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choices for further studies becomes difficult. Moreover, there are many
choices of higher education. This study contributes to developing a
decision support system (DSS) to help students determine the major and
higher education institution considered several criteria based on
Analytical Hierarchy Process (AHP). Several criteria and subcriteria were
chosen by distributing 186 questionnaires to final grade students. Based
on the result, criteria and subcriteria used were tuition fee, scholarship,
infrastructure (library, classroom, laboratory, transportation, teaching
staff), curriculum, quality (accreditation, study period, achievement),
reputation, and international collaboration. According to these criteria and
sub-criteria, a DSS was built to help students determine their major and
higher education institution according to their preferences. The algorithm
used was AHP, which was then built with Borland Delphi. Context
Diagram, Data Flow Diagram (DFD), and Entity Relationship Diagram
(ERD) were made as a guide to design the DSS. This DSS was tested using
black box test, beta test and compatibility test with manual calculations.
The black box test showed that the DSS has performed the functions
according to the design. Later, the beta test resulted in a correctness score
of 20.4, reliability of 16.8, usability of 25.5, which means they were in the
very good category and integrity of 3.4, which means good. Meanwhile,
based on manual calculations, the DSS provides output in accordance with
the results of manual calculations. Finaly, he DSS was proven to be used
as a decision-making tool in determining the major and higher education
institution for students.

This is an open-access article under the CC-BY-SA license.

1. Introduction

Higher formal education is still mandatory for companies in the employee selection process. Not
only that, formal education is also one part of a stratum of life in society. Therefore, choosing a good
quality formal education is necessary to increase the opportunity to live a decent life. The choice of
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higher formal education, including the major and higher education institution, is challenging for
adolescent students. Although, according to Wasilah et al. (2023), errors in the selection of the major
and higher education institution do not have a significant effect on learning values, but it can have an
impact on the despair level in undergoing learning (Arifin, Primayasa, and Baharsyah 2020).

The research on the selection of formal education has been conducted in many countries such as
Hongkong (Wong et al. 2016), Malaysia (Migin et al. 2015; Padlee, Kamaruddin, and Baharun
2010)(Migin et al. 2015; Padlee, Kamaruddin, and Baharun 2010), Serbia (Miti¢ and Moji¢ 2020),
United States (McCarthy, Sen, and Fox Garrity 2012), Ghana (Fosu and Poku 2014), United Kingdom
(McManus, Haddock-Fraser, and Rands 2017), Scotland (Briggs 2006; Briggs and Wilson 2007),
Germany (Obermeit 2012), and developed countries (Vrontis, Thrassou, and Melanthiou 2007). It
can be concluded that the selection of higher education is a worldwide problem that most prospective
students in many countries have experienced. However, each country may have different
characteristics related to the criteria for determining determining majors and higher education
institutions. Moreover, prospective students also have their preferences related to this problem
(McManus, Haddock-Fraser, and Rands 2017).

A system is needed to decide on higher formal education selection to solve these problems.
Oktapiani et al. (2020) using the Analytical hierarchical process (AHP) method. It's just that the
calculations in the study are still conducted manually. AHP is the method that is widely used in multi-
criteria decision-making (Bhaskar and Khan 2022; Gyani, Ahmed, and Haq 2022; Hamidah et al.
2022; Jatiningrum et al. 2019; Mahammad and Islam 2021). Related research about AHP in the higher
educaton selection was also conducted by Julizal et. al. (2021). In this study, the determination of the
major in vocational high school using the AHP method has been carried out using Criterium Decision
Plus (CDP) 3.0 software. However, there needed to be tools to be used to determine majors and higher
education institutions. Wrong in determining this matter has a burdensome impact on students.
Therefore, the research contributes to developing a DSS to determine the major and higher education
institution, considering several criteria based on AHP and the preferences of prospective students.

2. Method

The stages carried out in this study are identifying criteria and sub-criteria in determining a major
and higher education institution based on the preferences of prospective students, building a decision-
making system based on AHP, and DSS testing by users.

2.1.Identifying criteria and subcriteria in determining a major and higher education
institution based on the preferences of prospective students

According to Saaty (1980), hierarchy is defined as a representation of a complex problem in a
multilevel structure where the first level is the goal, followed by the factor level, criteria, sub-criteria
and so on down to the last level of the alternative. The literature review was conducted to identify the
criteria and sub-citeria for determining a major and higher education institution. There were 6 criteria
obtained from literature review, tuition fee, scholarship, infrastructure (sub-criteria: library,
classroom, laboratory, wifi), curriculum, quality (sub-criteria: accreditation, average study duration,
achievement), and reputation (Agrey and Lampadan 2014; Harahap et al. 2021; Wilkins, Shams, and
Huisman 2013; Wulandari et al. 2022). These 6 criteria were validated by interviewing and
distributing questionnaires to respondents. Respondents were also allowed to add criteria and sub-
criteria not listed in the questionnaire.

