A Decision Support Framework for Scholarship Selection Using Multicriteria Analysis with AHP and SAW
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Abstract. In developing the country's social and economic capital, education plays a key role. However, the current higher education landscape requires investment not only from the government but also from students and their families. Scholarships provide essential funding that opens up opportunities for students from less privileged backgrounds. The Kedah State Zakat Board (LZNK) is one of the organisations that offer scholarships to students from underprivileged families. Currently, the selection of LZNK scholarship recipients is based on both general and specific eligibility criteria, as well as the applicant's performance in interviews. Many applicants typically meet both the general and particular requirements. As a result, the number of those eligible for the interview is significantly higher than the allocated quota. This selection process will certainly take time and require a large workforce. Therefore, this study will develop a scholarship applicant score by combining existing conditions and new criteria based on the multidimensional poverty index (MPI). The applicant's score will be calculated using the Multi-Criteria Decision Making (MCDM) method, incorporating the Analytic Hierarchy Process (AHP) and Simple Additive Weighting (SAW) approaches. MCDM is a method frequently used in decision-making based on various criteria. Through MCDM, the applicant's score can be set aside, and interview eligibility can be determined based on the applicant's ranking according to their score. The study's results are expected to help identify the most qualified LZNK scholarship applicants by incorporating new criteria, while also aiming to enhance LZNK's efficiency in the entire process of selecting scholarship recipients. LZNK's initiative to support underprivileged students aligns with the context of higher education and the RMK-12 framework, which emphasises future talent development, particularly in improving the quality of student education.
INTRODUCTION
    The Kedah State Zakat Board (LZNK) offers various forms of zakat distribution assistance to individuals. These include support for living expenses, medical needs, housing, business or self-reliance initiatives, natural disaster relief, community development, and educational aid [1]. Within the education sector, support encompasses monthly school assistance, donations designated for students to further their studies at local Institutes of Higher Education (IPTs), as well as educational scholarships within the country and medical scholarships [1].
    The scholarships for which applications are submitted generally encompass both broad and specific criteria to ascertain eligibility [1]. For instance, to qualify for a scholarship designated for domestic students at Malaysia's public higher education institutions (IPTA), applicants must fulfil four general requirements and three specific requirements, such as being a Muslim (general requirement) and being a first-year student at an IPTA (specific requirement). Priority for this scholarship is typically accorded to impoverished asnafs and poor asnafs. Impoverished asnafs are defined as Muslims who possess no property or income or possess property or income but do not reach fifty per cent of the had kifayah for themselves and their dependents [2,3]. Poor asnafs are Muslims who have property or income that can cover more than fifty percent of their own needs and those of their dependents but still do not satisfy the had kifayah [2,3]. 
     Kedah has a significant number of impoverished and needy individuals classified as asnafs. According to data obtained from LZNK in 2024, there were 4908 impoverished asnafs in 2022 and 4,718 in 2023. Moreover, the count of impoverished asnafs is considerably higher when compared to the overall number of applicants. LZNK recorded 15360 impoverished asnafs in 2022, with this figure increasing to 19677 in 2023 [4]. Consequently, most applicants tend to meet the basic and specific eligibility criteria. This situation renders the selection process challenging, necessitating extended interview durations to accommodate qualified applicants. Therefore, it is recommended that the selection criteria (indicators) be reviewed to enhance the efficiency and effectiveness of the selection process. Consideration could be given to indicators derived from the Multidimensional Poverty Index (MPI).
    The Multidimensional Poverty Index (MPI) was introduced by the United Nations Development Programme (UNDP) in 2010, and was initially developed by Alkire and Foster in 2007 [5]. The MPI is categorised into three principal dimensions and incorporates ten indicators utilised for poverty measurement. In the context of Malaysia, the MPI deviates slightly from the version proposed by Alkire and Foster; specifically, Malaysia's multidimensional poverty index comprises four dimensions and eleven indicators [6].

    According to the World Bank report [6], the dimensions under the Multi-Dimensional Poverty Index (MPI) in Malaysia include education, health, standard of living, and income. The health dimension comprises two indicators: years of schooling and school attendance. Additionally, the health dimension encompasses two further indicators: access to health facilities and access to clean water sources. Conversely, the standard of living dimension contains the highest number of indicators, totalling six, such as housing conditions, occupancy density within dwellings, toilet facilities, garbage collection services, transportation, and access to basic communication tools. The income dimension includes a single indicator: household income.

