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Abstract—Choosing the right delivery service partner is an important thing for companies to consider. This is because the selection
of the right delivery service partner can minimize the risks involved. Generally, choosing a delivery partner service is done by
looking at the profile of the freight forwarder's partner. It takes time to determine the right delivery service partner. This study aims
to apply the Complex Proportional Assessment (COPRAS) and Rank Order Centroid (ROC) methods in a decision support system
for selecting delivery service partners to make it easier to make the right decisions and meet needs. The ROC weighting method is
used to determine the value of the criteria based on priority. Meanwhile, the COPRAS approach is used to determine the best
solution based on an analysis of the existing options through alternative assessments by providing interval-based utility judgments.
In the case study conducted, the best alternative was obtained, namely J&T Express with a score of 100, followed by JNE Express
with a value of 92.09, SiCepat with a value of 91.89, Ninja Express with a value of 91.42. The COPRAS calculation results on the
system developed with the manual calculation results show the same value, this means that the calculations on the system are valid.
The usability scores, on the other hand, have an average value of 88.33% and are considered good.
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1. INTRODUCTION

Today, business and business data are run online, where companies can sell their products through internet media.
Online business will indirectly make the market wider. Because the market is getting wider, companies must be able
to provide excellent service, especially in the delivery of goods. This must be followed by excellent service, especially
in the delivery of goods. This means that today's delivery services and business operations will always be in touch,
especially if the business is conducted online [1]. Services for goods delivery can assist in getting the sold goods into
customers' hands [2]. So, choosing the right delivery service partner is an important thing for companies to consider.
Even though a third party is handling the delivery service, this will have an impact on the company's services. The
selection of the right shipping service partner can minimize the risks involved. In general, choosing a shipping partner
is done by looking at the profile of the shipping partner and what services can be provided. In general, entrepreneurs
engaged in online sales to select shipping partners are done by looking at the profiles of shipping partners and what
services can be provided. This will take a long time because the company has to study the profiles of the delivery
service partners one by one. So it requires a system that is able to assist in recommending the right delivery service
partners according to their needs. The challenge of choosing delivery partners can therefore be resolved by developing
a decision support system.

Decision Support Systems (DSS) are pieces of software that help decision-makers reach decisions and solve
semi-structured problems by providing the best possible recommendations [3]. DSS is also defined as software that
can provide information, make recommendations, and offer assistance while choices are made to find the best solution
through logical patterns based on facts and data [4], [5]. DSS offers a paradigm that is applied to find mathematical
and statistical solutions to issues [6]. A strategy or model for decision-making is needed to construct DSS. Several
academics have conducted prior research on the creation of decision support systems for choosing goods delivery
services, using a variety of decision-settlement approaches. Concerning the use of the SAW (Simple Additive
Weighting) approach to decision support systems for choosing goods delivery services is one of them [7]. The SAW
method in this study can seek alternatives through assessments based on the criteria values and weights on each
criterion. Another study, research on decision support systems for selecting goods delivery services by implementing
the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) approach [8]. This approach can
determine the best alternative by taking into account the distance between the negative ideal solution and the positive
ideal solution. Next, research on the determination of freight forwarding services through a decision support system
using the MOORA (Multi-Objective Optimization by Ratio Analysis) method [9]. The method used is able to provide
decision recommendations based on the optimization of two or more conflicting attributes simultaneously.

