the decision maker might be
unable to determine the crisp values with different criteria, due to the lack of available information [16].
AHP is popular in handling MCDM problems, but it is criticized for its incapability to handle uncertainty in
human judgments. To control this issue, fuzzy AHP was introduced, where each pairwise comparison
judgment is represented as a fuzzy number that is described by a membership function [17,18,19]. The
fuzzy number does not describe the degree of non-membership, and it is not a solution when decision
makers are hesitant in defining membership. Antanassov [20] introduced intuitionistic fuzzy sets that are
characterized by a membership function and a non-membership function as well. Intuitionistic fuzzy is as
vague set which presents fuzzy objects naturally and shows the concept of variability. Therefore,
intuitionistic fuzzy AHP is presented by scholars to express the decision makers’ opinion to a certain
degree. Fuzzy AHP has been applied to many different fields [16,21-23]. The intuitionistic fuzzy set is not
able to handle the indeterminacy of information.

Smarandache [24] proposed a new approach as an extension of fuzzy logic, the neutrosophic logic, in
which variable x is described by a triple values x= (t, i, f) where “t” it is the degree of truthfulness, “f” is
the degree of falsehood, and “i” is the level of indeterminacy [25]. This approach models uncertain data and
imprecise information of the real world in different fields, such as web intelligence, decision making,
image processing and expert systems. Neutrosophic logic is a better option to simulate human thinking
which is equipped to handle indeterminacy [26 - 28]. The decision making process tends to rely not only on
true values, but also on false ones as well as on indeterminacy membership. Thus neutrosophic logic holds
its chance to simulate human thinking, deal with contradictions that are true and false at the same time [24],
and to be utilized for real world problems [29]. The primary uncertainty types are vagueness,
impreciseness, ambiguity and inconsistency. An example of vague information would be the following
sentence: "The color of the flower is nearly red"; this type of uncertainty can be handled by a fuzzy set. An
example of imprecise information would be the following sentence: "The temperature of the machine is
between 88-92 °C"; this type of uncertainty can be handled by an intuitionistic fuzzy set. An example of
ambiguous information would be the following sentence: "Votes for this candidate reached about 60%". An
example of inconsistent information would be the following sentence: "The chance of raining tomorrow is
70%, and that does not mean that the chance of not raining is 30% since there might be hidden weather
factors that we are not aware of"'; these types of uncertainties can be handled by neutrosophic sets [30].

Neutrosophic logic is a new branch of philosophy which studies the nature of neutralities as well as their
interactions with different intellectual idea [24]. For example; A or B voting took place, with some votes
being invalid, and it cannot be determined whether they belonged to vote A or B. These unspecified votes
could be expressed with neutrosophic logic. Current systems dedicated to simulating the human brain are
constrained with strict conditions, whereas the neutrosophic logic might be capable of simulating the
human thinking, and might be utilized in the real world. In neutrosophic logic, the sum of the components
is not necessarily similar to those in fuzzy logic, but they are a number between —0 and 3+, therefore
neutrosophic logic is able to deal with contradictions which are true and false at the same time [31,32].

The purpose of this paper is to extend the AHP method via the neutrosophic set. For Instance, there is a
large number of LMSs which feature many technical and pedagogical aspects. Thus an important question
to be answered is how can decision makers select the suitable LMS to meet the user needs and the priorities
of the educational organization. This question can be answered with in spite of the uncertainty and with the
use of MCDM methods as illustrated previously. In this paper, neutrosophic analytic hierarchy process as a
novel hybrid method is presented and applied to the LMS selection problem. The main limitation of AHP is
its incapability of reflecting uncertain data, thus the neutrosophic set theory is used to express expert's
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preferences. The other limitation is deriving neutrosophic division operations which are not presented
before.

The structure of this paper is organized in five sections: in Section 1, an introduction is given. Section 2
presents the proposed decision-making method that is based on neutrosophic sets. Developing the
neutrosophic analytic hierarchy process method (NAHP) and applying it to the selection of the LMS is
detailed in section 3. Section 4 discusses the results. Finally, section 5 presents the conclusion.

