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Abstract

Prioritizing beneficiaries of the Program Keluarga Harapan (PKH) at the urban-village level is often conducted
manually, making the process prone to subjectivity, inconsistency, and limited traceability. This study aims to
develop a transparent and auditable Decision Support System (DSS) to prioritize PKH candidates objectively under
multi-criteria conditions and assessment uncertainty. The proposed DSS combines AHP to verify judgment
consistency, Fuzzy-AHP using Triangular Fuzzy Numbers to model linguistic uncertainty and derive criterion
weights, and MOORA to compute preference values and generate candidate rankings. The approach is evaluated
through a case study in Pasir Putih Urban Village involving 50 prospective beneficiaries and 18 regulation-aligned
evaluation criteria. The consistency test yields a Consistency Ratio (CR) of 0.09, indicating acceptable consistency.
The ranking results show that alternative A12 achieves the highest preference value, followed by A50. To assess
recommendation reliability, a sensitivity analysis is performed by varying criterion weights by +25% with
proportional normalization. While several rank shifts occur, seven alternatives (A14, A32, A10, A26, A7, A12, and
A50) remain relatively stable, indicating more robust outcomes. From an informatics perspective, this work
contributes a reproducible MCDM-based DSS framework that integrates uncertainty modeling and robustness
evaluation to improve accountability and decision transparency in public-sector social assistance prioritization.
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1. INTRODUCTION

Indonesia is a highly populous country, with a mid-year 2025 population of 284,438.8 thousand
people [1]. Despite this, BPS data show that 23.85 million Indonesians, or 8.47% of the total population,
were still living in poverty [2], indicating that poverty continues to be a structural issue in national
development. In response, Law of the Republic of Indonesia No. 13 of 2011 emphasizes that poverty
alleviation must be conducted in a directed, integrated, and sustainable manner through systematic data
collection, verification, and validation processes to ensure that social assistance distribution is
accountable and well-targeted [3]. However, at a broad implementation scale, the main challenge lies
not only in program availability, but also in the effectiveness of beneficiary selection mechanisms at the
urban-village level, which require rapid, criteria-based decision making [4].

As one of the government’s major policy instruments, the Program Keluarga Harapan (PKH) is a
conditional cash transfer scheme provided periodically to low-income households [5]. Nevertheless,
PKH implementation still faces targeting inaccuracies, highlighting the need for a more objective and
systematic mechanism to assess the eligibility of beneficiary households (Keluarga Penerima
Manfaat/KPM) [6]. This issue becomes more complex at the local level, where officers often struggle
to prioritize recipients when the number of candidates is relatively large, potentially reducing
consistency, objectivity, and fairness in beneficiary determination [4], [7], [8].

In decision-making contexts involving multiple criteria and alternatives, computer-based
Decision Support Systems (DSS) play an important role in assisting decision makers by providing
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structured recommendations, particularly for semi-structured and recurring problems [9], [10]. The need
for DSS becomes increasingly critical as the number of candidates grows, because manual selection can
slow down decision making and may lead to suboptimal outcomes [11], [12]. Therefore, Multiple
Criteria Decision Making (MCDM) approaches are widely adopted in DSS development to determine
the best alternative based on multiple criteria in an objective and systematic manner [13]-[16].

Prior studies indicate that MCDM methods have been successfully applied to support decision
making across domains [17]. Fuzzy-AHP has been shown to accommodate linguistic judgments and
improve weight differentiation in multi-criteria problems [18]-[21]. In addition, hybrid approaches that
combine AHP with ranking methods such as TOPSIS and MOORA have been applied to produce
consistent and objective decisions in various selection contexts [22]-[24]. In the context of social
assistance and PKH-related targeting, DSS implementations have also been proposed using ROC—
TOPSIS for PKH eligibility [4], AHP-TOPSIS for social assistance recipients [24], and AHP-
PROMETHEE for social assistance beneficiary determination at the urban-village level [35]. However,
most DSS studies for social assistance beneficiary selection still employ MCDM in a relatively static
manner, with limited capability to represent uncertainty in criteria assessments [25]-[28]. Moreover,
sensitivity evaluation of criterion-weight changes is rarely performed, leaving the stability of ranking
results in local social assistance contexts insufficiently examined. Hence, there remains a need for a
DSS approach that integrates uncertainty handling in criteria assessment and evaluates the robustness
of ranking outcomes at the urban-village implementation level. A comparison of representative studies
and their methodological gaps is summarized in Table 1.

Table 1. Comparison of related DSS/MCDM studies and this work
Weighting Ranking  Uncertainty Robustness
Method Method Handling  Evaluation

Study Case Notes

PKH focused,
but does not
Sutanto et PKH Not Not model
al. [4] Eligibility ROC TOPSIS Reported Reported uncertainty and
does not test
ranking stability
Relevant
domain; weights
Not Not are crisp and
Reported Reported robustness

Fitri & Social
Supriyanto assistance AHP TOPSIS

[24] recipients ..
testing 1s not

discussed
Rel t
Ramadhani . © evz.m
Social domain;
assistance AHP Not Not robustness
Supriyanto y PROMETHEE Reported Reported .
beneficiaries testing is not
[35] :
discussed
Demonstrates
Rah & F -AHP fi ighti
AU X 13s (student uzzy Yes Not Jezy WEIBTHNE
Gustian achievemem)Fuzzy-AHP score-based (inguistic) Reported in DSS, but not
[19] ranking £ P applied to PKH

and without
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robustness
evaluation
Shows AHP—
MOORA
integration, but
sﬁ:f:ﬁj Selection AHP MOORA Not Not withO}lt
23] problem Reported Reported uncelftalnty
modeling and
robustness
analysis
Integrates
uncertainty-
AHP + Yes aware weighting
Fuzzy-AHP MOORA Yes (TFN)  (sensitivity and explicitly
(TFN) analysis) evaluates
ranking
robustness

PKH
prioritization
(urban-
village)

This study

The novelty of this study lies in explicitly integrating uncertainty-aware weighting and robustness
evaluation in a PKH prioritization DSS at the urban-village level. In contrast to prior social assistance
DSS studies that commonly rely on crisp or static weights and do not assess ranking stability, this study
models uncertainty in pairwise judgments using Fuzzy-AHP with Triangular Fuzzy Numbers and
generates preference-based rankings using MOORA, then evaluates the robustness of the resulting
recommendations through a sensitivity analysis on criterion weights. This integration strengthens
transparency and auditability because the DSS provides not only a final ranking but also evidence of
how stable the ranking remains under plausible variations in decision-maker preferences.

Based on these challenges, this study proposes and develops a decision support system for
determining PKH social assistance beneficiaries by integrating Fuzzy-AHP and MOORA.. The proposed
evaluation criteria are aligned with the Decree of the Minister of Social Affairs of the Republic of
Indonesia No. 146/HUK/2013 [29], the BPS 14 poverty criteria standard [30], and the Decree of the
Minister of Social Affairs of the Republic of Indonesia No. 262/HUK/2022 [31].

Accordingly, this study aims to derive criterion weights using AHP and Fuzzy-AHP, generate
beneficiary rankings using MOORA preference values, and assess recommendation reliability through
sensitivity analysis to examine ranking stability when criterion weights vary. From an informatics
perspective, this study contributes a transparent and auditable MCDM-based DSS framework that
supports objective, consistent, and accountable decision making for PKH social assistance prioritization
at the urban-village level.

