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ABSTRACT

The purpose of the paper is to determine the most preferable type of electronic device for online distance learning
(ODL) among Universiti Teknologi MARA (UiTM) students using the Analytical Hierarchy Process (AHP)
method, discover factors that lead the UiTM students to choose the preferable type of electronic device, and find
the best choice of electronic devices for ODL using the AHP. What is the concern? Can a student buy an
electronic device to ease and smooth the online study process? This paper wants to know what type of device
gives the best choice compatible with the criteria that are reasonable and affordable. An approach to
methodology is performed by using two analysis methods: qualitative and quantitative. A survey has been carried
out to achieve the objectives of the study through a questionnaire. The data of 50 respondents has been recorded
and used for the implementation of the AHP method. From the study, most of the respondents preferred laptops
as the best device for ODL and put tablets as their last choice. The biggest factor that leads them to decide the
best electronic device is its storage space. Meanwhile, the least affecting factor is the brand of device. Throughout
the study, it proves that the AHP has a simpler process of decision-making and comes up with the desired result.
Thus, it achieves the objectives of this study overall.

Keywords: Analytical Hierarchy Process, Decision Making, Electronic Device, Qualitative Method,
Quantitative Method
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1. Introduction

Electronic devices are highly in demand among students nowadays for online studies. Due to the pandemic of
COVID-19 all around the world, our government needs to change the method of learning and teaching by using
an online approach, likely to be called e-learning. The e-learning process has been accepted and is expected to
grow further in the future. The impact of e-learning on students’ academic performance is seen to be positive.

Apart from this, electronic devices have played a sufficiently great role in helping students with online
studies and directly modernizing the global education system. Electronic devices can help to ease and smooth the
e-learning process. According to the topic of research, the objectives are to examine the most preferable types of
electronic devices for Online Distance Learning (ODL) among students of Universiti Teknologi MARA (UiTM),
to determine the factors that lead the students of UiTM to choose the preferable type of electronic device, and to
find the best choice of electronic device for ODL using the Analytical Hierarchy Process (AHP) method.
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The Analytical Hierarchy Process (AHP) method is a mathematical tool for complex problem solving
developed by Saaty in the late 1970s. The purpose is to calculate the weight of the criteria to evaluate the
alternative solutions and come up with the best solution. The AHP method assists in decision-making of problems
based on Multi-Criteria Decision Making (MCDM) and comes up with a unigue solution or the best choice. This
method divides a problem into three parts. First, the issue part that needs to be solved or the goal. Second, the
possible solutions are called alternatives. Lastly, the most important part to apply the AHP is to evaluate the
alternative solutions based on all the availability of criteria provided. AHP method is very flexible because it
produces a simple way to find the relationship between criteria and alternatives (Lapevski, 2014).

In concept, the Analytical Hierarchy Process (AHP) method is very simple and easy to use for decision
making. The AHP divides a problem into three parts. First, the issue part needs to be solved. Second, the possible
solutions are called alternatives. Lastly, evaluate the alternative solutions based on all the criteria provided. There
are five steps to using the AHP, which will be discussed in Methodology.

Many case studies out there have proven that the AHP approach helps large organizations achieve their
strategic decisions or goals and come up with the best outcomes. Project prioritization is a difficult problem to
solve in an organization. In 2015, BMC Medical Informatics and Decision-Making conducted research to find
out the number of studies that applied the AHP in healthcare through a systematic literature review and evaluation
of reporting. It finds that the number of studies applying the AHP has increased since 2005 in healthcare.
However, the result states that the AHP has been applied inconsistently (Schmidt et al., 2015). In 2019, BMC
Medical Research Methodology conducted research on health technology assessment (HTA) of optoelectronic
biosensors for oncology by using the AHP method and Likert Scale. The purpose is to evaluate a new health
technology to assay thyroglobulin in patients with differentiated thyroid cancer to improve its service from an
organizational point of view. The result comes out and states that they do not need to improve the service because
of the high satisfaction levels of the users (Improta et al., 2019).

2. Methodology/Implementation

The Analytical Hierarchy Process (AHP) provides a general theory of measurement for expressing both tangible
and intangible factors (Wedley, 1990). In this research, the tangible or qualitative method has been applied by
carrying out a questionnaire to collect the data involved. While the intangible or quantitative method is the
calculation part of the implementation of the AHP. The data collection in the qualitative method part is performed
to help with the development of the quantitative method.

2.1 Qualitative Method

The research has been conducted by using a questionnaire in order to apply the qualitative method. The
respondents answer all the questions by evaluating each of the electronic devices’ criteria to compare the level
of importance for each criterion and the extent to which they are met by each alternative.