Based on several previous studies, the method used has not considered the utility or proportionality of the
significance level of alternative uses. In utility decision problems need to be taken into account to determine the best
solution. In addition, in previous research, weighting was carried out based on direct assessment, not considering the
priority level of each criterion. So that what distinguishes research conducted from previous research is the use of
utility assessments in obtaining optimal solutions through the Complex Proportional Assessment (COPRAS) approach
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and determining weights using Rank Order Centroid (ROC) by considering priority. The COPRAS technique is a
strategy that examines options with different properties and presupposes options with utility judgment such that the
qualities of each option are ordered based on intervals to make the process more precise and efficient [10]. This method
is a decision-making approach that estimates linkages and predicts the significance level of alternative interests [11].
The COPRAS approach can get around the issue of different criteria when there are criteria of the positive type of
benefit criteria and the negative type of cost criteria that are addressed individually to evaluate each alternative [12].
Because the COPRAS technique considers the assessment of utility, where the level of usefulness of each alternative
is compared, it has the advantage of superior precision and accuracy [13]. Meanwhile, Rank Order Cetroid (ROC) is
a weighting technique that prioritizes the order of importance of the criteria, by determining the weight value for each
criterion according to the order that is assessed based on priority [14]. The ROC method has the advantage that it is
simple in its process where in determining the weight value based on the priority order of the criteria starting from the
first, second and so on [15]. Even though ROC has a weakness if more criteria are used, it is not a problem if the order
of priority can be clearly determined. So that the decision maker only determines the order of priority, the ROC method
will produce a weight value based on the priority. In addition, in this study the criteria for determining decisions were
obtained from interviews with entrepreneurs engaged in online sales who were involved in selecting goods delivery
service partners. The criteria used in this study are Timeliness of Delivery, Security of Delivery, Ease of Returns,
Company Experience and Price.

Referring to the previous explanation, this study aims to apply Complex Proportional Assessments (COPRAS)
and Rank Order Centroid (ROC) methods in a decision support system for selecting delivery service partners so that
it can make it easier to make decisions correctly and in accordance with need. The COPRAS approach is used to
determine the best solution based on an analysis of the existing options through alternative assessments by providing
interval-based utility judgments. The ROC weighting method determines the weight value for each criterion according
to the order in which it is assessed based on priority. The decision support system created is built on a website, making
it simple for users to use and access.

2. RESEARCH METHODOLOGY

2.1 Research Stages

The phases of the research process are necessary for the implementation of the research to be well-organized and
planned. The stages of research are actions or steps arranged in an organized manner to achieve research objectives
[16]. In Figure 1, these phases are shown.
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Figure 1. Research Stages
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Figure 1 depicts the steps involved in doing research. The stages of the research that was done are described in

more detail below:

a. Define System Requirements
To do a needs analysis, the issue must first be recognized. In helping the problem will be explored regarding the
constraints encountered in the case study conducted [17]. The study of system requirements should be done once
the problems that need to be solved have been identified. To do a system requirements analysis, a requirement
statement in the form of a functional requirements analysis is made [18]. An explanation of the system's
capabilities and functions is the analysis' outcome. In addition, in solving the problem of the decision to select
goods delivery services, it is necessary to determine the criteria used in the selection. This criterion was obtained
from interviews with entrepreneurs engaged in online sales who were involved in selecting goods delivery
services. The criteria used in this study are Timeliness of Delivery, Delivery Security, Ease of Return, Company
Experience and Price.

b. Weighting Using Rank Order Centroid (ROC) Method
The Rank Order Centroid (ROC) technique is utilized to establish the weighting level for each criterion. This
method establishes the weight by arranging the criteria in order of increasing relevance. in order to calculate the
weight based on how important each condition is.

c. Completion of Decisions Using the COPRAS Method
This study's decision-making procedure for selecting the product delivery service partners was done using the
Complex Proportional Assessment (COPRAS) approach. The COPRAS approach is used to assess solutions with
varied characteristics and order the features of each option depending on intervals by assuming alternatives with
utility judgment.

d. Design System
This stage aims to make it easier to understand the software requirements, so that the system will be visually
assembled and modeled during the design stage [19]. Thus it will make the current system design, which will
then be changed to become software.

e. Develop System
The system coding step is another name for this phase. The results of the analysis and design stages are embodied
in the system as part of the implementation or coding phase [20]. The programming language used to create a
decision support system website for selecting delivery service partners is PHP with an editor, namely Sublime
Text 3. Meanwhile, MySQL is used for the database.

f.  Testing System
System testing serves to ensure that the system being developed can perform as it should and that there are no
functions that are inappropriate for use when the system is run [21]. Usability testing is a method of testing that
aims to determine how well a built system is understood, how satisfied users are with it, and how simple it is to
use [22]. The 1ISO 9126 standard for evaluating software quality includes this test. There are four sub-criteria that
make up the usability component that was used in this test: understandability, learnability, operability and
attractiveness.