2. METHOD

This study develops a Decision Support System (DSS) to prioritize Program Keluarga Harapan
(PKH) social assistance beneficiaries at the urban-village level in an objective, transparent, and auditable
manner by integrating AHP, Fuzzy-AHP, and MOORA. AHP is used to construct the pairwise
comparison matrix and to verify judgment consistency through the Consistency Ratio (CR). Fuzzy-AHP
is then applied to represent linguistic uncertainty using Triangular Fuzzy Numbers (TFNs) and to obtain
non-crisp criterion weights. MOORA is employed to compute preference values and produce a final
ranking of candidate households. To evaluate recommendation reliability, a sensitivity analysis is
conducted to examine ranking robustness when criterion weights are moderately perturbed. The £25%
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variation is adopted as a moderate perturbation for stress-testing, representing plausible shifts in
stakeholder emphasis while keeping the decision context and total weight normalization unchanged. The
overall workflow includes regulation-based criterion definition, weighting, ranking, and robustness
evaluation, as illustrated in Figure 1.

Figure 1. Research Methodology Stages

2.1. Problem Identification

At the urban-village level, prioritizing beneficiaries of the Program Keluarga Harapan (PKH)
social assistance is still largely performed manually and depends on officers’ subjective judgments. This
condition may lead to inconsistencies, bias, and limited transparency in decision making, particularly
when the number of candidates is relatively large and the socio-economic characteristics of the
community are increasingly diverse [4], [7], [8]. Meanwhile, the number of people living in poverty in
Indonesia remains high, and national regulations mandate that poverty alleviation be carried out in a
directed, integrated, and accountable manner [1]-[3]. Inaccurate prioritization may reduce the
effectiveness of PKH and create inequities in aid distribution [5], [6].

Manual selection approaches are also inadequate for simultaneously handling multiple assessment
criteria and are not optimal for representing uncertainty and subjectivity in criteria judgments. As a
result, prioritization outcomes may be unstable and difficult to justify systematically [25]{27].
Therefore, a structured approach is needed to support beneficiary prioritization objectively,
transparently, and based on measurable criteria. A DSS employing a Multiple Criteria Decision Making
(MCDM) approach is relevant because it can process multiple criteria simultaneously and reduce the
dominance of subjectivity in decision making [9], [13], [18]. Accordingly, the main problem addressed
in this study is the absence of an integrated DSS for consistently and accountably prioritizing PKH
beneficiaries at the urban-village level.

2.2. Literature Study

A literature review was conducted to strengthen the theoretical foundation of this study by
examining the application of DSS and MCDM methods across decision-making contexts. Prior studies
indicate that DSS is effective for selection and prioritization problems involving multiple criteria
because it improves objectivity, consistency, and transparency compared with manual approaches [11],
[13]. In this context, MCDM methods are widely used to support decision makers in evaluating
alternatives systematically.

Analytical Hierarchy Process (AHP) is commonly used to determine criterion weights through a
structured pairwise comparison procedure and a consistency test [9], [11], [21]. However, conventional
AHP has limitations in representing uncertainty in judgments; therefore, Fuzzy-AHP has been widely
adopted to accommodate subjectivity and ambiguity in decision makers’ preferences [18]-[20], [26],
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[28]. Previous research shows that Fuzzy-AHP can produce more flexible and representative criterion
weights, particularly for problems characterized by uncertain assessments [18]—[21].

For the alternative-ranking stage, Multi-Objective Optimization on the Basis of Ratio Analysis
(MOORA) has been widely applied due to its computational simplicity and efficiency, as well as its
ability to generate consistent and easily interpretable rankings [13], [14], [23]. The integration of Fuzzy-
AHP and MOORA is considered effective because it combines uncertainty-aware criterion weighting
with an objective ranking mechanism [15], [19], [20]. In addition, sensitivity analysis is important for
evaluating the stability of ranking results under criterion-weight changes, thereby improving the
robustness and accountability of DSS recommendations [8], [27].

Although the integration of Fuzzy-AHP, MOORA, and sensitivity analysis has been implemented
in various domains, its application to prioritizing PKH social assistance beneficiaries at the urban-village
level remains limited. Therefore, this study addresses this gap by developing an integrated DSS
framework aligned with the policy context and criteria for social assistance distribution.

2.3. Data Collection and Criteria Definition

Alternative data were collected using a questionnaire administered to 50 prospective PKH
beneficiaries, who were treated as decision alternatives. The questionnaire was completed directly by
residents who were registered as prospective beneficiaries so that each respondent’s socio-economic
condition could be captured using measurable indicators. Respondents with complete questionnaire data
were treated as decision alternatives, denoted as Al, A2, ..., AN, where N denotes the number of
candidate households included in the evaluation. The alternatives are listed in Table 2.

Table 2. Alternative Data

A NIK Alternative Name Address
Al 1571xxxxxxxxxxxx  Komine Pasaribu J1. Donorejo0

A2 I571XXXXXXXXXXXX  Saru J1. Donorejo

A3 1571xxxxxxxxxxxx  Heny Cahyanti JIn. Haji Badar

A4 1571xxxxxxxxxxxx  Sri Wahyuni JI. Kopral Ramli

A5 1571xxxxxxxxxxxxXx  Jemanis J1. Donorejo

A6  1571xxxxxXxXxXxX  Rumiati J1. Donorejo

A7 1571xxxxxxxxxxxx  Taufik JI. Abdul Chatab
A8  1571xxxxxxxxxxxX  Yeni Marlina JI. Sederhana No.32
A9 1571xxxxxxxxxxxx  Marlina JI. Abdul Chatab
A10  1571xxxxxxxxxxxx  Margareta Halimah JIn. H. Badar
A45  1571xxxxxxxxxxxXx  Nuryana JI. H. Badar
A46  1571xxxxxxxxxxxx  Misbah Pasir Putih
A47  1571xxxxxxxxxxxx  Desi Ratsa Sari Yanti JI. H. Badar
A48  1571xxxxxxxxxxxx  Aditya Afrian JI. Abdul Khatab
A49 1571xxxxxxxxxxxx  Emma Febriyanti Lrg. Rahayu
A50  1571xxxxxxxxxxxx  Hasbunallah J1. Haji Badar

This study adopts evaluation criteria based on the Decree of the Minister of Social Affairs of the
Republic of Indonesia No. 146/HUK/2013 [29], the Central Statistics Agency (BPS) 14 poverty criteria
standard [30], and the Decree of the Minister of Social Affairs of the Republic of Indonesia No.
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262/HUK/2022 [31]. Based on these references, 18 criteria representing the socio-economic conditions
of candidate households are used, as shown in Table 3. To improve assessment accuracy, each criterion
is operationalized into sub-criteria/indicators to enable more detailed and measurable evaluation of
prospective beneficiaries; the sub-criteria are presented in Table 4. The collected responses were
encoded into criterion values (binary, ordinal, or numeric, depending on the indicator) following the
operational definitions derived from the referenced regulations and poverty indicators [29]-[31].

Table 3. Evaluation Criteria for Determining PKH Social Assistance Beneficiaries

Criterion Code Criterion Name Criterion Type
C1 Housing Condition Benefit
C2 Household Head’s Occupation Benefit
C3 Food Adequacy Benefit
C4 Food Expenditure Benefit
C5 Clothing Purchases Benefit
C6 Floor Condition Benefit
C7 Wall Condition Benefit
C8 Sanitation Facilities (Toilet) Benefit
C9 Electricity Capacity Benefit

C10 Floor Area Benefit
Cl1 Drinking Water Source Benefit
Cl12 Cooking Fuel Benefit
C13 Weekly Protein Consumption Benefit
Cl4 Daily Meal Frequency Benefit
Cl15 Medical Expenses Benefit
Cl6 Income Cost
C17 Household Head’s Education Level Cost
C18 Savings or Valuable Assets Cost

To improve assessment accuracy, each criterion is further operationalized into sub-
criteria/indicators to enable a more detailed and measurable evaluation of prospective PKH
beneficiaries. The sub criteria used in this assessment are listed in Table 4.