The respondents were taken from students in a high school in Central Java, Indonesia.
Determining the respondents is based on purposive sampling, students aged 16-18 years who will
choose formal higher education. Meanwhile, the number of samples is calculated using the Slovin
formula with a population of 345. Based on the calculation, as seen in equation (1), the total sample
required is 186 students. Given that n is the sample size, N is the population size, and e is the error
rate.
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2.2. Building a decision-making system based on AHP

Hierarchy consists of goal, criteria and subcriteria, and alternatives as the basis for building a
DSS. The goal of the DSS is to determine the major and higher education institution based on the
preferences of prospective students. Criteria and subcriteria obtained from the previous stage are
entered into the DSS. Meanwhile, alternatives to higher education institutions are free to be entered
by DSS users. The algorithm used for this DSS is AHP, while the programming language was Borland
Delphi. AHP is a method used to evaluate and make multi-criteria decisions (Saaty 1980; Yusof and
Hasliah 2013). This evaluates several alternatives based on different criteria and sub-criteria and then
assigns a relative score to each alternative. The principles that must be understood in solving problems
with AHP are:

a. Decomposition, is conducted by breaking the whole problem into its elements.

b. Comparative judgements, are used to judge the relative importance of two elements at a
certain level in relation to the level above it. The results of the assessment are presented in
pairwise comparison matrix.

c. Synthesis of Priority. Eigen vector is calculated on each pairwise comparison matrix to get
local priority. Then, synthesis between local priority must be conducted to get global priority.

d. Logical Consistency. Consistency is measured based on the value of the consistency ratio as
shown in equation (2). Given that CI is Consistency Index, CR is Consistency Ratio, and RI
is Random Index.

Cl
DSS was also developed by refering to:

1. Context diagram, was used to show a single high level process that describes process and scope
in a system

2. Data flow diagram (DFD), was used to describe the data flow of a process to ease for developers
to build an application. DFD provides a visual picture of who will be involved in the process from
start to finish.

3. Entity relationship diagram (ERD), was used to describe the relationship between entities

(objects) in a database.

2.3.DSS testing by users

DSS testing aims to ensure that the built DSS is following predetermined requirements. The
DSS tests used include:

1. Black box test, was carried out to find out the results of the DSS output and check the
application's functionality.

2. Beta test, was useful for measuring the quality of the user experience when interacting with
DSS to determine a major and higher education institution.

3. Compatibility test with manual calculation, aimed to determine the suitability between DSS
calculation results and manual calculations
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3. Results and Discussion

3.1.1dentification of criteria and subcriteria in determining a major and higher education
institution based on the preferences of prospective students

Questionnaires to identify criteria and subcriteria were distributed to 186 respondents.
Respondents were asked to assess the rate of importance from criteria and subcriteria obtained from
literature review. The importance score that must be checked by the respondent is from 1-4 which
indicates very unimportant to very important. Moreover, respondents were allowed to add criteria and
sub-criteria, other than those derived from the literature review. The results showed that all criteria
and sub-criteria from literature review have an average score above 3, except a sub-criteria wifi. This
means that all criteria and sub-criteria with a score above 3 were considered important in determining
a major and higher education institution. Meanwhile, sub-criteria wifi was considered to be removed
because respondents thought this was not important.

Furthermore, there were additional criteria and sub-criteria based on the results of the
questionnaires distributed to respondents. They were criteria for international collaboration and sub-
criteria for teaching staff and transportation, which are included in the infrastructure criteria. Finally,
the criteria and sub-criteria used were:

1. Tuition fee, is total amount of money paid by individuals during their study in higher education
2. Scholarship, is a grant given to students in the higher education institution
3. Infrastructure, is all the facilities provided to support the implementation of various activities
in higher education institutions. This criterion has the following sub-criteria:
a. Library, is facilities owned by the campus to provide library materials and information in
various forms, such as books, journals, and reports
b. Classroom, is the place where the teaching and learning process takes place
Laboratory, is facilities used by students to practice what they have learned during lectures
d. Transportation, is related to the ease of accessibility of transportation around higher
education institutions
e. Teaching staff, is professional educators and scientists with the main task of transforming,
developing and disseminating science, technology and art through education, research and
community service.
4.  Curriculum, is a system of plans and arrangements regarding learning materials that can be
guided in teaching and learning activities.
5. Quality, is the characteristic of a higher education institution that supports its ability to satisfy
student needs. This criterion has the following sub-criteria:
a. Accreditation, is a value indicating government recognition of a higher education institution
b. Study period, is the average length of time that students need to graduate from higher
education
c. Achievement, is a tangible manifestation of the quality and quantity obtained by the higher
education institution for the efforts made
6. Reputation, is the fame level of majors and higher education institutions among students.
7. International collaboration, is collaboration carried out by two or more higher education
institutions from different countries with the aim of developing institutional quality.