    The dimensions under MPI have the potential to serve as a benchmark for calculating scores for LZNK scholarship applicants. Applicant scores may be derived from eleven indicators across four dimensions within the MPI framework. Each indicator is assigned a weighting value, indicating its relative significance. The determination of these weighting values can be performed utilising the Multi-Criteria Decision Making (MCDM) approach, specifically employing the Analytic Hierarchy Process (AHP) and the Simple Additive Weighting (SAW) method. For instance, regarding the indicator of access to health facilities, a weight of 1 will be assigned if the distance to the nearest health facility exceeds 5 km and no mobile health facilities are available. Conversely, a weight of 0.5 will be assigned if the distance is less than 5 km and mobile health facilities are accessible. 

     MCDM is widely used across various fields to solve decision-making problems [7, 8]. Several MCDM methods exist, including the Simple Additive Weighting (SAW). Fishburn [8] developed SAW as a multi-indicator method based on the idea of weight summation. However, SAW faces challenges in calculation reliability [10]. To address these issues, it can be combined with the Analytic Hierarchy Process (AHP) and the Fuzzy Simple Additive Weighting (Fuzzy SAW) method. Fuzzy SAW, introduced by Baas and Kwakernaak [11], utilises fuzzy numbers and provides greater sensitivity in managing uncertain information. AHP, proposed by Saaty in the 1970s [12], benefits from including expert opinions when assigning indicator weights. Nonetheless, it is less effective for score elimination, as it does not classify indicators into merit–demerit components. Merit components are those that increase an applicant's score, such as the distance from their home to the nearest health facility. 

     The integration of AHP- SAW aims to mitigate the limitations inherent in each individual technique when determining applicant scholarship scores, while simultaneously generating optimal results tailored to each applicant. Consequently, LZNK is no longer obliged to interview every applicant who fulfils the current specific and general criteria. Instead, interviews may be selectively conducted based on the highest scores derived from both the existing requirements and the new criteria (MPI) through the application of the AHP-SAW methodology.

PROBLEM STATEMENT
     LZNK receives numerous applications annually following the issuance of the scholarship offer advertisement. In 2023, a total of 783 applications were submitted to LZNK [4]. Given the high volume of applicants, it becomes a formidable task for LZNK to identify and select the most qualified candidates, particularly since the scholarship quota for that year was limited to only 70 recipients [4].

     Aside from the quota issue, another challenge is that many applicants have nearly identical living standards. According to both general and specific criteria, the majority of these applicants are technically qualified to receive the scholarship. To address this predicament, the MPI indicator can serve as a guiding criterion for LZNK in the selection of scholarship recipients. The MPI framework comprises eleven detailed indicators that delineate the applicants' living standards, thereby enabling a more precise differentiation among them. Developed comprehensively, the MPI does not depend on a single criterion but integrates four distinct dimensions [6]. These four dimensions, which are grounded in fundamental indicators of life, include education, health, standard of living, and income [6].

     All indicators under the MPI and existing conditions can be combined using the MCDM method with a blend of AHP-SAW to generate a single applicant score. AHP and SAW are techniques frequently used for multi-criteria decision making, each offering distinct advantages. AHP is especially effective for assigning weights to indicators, as it incorporates expert judgment from the LZNK panel through Saaty’s 1–9 comparison scale. However, the AHP method is not suitable for the scoring process, as it does not consider merit–demerit components [13, 14]. Consequently, applicant scores will be calculated using the SAW method based on AHP-derived weight values. The integration of AHP and SAW methods is expected to produce optimal applicant scores and guide the LZNK in screening the most suitable candidates for interviews and selecting scholarship recipients.

RESEARCH QUESTIONS
1.   What indicators are used for selecting LZNK scholarship recipients?
2.    How are the achievements of the new approach used to select LZNK scholarship recipients measured?
3.    How is the shortlist of LZNK scholarship applicants formed?

RESEARCH OBJECTIVES
The primary aim of this study is to assess the scores of LZNK scholarship applicants in relation to the indicators of the multidimensional poverty index (MPI). To accomplish this overarching goal, several specific objectives must be fulfilled, as outlined below.

1.    To identify indicators in the selection of LZNK scholarship recipients.
2.    To assess the performance of the new approach in selecting LZNK scholarship recipients.
3.    To develop applicant scores based on the AHP-SAW method.
LITERATURE REVIEW
    Education is an essential right for every individual and a fundamental necessity capable of eliminating poverty, reducing socio-economic disparities, and promoting sustainable development [15]. In Malaysia, primary and secondary education within government institutions is provided free of charge, while higher education incurs relatively substantial costs. To alleviate this financial burden, the government, statutory bodies, corporations, and other organisations offer various forms of financial aid and educational assistance. Among these is the Kedah State Zakat Agency (LZNK), which provides educational support such as monthly school allowances, student grants, and scholarships for further studies at local higher education institutions, as well as medical scholarships within the country. Students are classified under the category of fisabilillah, which pertains to individuals engaged in struggles and activities aimed at supporting and defending the religion of Allah. This classification is one of the eight categories of asnaf eligible to receive zakat [4]. 
    In order to qualify a student to apply for this zakat assistance, LZNK has established various general and specific requirements, as detailed in Table 1.