Table 4. Sub criteria used to evaluate prospective PKH beneficiaries

Criterion

Code Criterion Sub-Criterion Weight

Owns a permanent house
C1 Housing Condition Lives in a simple/non-permanent dwelling
Has no permanent residence
Household Head’s Has a stal?le job
C2 Occupation irregular job
Unemployed
Never experiences food shortage
C3 Food Adequacy Sometimes worries about not having enough food
Frequently skips meals
Less than 50% of total expenditure (sufficient funds
remain for other needs)
Around 50-70% of total expenditure (more than
half spent on food)
More than 70% of total expenditure (almost all
funds spent on food)
Buys clothes > 2 times per year
Buys clothes once per year

—_— W N = W= W

NS}

C4 Food Expenditure

98]

N =

C5 Clothing Purchases
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Cé6

C7

C8

C9

C10

Cl1

Ci12

C13

Cl4

C15

Cl6

C17

CI18

Floor Condition

Wall Condition

Sanitation Facilities
(Toilet)

Electricity Capacity

Floor Area

Drinking Water
Source

Cooking Fuel

Weekly Protein
Consumption

Daily Meal Frequency

Medical Expenses

Income

Household Head’s
Education Level

Savings or Valuable
Assets

Does not buy clothes within a year

Ceramic tiles / smooth cement

Rough cement / wood

Earth floor

Plastered brick wall / permanent

Wooden planks / incomplete masonry wall
Bamboo / thatch / low-quality wood / unplastered
wall

Private sanitary toilet

Shared/public toilet

No toilet

Electricity capacity > 450 VA

Electricity capacity <450 VA

No electricity / oil lamp / illegal connection

> 8 m?

<8m?

Piped water (PDAM) / refilled drinking water
Protected well / rainwater storage

Unprotected well / spring / river / rainwater
12-kg LPG or electricity

3-kg LPG (subsidized cylinder)

Firewood, charcoal, or kerosene

More than twice per week

1-2 times per week

Less than once per week

Three meals per day with a varied menu (rice with
varied side dishes, including vegetables or protein)
Three meals per day, but with a simple menu
(limited side dishes)

1-2 meals per day (sometimes skips meals due to
lack of food or money)

Able to pay medical expenses independently
(without assistance)

Able to seek treatment only if costs are low or with
assistance (e.g., BPJS)

Unable to seek treatment at a health center/clinic
due to financial constraints

< Rp 600.000,-

> Rp 600.000,-

No formal schooling

Did not complete primary school

Completed primary school

Above primary school level

No savings or valuables worth IDR 500,000 or more

Owns minor items (e.g., an old mobile phone or
basic household goods)

Has savings or valuable assets (e.g., a motorcycle,
gold, or livestock)

W= W — W

— W N = W= W= DN = WN = WN —

o

N = W= = w

W

2.4. Pairwise Comparison Evaluators (AHP and Fuzzy-AHP)

To improve methodological transparency and reproducibility, the pairwise comparison judgments
used in AHP and Fuzzy-AHP were established through structured deliberation involving the researcher
and three evaluators who are directly involved in PKH implementation at the urban-village level: the
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urban-village operator (responsible for beneficiary data administration), the village head (Lurah) as the
local authority overseeing prioritization decisions, and a PKH facilitator (Pendamping PKH) who
supports field verification and assistance. These roles were selected to represent key stakeholders who
understand the practical interpretation of PKH criteria and local implementation constraints. The
deliberation produced a single consensus pairwise comparison matrix. If the initial judgments did not
meet the consistency requirement (CR > 0.10), the evaluators revisited the comparisons until an
acceptable level of consistency was achieved.

2.5. AHP Linguistic Scale and Triangular Fuzzy Numbers

The relative importance among criteria is assessed using the AHP linguistic scale (1 to 9), in
which larger numbers correspond to stronger importance [9], [11], [33]. To represent uncertainty in
linguistic judgments, each linguistic scale is mapped into a Triangular Fuzzy Number (TFN) defined by
parameters I, m, and u representing the lower bound, the most plausible value, and the upper bound,
respectively [18]-[20]. Reciprocal TFNs are used to represent inverse comparisons. The linguistic scale
and its fuzzy representation are shown in Table 5.

Respondents with complete questionnaire data are treated as alternatives A {1} to A_{N}, (where
N denotes the number of candidates analyzed) and ranked using MOORA [13], [23]. Criteria-policy
alignment is supported through a review of relevant literature and regulations. Criterion weights are
obtained using AHP (pairwise comparison and consistency testing) [9], [11], and then refined using
Fuzzy-AHP based on linguistic scales to accommodate uncertainty [18], [19]. The resulting Fuzzy-AHP
weights are used as inputs for MOORA-based ranking [14], [23].

Table 5. AHP Pairwise Comparison Scale and Triangular Fuzzy Numbers (TFNs)

Lineuisti 1 ] TFNs Reciprocal TFN
inguistic Scale Crisp @, m,u) (u'l, m-L l_l)

Equally Important 1 1,101 (1,11
Intermediate Value 2 (1,2,3) (1/3,1/2, 1)
Slightly More Important 3 2,3,4) (1/4,1/3, 1/2)
Intermediate Value 4 (3,4,5) (1/5,1/4, 1/3)
More Important 5 4,5,6) (1/6, 1/5, 1/4)
Intermediate Value 6 (5,6,7) (1/7, 1/6, 1/5)
Strongly More Important 7 (6,7,8) (1/8,1/7,1/6)
Intermediate Value 8 (7,8,9) (1/9, 1/8, 1/7)
Absolutely More Important 9 (8,9,9) (1/9,1/9, 1/8)

2.6. Data Processing and Evaluation Procedure

After data collection, the study proceeded following the workflow shown in Figure 1. Criterion
weights were first determined using AHP by constructing a pairwise comparison matrix, calculating
initial weights, and testing consistency using the Consistency Ratio (CR). The matrix was retained when
the CR met the accepted tolerance threshold [9], [11]. The weights were then refined using Fuzzy-AHP
by converting the consistent pairwise judgments into TFNs, followed by fuzzy extent analysis,
defuzzification, and normalization to obtain the final criterion weights [18]—[20], [34].

Alternative ranking was performed using MOORA by constructing the decision matrix,
normalizing criterion values, incorporating the Fuzzy-AHP weights, and computing preference values
to determine the priority order of PKH beneficiaries [13], [14], [23]. Ranking stability was evaluated
through sensitivity analysis by modifying the weight of one criterion by +25% and proportionally
adjusting the remaining weights so that the total weight remains equal to one, then rerunning MOORA
to observe changes in preference values and rankings [15], [27].
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The dataset comprised 50 PKH candidates as decision alternatives. A subset of results was
manually verified using the same inputs to ensure consistency in criterion weights, preference values,
and rankings. The system outputs include Fuzzy-AHP criterion weights, MOORA preference values and
final rankings, and sensitivity analysis results.

2.7. Analytical Hierarchy Process (AHP)

Analytical Hierarchy Process (AHP) is used to determine the initial (crisp) criterion weights
through pairwise comparisons. This method is selected because it provides a systematic weighting
procedure and includes a consistency test to ensure that inter-criteria judgments are not contradictory
[9], [11], [21]. In this study, AHP serves as the preliminary weighting stage prior to Fuzzy-AHP and is
not used to rank the alternatives. The AHP procedure follows [32], [33] using the fundamental 1-9 scale
(higher values indicate greater importance), and the pairwise comparison matrix is expressed as.

x11 X1 v X1n
X= ["z}_,_ 22 ’.“EI‘] (1)

Next, the pairwise comparison matrix is normalized by dividing each element by the sum of its

corresponding column, resulting in a normalized matrix.

%y W vi, j 2)

ij =
S Y vy

The initial weight of a criterion is calculated as the row wise mean of the normalized matrix
elements, which can be written as.

lon =~
wi =Y 1X A3)

Where w; denotes the weight of the i-th criterion and n is the number of criteria. To evaluate
judgment consistency, the maximum eigenvalue A,,,, is estimated by multiplying the pairwise
comparison matrix by the resulting weight vector and then averaging the results, as follows.