o
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3.2.Building a decision-making system based on AHP
The DSS was developed based on the following stages:

1.  Context diagram
The design of the system developed for decision making in determining major and higher

education institution was based on the context diagram. Fig. 1. shows context diagram used for
the DSS.

Data user
The intensity level of criteria importance
The intensity level of subcriteria

| Data user

1mpqrtanC§ ) The decision regarding to
The intensity level of alternatives determine the major and
importance p/{DSS in determining the\ higher education institution

User major and higher »  School

education institution

-
-t

User identity

The decision regarding to determine the
major and higher education institution

Fig. 1. Context diagram of the DSS

According to Fig. 1, user and school were external entities or parties outside the system. User
or final grade students provided input to the system, such as data user, the intensity level of
criteria importance, subcriteria importance, and alternatives importance. The process conducted
in the system was data analysis toward multi-criteria decision problem using AHP algorithm to
determine the major and higher education institution. User and school received output from the
system, such as user identity and the decision to determine the major and higher education
institution.
2. DFD

DFD provided information about the input and output of each entity, and the process itself
(Suhirman et al. 2021). Fig 2. shows DFD used for the DSS. In this stage, the user needed to
input user ID, the intensity level of criteria importance and the intensity level of subcriteria
importance.
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Fig. 2. DFD of the DSS
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The data of intensity level of criteria importance and subcriteria importance were then
calculated in sytem using AHP algorithm. After that, the system stored the pairwise comparison
matrix and normalization result. The user got information related to user info and about the
criteria and sub-criteria weights in determining the major and higher education institution. Then,
the user entered several couples of majors and higher education institutions of interest as the
alternatives. In addition, the user also needed to input the intensity level of alternative
importance based on each criterion and subcriteria. The system analyzed data using AHP, so
the user reached on the decision regarding to determine the major and higher education
institution.
3. ERD

ERD used to design the DSS is shown in Fig. 3. There were 4 entities used: user, criteria, sub-
criteria, and alternatives. There was a relationship among these entities (Suhirman et al. 2021).
A user has to input the intensity level for many criteria, many sub-criteria, and many
alternatives. Each entity also has some attributes, as shown in Fig. 3. Entitiy of the user has 2
attributes, criteria has 2 attributes, sub-criteria has 2 attributes, and alternatives has 3 attributes.

Criteria weight

M

Alternatives name
1D alternatives
Alternatives weight

Alternatives

Sub-criteria
name

M

Fig. 3. ERD of the DSS

4. According to the design of application referred to as Context Diagram, DFD, and ERD, DSS
was developed as follows:
a. Homepage
The initial display appeared when the DSS was run was the interface for filling in the user’s
identity, such as name and major in high school. The homepage display can be seen in Fig.
4.
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Fig. 4. User interface homepage
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b. Instructions for use
The display provided on this menu was the instructions for using the DSS in determining
the major and higher education institution. In addition, there were examples of weighting

for criteria and sub-criteria. This disglaz is showed in Fi%. 5. _
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Fig. 5. User interface of instructions for use

¢. Menu for data input
In this interface, the user must input the level of importance based on pairwise comparison
questions. These questions included pairwise comparisons between criteria, sub-criteria,
and alternatives based on criteria and sub-criteria. After that, the system will transform the
input into pairwise comparison matrices. These matrices will be analyzed using AHP. The
output was the weight of criteria, subcriteria, and alternatives according to criteria and
subcriteria. Fig. 6 shows the display of menu for data input.

~Pembobotan Biayva

arana Prasarana

Fig. 6. User interface of menu for data input

d. User interface conclusion
The display appeared on this menu was the result of AHP calculations based on input from
menu data for input. The data displayed were name and major in school. In addition, output
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from AHP analysis was the order list of the major and higher education institution to be

prioritized. Interface for conclusion is showed in Fig. 7.
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Fig. 7. User interface conclusion

3.3.DSS testing by users

DSS testing included blackbox test, beta test and manual calculations using Ms Excel.