2.1.1 Instruments of The Research

The instruments chosen to conduct the research by using a questionnaire on a Google Form. The questionnaire
is used to collect information from the respondents. It will be distributed to all students of UiTM randomly, and
the data collection will be stopped once the target respondents are achieved.

The questionnaire will be answered online to meet the objectives of the research. The questionnaire
consists of 3 sections. Section A is the background information of the respondents. Section B has one question
to find the most preferable type of electronic device among students for online distance learning. Lastly, Section
C is designed to determine the factors that lead the students to choose the preferable type of electronic device.

For Sections A and B, the respondents choose the answers based on the questions. In section C, the
respondents need to answer the question based on the scale of the numbers given.
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2.2 Quantitative Method

This research will use descriptive analysis to analyse the respondents’ data. The data will be counted by using
the Analytical Hierarchy Process (AHP) method in Microsoft Excel 2013. The analysed data is then converted
into a percentage and presented in charts and graphs.

2.2.1 Data Analysis Method

Following is a list of all the phases involved during the implementation of the AHP. It shows the overall steps in
a sequence flow. The objectives of study can be achieved by following each of the phases without leaving any
behind.
Phase 1 Define the problem
Phase 2 The development of hierarchical framework
Phase 3 The AHP Algorithm
Step 1: Construct a pairwise comparison matrix
Step 2: Perform a pairwise comparison judgement
Step 3: The synthesis of pairwise comparison
Step 4: Check the consistency
Phase 4 Calculation of the weightage alternative
Phase 5 The development of overall priority ranking
Phase 6 Select the best alternative

2.3 Implementation

Phase 1 Define the problem

An Analytical Hierarchy Process (AHP) is a MCDM method for solving a complicated problem that happens to
produce a unique result at the end of the process. It is a well-known approach that uses a hierarchical model with
different levels of goals, criteria, and alternatives. If there is a defined hierarchy, the AHP can be expressed as a
decision-making and estimation method that produces the percentage distribution of decisions according to the
factors affecting the decision.

This idea arose from Saaty's previous and subsequent research on various topics. In 1977, they solved a
particular problem in contingency planning and designed an alternative feature for the development of the country
of Sudan. In 1979, they found an investment technology under uncertainty that dealing with terrorism in 1977,
discovered an energy allocation and other smaller application in real life such as buying a car, choosing a job,
and selecting a school which involved in a decision making (Oguztimur et al, 2015). Van Laarhoven and Pedyrycz
proposed the earliest AHP method in 1983 in the study of fuzzy numbers with triangular membership function
describe the fuzzy comparing judgement. Buckley discovered the fuzzy priorities of comparison ratios with
trapezoidal membership functions in 1985. In 1989, Boender and his colleagues extended Van Laarhoven and
Perdrycz’s method and generate a sturdy approach to the normalization of the local priorities (Oguztimur et al,
2015).

Therefore, there are various applications of the AHP method that have been developed by many authors
and have appeared in literature. Many of them are used by engineers, planners, lawyers, political scientists,
mathematicians, and even normal citizens. It is undeniable that the AHP is easy to use and an understandable
system of methods that provides pairwise comparisons in each area of expertise.

Phase 2 The development of hierarchical framework

In using the AHP to model a problem one needs a hierarchic or a network structure to represent that problem and
pairwise comparisons to establish relations within the structure (Rozann Whitaker, 1987). The primary goal of
the AHP method is to choose an alternative that satisfies the most according to the given set of criteria out of a
set of alternatives, or in a simple explanation, to find the weights of criteria in any application to select the best
alternative. The AHP calculates the weights of attributes at each level of the hierarchical structure with respect
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to its goal. This is done by the expertise decision makers, who have knowledge of the workings of a matrix of
pairwise comparison of attributes.

An arrangement of hierarchical structure was made by constructing three different levels, which are upper-
level (goal), mid-level (criteria) and sub-level (alternatives). Figure 1 below shows the hierarchical structure.

‘ Goal

h 4 v Y h 4 A4 A 4
Criteria Criteria 2 Criteria 3 Criteria 4 Criteria 5 Criteria
1 6

Alternative Alternative Alternative Alternative
1 2 3 4

Figure 1. The Hierarchical Structure of AHP

Phase 3 The AHP Algorithm

The AHP algorithm is likely to be mentioned as a calculation part involved in this study. The data obtained from
the qualitative method through the questionnaire is used to apply this algorithm. This process will be implemented
by using Microsoft Excel 2013.