YA
Amax = - (4)
The Consistency Index (CI) is computed using the following equation.
_ Amax—n
Cl = =e— 6))

Next, the Consistency Ratio (CR) is used to assess the acceptable level of inconsistency in the
judgments and is formulated as.

_c

CR=1% (6)

Where the RI value is taken from the Random Index table presented in Table 6.

Table 6. Random Index (RI) Values
N I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
RI 00 00 058 090 112 124 132 141 145 149 151 148 156 157 159 16 16 1.6

RI is the Random Index determined by the number of criteria [33]. The pairwise comparison
matrix is considered consistent if CR<0,1 otherwise, the pairwise judgments are repeated until an
acceptable consistency level is achieved. The consistent weights are used as the initial (crisp) weights
and serve as the basis for integrating Fuzzy-AHP to accommodate uncertainty in the assessments.
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2.8. Fuzzy Analytical Hierarchy Process (AHP)

Fuzzy Analytical Hierarchy Process (Fuzzy-AHP) is an extension of AHP designed to
accommodate uncertainty, ambiguity, and subjectivity in assessing the relative importance of criteria.
Unlike conventional AHP, which relies on crisp values, Fuzzy-AHP integrates fuzzy set theory so that
imprecise linguistic judgments can be represented more realistically in the weighting process [18], [19],
[201], [32].

In this study, the Fuzzy-AHP procedure follows [34] as a continuation of AHP, the consistent
initial weights/judgments are processed using a fuzzy approach, where linguistic scales are mapped into
Triangular Fuzzy Numbers (TFNs) to represent uncertainty in pairwise importance assessments. A TFN
is expressed as.

M= (,mu) @)

With [ representing the lower bound, m the most plausible value, and u the upper bound, TFNs
enable vague and subjective expert judgments to be represented mathematically as follows:

xX—

—, l<x<m
m-—l
() =42 m<x<u )]
u—m
0, Other

Based on the established hierarchical structure, fuzzy pairwise comparisons among criteria are
performed using TFNs, resulting in a fuzzy pairwise comparison matrix expressed as.

Each element d;; = (lLijy  myj,  u;j) captures the pairwise judgment of criterion i relative to

criterion j. When the reciprocal value is required, the reciprocal of a TFN is obtained as.

~ l -1 i L i
G = (hp - e Uig) :(uij' my;’ lij) (10)

In Chang’s extent analysis method, basic fuzzy number operations (addition, multiplication, and
inversion) are used to compute the fuzzy synthetic extent values (11)—(13).

(L, my, u) @ e My up) = {31 + I, my + my,uy +uy) (11)

(L, my, w) Uy my up) = {1y, mymy,uyuy) (12)
-1_1 1 1
(mu)y— = o] (13)

The fuzzy synthetic extent values are used to determine the relative importance of each criterion
and are computed using (14) by summing the TFNs in each row (15), summing all TFNs in the matrix
(16), and calculating the inverse of the total TFN sum (17).

. . 1—1
Si= IT M) @[, X, M) (14)
TeaMy; = (7L, 4 Xt my, Bty ) (15)
Yim1 =1 M;,l- = (NP Xy L, X 2Ty my, By YT ) (16)
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[ n_ym Mj.]_l = ( 1 ! 1 ) (17)

=1ay=1"gi DHEDWIEDRTTAD WD W PPITAH D) PN

The degree of possibility is used to compare fuzzy synthetic extent values across criteria. Let §; =
(l4, my, up)andS, = (I, my, uy),the degree of possibility is then defined as.

1,if my =2 m,

VS 25)={ O kzun (19)
27Uy
—————— Other
(my—uqy)—(my—13)
To measure the relative weight of a criterion against the other criteria, comparisons are carried
out for all fuzzy synthetic extent values.

V(S; = S1,S0 ) Se = minV(S; = Sp), k=12, .., nk # i (20)

The defuzzification ordinate for each criterion is determined as the minimum degree of possibility
with respect to all other criteria (21), such that d'(4;) represents the relative importance of the i-th
criterion in non-fuzzy form. The initial weight vector is constructed from all d’(4;) values (22) and then
normalized to obtain the final weights (23), so that the final weight vector is expressed as W (24).

d (4) =minV(S; = Sy,), fork =1,2,.., n; k # i (21)
T
W= (d' @A, d (4y),..d (4y)) (22)
, _d @
d (4)= 2 @ (23)
W = (d'(4), d'(Ay), ..., d'(4))" (24)

Final weights W quantify criterion priorities in the decision model. Higher values of W; indicate
that the i-th criterion has greater influence on achieving the decision objective. These weights are non-
fuzzy and can be directly used in the alternative ranking process.

2.9. Multi-Objective Optimization on the Basis of Ratio Analysis (MOORA)

The Multi-Objective Optimization on the Basis of Ratio Analysis (MOORA) method is employed
to rank alternative candidates for PKH social assistance based on the criterion weights obtained from
Fuzzy-AHP. MOORA is selected because its computational procedure is simple and efficient, and it
produces rankings that are objective and easy to interpret [13], [14], [23]. Moreover, MOORA is capable
of handling benefit and cost criteria simultaneously. The initial step in applying MOORA [13] is to
construct a decision matrix that represents the performance value of each alternative for every criterion
(25), where x;; denotes the value of the i-th alternative on the j-th criterion, m is the number of
alternatives, and n is the number of criteria. x;; denotes the value of the i-th alternative on the j-th
criterion, m is the number of alternatives, and n is the number of criteria.

X11 X12 o X1n
_ _ |xm x - X2
X=[xy]= (722 22 7.7 (25)
Xm1 Xm2 e Xmn

To eliminate differences in scale across criteria, the decision matrix is normalized using the ratio
normalization method as expressed in (26). This process yields a dimensionless normalized matrix,
enabling fair comparisons among criteria.
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« _ Xij
xij - Z?;1Xij2 (26)

After normalization, the criterion weights obtained from Fuzzy-AHP are applied to the
normalized decision matrix to obtain the weighted performance value for each alternative (27), where
w; denotes the normalized weight of the j-th criterion derived from Fuzzy-AHP.

yij =W - Xj (27)
The preference value for each alternative is computed by summing the weighted performance

values of the benefit criteria and subtracting those of the cost criteria, resulting in the net preference
score

Y, = Z]g:1wjxi*j - Z;'lzg+1wjxi*j (28)

The value of Y; serves as the basis for ranking, where the alternative with the highest Y; is assigned
the highest priority as a prospective recipient of PKH social assistance.

2.10. Sensitivity Analysis

Sensitivity analysis is conducted to evaluate the stability of the ranking results with respect to
changes in criterion weights, since weights may vary due to differences in decision-makers’ perceptions
or shifts in policy dynamics. This test indicates whether the FAHP MOORA results are stable (robust)
or easily affected (fragile) when weight variations occur [27]. In this study, the weight of a selected
criterion-k is modified by A, while the weights of the remaining criteria are adjusted to ensure that the
total weight remains equal to one.

w =wet A (29)
-w
W =——J *+k (30)

The adjusted weights are then used to re-run MOORA, producing updated preference values and
alternative rankings. The comparison of results before and after the weight modification is used to assess
system stability. Rankings that remain unchanged indicate that the FAHP MOORA approach is robust
in determining the priority of PKH social assistance beneficiaries.

3.  RESULT

This section presents the results of implementing a Decision Support System (DSS) for
prioritizing recipients of the Program Keluarga Harapan (PKH) social assistance. The study employs
the Analytical Hierarchy Process (AHP) as an initial stage for criterion weighting and consistency
testing, which is subsequently extended using Fuzzy AHP to accommodate uncertainty in assessments,
and MOORA to rank the alternatives. Furthermore, the stability of the ranking outcomes is evaluated
through sensitivity analysis, and the implementation of the proposed methods is demonstrated through
a web-based system to support the distribution of PKH social assistance in an objective and transparent
manner.