2. The Proposed Decision-Making Method Based on Neutrosophic Sets

2.1 Neutrosophic Analytic Hierarchy Process

The AHP method is proposed for the evaluation of the selected LMS products because it provides the
managers of education with a less complex, and a more appropriate way to analyze the LMS [32]. It is
more natural to decision makers to give flexible judgments than a fixed one. The main disadvantage of
AHP is its incapability of reflecting the uncertainty of human thoughts. The traditional AHP method
considers the definite judgments of decision makers. While the neutrosophic set theory makes the experts
judgments more flexible.

The procedure of the neutrosophic analytic hierarchy process is as follows:

The first step in the proposed NAHP method defines the neutrosophic humbers that correspond to the 1-
9 Saaty scale, they are used to compare different criteria.

The second step identifies the criteria, sub criteria and alternatives of the decision-making problem.
Then follows the constructing of the hierarchy of the considered problem.

The third step determines the neutrosophic preference via the pairwise comparison between each
criterion and sub criterion. Afterwards comes the comparing of the alternatives under each criterion or sub
criterion.

The fourth step checks the consistency of each pairwise comparison, and the neutrosophic preference
relation is constructed.

The fifth step presents the calculation of the neutrosophic relative weight of each preference relation.
The relative weight is calculated by the addition of each column in the matrix, then each number in the
matrix is divided on the sum of its column, with averaging across the rows being the last step.

The sixth and last step ranks the overall weights, and a choice is made of the best alternative, by having
the structure of the number of alternatives multiplied by the number of criteria.

2.2 Some Concepts of Neutrosophic Sets

Neutrosophic sets describe variable x is described by a triple values x= (t, i, f) where “t” it is the degree of
truthfulness, “f” is the degree of falsehood, and “i” is the level of indeterminacy. Neutrosophic logic is able
to deal with contradictions which are true and false at the same time, as the sum of the components is any
number between —0 and 3+ [24].

In this section, a brief review of the general concepts of neutrosophic set is presented [32, 33]:
Let X be the space of the objects, and x € X. A neutrosophic set A in X is defined by three functions:
truthfulness-membership function Ta(x), an indeterminacy- membership function Ia(x) and falsehood-
membership function Fa(x).
Definition 1: If Ni= (ty, i1, f1) and N2 = (tp, iz, f2) are two single valued neutrosophic numbers, then the
addition of Niand N can be expressed as follows:

N1+N2= (ti+to-tato,isip, fif2) (D)
Definition 2: If N1= (t1, iy, f1) and N2 = (ty, iz, f2) are two single valued neutrosophic numbers, then the
multiplication between N1 and N can be expressed as follows:

N; X N,= (tltz, i1+12 -i1ip, T1+f2- flfz) (2)
From equation (2), Authors derived the division operation which is not presented in previous researches as
following:
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If Ni= (11, i1, f1), N2 = (t2, iz, f2) and N3 = (13, i3, f3) are three single valued neutrosophic numbers, then it is
concluded that the division of N2 on Nz can be expressed as follows:

Suppose N1 X N2 = N3
(tl, i1, fl) X (tz, i, fz) = (tg, i3, f3)
(tl, i1, f1) X (tz, io, fz) = (tltz, i14d2 -igip, fr4fo- flfz)
Then N3/N2 =N;
i3=itiz—li1i2
i3+(- I1) = (Il +i;- iliz) + (- I1)
i3—i1= i1 +i2—l1i2— i1
i3 — i1 = i2, i1i2
iz— iliz = i3 — i1
i (-i3+1) [ -3+l =iz i/ i1+l
i2: i3- i1/1- i1
Therefore, No/ Ni= (to/ty, iz -ia/1-i1, fo-f1/1-f1) 3)
Definition 3: If Ni= (t3, i1, f1) is a single valued neutrosophic number and A is an arbitrary positive real
number, then the multiplication of N1 and A can be expressed as follows:
A X Ni = (1-(1-t)A, i4, £14) , Where A >0 4)
Therefore, If Ni= (11, i1, f1) is a single valued neutrosophic number and A is an arbitrary positive real
number,
From equation (4), Authors derived the division operation which is not presented in previous researches as
following:
Therefore, the division of N1 over A can be expressed as follows:
N1/ A= (1-(1-t)YA iVA f,YA ), Where A> 0 (5)
Definition 4: If N1 is a single valued neutrosophic number, a score function is mapped N; into the single
crisp output as S(N1) follows:
S(Ny) = (3+t1-2i3-f1)/4 (6)