TABLE 1. Requirements for applying for a local IPT scholarship [4]  

	No
	General Requirements
	Specific Requirements

	1
	The applicant must be Muslim.
	The applicant is a first-year student for the academic year (e.g. 2024/2025).

	2
	The applicant has been residing/settling in the state of Kedah for at least two (2) years.
	The applicant must be no older than 25 years of age at the time of application.

	3
	Priority is given to the poor and needy. 
	Obtain an overall grade point average (PNGK) of at least 3.00 for Diploma/Matriculation/Asasi/A-Level or a minimum grade of Jayyid Jiddan for STAM.

	4
	All fields of study for bachelor’s degree qualifications only.
	



    These requirements are generally satisfied by numerous students applying for the scholarship, thereby complicating the process of selecting the most suitable candidates prior to rendering a final decision.  For instance, in 2023, the number of applications received (783) exceeded the available scholarship quota (70) by more than elevenfold. The current procedure includes screening for interviews, which takes approximately two months before the final selection is made within a subsequent month [4]. This methodology demands considerable manpower. To enhance the overall selection process, it is necessary to implement more comprehensive criteria for screening applications, utilising a selection score constructed based on the Multidimensional Poverty Index (MPI).

    The Multidimensional Poverty Index (MPI) was officially introduced on a global scale through the Human Development Report in 2010 [16], succeeding in the Human Poverty Index which had been in use since 1997. The MPI is considered more appropriate and relevant because it accounts for overlapping deprivations in three dimensions: health, education, and standard of living, evaluated through ten indicators. In addition to addressing poverty, aligned with Sustainable Development Goal 1 (SDG1), MPI indicators are also employed to monitor the progress of other SDGs, including Food Security (SDG2), Education (SDG4), and Water and Sanitation (SDG6) [17].

    In Malaysia, the MPI encompasses income, as assessed by the Multidimensional Poverty Measure (MPM) introduced by the World Bank in 2018 [6]. Consequently, the Malaysian MPI consists of four dimensions, collectively comprising eleven official indicators, as outlined in the Methodology section. Each indicator within a dimension carries equal weight [6].

    Beyond poverty, which relates to Sustainable Development Goal 1 (SDG1), MPI indicators are also employed to monitor other SDGs, including Food Security (SDG2), Education (SDG4), and Water and Sanitation (SDG6) [17]. For complex issues, conventional (non-fuzzy) methodologies rely on mathematical budgeting, which often demonstrates limited efficacy. In such cases, fuzzy systems frequently surpass traditional Multi-Criteria Decision-Making (MCDM) techniques. Fuzzy MCDM has been widely applied in fields such as banking, the public sector, and the education sector, particularly for measuring student and teacher performance [18-20].  

    Among the fuzzy Multi-Criteria Decision Making (MCDM) methods is the fuzzy Analytic Hierarchy Process (AHP), in which weights are calculated using a need-based measure [18, 21] according to its importance. Furthermore, the fuzzy Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) is extensively utilised to evaluate each criterion and establish a ranking of all criteria. One notable application of fuzzy TOPSIS is the ranking of banking institutions in Taiwan [22]. Their study also incorporated the fuzzy Simple Additive Weighting (SAW) method, which produces indicator values based on the concept of weight aggregation. Nonetheless, the TOPSIS and SAW methods do not incorporate expert opinions that can define the weight value of each criterion [23].

    The limitations inherent in both methods can be mitigated through the application of the Analytic Hierarchy Process (AHP). The AHP approach offers benefits such as generating more objective weightings by integrating expert opinions and utilising Saaty’s scale (1–9) for pairwise comparisons. However, it is important to note that AHP is not suitable for the actual selection process, as its calculation procedure does not differentiate between merit-based and demerit-based criteria [13, 14]. This research concludes that the combination of AHP and Simple Additive Weighting (SAW) represents the most appropriate methodology for developing selection and scoring criteria for LZNK scholarship applicants. The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) was excluded due to its propensity to produce biased deviations and the phenomenon known as deviation reversal [24, 25]. In this phenomenon, the scores of applicants may fluctuate when the number of candidates is increased or decreased.