Step 1: Construct a pairwise comparison matrix

A pairwise comparison can be created by comparing elements in pairs according to the criteria given, which then
shapes a matrix. The length of the pairwise matrix is determined based on the number of criteria provided in the
decision-making process. A pairwise comparison begins with the upper-level in the hierarchical structure, which
is to find the best choice of electronic device for ODL. Next, go to the mid-level, which is the criteria, by taking
it to compare to obtain degrees of importance and arranging it in a matrix as shown in Table 1 below.

Table 1. Comparison between Each Criteria made by Saaty.

Criteria Pairing More Important Degree of Importance
C, and C, C, Cyy
C; and C; Cq Cy3
C,and C, C, Cin
C, and C; C, Cys
C,and C, C, Con
C;and C, Cs Csn
C,and Cp, C, Com

Step 2: Perform a pairwise comparison judgement

Table 2. Importance Scale developed by Saaty.

Intensity of Relative Value Definition
Importance
1 Equal n and m are equally important
Moderately more important n is moderately more important than m
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5 Strongly more important n is strongly more important than m

7 Very strongly more important | n is very strongly more important than m
9 Extremely more important n is extremely more important than m
2,4,6,8 Intermediate values Used when a compromise is needed
1/3, 1/5, 1/7,1/9 Values for inverse comparison

Once a pairwise comparison is constructed, the pairwise comparison judgement can be performed by evaluating
the criteria based on the important scale in Table 3. For example, in the same comparison, if both criteria have
equal importance, then it will take the value of 1. Observe that all the diagonals of the pairwise matrix’s value
are equal to 1. The matrix is represented mathematically as shown (1).

Where,

1
C =Chm Cpym > 0 and A

nm
If Cpy = 1then,n =m

1
If Co = o then,n #m

1 €12 €13 Cqy

1

C_ 1 C23 CZ4
12
1 1

_— — 1 C

Ci3 (23 34
1 1 1

_— = — 1

Cia  C24 (3
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= Cnm (1)

Crm|Cnml, wheren,m = 1,2,3, ...

Cnm Shows criteria n is more important than m. A scale of 1-9 from the most important [9] to equal [1] is
used for comparison to define the degree of importance of both criteria. By using formulation in the Table 3, the
criterion will be calculated. This is done to change the degree of importance to pairwise comparison.
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Step 3: The synthesis of pairwise comparison
Step I: Calculate Cy,;p,

|n —m| + 1, C, is more important than C,,

Crm = ;, otherwise (2)
In-m|+1

Based on (2), |n — m| + 1 will be used when the value of C, is more important than C,,. While ﬁ ,
will be used if the value of C,, is less important than C,,. To determine the weightage of criteria and the local
weight of the alternatives from the constructed pairwise comparison matrix, each value in column, m will be
divided by the total of the values in column, m. This is done through a normalization procedure. Therefore, the

normalized matrix will be obtained. All the calculations for every element of the normalized matrix are shown in
the next step.

Step II: Calculation of sum of each value according to column

Cm = ?n:l Cmn ( 3)
Wheren=1,2,3, ...
Note that; C,,,, = L or Coin = —
Cmn nm
For example,
Ci=C1+Cyy+C31+ - +Cipn
Co =Ci3+Chp +C3p+ -+ +Cypy
C3=Ci3+Cy3+C33+ -+ +C3p
Ch=Cin+Cop+Cspn+ - +Chn

Step I11: Calculation of normalized pairwise matrix

Cnm

Vnm= a (4)
Wherenandm=1,2,3, ...

The normalized pairwise matrix is represented as follow:

Vit Viz Viz Vi Vim
Va1 Vaz Va3 Vo Vom
V31 Vizz Vzz Vzg - Vi

V= v 5
Vir Viz Vaz Vag = Vi L% (3)
an VnZ Vn3 Vn4- Vnm

Step IV: Calculation of the weight of criteria

Calculate all the elements in the n (row by row) by adding the value, then divide the value by the number of
criteria in the decision-making process. This is done to find the weightage of each criterion, as shown below.