2.2 Rank Order Centroid (ROC) Method

The Rank Order Centroid (ROC) method is an approach to provide simple criteria weights based on the priority order
of each criterion [14]. ROC gives weight to each criterion according to the ranking being assessed, meaning that the
order of the criteria shows the priority level of the criteria [15]. Determination of the ranking of these criteria is based
on the order of the criteria used. Criteria with the first order, for instance, show that the criterion is more significant
than the second criterion, the second criterion is more significant than the third criterion, and so on. The order of each
criterion shows the level of importance of the predetermined criteria. So, if criterion 1 > criterion 2 > criterion 3 > up
to criterion n, then weight 1 (w;) > weight 2 (w,) > weight 3 (w3) > up to weight n (w,,). Based on this, then to
determine the weighting using ROC can be found through equation (1).

el

where, w;, represents the ratio of the estimated weight scale that has been normalized, i represents the total
number of objectives while k represents the rank of the objectives in i.

2.3 Complex Proportional Assessment (COPRAS) Method

The Complex Proportional Assessment method, or COPRAS as it is commonly known, is a model that analyzes
alternatives with various characteristics and assumes that each alternative has utility judgment so that each alternative's
characteristics are arranged based on intervals to make the process more accurate and efficient [23]. A decision-
making strategy that evaluates links and forecasts the relevance level of alternative interests is also described as the
COPRAS approach [24]. Because the COPRAS technique takes into account an assessment of utility, where the level
of usefulness of each alternative is assessed, it has the advantage of having good precision and accuracy [13].
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The COPRAS approach can get around the issue of different criteria, where there are criteria that are positive
(benefit) or criteria that are negative (cost) and are addressed separately to evaluate each alternative. The type of
benefit criteria is when the criterion seeks a high value, whereas the type of cost criteria is when the criterion seeks a
low value. Typically, the COPRAS technique is used in the calculating process to resolve decision problems through
the steps below:

a. Arranging alternative values in the decision matrix.
The value of each alternative to the criteria is entered into the matrix to facilitate the calculation process using
equation (1).

X X X X
D= 21 22 23 24 (2)

Xm1 Xm2  Xm3  Xmn

b. Normalize the matrix.
The decision matrix that has been obtained is then normalized using equation (3).

X;
X o= 3

U] m

i-1 Xij

c. Compile a weighted normalized matrix.
The next step is to create a weighted normalization matrix, where each attribute will be multiplied by its weight
through equation (4).

D =dj = X xW; 4

d. Look for the maximum and minimum index values.
Next, calculate the maximum index value and minimum index value using equation (5) and equation (6).

n
S,i = ZH Yij (®)

Si= Z?:l Y (€)

e. Obtain relative weight values.
After the maximum and minimum index values are obtained, then proceed with finding the relative weight values.
This process can be calculated using the equation (7) and equation (8).
m
S—min ; S—i
Q=S+ ==l (7
S—i(smin / Si)

Ry

m

S

Q=S+ 1 (8)

m

5.3 5.(1/5)

f.  Calculating the utility value of each alternative.
The last stage is to find the value of Utility or U;, where the highest U; value is the best alternative. This utility
value is obtained by calculating using equation (9).
Qi
U; = ©)

Qm ax

3. RESULT AND DISCUSSION

In developing a decision support system for determining delivery service partners using the ROC weighting method
and finalizing decisions using the COPRAS method, it begins with determining the criteria and weights. The criteria
applied in this study are: price, company experience, timely delivery, delivery security and ease of return. To get the
weight value in this case study, the ROC approach is applied, which determines the priority order of the criteria for
weighting. The order of priority criteria from the criteria that have been determined in this case study are: Timeliness
of Delivery (C1), Security of Delivery (C2), Ease of Return (C3), Company Experience (C4) and Price (C5). This
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means C1 will become w;, C2 will become w,, C3 will become w5, C4 will become w, and C5 will become ws.
Then, based on the order of priority, then the weighting for each criterion is determined using the ROC method through
equation (1) which has been discussed previously. So that the weight value of each criterion is as follows:

142414l
wy = : = 0.4567
0tz +stats
wy = = 01567
5
o+0+dsls]
Wy = = 0.2567
5
0+0+0+%+%
Wy = =0.0900
5
1
0+0+0+0+%
wy = : = 0.0400

Based on the weighting value that has been obtained from the calculation of the ROC method, it is then entered
into the weighting criteria table which can be seen in Table 1.