3. Using the Neutrosophic Analytic Hierarchy Process Method (NAHP) for LMS

Selection

In this section, an applied example would be presented of how the multi-criteria decision making problem
is solved, in order to demonstrate aspects of the neutrosophic sets implementation. The LMS problem is
used a case in order to study the performance of the proposed NAHP method. The working team
determined the decision hierarchy as shown in Figure 1. Five alternatives are available in this case:
Moodle, Sakai, Atutor, ILIAS, and Dokeos. Five main criteria are used: cost, evaluative tools,
computability, support, and sustainability. The student tracking and exam pool were defined as a sub
criteria of the evaluative tools. Complying with the platform and content development tools were defined as
a sub criteria of compatibility. Documentation and technical were defined as a sub criteria of support.

~
Student Tracking ] g
Moodle
Tools Saleai
Select th 1 iat
slectihe Tp?qss R Compatibility Blaan Atutor
Content
Developing Tools ILIAS
— Documentation Dokeos
Sustainability
Technical \ J

Figure 1. Decision Hierarchy Model of the LMS
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Using the relative importance of the alternatives, a matrix was constructed in terms of each criterion.
The importance of one element over another is expressed in relation to the element in the higher level using
Saaty 9-point scale. A set of linguistic variables used by decision makers and importance weight based on
neutrosophic values are as shown in Table 1.

Table 1. Linguistic variables and Importance weight based on neutrosophic values

Linguistic Term

Neutrosophic Set

Linguistic Term

Neutrosophic Set

Reciprocal

Extremely Highly
Preferred

(0.90, 0.10, 0.10)

Mildly Lowly Preferred

(0.10, 0.90, 0.90)

Extremely Preferred

(0.85,0.20, 0.15)

Mildly Preferred

(0.15,0.80, 0.85)

Very Strongly To (0.80, 0.25, 0.20) Mildly preferred to Very Lowly (0.20, 0.75, 0.80)
Extremely Preferred Preferred
Very Strongly (0.75,0.25, 0.25) Very Lowly Preferred (0.25,0.75, 0.75)
Preferred

Strongly Preferred

(0.70, 0.30, 0.30)

Lowly Preferred

(0.30, 0.70, 0.70)

Moderately Highly

(0.65, 0.30, 0.35)

Moderately Lowly Preferred to

(0.35, 0.70, 0.65)

To Strongly Preferred Lowly Preferred
Moderately Highly (0.60, 0.35, 0.40) Moderately Lowly Preferred (0.40, 0.65, 0.60)
Preferred
Equally To (0.55, 0.40, 0.45) Moderately to Equally Preferred (0.45, 0.60, 0.55)
Moderately Preferred

Equally Preferred

(0.50, 0.50, 0.50)

Equally Preferred

(0.50, 0.50, 0.50)

Then the experts carried out a comparison, in pairs, of the first criteria versus the goal, then of the sub
criteria versus the criteria, and finally of the alternatives versus each of the sub criteria. There are 12
pairwise comparison matrices in total. One was for the criteria with respect to the goal, which is shown in
Table 2, and three for the sub criteria, the first of which are those for the sub criteria under evaluative tools:
student tracking and exam pool; these are shown in Table 4. The other two pairwise matrices for the sub
criteria under compatibility and support are not shown here.