1
W, = ; 1rln=1 Vam (6)

Where n=1,2,3, ... and p represents the number of criteria.
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The weightage of each criterion can be visualized as below. Note that, the highest weightage is the most
important criteria.
w=[W, w, W3 W, W] (7

Step 4: Check the consistency
Although the AHP is considered a consistent and systematic method, the result must depend on the consistency
of the pairwise comparison matrix between criteria. The AHP provides a process that contains several steps that

need to be followed to measure and check the consistency. Therefore, a pairwise comparison matrix of the criteria
or alternatives is compatible if and only if the condition below is satisfied.

cwT = nwT (8)
Ci1 Ciz C13 Cyy Cim[W1 W,
CZl CZZ CZ3 CZ4 CZm WZ WZ
C31 (32 (33 C34 Cam || W3|_ |Ws (9)
C41 C42 C43 C44 C4m W4 W4
Cnl CnZ Cn3 Cn4 Cnm Wn Wn
Step I: Calculate the maximum eigenvalue, e,
1 ncw?
emax = 3 Xn=1 "y (10)
By performing the calculation of formula above, then e, Will be obtained. For example,
Cmax = 3 [ Wy + W, * W ] (11)
Step I1: Find the consistency index, CI
The approximation to the consistency index, ClI can be computed according to the following formula.
€max— M
Cl = - (12)
Step I11: Determine the random index, RI
Table 4 shows the value random index developed by Saaty in 2008 to determine the random index, RI.
Table 4. Random Index (RI) Value.
No. of Criteria RI No. of Criteria RI No. of Criteria RI No. of Criteria RI
1 0.00 4 0.90 7 1.32 10 1.49
2 0.00 5 1.12 8 1.41 11 1.51
3 0.58 6 1.24 9 1.45 12 1.48

For example, if the number of criteria, p is 4, then the random index value of criteria comparison will be

0.90.

Step IV: Calculate the consistency ratio, CR
At last stage, to obtain CR, CI will be divided by RI as shown below.
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_a

CR—RI

(13)

Note that if the value of CR is less than 10% or 0.10, then it can be concluded that the comparisons
performed are consistent. However, if the value of CR is greater than 10% or 0.10, then there might be an error
in the calculation, or the comparisons performed by the decision maker are inconsistent. In this way, the
evaluation of the pairwise comparison of criteria needs to be changed or repeated until CR is less than 10% or
0.10 is obtained.

Phase 4 Calculation of the weightage of alternative

Throughout the method to find the weightage of criteria, to determine the weightage of each alternative will also
be used the same method as before. The weightage of alternative criteria for each criterion can be obtained as
shown.

Criteria 1: Wy ¢, = Wa, ¢, Wa,cp Wasc,» Wayeyp -+ Wa,c,

Criteria 2: Wy, ¢, = (Wa, ¢, Wa,cpo Wasc, Waycy -+ Wa,c, 1

Criteria p: Wy, ¢, = [Wa, ¢, Wa,cp Wasc Waycpr -+ Wayc,

Wae, Wae, Wae, Wae, = Wae,][Wei] [Way
Waeo, Wa,eo, Wa,eo Waeo = Wayc, ||We, W,,
W, = Wase, Waze, Waze, Wage, = Wage, [|[Wey = W, (14)
Wace, Waee, Waees, Wae, - Wa,||We, Wy,
(Wa,c, Wac, Wae, Wae, = Wac, llWc,1 [Wy,|

Phase 5 The development of overall priority ranking
The criteria with the highest weightage are those that are the most significant or likely to be the priority criteria.

Phase 6 Select the best alternative
The best alternative will be selected based on the resultant weightage, which is the highest compared to each
other.

2.4 A Numerical Example

This example proposes to demonstrate the development of the AHP in order to be able to select the best
alternative. All the steps are performed using the data collected through the questionnaire. Only one respondent’s
data is selected to present the example. The process begins by constructing the hierarchical structure of the study,
as shown below.
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Find The Best Choice of
Electronic Devices for ODL

¥ Y Y Y l
Price/Cost Storage Camera Appearance User Brand
Space Quality Friendly
Laptop Desktop Smartphone Tablet
Computer

Figure 2. The Hierarchical Structure.

From here, the pairwise comparison has been constructed by referring to the changing schedule in Table 3
as shown Table 5.

Table 5. A Pairwise Comparison, Element Weights, Priority of Criteria.

Criteria >
[} X
= | g 3 3
g |o | T 5 5 g
g = g S = xe S 2
3 £ c 2 s S 2 5
‘T ) ] o 2 s o ‘=
o n O < ) m = o
Price/ 1 0.3333 | 4.0000 3.0000 0.3333 | 2.0000 0.1471 3
Cost
Storage 3.0000 |1 6.0000 5.0000 1.0000 | 4.0000 0.3271 1
Space
Camera quality 0.2500 | 0.1667 |1 0.5000 0.1667 | 0.3333 0.0413 6
Appearance 0.3333 | 0.2000 | 2.0000 1 0.2000 | 0.5000 0.0618 5
User-friendly 3.0000 | 1.0000 | 6.0000 5.0000 1 4.0000 0.3271 2
Brand 0.5000 | 0.2500 | 3.0000 2.0000 0.2500 |1 0.0956 4
Total 8.0833 | 2.9500 | 22.0000 16.5000 | 2.9500 | 11.8330