METHODOLOGY
This research methodology is segmented into three distinct phases, namely:
Phase I: Identifying selection criteria
    The selection criteria for LZNK scholarship recipients shall be evaluated in accordance with the current prerequisites and the Multidimensional Poverty Index (MPI). The existing prerequisites comprise four specific criteria and three general criteria. Additionally, the new criteria to be incorporated are derived from the MPI Indicators (refer to Table 2).
TABLE 2. Requirements for applying for a local IPT scholarship [4]  
	Dimension
	Indicator
	Description

	Financial
	Monthly gross household income
	The applicant is a first-year student for the academic year (e.g. 2024/2025).

	Education
	School
	Schooling Year (All household members aged 13–60 have less than 6 years of education)

	
	School attendance (including pre-school and lower/middle school)
	Any school-aged children (aged 6–16) not attending school

	Health
	Access to health services/ Effective access to healthcare
	Distance of more than 5 kilometers and no mobile health facilities

	Housing  
	Housing materials/condition
	Dilapidated or deteriorating

	
	Overcrowding    
	Average of more than two occupants per bedroom

	Basic Facilities
	Access to clean water/safe water
	Other than treating water in the home and public water pipes

	
	Improved sanitation
	In addition to flush toilets or water flushing

	
	Access to waste collection facilities
	No waste collection facilities

	
	Usage/access to transport
	None of the household experts use private or public transport

	
	Access to basic communication utilities
	Do not have a landline telephone or a consistent mobile phone


    During Phase I, a panel of experts will be convened, comprising representatives from LZNK or panels involved in the selection process of LZNK scholarship recipients. Feedback from this expert panel will be collected to review and solicit opinions, aiming to reach a consensus on the selection criteria. The invited experts will be responsible for determining the significance of each criterion (indicator), which will be quantified using linguistic variables. These indicators will subsequently be converted into numbers prior to conducting the consistency assessment in Phase II.

Phase II: Determining Criteria Weights Using AHP
    The AHP method will be employed to determine the weight values for each criterion through pairwise comparisons. Subsequently, a consistency ratio (CR) will be utilised to assess the consistency of these weights. The verified weights will then be applied in Phase III to compute the overall scores of the applicants.
    Through this method, the relevance of each criterion's weighting value can be ascertained. The acceptable threshold is < 0.10 [12]. If the value exceeds 0.10, it indicates that the weight value of the developed criteria is inconsistent and must be revised until it falls below 0.10. The formula for calculating the consistency ratio is as follows.
	
	
	(1)

	
	
	


 = Average value of consistency vector
 = Number of criteria
 = Random index based on criteria numbers [26]

Phase III: Calculating Applicant Scores

    When determining the recipients of LZNK scholarships, the selection process will utilise the Simple Additive Weighting (SAW) method. SAW is a widely adopted technique in multi-criteria decision making (MCDM). It involves evaluating criteria for each applicant, which can be represented by a matrix. Beneficial (benefit/profit) criteria are categorised as positive or merit-based, whereas negative (demerit-based) criteria are classified as costs.
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The applicant with the highest score is regarded as the most suitable candidate. The structure of the SAW method analysis, incorporating applicants and criteria, can be articulated as follows: 

	
	
	(4)



for , whereas
  = Score value for applicant  
 = Matrix element representing the original value of the criterion for applicant 
 = Weighting for the  criteria with a value between 0 and 1
 = Normalised value of criteria  for applicant  

The simulation shall be conducted by examining multiple applicant scenarios based on criteria identified in Phase I.
EXPECTED FINDINGS
     This study presents a significant advancement in the field of decision-making and scholarship selection through the introduction of novel criteria for selecting recipients of the Lembaga Zakat Negeri Kedah (LZNK) scholarship. Conventionally, the selection process has predominantly depended on fundamental academic and socioeconomic criteria, which often lacked sufficient capacity to distinguish applicants effectively when multiple factors coincided. This research addresses this deficiency by incorporating additional, more comprehensive criteria within a structured decision-making framework. The ranking of applicants is determined utilising a hybrid Analytic Hierarchy Process–Simple Additive Weighting (AHP–SAW) methodology, which facilitates more precise weighting and evaluation of each criterion. This approach effectively manages the uncertainty and subjectivity inherent in human judgment, thereby ensuring a more transparent and systematic selection process.
    The findings of this study have clear practical implications. First, they can be applied to formulate new, data-driven guidelines for selecting LZNK scholarship recipients. This ensures a fairer, more objective, and merit-based selection process, minimizing bias and inconsistencies in decision-making. Second, the results can be used to develop a comprehensive digital scholarship application and evaluation system for LZNK. Such a system would automate applicant scoring and ranking, significantly improving the efficiency and productivity of scholarship management. This would not only reduce administrative workload but also enable faster, more accurate decision-making, ultimately ensuring that scholarships are awarded to the most deserving candidates. The approach can also be adapted for other scholarship agencies facing similar selection challenges.
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