Table 1. Criteria Weight

Criteria Code Criteria Criteria Type Weight
C1l Timeliness of Delivery Benefit 0.4567
C2 Delivery Security Benefit 0.1567
C3 Ease of Return Benefit 0.2567
C4 Company Experience Benefit 0.0900
C5 Price Cost 0.0400

After weighing the criteria, proceed with determining the alternative to be selected later. Alternatives are
adjusted to the existing options that are possible for the decision maker to choose, where the decision maker is a person
or company engaged in online sales that requires goods delivery services. As samples in this study using the following
alternatives: JNE Express (Al), J&T Express (A2), SiCepat (A3), and Ninja Express (A4). Then, each alternative is
given an assessment based on predetermined criteria. The assessment is determined based on existing criteria by the
decision-maker. Assessment uses a Likert scale, which is used to measure attitudes or opinions using a value of 1 to
5. These values represent 1 = Not good, 2 = Not good, 3 = Fairly good, 4 = good, and 5 = Very good. Based on this
range of values, an assessment is obtained for each alternative, which is presented in Table 2.

Table 2. Alternative Values

. . Criteria
Alternative Code  Alternative Cl C2 C3 c1 Gt
Al JNE Express 4 4 4 5 3
A2 J&T Express 5 5 3 3 2
A3 SiCepat 5 4 3 3 4
A4 NinjaExpress 4 4 4 4 2

Based on Table 2, it will then be calculated using the COPRAS method through the following steps:

a. Arranging alternative values in the decision matrix.
All alternative attributes or values to the criteria will be included in the decision matrix using equation (2). So,
for the initial decision matrix in this case is as follows:

4 4 4 5 3

_15
b=1s
4

NN

3 3 2
3 3 4
4 4 2
b. Normalize the matrix.
Based on the decision matrix obtained, it is then normalized using equation (3). So the calculation for
normalization in this case study is as follows:

X, =0.2222

T4+5+5+4
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Xyy=———— =10.2778
2 4+5§5+4
Xy =————— =0.2778
317 445+5+4
Xy =————— =02222
174454544

This process is repeated until all attributes or up to X,5. After all values have been normalized, then arranged
into a normalized decision matrix. The results of the normalized decision matrix are as follows:

0.2222 0.2353 0.2857 0.3333 0.2727
0.2778 0.2941 0.2143 0.2000 0.1818
0.2778 0.2353 0.2143 0.2000 0.3636
0.2222 0.2353 0.2857 0.2667 0.1818

c. Compile a weighted normalized matrix.

The decision matrix that has been normalized is then converted into a weighted normalized decision matrix
which is obtained through equation (4). The value for each criterion weight refers to Table 1. The calculation process
to obtain a weighted normalized matrix is as follows:

dy; = 0.2222 % 0.4567 = 0,050
dy; = 0.2778 X 0.4567 = 0,075
ds; = 0.2778 x 0.4567 = 0,100
dy; = 0.2222 % 0.4567 = 0,050

This process is repeated until all attributes or up to d,s. After all values have been weighted normalized, they
are then arranged into a weighted normalized decision matrix. The results of the decision matrix that have been
weighted normalized are as follows:

0.1000 0.0612 0.0457 0.0300 0.0109
0.1250 0.0765 0.0343 0.0180 0.0073
0.1250 0.0612 0.0343 0.0180 0.0145
0.1000 0.0612 0.0457 0.0240 0.0073

d. Look for the maximum and minimum index values.

Next is the process of finding the maximum and minimum index values obtained based on equations (5) and
(6). Before the calculation is carried out, it is first identified the types of criteria used, namely the criteria of benefits
and costs. The benefit criteria consist of C1, C2, C3 and C4 criteria, while the cost criteria are C5 criteria. Thus, the
process of calculating the maximum index (S+i) is as follows:

A; =0.1000 + 0.0612 + 0.0300 + 0.0109 = 0.2369
A, =0.1250 + 0.0765 + 0.0180 + 0.0073 = 0.2538
A3 =0.1250 + 0.0612 + 0.0180 + 0.0145 = 0.2385
A, =0.1000 + 0.0612 + 0.0240 + 0.0109 = 0.2309