Cl=0.0249 CR=0.0201
Next, to calculate the sum of each value according to the column. The calculation was performed as

follows:

Criteria 1: Price/Cost

C1 =C11+Co +C31+ Gy +Cs51 1+ Coyq
=1+4+3+0.25+ 03333 +3+4+0.5
= 8.0833

Criteria 2: Storage Space

C; = Cip + Cop + (324 Gy + Csp + G
=0.3333+1+0.1667 + 0.2+ 1+ 0.25
=2.95
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Criteria 3: Camera quality

C3 = (i3 + (3 + C33+ Cy3 + Cs3 + Cg3
=44+6+14+2+6+3
=22

Criteria 4: Appearance

Cy = Ci1a +Coq + C34 + Cyg+ Csy + Coy
=3+5+05+1+5+2
=16.5

Criteria 5: User-friendly

Cs = €5+ €5 + C35 + Cy5 + (55 + Cgs
=0.3333+1+0.1667 + 0.2+ 1+ 0.25
= 2.95

Criteria 6: Brand

C6 = C16 T Ca6 + (36 + C46 + C56 + Cop
=24+4+033334+05+4+1
= 11.833

Then, the normalized pairwise matrix is determined by dividing each of element in a column with the value
of sum of each column. All the data is stored in Table 6.

Table 6. Normalized Pairwise Comparison.

o 1 03333 v 4 Vo 3 03333 o 2
117 80833 127 295 137 22 4™ 165 57 295 6™ 11.833
=0.1237 =0.113 =0.182 =0.182 =0.113 =0.169
Vy, = 3 V. 1 V. 6 V. 5 V. 1 Vo = .
21 ™ 80833 227 295 37 22 2™ 165 2357 295 267 11.833
=0.3711 =0.339 =0.273 =0.303 =0.339 =0.338
v 0.25 ~0.1667 y 1 y 0.5 ~0.1667 03333
317 80833 32 2.95 37 22 347 165 35 2.95 3™ 11.833
=0.0309 = 0.0565 =0.045 =0.03 =0.0565 =0.0282
o 0.3333 ~ 02 y 2 y 1 ~ 02 o 0.5
“1 ™ 8.0833 427 295 YY) 7 16,5 457 295 467 11.833
= 0.0412 =0.0678 =0.091 =0.061 =0.0678 =0.0423
V—3 V——1 V. 6 V—5 V——1 V—4
51 ™ 80833 527 295 537 22 7 165 557 295 56 ™ 11.833
=0.3711 =0.339 =0.273 =0.303 =0.339 =0.338
o 0.5 y ~ 025 v 3 v 2 y ~ 025 o= 1
61 ™ 80833 627 295 637 22 5~ 16.5 657 295 667 11.833
=0.0619 = 0.0847 =0.136 =0.121 = 0.0847 =0.0845
0.1237 0.113 0.182 0.182 0.113 0.169
0.3711 0.339 0.273 0.303 0.339 0.338
y = |0:0309 0.0565 0.045 0.03 0.0565 0.0282
0.0412 0.0678 0.091 0.061 0.0678 0.0423
0.3711 0.339 0.273 0.303 0.3339 0.338
0.0619 0.0847 0.136 0.121 0.0847 0.0845

This is continued by finding the weightage of each criterion. This is done by adding the value of each row
in the normalized pairwise comparison and dividing it by the number of criteria of study in decision-making.
Table 7 shows the data for the weightage of criteria that have been calculated and recorded.
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Table 7. Weightage of Criteria.

W1 W> W3 Wi Ws We
0.8827 1.9631 0.2471 0.3711 1.9631 0.5728
Wi=— 277 3776 SR 5776 We =—%
= 0.1471 =0.3271 = 0.0413 = 0.0618 =0.3271 =0.0956

Lastly, the consistency is checked by multiplying the pairwise comparison matrix with the weightage of
the criteria to satisfy (8). The calculation is performed below.

1 03333 4 3 0. 3333 0.1471 0.9068

3 1 6 5 0.3271 2.0344
0.25 0.1667 1 05 0. 1667 0. 3333 0.0413) _ 6 0.2499
0.3333 0.2 2 1 0 2 0.0618 0.3720
3 1 6 5 0.3271 2.0344
0.5 025 3 2 0. 25 0.0956 0.5801

Second, the maximum eigenvalue is determined to find the consistency index later.