3.1. Results of Criteria Weighting Using AHP

Criterion weighting is initiated using the AHP method to obtain the initial crisp weights and to
assess the consistency of judgments across criteria. Pairwise comparisons are conducted for 18 criteria
(C1-C18) using the AHP fundamental scale (Table 7), where the importance ratings are derived from a
review of relevant studies [35] and the researchers’ considerations in accordance with the characteristics
of determining eligible recipients of PKH social assistance.
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Table 7. Pairwise Comparison Matrix of Criteria

C Cl C2 C3 C4 C5 C6 C7 C8 (C9 C10 C11 C12 C13 C14 C15 C16 C17 C18
C1 1 2 2 033 3 2 2 2 4 3 2 3 2 2 033 2 3 3

C2 05 1 2 2 3 3 3 2 3 4 3 5 2 2 3 2 3 2

C3 05 05 1 2 3 4 4 3 3 5 2 3 2 2 2 2 3 3

C4 3 05 05 1 3 3 3 2 3 5 3 3 2 2 2 033 3 2

C5 033 033 033 0.33 1 05 033 025 02 033 033 025 033 0.14 02 02 2 0.5
C6 05 033 025 033 2 1 033 033 033 033 05 033 033 014 02 02 2 0.5
C7 05 033 025 033 3 3 1 033 033 05 2 033 033 02 033 025 3 2

c8 05 05 033 05 4 3 3 1 05 3 3 05 2 0.33 033 033 4 3

C9 025 033 033 0.33 5 3 3 2 1 3 3 2 3 0.33 033 033 5 3

C10 033 025 02 02 3 3 2 033 033 1 2 0.5 033 02 033 033 3 3

C11 05 033 05 033 3 2 05 033 033 05 1 033 033 02 025 025 3 2

C12 033 02 033 033 4 3 3 2 05 2 3 1 2 0.33 033 033 4 3

C13 05 05 05 05 3 3 3 05 033 3 3 05 1 025 033 033 3 3

Cil4 05 05 05 05 7 7 5 3 3 5 5 3 4 1 2 2 7 5

C1s 3 033 05 05 5 5 3 3 3 3 4 3 3 05 1 2 5 5

Cil6 05 05 05 3 5 5 4 3 3 3 4 3 3 05 0.5 1 5 4

C17 033 033 033 033 05 05 033 025 02 033 033 025 033 0.14 02 02 1 0.5
C18 033 05 033 05 2 2 05 033 033 033 05 033 033 02 02 025 2 1
Total 13.42 9.28 10.7 13.37 59.5 53 41 25.67 26.4 42.33 41.67 29.33 28.33 12.48 13.88 14.35 61 455

After the pairwise comparison matrix is constructed, the matrix is normalized to obtain the priority

values of each criterion. The normalized results of the criteria pairwise comparison matrix are presented

in Table 8.

Table 8. Normalized Results of the Criteria Pairwise Comparison Matrix

C

C1

C2

C3

C4

Cs

Coé

C7

C8

Cc9

C10

C11

C12

C13

C14

C15

C16

C17

C18

C1
C2
C3
C4
Cs

C15
C16
C17
C18

0.07
0.04
0.04
0.22
0.02

0.22
0.04
0.02
0.02

0.22 0.19 0.02

0.11
0.05
0.05
0.04

0.04
0.05
0.04
0.05

0.19
0.09
0.05
0.03

0.05
0.05
0.03
0.03

0.15
0.15
0.07
0.02

0.04
0.22
0.02
0.04

0.05 0.04 0.05

0.05
0.05
0.05
0.02

0.08
0.08
0.01
0.03

0.06
0.08
0.06
0.01

0.09
0.09
0.01
0.04

0.07
0.10
0.07
0.01

0.07
0.10
0.01
0.01

0.08 0.15

0.08
0.12
0.08
0.01

0.12
0.12
0.01
0.01

0.11
0.11
0.11
0.01

0.11
0.11
0.01
0.01

0.07
0.09
0.12
0.12
0.01

0.07
0.07
0.01
0.01

0.05
0.07
0.05
0.07
0.01

0.10
0.10
0.01
0.01

0.10
0.17
0.10
0.10
0.01

0.10
0.10
0.01
0.01

0.07
0.07
0.07
0.07
0.01

0.11
0.11
0.01
0.01

0.16 0.02 0.14

0.16
0.16
0.16
0.01

0.04
0.04
0.01
0.02

0.22
0.14
0.14
0.01

0.07
0.04
0.01
0.01

0.14
0.14
0.02
0.01

0.14
0.07
0.01
0.02

0.05
0.05
0.05
0.05
0.03

0.08
0.08
0.02
0.03

0.07
0.04
0.07
0.04
0.01

0.11
0.09
0.01
0.02

in Table 9.

After normalization, the

consistency of the pairwise comparison matrix is evaluated by
calculating the Consistency Index (CI) and the Consistency Ratio (CR), with the test results presented

The results indicate that the CR value satisfies the acceptable tolerance threshold; therefore, the
pairwise comparison matrix is deemed consistent and the AHP weights can be used in the subsequent
stage. These weights are then processed using Fuzzy-AHP by converting them into Triangular Fuzzy
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Numbers (TFNs) to accommodate uncertainty in the judgments. This procedure yields the final criterion
weights, which are subsequently used as inputs for ranking the alternatives using MOORA.

Table 9. AHP Consistency Test Calculation
C Eigenvector (wi) Eigenvalue (Ai)

C1
C2
C17
C18
Amax

0.09
0.10
0.01
0.02

20.86
21.28
20.11
19.61
20.35

CI

0.14

RI

1.6

CR

0.09

3.2. Results of Criterion Weighting Using Fuzzy-AHP

After the initial criterion weights are confirmed to be consistent through AHP, the weighting
process is continued using Fuzzy-AHP to accommodate uncertainty in judgments. The consistent
pairwise comparison values are converted into Triangular Fuzzy Numbers (TFNs) and processed to
generate the final criterion weights, which are presented in Table 10.