Table 2. Pairwise Comparison Matrix with Respect to the Goal

0 »
28 Q o i~
0 5 = i ) <
~ O N2 w a)'_ 5 o 3 =
2 D = o %’. =
— = —~ = =
S g g
w
Cost (0.50, (0.25, (0.40, (0.40, (0.50, (0.4292,
1 0.50, 0.75, 0.65, 0.65, 0.50, 0.5902,
0.50) 0.75) 0.60) 0.60) 0.50) 0.5708)
Evaluative tools (0.75, (0.50, (0.60, (0.60, (0.60, (0.6382,
2 0.25, 0.50, 0.35, 0.35, 0.35, 0.3298,
0.25) 0.50) 0.40) 0.40) 0.40) 0.3618)
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Compatibility (0.60, (0.40, (0.50, (0.60, (0.60, (0.5632,
3 0.35, 0.65, 0.50, 0.35, 0.35, 0.4087,

0.40) 0.60) 0.50) 0.40) 0.40) 0.4368)

Support (0.60, (0.40, (0.40, (0.50, (0.50, (0.5011,

4 0.35, 0.65, 0.65, 0.50, 0.50, 0.5027,

0.40) 0.60) 0.60) 0.50) 0.50) 0.4989)

Sustainability (0.50, (0.40, (0.40, (0.50, (0.50, (0.4779,
5 0.50, 0.65, 0.65, 0.50, 0.50, 0.5404,

0.50) 0.60) 0.60) 0.50) 0.50) 0.5221)

Checking the consistency in step four of each pairwise comparison neutrosophic preference relation is
an important point. In the conventional AHP, Saaty provided a consistency ratio CR to measure the degree
of consistency for a multiplicative preference relation as to be less than 0.1. From [9, 10], it is concluded
that in our work there are two methods for checking consistency:

First, by converting the neutrosophic reference relations into their corresponding crisp preference
relations, and then using the Saaty method to check the consistency ratio as to be less than 0.1.

Second, by modification applied to the method used by Zeshui. X. and Liao. H. [17] to suit neutrosophic
method. Authors developed this algorithm is to construct a perfect consistent neutrosophic preference
relation where (T'xk , I'xk, F'xk ) is an acceptable consistent neutrosophic reference relation as follows:

Step 1: For k > x + 1, let Nxk = (T'xk, I'xk, F'xKk), where y= x+1

T = kex- l\/Txy* Tyk * Txk1* The1k 7
Xk = k-x-l‘/T T * Toor* T k-x-1 - = > ( )
® Tyk * Tik1* Terk + \/(1'Txy) (1- Ty) *(1-Tx ey *(1-Tie1 )
keox- ]\/Ixy* Tyk * Toker® Terk

= — — 8
o T L * Lo T+ S L) * (- Lo (Lo (Tt ) 8)

|'xk

kex- ]\/Txy* Tyk * Txk1™ Tie1

F'xk = = — 9
kex VTXy* Tyk * Txi1* Tk + lex 1\/(l—Txy)*(l— Tyi) *(1-Tx ey *(1-Tie1 ) ( )

Step 2: For k = x + 1, let Nu = (Txk , Ix, Fxk ), where y= x+1

Step 3: For k < x, let Nxx = (F'x , 1- I't, T'x ), Where y= x+1

Consistency Ratio (CR) = 2(n—11)(n—2) e (T k=TT =T+ F k- Fxi) (10)
should be less than 0.1.

According to (7), (8), (9) and (10), the consistency of the neutrosophic pairwise comparison matrix with
respect to the goal is constructed as shown in Table 3.

For example, to calculate Tys =

YT Tos * T * Tas _ 3/0.60% 0.60 * 0.60 * 0.50
AT Tos * Tot® Tas + 2\/(1—T23)*(1— T3s) *(1-T24*(1-Tas) /0.60% 0.60 * 0.60% 0.50 + 3/0.40%0.40%0.40%0.50

=0.6475

Then CR is calculated as follows
Consistency Ratio (CR) =

than 0.1

1 n n _ . R
2D 2! i (112.5-12.5[+12.5-12.5[+12.5-12.5]) = 0 which is less

International Journal of Advancements in Computing Technology(IJACT) 100
Volume8, Number5, Dec. 2016 6