_ 10,9068 N 2.0344 N 0.2499 N 0.3720 N 2.0344 N 0.5801
émax = G /,01471 " 03271 ' 0.0413 ' 0.0618 ' 0.3271 ' 0.0956

1
= gz 6.1645 + 6.2195 + 6.0508 + 6.0194 + 6.2195 + 6.0680
= 6.1244

Third, the consistency index, Cl is calculated by using the formula stated in (12).

— 6.1244— 6 0.0249
S 6—-1

Fourth, the RI is determined by referring to the random index value in Table 4. There are six criteria
provided in the decision-making process. This can conclude that the RI value is equal to 1.24.

Lastly, to complete the check consistency process, consistency ratio, CR, is calculated by dividing CI by
RI as follows.

0.0249

CR=17358

= 0.0201

Based on the value of CR, we can conclude that the pairwise comparisons performed are effective and
consistent because the value is 0.0201, which is less than 10% or 0.1000.

After the weightage of criteria is successfully obtained, the development of AHP resumed with finding the
weightage of alternatives. There are four alternatives preferred in the study, which are: laptop, desktop computer,
smartphone, and tablet. The same method will be applied to find the weightage of alternatives. However, the
weightage of each alternative in relation to each criterion must be determined first. Throughout the process of
calculation, the results are as follows:
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Table 8. Pairwise Comparison Respect to Price/Cost.

Alternatives Laptop | Desktop computer | Smartphone Tablet Weightage
Laptop 0.25 0.25 0.25 0.25 0.25
Desktop computer 0.25 0.25 0.25 0.25 0.25
Smartphone 0.25 0.25 0.25 0.25 0.25
Tablet 0.25 0.25 0.25 0.25 0.25
Wa.c, = [Wa,c,» Wa,c,o Waye, Wa,c, | = [0.25,0.25,0.25,0.25]
Table 9. Pairwise Comparison Respect to Storage Space.
Alternatives Laptop | Desktop computer | Smartphone Tablet Weightage
Laptop 0.25 0.25 0.25 0.25 0.25
Desktop computer 0.25 0.25 0.25 0.25 0.25
Smartphone 0.25 0.25 0.25 0.25 0.25
Tablet 0.25 0.25 0.25 0.25 0.25
Wa.c, = [Wa,c,» Wa,c, Wa,c, Wa,c,| = [0.25,0.25,0.25,0.25]
Table 10. Pairwise Comparison Respect to Camera Quality.
Alternatives Laptop | Desktop computer | Smartphone Tablet Weightage
Laptop 0.142857 0.142857 0.142857 0.142857 0.142857
Desktop computer | 0.142857 0.142857 0.142857 0.142857 0.142857
Smartphone 0.571429 0.571429 0.571429 0.571429 0.571429
Tablet 0.142857 0.142857 0.142857 0.142857 0.142857

Wa c, = [Wa,c, Wa,c, Wa,c, Wa,c,| = [0.142857,0.142857,0.571429, 0.142857]

Table 11. Pairwise Comparison Respect to Appearance.

Alternatives Laptop | Desktop computer | Smartphone Tablet Weightage
Laptop 0.20 0.20 0.20 0.20 0.20
Desktop computer 0.20 0.20 0.20 0.20 0.20
Smartphone 0.40 0.40 0.40 0.40 0.40
Tablet 0.20 0.20 0.20 0.20 0.20

WAnC4 = [WA1C4_' WA2C4_' WA3c4, WA4_C4] = [020, 020, 040, 020]

Table 12. Pairwise Comparison Respect to User Friendly.

Alternatives Laptop | Desktop computer | Smartphone Tablet Weightage
Laptop 0.25 0.25 0.25 0.25 0.25
Desktop computer 0.25 0.25 0.25 0.25 0.25
Smartphone 0.25 0.25 0.25 0.25 0.25
Tablet 0.25 0.25 0.25 0.25 0.25

WAnCS = [WA1C5' WAZCS’ WASCS’ WA4C5] = [025, 025, 025, 025]

Table 13. Pairwise Comparison Respect to Brand

Alternatives Laptop | Desktop computer | Smartphone Tablet Weightage
Laptop 0.20 0.20 0.20 0.20 0.20
Desktop computer 0.20 0.20 0.20 0.20 0.20
Smartphone 0.40 0.40 0.40 0.40 0.40
Tablet 0.20 0.20 0.20 0.20 0.20