Table 10. Criteria Pairwise Comparison Matrix in TFN Form

c c1 c2 c3 c4 cs c6 c7 cs c9 c1o cni [e}] c13 cl4 [¢H] C16 c17 c18

c1 (111 (123) (123) (141/3,12)  (234) (123) (1.23) (123) (34.5) 234 (123 (2.34) (1.2.3) (1.23) (1/4,1/3,1/2) (123) 234) (234
2 (13121 (1L (1.2.3) (123) (234 234 234 (1.23) 234 (34.5) 234 (4.5.6) (1.2.3) (1.2.3) 234 (123) 234  (1.23)
€3 (B2 (1B,12,0) (1,11 (123)  (234) (34.5) (34,5 234) 234) (4,5,6) (1.23) (2.34) (1.2.3) (1.23) (123) (123) 234) (234
c4 (2,3,4) (13,021 (13,121 (LL)  (234) 234) (234 (123) 234) (4,5,6) 234 (2.34) (1.2.3) (123 (123) (14,13,12) 234)  (123)
€5 (1/4,1/3,1/2) (1/4,1/3,12) (1/4,1/3,12) (1/4,1/3,1/2)  (LL1) (13,1/2,1) (1/4,1/3,1/2) (1/5,1/4,1/3) (1/6,1/5,1/4) (1/4,1/3,1/2) (1/4,1/3,1/2) (1/5,1/4,1/3) (1/4,1/3,1/2) (1/8,1/7,1/6) (1/6,1/5,1/4) (1/6,1/5,1/4) (1.2.3) (1/3,1/2,1)
€6 (13,12,1) (1/4,1/3,12) (1/5,1/4,1/3) (1/4,1/3,12)  (1.2.3) (L) (14,1/3,172) (1/4,1/3,172) (V41/3,1/2) (14,1/3,1/2)  (1/3,12,1) (1/4,1/3,1/2) (1/4,1/3,1/2) (1/8,1/7,1/6) (1/6,1/5,1/4) (1/6,1/5,1/4) (1,2,3) (1/3,1/2,1)
€7 (1B121) (1/41/3,12) (1/51/4,1/3) (1/41/3,12)  (2.34) 234 (LL1) (1/4,1/3,12) (1/4,1/3,12)  (1/3,1/2,1) (1.2.3) (1/4,1/3,1/2) (1/4,1/3,112) (1/6,1/5,1/4) (1/4,1/3,1/2) (1/5,1/4,1/3) (234)  (1,2.3)
C8  (13,12,1) (13121 (141/312) (13,121) (345 234) (234 (LD (13,12,1) 234) @34)  (13,12,1) (123) (1/4,1/3,12) (1/4,1/3,112) (1/4,1/3,112) (345)  (2.34)
€9 (1/5,1/41/3) (1/4,1/3,12) (1/4,1/3,12) (1/4,1/3,12)  (4.56) 234 234 (1.23) (1LY 234 234 (1.2.3) (234) (1/4,1/3,12) (1/4,1/3,12) (1/4,1/3,12) (456)  (2.34)
CI0  (1/4,1/3,1/2) (1/5,1/4,1/3) (1/6,1/5,1/4) (1/6,1/5,1/4)  (2.34) 234 (1.2.3) (1/4,1/3,1/2) (1/4,1/3,1/2) (1L (1.23)  (13,12,1) (1/4,1/3,12) (1/6,1/5,1/4) (1/4,1/3,1/2) (1/4,13,1/2) (234)  (234)
CHl (1B12,1) (1/41/3,12)  (13,121) (141/3,12) (234 (123)  (13,12,1) (1/4,1/3,112) (41/3,1/2)  (13,1/2,1) (LL1) (144,1/3,1/2) (1/4,1/3,172) (1/6,1/5,1/4) (1/5,1/4,1/3) (1/5,1/4,153) (234)  (123)
C12 (1/4,1/3,1/2) (1/6,1/5,1/4) (1/4,1/3,12) (1/4,1/3,12)  (34.5) 234 234 (1.23)  (153,12,1) (1.23) 234 (1,1,1) (1.2.3) (1/4,1/3,12) (1/4,1/3,12) (1/4,1/3,12) (345  (2.34)
C13  (B121)  (A121)  (A121)  (13,121) (234 234) 234)  (13,12,1) (1/4,1/3,1/2) 234) @34)  (13,12,1) (LL1) (U5,1/4,13) (1/4,1/3,112) (1/4,1/3,112)  (234)  (2.34)
Cl4 (13121  (1A121) (15,121 (13121  (678) (6.7.8) (4.5.6) 234 234 (4.5.6) (4.5.6) (2.34) (3.4.5) (1L (1.23) (123) (678) (456
c1s (2,3,4) (U4,13,112)  (13,1/2,1) (13,12,1)  (4,5,6) (4,5,6) (234 234) 234) 234 (34,5 (2.34) (234)  (153,12,1) (1,11 (123) (456) (456
C16 (13,121 (1A3,12,1)  (153,12,1) (234) (456 (4,5,6) (45 (23,4 234) 234) (34,5 (2.34) (234)  (1B3,121)  (153,12,1) (LL1) (456) (345
C17  (1/4,1/3,1/2) (1/4,1/3,1/2) (1/4,1/3,112) (1/4,1/3,1/2) (1/3,1/2,1)  (1/3,1/2,1) (1/4,1/3,1/2) (1/5,1/4,1/3) (1/6,1/5,1/4) (1/4,1/3,1/2) (1/4,1/3,1/2) (1/5,1/4,1/3) (1/4,1/3,1/2) (1/8,1/7,1/6) (1/6,1/5,1/4) (1/6,1/5,1/4) (1,1,1) (1/3,1/2,1)
CI8  (1/4,1/3,12)  (13,121) (1/4,1/3,12)  (153,121)  (1.23) (123)  (13,12,1) (14,1/3,1/2) (V41/3,1/2) (14,1/3,1/2)  (1/3,12,1) (1/4,1/3,1/2) (1/4,1/3,1/2) (1/6,1/5,1/4) (1/6,1/5,1/4) (1/5,1/4,1/3) (1.23)  (LL1)

Next, the sum of row is computed by summing each component of the Triangular Fuzzy Number
(TFN) namely, the lower bound (}l), the middle value (};m), and the upper bound (3 u) for each
criterion. The results of the sum-of-row computation are presented in Table 11.

Table 11. Sum of Row Calculation for Triangular Fuzzy Numbers

C

l

m

u

C1
C2

C17
C18

235
29.33
5.03
7.62

38.67
45.5
6.41

11.98

54

62
9.58
18.33

Total

372.89

541.21

732.33
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Subsequently, the fuzzy synthetic extent (S;) for each criterion is calculated based on the sum-of-
row values as the basis for determining the relative importance among criteria. The results of the S;
calculation are presented in Table 12.

Table 12. Calculation of the Fuzzy Synthetic Extent (S;)

C l m u

C1 0.03 0.07 0.14
C2 0.04 0.08 0.17
C17 0.01 0.01 0.03
C18 0.01 0.02 0.05

After obtaining the fuzzy synthetic extent (S;) values, the next step is to compute the degree of
possibility between fuzzy numbers in order to compare the Si values across criteria using V(S; > S;) as
the basis for determining dominance and deriving the final weights. The calculation results are presented
in Table 13.

Table 13. Degree of Possibility of Fuzzy Numbers (d")

C Cl C2 C3 C4 C5 C6 C7 C8 (C9 C10 C11 C12 C13 C14 C15 C16 C17 C18

C1 1 1 1 1 0 013 049 083 094 056 041 0.82 0.74 1 1 1 0 0.26
C2 089 1 099 094 0 000 036 071 082 043 028 0.70 0.62 1 1 1 0 0.13
C17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
C18 1 1 1 1 0.73  0.89 1 1 1 1 1 1 1 1 1 1 0.60 1

Total 0.66 0.78 0.77 0.71 0 0 0.04 044 056 0.12 0 043 0.35 1 084 082 0 0

Next, a normalization process is performed to obtain the priority weight of each criterion, as
presented in Table 14.
Table 14. Normalized Criterion Weights

C wi W
C1 0.66 0.09
C2 0.78 0.10
C3 0.77 0.10
C4 0.71 0.09
C5 0 0
C6 0 0
C7 0.04 0.01
C8 0.44 0.06
c9 0.56 0.07
C10 0.12 0.02
C11 0 0
C12 0.43 0.06
C13 0.35 0.05
C14 1 0.13
C15 0.84 0.11
C16 0.82 0.11
C17 0 0
C18 0 0
Total 7.51 1.00
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Table 14 shows that the most influential criterion is C14 (Daily Meal Frequency) with the highest
normalized weight (w = 0.13), followed by C15 (Medical Expenses) and C16 (Income) with weights of
0.11 each. This indicates that the prioritization process emphasizes daily consumption adequacy and
health-related financial vulnerability, while also accounting for household economic capacity through
income as a cost criterion. Criteria C2 (Household Head’s Occupation) and C3 (Food Adequacy) also
receive relatively high weights (w = 0.10), reinforcing that livelihood stability and food security are key
drivers in identifying vulnerable households. In contrast, several criteria obtain zero or near-zero weights
(C5,C6,C11, C17, and C18), implying that within the evaluators’ judgments these indicators contribute
minimally to distinguishing candidates compared with the dominant criteria. Practically, this weighting
scheme means that alternative households with poorer meal frequency, higher medical vulnerability,
and lower income are more likely to be prioritized, while differences in the near-zero criteria have
limited impact on the final ranking under the current preference structure.

3.3. Results of Alternative Ranking Using MOORA

After determining criterion weights through Fuzzy AHP, the information on candidate households
for Program Keluarga Harapan (PKH) social assistance is arranged in a decision matrix. In this matrix,
each alternative is associated with its corresponding score for every criterion. The resulting matrix is
then used as the main input for the MOORA procedure, particularly for the normalization and weighting
stages. The decision matrix is shown in Table 15.