Neutrosophic AHP Multi Criteria Decision Making Method Applied on the Selection of Learning Management System
Nouran M. Radwan, M. Badr Senousy, Alaa El Din M. Riad

Table 3. Consistency Pairwise Comparison Matrix with Respect to the Goal

g o w
D o S
o 5 = g )
a N2 w g S5 o1 S
- 2 O 2 O
8 g g
w
Cost 11 12 13 14 15
1 (0.50, (0.25, (0.4142, (0.4142, (0.4095,
0.50, 0.75, 0.5597, 0.5597, 0.5905,
0.50) 0.75) 0.5858) 0.5858) 0.5905)
Evaluative 21 22 23 24 25
Tools (0.75, (0.50, (0.60, (0.60, (0.6475,
2 0.25, 0.50, 0.35, 0.35, 0.2832,
0.25) 0.50) 0.40) 0.40) 0.3525)
Compatibility 31 32 33 34 35
3 (0.5858, (0.40, (0.50, (0.60, (0.5505,
0.4403, 0.65, 0.50, 0.35, 0.4232,
0.4142) 0.60) 0.50) 0.40) 0.4495)
Support 41 42 43 44 45
4 (0.5858, (0.40, (0.40, (0.50, (0.50,
0.4403, 0.65, 0.65, 0.50, 0.50,
0.4142) 0.60) 0.60) 0.50) 0.50)
Sustainability 51 52 53 54 55
5 (0.5905, (0.3525, (0.4495, (0.50, (0.50,
0.4095, 0.7168, 0.5768, 0.50, 0.50,
0.4095) 0.6475) 0.5505) 0.50) 0.50)
Table 4. Pairwise Comparison Matrix for the Sub Criteria Under Evaluative Tools
Exam Pool Student Tracking Weight
Exam Pool (0.50,0.50,0.50) (0.75, 0.25, 0.25) (0.8309
0.1691,
0.1691)
Student Tracking (0.25,0.75,0.75) (0.50,0.50,0.50) (0.4929
0.5071,
0.5071)

4. Results

The final objective of this study was to present a neutrosophic multi-criteria decision making method to
select the most suitable LMS product according to the defined criteria. The results generated by the
proposed method have three components of truthfulness, indeterminacy, and falsehood, unlike the case of
fuzzy sets which represents the true membership value only, and which has no solution when decision
makers are hesitant to define the membership. Intuitionistic fuzzy sets represent the true membership and
false membership, but cannot handle indeterminacy, which expresses the percentage of unknown
parameters. On the contrary, the neutrosophic sets deal with vagueness when the information is naturally
graded, and with imprecision when the available information is not specified, and with ambiguity when
information is unclear and inconsistent and when information obtainable conflicts with information existing
in the real world.

The overall weight of the criteria and the sub criteria based on the neutrosophic numbers can be seen in
Table 5. There are eight comparison matrices for the five alternatives with respect to all the criteria and the
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sub criteria connected to the alternatives which are not shown here. Figure 2 shows the column graph of the

results from the scale based on the judgments.

Table 5. The Overall Priority of the Criteria and the Sub Criteria

. . Sub Criteria .
o Criteria Weight A . Overall Weight=
Criteria (CW) Sub Criteria Weight CW x SCW
(SCw)
(0.4292, (0.4292,
Cost 0.5902, 0.5902,
0.5708) 0.5708)
(0.4929, (0.3146,
Student Tracking 0.5071, 0.6697,
. (0.6382,
Evaluative b.3793 0.5071) 0.6854)
Tools 0.3618) (0.8309 (0.5303,
Exam Pool 0.1691, 0.4331,
0.1691) 0.4697)
(0.5991, (0.3374,
(0.5632 Platform 0.4355, 0.6662,
- ' ’ 0.4009 0.6626