Wac. = [Wa,co Wa,co Waycoo Wa,c,| = [0.20,0.20,0.40,0.20]
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We, T
Waeo, Ware, Waeo Wareo Waes Waco)|We,| [Wa,
WA — WA2C1 WA2C2 WA2C3 WA2C4 WAZCS WA2C6 VVC3 — WAZ
WA3C1 WA3C2 WA3C3 WA3C4 WA3C5 WA3C6 M/C4 WA3
WA4C1 WA4CZ WA4C3 WA4C4 WA4C5 WA4C6 VVCS WA4

W

[}
L

_ (025 025 0.142857 0.20 0.25 0.20
0.25 0.25 0.571429 040 0.25 0.40
0.25 0.25 0.142857 0.20 0.25 0.20

0.0413 0.237707
0.0618 0.286878
0.3271 0.237707
l0.0956—

0.1471
0.25 0.25 0.142857 0.20 0.25 0.20”0.3271 0.237707

Table 14. The Priority of Alternatives.

Weightage of alternatives Priority
0.237707 2
0.237707 3
0.286878 1
0.237707 4

Based on the result, the smartphone has the priority over others. However, the result is contrary to the
respondent’s choice of the most preferable type to use based on the data collected, which is a laptop. It can be
concluded that the respondent preferred to use a smartphone during ODL after emphasising all the factors
involved in choosing the most preferable type of electronic device.

3. Result and Discussion

Based on the data collected through the questionnaire, several analyses have been conducted, and the results are
discussed thoroughly in this section.

3.1 Demographic Analysis

Consecutively collecting the data, the study has been conducted in several areas, which are the field of education,
level of education, and age. Therefore, it assists in getting the desired data successfully. Table 15 shows the result
of a demographic analysis of all the respondents that participated in the survey.

Table 15. Demographic Analysis.

Demographic Information Frequency Percentage (%0)
Field of Education Business & Management 33 66
Science & Technology 11 22
Social Sciences & Humanities 6 12
Level of Education Diploma 36 72
Bachelor/Degree 14 28
Master 0 0
PHD 0 0
Age 18 — 20 years old 36 72
21 years old and above 14 28
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3.2  Most Preferable Electronic Device for ODL Analysis

2%

2%

m Laptop = Desktop computer Smartphone Tablet

Figure 3. Pie Chart of Most Preferable Electronic Device for ODL.

Figure 3 above shows a presentation of a pie chart of the most preferable type of electronic device for ODL. This
shows that the laptop was voted as the most preferred electronic device, with 86% of respondents choosing to
use it for ODL. Following, the second highest is smartphones, with 10% of respondents. Lastly, both desktop
computers and tablets have the lowest value, with only 2% of each preferring to use them for ODL. It can be
concluded that the laptop received the highest vote, maybe due to its convenience in completing the tasks given
by the lecturer. A poll was conducted and over 1200 college students from around United States were surveyed.
The result came out by 88% of college students said they own a laptop and 85% percent said they own a
smartphone (Michael Hart, 2015).

3.3 Criteria Weightage Analysis by Rank

0.3
0.258114166

0.25 0.222978241
0.2

0.149133632
015 0.134794998

0.119216639 0.113120017
0.
0.0 I I
0
1 2 3 4 > 6

Type of Criteria

[N

Average of Criteria Weightage
(93]

Figure 4. Bar Graph of Criteria Rank.
Figure 4 above shows a bar graph of the rank of criteria. There are six criteria provided in this study for

determining the best choice of electronic device for ODL. The following criteria are price/cost, storage space,
camera quality, appearance, user-friendly, and brand and are labelled as 1, 2, 3, 4, 5, and 6 respectively in the
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graph. The data collected from 50 respondents through the questionnaire was used to find the weightage of the
criteria. All criteria were evaluated by using a scale from 1 to 9, where 1 represents the most important and 9
represents the least important. The average of each criterion's weightage was later determined. Then, the criteria
were ranked based on the average of each criterion's weightage.

Concisely, the priority of criteria to be focused on for choosing the best electronic device compared to all
other criteria is criteria 2, which is storage space, with an average criteria weightage of 0.258114166. Then, the
second rank, with a weight of 0.222978241, goes to criteria 5, which is user-friendly. Criteria 3, camera quality,
comes in third place with a weight of 0.149133632. The fourth position, with a weight of 0.134794998,
is price/cost. The fifth position, with a weight of 0.119216639, is appearance. Finally, the last rank, with a weight
of 0.113120017, is criteria 6, brand.