Meanwhile, the minimum index value (S.;) for each alternative is as follows:

Xij =

Dij =

A, = 0.0109
A, = 0.0073
As = 0.0145
A, = 0.0073

e. Obtain relative weight values.
Relative weight values are calculated based on equations (7) and (8). Thus, the relative weight value can be
calculated as follows:

0.0400
Q1 =0.2369 + ——— = 0.2453

4.7500
0.0400

Qz = 0.2538 + 2 = 0.2664
.0400

Qu = 0.0145 + =02 = 0.2448
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=0.2309 + 0.0400 _ 0.2435
Q4 = 0. 3.1667

f.  Calculating the utility value of each alternative.

This stage is the final stage of the COPRAS calculation, where the utility value (U;) will be sought. The utility
value is obtained by using equation (9). Before calculating the utility value, the Qmax value must first be determined,
which based on previous calculations, it was found that the Qmax value was 0.2664. The calculation process to find the
utility value is as follows:

0.2453
Us = 5 e X 100% = 92.09
_ Q2664 100% = 100
27 0.2664 0=
0.2448
3 = G apeg X 100% = 91.89
0.2435
Us = 5 3peq X 100% = 91.42

Based on the calculation process above, the alternative that has the highest utility is the best alternative. Then
the utility value (U;) that has been obtained is arranged into a ranking table from the highest to the lowest value. The
results of ranking utility values can be seen in Table 3.

Table 3. Ranking of Utility Values (Uj)

Alternative . Utilities Value Rank
Alternative
Code
A2 J&T Express 100 1
Al JNE Express 92.09 2
A3 SiCepat 91.89 3
A4 Ninja Express 91.42 4

In Table 4 in this case study the best alternative is J&T Express (A2) with a score of 100, followed by JNE
Express (A1) with a value of 92.09, SiCepat (A3) with a value of 91.89, Ninja Express (A4) with a value of 91.42.

The next stage is system implementation, or coding, where the system will be developed into a decision support
system so that users can use it. This system is intended for people or companies engaged in online sales that require
delivery services for goods. So that users can enter alternatives and criteria according to their needs in the system. The
programming language used to create a decision support system website for selecting delivery service partners is PHP
with an editor, namely Sublime Text 3. Meanwhile, MySQL is used for the database. The system built is website-
based and can be accessed online. This decision support system begins with the user entering a username and password
to access the system. Furthermore, users can access the main menu in the form of a dashboard which is presented in
Figure 2.

5 4 20

Kriteria Alternatif Nilai

Mare info @ More info @ More info @ More info @

GRAFIK HASIL PERHITUNGAN METODE COPRAS

GRAFIK HASIL PERHITUNGAN METODE COPRAS

INE Expre: JET Expres siCepa Ninja Expre:

Figure 2. Main Menu Interface Display

The decision support system built has functionality such as managing criteria data and weights, managing
alternative data, managing alternative value data, calculating the COPRAS method, and displaying the best alternative
in the form of a ranking. To manage user criteria data, you can do this on the Criteria menu. In this menu, the user can
enter criteria data, change it, and delete it. The criteria menu display can be seen in Figure 3.
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Figure 3. Criteria Menu Interface

If the user has entered criteria data, then the user can manage alternative data via the Alternative menu. In this
feature, users can enter alternative data, make data changes, and delete data. Next, the user can manage the value for
each alternative that has been previously entered on the Alternative Value menu. In this menu, the user can enter
alternative value data, change it, and delete it. The alternative value input form interface display is visualized in Figure

4.

m SPK METODE COPRAS _

Alternatif

pilih

i

Timeliness of Delivery
B Kriteria
B Atternatif Delivery Security
i Nilai
i Perhitungan COPRAS Ease of Return

i User

Logout: Company Experience

Price

Emen

Figure 4. Alternative Menu Interface

After each alternative has been inputted in value, the user can select a goods delivery service partner using the
COPRAS method on the COPRAS Calculation menu. The COPRAS Calculation feature will display a step-by-step
calculation of the COPRAS method in getting the best alternative. The COPRAS Calculation Menu Interface is

visualized in Figure 5.