Compatibility 0.4087, ) )
0.4368) Content Developing (07528 (04127,
' Tools 0.2345, 0.5474,
0.2672) 0.5873)
(0.5645 (0.2829,
05011 Documentation 0.4697, 0.7363,
S (0 '5027 ! 0.4355) 0.7171)
0.4989) _ (0.7655 (0.3836,
Technical 0.2017, 0.6030,
0.2345) 0.6164)
(0.4779, (0.4779,
Sustainability 0.5404, 0.5404,
0.5221) 0.5221)

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

Cost Evaluative Compatibility Support Sustainability
Tools

Figure 2. Weight Percentages of the Neutrosophic Scale Based on Judgements of the Criteria
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According to Table 6 and Figure 3, Moodle is the most suitable choice for the project. All readers
should be aware that the methodology used in this paper does not evaluate a software product. The results
show that using the neutrosophic sets for an LMS selection is a better option than the fuzzy and
intuitionistic fuzzy logic, as it simulates the human thinking, and because the fuzzy logic cannot express the
falsehood membership, and the intuitionistic fuzzy logic is not able to handle indeterminacy of information.
Also, is it shown how NAHP can be used when making a decision. It should be noted that the results can
differ when a change of priorities and objectives is done, and if priorities change, scores will change. In
conclusion, according to the given priorities shown in the criteria and sub criteria, Moodle is the best
choice.

Table 6. The Overall Score of Different Alternatives

Alternatives Neutrosophic Set Deneutrosophied Ranking
Number
Moodle (0.8838, 0.0949, 0.1162) 0.8945 1
Atutor (0.8709, 0.1120, 0.1291) 0.8795 2
Dokeos (0.8315, 0.1655, 0.1685) 0.8330 3
Sakai (0.8147, 0.1895, 0.1853) 0.8126 4
ILIAS (0.8020, 0.2096, 0.1980) 0.7962 5
0.95
0.9
0.85
0.8
0.75 |_‘ |_‘
0.7
Moodle Atutor Dokeos Sakai ILIAS

Figure 3. Weight Percentages of the Neutrosophic Scale Based the Alternatives

5. Conclusion

Fuzzy sets offer a poor representation of uncertain data, as it expresses the membership in a crisp value
between 0 and 1. The membership degree of a given element in a fuzzy set does not express the
corresponding degree of non-membership as the complement to 1. Intuitionistic fuzzy sets are suitable in
simulating the impreciseness of human understanding in decision making. The decision making process
depends not only on information that is either true and false, but it also depends on indeterminate
information, which is represented by an ignorance value between truth and falsehood. For example, if an
expert is asked about his opinion on a certain statement, he might say that the possibilities are as follows:
first the statement is true, second the statement is false, and third that it represents an indeterminacy, and
the value would be 0.6, 0.3 and 0.5 respectively. This can be appropriately handled by neutrosophic logic,
which have the truthfulness, indeterminacy and falsehood membership functions independent of each other.

This paper presents a neutrosophic multi criteria decision making method as a novel approach, and it is
applied to the case of selecting a learning management system according to the decision makers’ priorities
and preferences. Using the NAHP provides reliable results due to the fact that uncertain preferences can be
expressed as neutrosophic sets. An illustrative example was used to illustrate the application of the
proposed method in making a choice about the best fit LMS. According to the determined priorities,
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Moodle LMS proved to be the most appropriate one that met the defined criteria, after that comes Atutor,
Dokeos, Sakai, llias orderly. The developed NAHP method can be used for different types of MCDM
problems.

The use of the NAHP as a multi-criteria decision making method, for the selection of the most
appropriate LMS, using given priorities and criteria, was presented. NAHP offers reliable results when a
collaboration takes place between decision makers and experts, and a good methodology is adopted. The
inconsistency checking during the pairwise comparisons makes the NAHP reliable as a decision making
method, even for people who are less experienced in taking decisions. The results of the study cannot be
generalized, due to the face that the NAHP cannot evaluate products by itself.

6. Future Work

Further work interest is dealing with system quality evaluation of LMSs described by uncertain terms
using neutrosophic logic approach. Neutrosophic Logic is a new approach for evaluating the system quality
attributes of various systems that can adapt variations and changes.
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