Referring to the average criteria weightage, it can be assumed that the respondents prefer to choose the
best electronic device for ODL by focusing more on storage space. As the respondents consist of students, they
need sufficient storage space to do their work and store important notes given by their lecturer. Moreover, this
also shows that the brand of an electronic device is the least important factor to students in deciding the best
electronic device. The study's goal of determining the factors that influence UiTM students' choice of preferred
type of electronic device is met.

3.4 Alternative Weightage Analysis by Rank

4 0.216622716
wv
(0]
2>
=
g 3 0.285465885
2
<C
B 2 0.206099245
3
>
'_
1 0.291812154
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Average of Alternative Weightage

Figure 5. Bar Graph of Alternatives Rank.

Figure 5 above represents a bar graph of the rank of alternatives. There are four alternatives proposed in this
study. The alternatives are laptops, desktop computers, smartphones, and tablets, and they are labelled 1, 2, 3,
and 4 respectively. All alternatives have been evaluated using a scale from 1 (most important) to 9 (least
important). The average of each alternative's weightage is calculated to determine the rank of alternatives.

Briefly, the highest rank of alternatives that are the most preferred by respondents is the laptop compared
to others, with a value of 0.291812154. Next, the second rank, with a weight of 0.285465885, is the smartphone.
The tablet is ranked third, with a weight of 0.216622716. Lastly, the lowest rank is the desktop computer, with a
weight of 0.206099245.

According to the average alternative weightage, it can be concluded that the majority of the respondents
chose laptops as the most preferable electronic device for ODL. Its characteristics support all the criteria provided
in the study. Furthermore, the bar graph also indicates that the least preferable electronic device is the desktop
computer. This might be due to the troublesome task of bringing the computer everywhere. The objective of the
study to find the best choice of electronic device for ODL using the AHP is achieved successfully. Hence, it can
be affirmed that the best alternative for ODL is choosing a laptop.
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4, Conclusion and Recommendations

This section overall discusses that the objectives of study are achieved successfully, the advantages and
disadvantages of the AHP in the decision-making process and recommends several improvements to the AHP
method.

4.1 Conclusion

According to the results obtained throughout the study, it is proved that all the objectives of the study are fulfilled.
Figure 3 shows the first objective is achieved by expressing that the most preferable type of electronic device
among UiTM students for ODL is a laptop. Then, Figure 4 signifies the second objective is also reached by
revealing the main factor that leads the UiTM students to choose the preferable type of electronic device: storage
space. Lastly, based on Figure 5, it is found that a laptop is the best choice of electronic device for ODL among
UiTM students. This directly shows that the last objective has also been accomplished.

A numerical example is presented to demonstrate the performance of the methodology. The use of the
AHP method is proved to assist UiTM students to analyse and select the best alternative with respect to the
criteria provided. The AHP method is one of the most suitable methodologies to use for the decision-making
process. There are many advantages to using AHP in a decision-making study.

One of the advantages of the AHP is that it provides a simple and flexible model for solving a complex
problem. The nature of the decision process has made it applicable to assist the decision maker in making any
judgement precisely by considering the qualitative and quantitative information throughout the decision process.
It also allows experts and decision-makers from different backgrounds to judge their studies. In simple words,
the AHP can be widely used in many aspects such as factor, benefit, risk analysis, and many more that are related
to deciding a decision among alternatives with respect to the criteria. The advancement of technology nowadays
has made the AHP method easier to apply as it is fast and accurate.

Even though the AHP has many advantages, it still has many disadvantages during its development.
Briefly, the AHP method cannot assure the decision made as definitely. This is because AHP has a subjective
nature to the modelling process. This means it depends on the evaluation of decision makers based on their
preference or interest. For that reason, using semantic variables makes the evaluation process more realistic
because a simple evaluation is not an accurate process and has fuzziness in its work. The AHP method is famously
known as the easiest method to solve complex problems in the decision-making process. However, it has a
limitation. Although the AHP is one of the most advanced methods available in the field of management science
and operations research, the complexity involved in using this tool makes it difficult to apply (Prachi Juneja,
2015). For example, when the number of criteria in a hierarchical structure increase, the number of pair
comparisons also increases. Therefore, building the AHP model will take more time and effort.

4.2 Recommendations

In the presence of methodology processes, along with through literature survey by the authors, the AHP is
strongly recommend to future researchers as the most suitable MCDM method when analysing complex decision-
making problems (Ansah et al, 2015). It is recommended to have an expert decision maker evaluate measurable
data so that the target decision-maker is willing to fully commit and devote time to the evaluation process.
Therefore, the data collected can be affirmed to be more accurate and feasible. For future studies, combining the
AHP method with other decision-making methods can help to ensure a more integrated study.
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