Table 15. Decision Matrix

A C1 C2 C3 C4 C5 C6 C7 C8 (9 C10 C11 C12C13 C14C15 C16 C17 C18

Al 1 2 2 3 32 2 1 1 2 1 2 3 2 2 1 4 1
A2 1 3 1 3 3 2 1 1 2 2 3 3 2 32 1 2 1
A3 3 2 1 3 2 2 1 1 2 2 3 2 3 32 1 3 1
A4 1 3 2 3 2 1 1 1 2 1 1 2 3 32 1 3 1
Ad6 1 3 1 3 2 2 1 1 1 2 3 2 3 2 2 1 3 1
A47 2 2 2 3 2 2 1 1 2 2 1 2 3 32 1 3 1
A48 2 2 1 1 1 2 1 1 32 1 3 1 1 2 2 4 3
A49 3 2 1 2 1 1 1 1 2 2 3 2 1 32 2 4 3
AS0 3 2 3 3 3 2 2 1 2 2 3 3 3 3 3 1 1 1

The next step is to normalize the decision matrix to obtain the normalized decision matrix, as
presented in Table 16.

Table 16. Normalized Decision Matrix

A ClI C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14C15 C16 C17 C18

Al 0.07 0.12 0.17 0.18 0.19 0.16 0.21 0.11 0.09 0.17 0.06 0.13 0.17 0.110.14 0.10 0.17 0.09
A2 0.07 0.18 0.09 0.18 0.19 0.16 0.10 0.11 0.18 0.17 0.18 0.19 0.11 0.170.14 0.10 0.09 0.09
A3 0.22 0.12 0.09 0.18 0.13 0.16 0.10 0.11 0.18 0.17 0.18 0.13 0.17 0.170.14 0.10 0.13 0.09
A4 0.07 0.18 0.17 0.18 0.13 0.08 0.10 0.11 0.18 0.08 0.06 0.130.17 0.170.14 0.10 0.13 0.09
A45 0.15 0.12 0.17 0.18 0.13 0.16 0.21 0.23 0.09 0.17 0.18 0.13 0.17 0.170.14 0.10 0.17 0.18
A46 0.07 0.18 0.09 0.18 0.13 0.16 0.10 0.11 0.09 0.17 0.18 0.13 0.17 0.110.14 0.10 0.13 0.09
A47 0.15 0.12 0.17 0.18 0.13 0.16 0.10 0.11 0.18 0.17 0.06 0.13 0.17 0.170.14 0.10 0.13 0.09
A48 0.15 0.12 0.09 0.06 0.06 0.16 0.10 0.11 0.26 0.17 0.06 0.19 0.06 0.060.14 0.21 0.17 0.28

A49 0.22 0.12 0.09 0.12 0.06 0.08 0.10 0.11 0.18 0.17 0.18 0.13 0.06 0.170.14 0.21 0.17 0.28
A50 0.22 0.12 0.26 0.18 0.19 0.16 0.21 0.11 0.18 0.17 0.18 0.19 0.17 0.170.21 0.10 0.04 0.09
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The subsequent step is to construct the weighted normalized decision matrix, as presented in
Table 17.

Table 17. Weighted Normalized Decision Matrix

A C1 C2 C3 C4 C5 C6 C7T C8 (9 C10 C11 C12C13 (C14C15 C16 C17 C18

Al 0.01 0.01 0.02 0.02 0 0 0.001 0.01 0.01 0.003 0 0.01 0.01 0.02 0.02 0.01 O 0
A2 001 002 001 0.02 0 0 0.001 0.01 0.01 0.003 0 0.01 0.01 0.02 0.02 0.01 O 0
A3 002 001 001 0.02 0 0 0.001 0.01 0.01 0.003 0 0.01 0.01 0.02 0.02 0.01 O 0
A4 001 0.02 0.02 0.02 0 0 0.001 0.01 0.01 0.001 O 0.01 0.01 0.02 0.02 0.01 O 0
A45 0.01 0.01 0.02 0.02 0 0 0.001 0.01 0.01 0.003 0 0.01 0.01 0.02 0.02 0.01 O 0
A46 001 002 001 0.02 0 0 0.001 0.01 0.01 0.003 0 0.01 0.01 0.02 0.02 0.01 O 0
A47 001 001 002 0.02 0 0 0.001 0.01 0.01 0.003 0 0.01 0.01 0.02 0.02 0.01 O 0
A48 0.01 0.01 0.01 0.01 0 0 0.001 0.01 0.02 0.003 0 0.01 0.00 0.01 0.02 0.02 0 0
A49 0.02 0.01 0.01 0.01 0 0 0.001 0.01 0.01 0.003 0 0.01 0.00 0.02 0.02 0.02 0 0
A50 0.02 0.01 0.03 0.02 0 0 0.001 0.01 0.01 0.003 0 0.01 0.01 0.02 0.02 0.01 O 0

After the decision matrix is normalized and weighted using the criterion weights obtained from
Fuzzy-AHP, the preference value Y; calculated by summing the weighted performance values for benefit
criteria and subtracting those for cost criteria. This net score reflects the priority of prospective PKH
social assistance recipients. The preference values and the resulting alternative rankings are presented
in Table 18.

Based on Table 18, the top-ranked alternatives (A12 and A50) achieve the highest preference
values (Y;= 0.15), indicating that they accumulate higher aggregated scores on the benefit criteria while
maintaining relatively smaller penalties from the cost criteria (C16—C18). This outcome is consistent
with Table 13, where highly weighted benefit criteria (C14, C15, C2, and C3) strongly affect the net
score. In particular, alternatives that perform better on daily meal frequency (C14), demonstrate higher
health-related vulnerability (C15), and exhibit weaker economic capacity reflected through the cost
structure of income, education level, and assets (C16—C18) tend to obtain higher Y;. The close Y;values
among the top alternatives (e.g., A12 and A50 having identical Yi, and several alternatives clustered
around Y;= 0.12-0.13) suggest that ranking differences for mid-level candidates are relatively small and
may be sensitive to moderate changes in criterion weights. Figure 2 visualizes the distribution of
MOORA preference values (Y;) across all alternatives, showing the relative separation of top-ranked
candidates from mid- and lower-ranked groups. Therefore, sensitivity analysis is necessary to confirm
whether top candidates remain stable under plausible preference shifts.

Grafik Perankingan Alternatif
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Figure 2. Preference Value (Y;) Plot of Alternatives Using the MOORA Method
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Table 18. Results of Preference Value Calculation (V})

Alternative Max Min Y; (Max-Min) Rank
Al2 0.16 0.01 0.15 1
A50 0.16 0.01 0.15 2
A7 0.15 0.01 0.14 3
A26 0.14 0.01 0.13 4
Al0 0.14 0.01 0.13 5
A40 0.14 0.01 0.13 6
A35 0.14 0.01 0.13 7
A36 0.14 0.01 0.13 8
A45 0.14 0.01 0.12 9
A47 0.14 0.01 0.12 10
A4 0.13 0.01 0.12 11
A3 0.13 0.01 0.12 12
A2 0.13 0.01 0.12 13
A37 0.13 0.01 0.12 14
AlS 0.12 0.01 0.11 15
A22 0.12 0.01 0.11 16
A44 0.14 0.02 0.11 17
A27 0.12 0.01 0.11 18
A21 0.12 0.01 0.11 19
A43 0.13 0.02 0.11 20
A31 0.12 0.01 0.11 21
AlS5 0.12 0.01 0.11 22
A38 0.13 0.02 0.11 23
Al3 0.12 0.01 0.11 24
A39 0.12 0.01 0.11 25
A23 0.12 0.01 0.11 26
Al 0.12 0.01 0.10 27
A9 0.11 0.01 0.10 28
A5 0.11 0.01 0.10 29
A8 0.11 0.01 0.10 30
A46 0.11 0.01 0.10 31
A30 0.12 0.02 0.10 32
A49 0.12 0.02 0.10 33
A29 0.12 0.02 0.10 34
Al7 0.12 0.02 0.10 35
A6 0.11 0.01 0.09 36
A4l 0.12 0.02 0.09 37
A33 0.11 0.01 0.09 38
A42 0.10 0.01 0.09 39
Al6 0.10 0.01 0.09 40
A20 0.11 0.02 0.09 42
Al19 0.10 0.01 0.08 43
All 0.10 0.01 0.09 41
A34 0.11 0.02 0.08 44
A48 0.11 0.02 0.08 45
A25 0.09 0.01 0.08 46
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A24 0.09 0.01 0.08 47
A28 0.10 0.02 0.08 48
A32 0.09 0.02 0.07 49
Al4 0.09 0.02 0.06 50