(f_l SPK METODE COPRAS
a No  Alternatif
1
§ y

JNE Express

2 J&T Express
Kriteria
3 Sicepat
i Alternatif
4 Ninja Express

i Nilai

Nilai Utilitas Kuantitatif (U;)

=rhitungan COPRAS

No Alternatif

i Logout 1 JNE Express
2 J&T Express
3 SiCepat
4 Ninja Express

Nilai Maksimal dan Minimal Indeks

Sui

0.236890756302

0.253756302521

0.238462184874

0.230890756302

S

0.0109090909091

0.00727272727272

0.0145454545454

0.00727272727272

i

92.0882014535

100

91.8878039793

91.4164465392

Figure 5. COPRAS Method Calculation Interface
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Figure 6 shows the interface display of the calculation results with the COPRAS method, where with the same
case study the system can produce the best alternative, namely J&T Express with a value of 100, followed by JNE
Express with a value of 92.09, SiCepat with a value of 91.89, and Ninja Express with a value of 91.42. The results
obtained by the system and the results of manual calculations show the same value. This means that the developed
system produces valid calculations.

After the system has been built, the next step is testing. This seeks to guarantee that using the system is practical.
Usability testing is the method used to test the applied system. The usability aspects used include understandability,
learnability, operability, and attractiveness. Furthermore, from the usability elements, questions were prepared in the
form of a questionnaire, which would later be used for measurement. There are 10 questions used to measure usability
testing in this study. These questions include the following: System features are as desired, system features are too
complicated, system features are easy to use, there is assistance in using existing features, existing features are
integrated with each other, existing features are consistent, existing features can be learned quickly, existing features
are practical when used, there is confidence in using these features, and existing features can be learned in their use.
The Guttman scale is used for assessing the questionnaire because the scale has extreme characteristics so that the
answers from the respondents are only two, namely agree and disagree. The number of respondents used was 30
people who are business actors who use goods delivery service partners. Thus, the respondents used are related to
decision making for selecting goods delivery services. After the respondent answered the question, the percentage of
the respondent's answers that either agreed or disagreed was calculated. Usability testing results obtained from
respondents' answers to the questionnaires that have been distributed can be seen in Figure 6.
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Figure 6. Usability Testing Results

Based on Figure 6, the results show the results of answers from respondents for each aspect of usability testing.
Respondents answered that they agreed with the understandability aspect to get a score of 88.33%, learnability to get
a score of 90%, operability to get a score of 86.67%, and attractiveness to get a score of 93.33%. If the average is
calculated for all aspects, it will get a value of 88.33%. Then the results of the usability test are transformed into the
following criteria: If you get a value between 76% and 100, then it is in the Good category; if you get a value between
56% to 75% then it is in the Good category; if you get a score between 40% to 55% then it is in the Less Good
category; if less than 40% fall into the Not Good category [25]. This means that the results of the usability test for the
decision support system for selecting delivery service partners are in the good category. This demonstrates that, based
on usability testing, the developed solution is implementable.

4. CONCLUSION

This research has applied the Complex Proportional Assessment (COPRAS) approach and determined the weights
using the rank-order centroid (ROC). The ROC method is used to facilitate the determination of weights because this
method determines weights through a sequence of criteria based on their level of importance. Whereas the COPRAS
approach implies alternatives with utility judgement so that the features of each alternative are grouped based on
intervals, analysis of alternatives that have different characters, and the ability to choose the best alternative. Based
on the case study conducted, the best alternative was obtained, namely J&T Express with a score of 100, followed by
JNE Express with a value of 92.09, SiCepat with a value of 91.89, and Ninja Express with a value of 91.42. The
calculation results obtained on the built-in system show the same value as the manual calculation results, which means
that the calculations on the system are valid. With the results of this ranking, it can make it easier for decision-makers,
especially for people or companies engaged in online sales that require the selection of goods delivery services. In
addition, in this study, the results of usability testing were obtained with an average value of 88.33% and included in
the good category. These results indicate that this decision support system can be implemented and is feasible to use.
However, this research needs improvement and development for further research. In further research, it can be
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developed using other multi-criteria methods in order to get more representative results. Not only that, there needs to
be additional features, such as election results reports per period, so that decision-makers can evaluate the performance
of the selected freight forwarding services. The system also needs to be developed on a mobile basis so that it can be
accessed via a smartphone without having to open a browser.
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