1. Blackbox test
The Blackbox test focused on the DSS's functional specifications (Aliero et al. 2020). This test
was conducted to see the response of the DSS when users carried out the data input process.
Table 1, 2, and 3 show the result of blackbox test for input user identity data, input criteria and
sub-criteria, and output AHP analysis.

Table 1. The Result of Blackbox Test

No Testing Scenarios Test Cases Expected Results Test Results
1 No data is entered Homepage The system will refuse to Appropriate
continue with the next step, and
will display an error message.

2 The data entered is The system will refuse to Appropriate
incomplete continue with the next step, and
will display an error message.
3 Input data according to fields The system will proceed to the Appropriate
next step
4 No data is entered Menu for data The system will refuse to Appropriate
input, continue with the next step, and
including will display an error message.
5 The data entered is criteria, sub- The system will refuse to Appropriate
incomplete criteria, and continue with the next step, and
alternatives will display an error message.
6 Input data according to fields The system will proceed to the Appropriate
next step
7 Click calculate after input the ~ Conclusion The order list of the major and Appropriate
level of importance based on higher education institution to be
pairwise comparison prioritized
questions
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Beta test

This test began by giving an explanation in advance regarding the DSS to 5 respondents, then
respondents were asked to used the DSS directly. Afterwards, respondents were asked to fill out
a user testing questionnaire consisting of 20 questions. This questionnaire is useful for knowing
the user's understanding of using the DSS. The questions were related to aspect of correctness,
reliability, integrity, and usability (Aliero et al. 2020).

Table 2. The Result of Beta Test

No Aspect Average score Qualitative Criteria
1 Correctness 20.4 Very good
2 Reliability 16.8 Very good
3 Integrity 34 Good
4 Usability 25.5 Very good

Score calculation from the questionnaire was carried out to determine the qualitative criteria of
each aspect. Table 2 shows the result of Beta test. The average score of each aspect was included
in the good and very good categories. Therefore, it can be concluded that the developed DSS can
be well understood and used by fnal grade students who will continue their study.

Compeatibility test with manual calculations

An example of case was used to compare the results of calculations using the DSS and manual
calculations using Ms. Excel based on AHP. Alternatives of major and higher education
mstitution entered were consist of Hukum-UNDIP, Sastra Indonesia-UNS, and Hukum-UNS.
Calculations was conducted to determine the weight of criteria and sub-criteria, and global
weight of alternatives. CR was also calculated for each of step to ensure the level of consistency
of decision makers when filling in the comparison values between a pair of objects (Shen et al.
2019). Table 3 and Table 4 show the comparison between criteria weight and sub-criteria weight
using the DSS and manual calculations. The results of the criteria weight and sub-criteria weight
obtained from both the DSS and manual calculations were the same. Likewise, both CR values
were the same. They were 0.092 for criteria weight and 0.09 for sub-criteria weight.

Table 3. The Comparison of Criteria Weight

Criteria The DSS Manual Calculations
Tuition fee 0.212 0.212
Scholarship 0.342 0.342
Infrastructure 0.131 0.131
Curriculum 0.079 0.079
Quality 0.129 0.129
Reputation 0.042 0.042
International collaboration 0.065 0.065

Table 4. The Comparison of Sub-criteria Weight

Sub-criteria The DSS Manual Calculations
Library 0.137 0.137
Classroom 0.166 0.166
Laboratory 0.505 0.505
Transportation 0.035 0.035
Teaching Staf 0.157 0.157

Meanwhile, output the DSS for global weight of alternatives were compared to the result of
manual calculations, as seen in Table 5. The results showed that there was no difference between
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output of the DSS and manual calculations. This proved that AHP as a method for solving multi-
criteria decision-making problems can be implemented properly in DSS. Therefore, it can be
concluded that the DSS can be used as a tool to determine the major and higher education
institution based on several criteria and sub-criteria.

Table S. The Comparison of Global Weight for Alternatives

Alternatives The DSS Manual Calculations
Hukum-UNDIP 0315 0.315
Sastra Indonesia-UNS 0.149 0.149
Hukum-UNS 0.537 0.537

4. Conclusion

The DSS has been developed to determine a major and higher education institution. The DSS
was built based on AHP to solve multi-criteria decision problems. Criteria and sub-criteria used were
tuition fee, scholarship, infrastructure (sub-criteria: library, classsroom, laboratory, transportation,
teaching staff), curriculum, quality (sub-criteria: accreditation, study period, achievement),
reputation, and international collaboration. The DSS was developed based on design referred to as
the context diagram, DFD, and ERD. The DSS was also tested through beta tests, black box text, and
compatibility tests with manual calculations. The result showed that DSS can be well implemented
as a tool to determine the major and higher education institution based on several criteria and sub-
criteria
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