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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.
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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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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.
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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
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