3.4. Sensitivity Analysis

Sensitivity analysis is conducted to evaluate the stability of the ranking results under plausible
variations in criterion weights, since weighting inherently reflects subjective preferences and may
change due to stakeholder perspectives or policy emphasis. In this study, two scenarios are applied: a
25% increase and a 25% decrease in each criterion weight, with proportional adjustments to the
remaining weights to ensure the total weight remains constant (sum of weights = 1). Figures 3 and
figures 4 illustrate changes in the preference values (Y;) under each scenario, where each line represents
an alternative and the horizontal axis indicates the modified criterion. The results show that most
alternatives experience changes in preference values and some rank shifts, indicating that the ranking is
sensitive when preference values are close. However, seven alternatives (A14, A32, A10, A26, A7, A12,
and A50) remain relatively stable and do not exhibit substantial rank changes across scenarios; therefore,
they can be categorized as more robust candidates. These findings confirm that integrating sensitivity
analysis strengthens DSS reliability by providing evidence of ranking robustness and by identifying
alternatives whose prioritization decisions remain consistent under moderate preference shifts.
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Figure 4. Sensitivity Analysis Plot for a 25% Decrease in Criterion Weights
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4. DISCUSSIONS

This study proposes an integrated Decision Support System (DSS) framework for prioritizing
PKH social assistance beneficiaries at the urban-village level by combining Fuzzy-AHP for uncertainty-
aware weighting and MOORA for alternative ranking, complemented by sensitivity analysis to evaluate
ranking robustness. The results demonstrate that the prioritization outcome is strongly influenced by a
small set of dominant criteria, where the highest normalized weights are obtained by C14 (Daily Meal
Frequency), followed by C15 (Medical Expenses) and C16 (Income). This weighting pattern indicates
that the DSS emphasizes household consumption adequacy and health-related vulnerability while
accounting for economic capacity through income as a cost criterion. In practical terms, candidates with
poorer daily meal adequacy, higher health-cost vulnerability, and lower economic capacity tend to be
prioritized, which aligns with the intent of social assistance targeting to support the most vulnerable
households.

From a methodological perspective, the integration of Fuzzy-AHP and MOORA provides two
key advantages compared with conventional DSS approaches that rely on crisp assessments. First,
Fuzzy-AHP represents uncertainty in pairwise comparisons using Triangular Fuzzy Numbers, enabling
evaluators to express judgments more realistically than rigid crisp scales. This addresses a common
limitation in many DSS studies for beneficiary selection that apply static MCDM weighting without
explicitly modeling uncertainty in judgment formation. Prior studies have shown that Fuzzy-AHP
improves weight representativeness when decision-maker preferences are ambiguous or expressed
linguistically, and the findings of this study are consistent with that evidence in that the resulting weights
capture evaluators’ priorities more flexibly than conventional AHP-based weighting alone [18]-[21],
[26], [28]. Second, MOORA produces rankings through ratio-based normalization and a direct benefit—
cost aggregation, which is computationally efficient and straightforward to audit. Compared with
distance-based ranking techniques such as TOPSIS and compromise-based methods such as VIKOR,
the MOORA calculation is simpler to trace and explain, which is particularly important in public-sector
decision settings that demand transparency and accountability [13], [14], [23]. Therefore, the integrated
framework supports not only technical decision computation but also interpretability for urban-village
stakeholders.

The alternative ranking results indicate that A12 and A50 achieve the highest preference values
(Y1), followed by a cluster of alternatives with relatively close Yi values. This clustering suggests that
several candidates have similar overall performance across the high-weight criteria and that small
changes in weights may alter the ordering among mid-ranked candidates. Such behavior is common in
MCDM-based DSS when alternatives are not strongly separated by performance, and it highlights the
need for robustness evaluation rather than relying solely on a single “best” ranking output. In this study,
sensitivity analysis provides additional evidence about decision reliability: under moderate weight
perturbations (£25%) with proportional adjustment of remaining weights, most alternatives show
preference changes and some rank shifts, while seven alternatives (A14, A32, A10, A26, A7, A12, and
A50) remain relatively stable. This indicates that the DSS recommendation is robust for the most stable
candidates, while the ranking among closely clustered alternatives is more sensitive to shifts in
stakeholder preference. Methodologically, this directly strengthens DSS accountability because decision
makers can distinguish between recommendations that are consistently stable and those that are sensitive
to preference changes, which is often not evaluated in comparable DSS implementations [27].

In terms of contribution to Informatics/Computer Science, this study contributes a transparent and
auditable computational decision-making framework for social assistance targeting by integrating
uncertainty modeling in criteria weighting (Fuzzy-AHP), efficient multi-criteria ranking (MOORA), and
explicit robustness evaluation through sensitivity analysis. These elements strengthen DSS robustness
and decision transparency two core aspects in modern DSS research especially for public-sector contexts
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where decision justification is critical. Furthermore, by aligning evaluation criteria with formal
regulations and operationalizing them into measurable sub-criteria, the study supports the development
of explainable DSS outputs that can be inspected and verified by stakeholders, improving the traceability
of why certain households are prioritized. Overall, the results indicate that the integrated Fuzzy-AHP
MOORA DSS, complemented by sensitivity analysis, not only generates prioritization rankings but also
provides a defensible basis for accountable decision making in PKH beneficiary selection.

5. CONCLUSION

This study developed a Decision Support System (DSS) for prioritizing Program Keluarga
Harapan (PKH) social assistance beneficiaries at the urban-village level by integrating Fuzzy-AHP and
MOORA, complemented with sensitivity analysis to evaluate ranking robustness. The results show that
the weighting stage highlights a small set of dominant criteria, where Daily Meal Frequency (C14)
obtains the highest normalized weight, followed by Medical Expenses (C15) and Income (C16). Using
these weights, MOORA produces preference values and final rankings in which A12 and A50 achieve
the highest priority scores, indicating that they are the most eligible candidates under the defined criteria
and preference structure. Sensitivity analysis further confirms that while several alternatives are
sensitive to moderate changes in criterion weights, a subset of candidates (A14, A32, A10, A26, A7,
A12, and A50) remains relatively stable, indicating stronger robustness and reliability of the DSS
recommendation for these alternatives.

From an Informatics/Computer Science perspective, this study contributes an auditable and
transparent computational decision-making framework that integrates uncertainty-aware weighting
(Fuzzy-AHP), efficient benefit—cost ranking (MOORA), and explicit robustness evaluation through
sensitivity analysis. This integration strengthens DSS robustness, improves decision transparency, and
supports accountable decision making in public-sector social assistance distribution.

Future work can extend this DSS by integrating machine learning to learn weighting patterns from
historical beneficiary data, linking the system to real-time socio-economic databases for continuous
updates, and incorporating multi-stakeholder weighting schemes to represent preferences from multiple
decision actors more comprehensively. In addition, further studies may evaluate the approach using
larger datasets and cross-region validation to improve generalizability across different urban-village
contexts.
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