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Choosing a financing model for the development of a traditional village as vernacular heritage that satisfies
all stakeholders, including the community, is an essential yet relatively unexplored issue. This study aims
to develop a support system model that accommodates stakeholders’ diverse backgrounds and interests
when choosing one option. The model’s research approach consists of three stages. The first is an analysis
of two value attributes: considerable capital expenditure, life-cycle cost, and a desirable partnership return.
The second is the decision process, which develops a decision hierarchy, judgment, synthesis, and satisficing
options on value criteria. The data are derived from focus groups and surveys, and the analysis employs the
Analytical Hierarchy Process (AHP) and satisficing game theory methods. The third is the best-fit options
process, which involves forming a coalition and analyzing the optimum payoff to reach an agreement. It
requires a non-financial return to accommodate the community as a stakeholder in vernacular heritage
settlement development. The results show that the proposed model increases strategic financing value,
allowing stakeholders in vernacular heritage development to analyze project partnership investment options.
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Background

Market and financial considerations are the driving forces behind the preservation of vernacular
heritage. Placing vernacular heritage in a commodity area transforms it into real property with an
economic value. It must run with all property management functions, including marketing, leas-
ing, and tenant relations. Examples of development with financial considerations are gentrifica-
tion, renovation, and socio-economic development (Huang & Li, 2023). The forms of development
that consider the preservation are rehabilitation, restoration, and reconstruction (Shi & Huang,
2023). Whatever the form, operational continuity is a must, so consideration must be given not
only to the ability to finance capital expenditure but also to operational expenditure as a form of
return on development capital.
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One consideration is determining land use and the combination of capital improvements and op-
erating costs to exploit the site for land settlement improvement. However, vernacular heritage
as a commodity cannot be distributed like other real property products because it is not just a
space where attributes associated with a location are not easy to change (Karahan & Davardoust,
2020). Vernacular heritage has historical value and socio-cultural attachment to the community
that grows and develops together.

A vernacular settlement emerged from ethnic societies, rooted in their traditions and utilizing
local techniques and materials. It is the answer to the building’s setting and is always open to
transformation (Salman, 2018). Adapting buildings to new uses becomes an economic and social
need. It requires a reassessment of the role and value of traditional buildings and their environ-
ments, especially those with unique histories or that highlight their historical significance. It is
impossible to continuously protect and oppose change to bring the building back to profitable use.
This process protects parts of the heritage building and makes it known and acceptable to the
community (Fadli & AlSaeed, 2019).

With limited government and community budgets, developing vernacular heritage settlements
requires financing through partnerships. One of the partnerships is the public-private partnership
(PPP). Adding community stakeholders to PPP (PPCP) is a more inclusive form of PPP expansion,
in which communities are partners in the design and maintenance of public projects or services.
According to Zuvela et al. (2023) the PPCP model for vernacular heritage requires consideration
of local community values to ensure not only commercial benefits are achieved, but also social
and cultural benefits.

Numerous previous studies have involved community financing partnerships. One is community
participation in the development process in developing countries (Kang et al., 2019). It is a study
on the active community participation approach to support sustainable development (Osei-Kyei
& Chan, 2015). In Indonesia, certain community engagement practices have been incorporated
into the PPP model. They become the third stakeholder, in addition to the private and public.
Local communities, often referred to as village people, are unique in their preservation of cul-
ture. The traditional village is a community of indigenous people, characterized by a rich social
life. Traditional communities are widespread in Indonesia: Kahyangan Tiga on Bali Island, Huta/
Nagori on Sumatra Island, Taneyan Lanjang on Madura Island and others. Decisions for multiple
stakeholders require an optimization or satisficing approach. The decision can be accepted by
different interests and satisfy all parties, so a cooperative form is an option.

Several factors contribute to the success of vernacular heritage within the building’s settlement
heritage and its environment. These factors are effective design collaboration processes and
financing factors that ensure sustainability. The change and development of vernacular settle-
ments require the utilization of multidisciplinary expertise due to the diversity of stakeholders. It
is a form of respect for the community’s cultural identity. Criteria such as stakeholder preferences
will serve as the basis for informed decision-making. Decisions that are acceptable to all stake-
holders require a hierarchical approach to eliminate inappropriate solutions.

Significance

Conventional decision theory bases optimization on rational choice. Behavioural sciences, eco-
nomics, and engineering apply this rational choice (Simonson & Sela, 2011). Another concept
is being good enough or satisfying (De Almeida et al., 2016). Optimization and satisfaction differ
in how the alternative solution is compared to the decision criteria. Each option has its own set
of individual positive and negative attributes in terms of satisfaction. A key benefit of applying
the coalition algorithm is its decentralized approach to fragmented decision-making across the
public, private, and community sectors. Other essential benefits could be effectively decompos-
ing large-scale problems and improving collaboration. As a multi-person process, negotiation
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becomes critical in selecting the development alternative for vernacular heritage and the PPCP
model to finance it. Furthermore, this new method encourages a novel approach for managing the
development of vernacular heritage.

Finding and innovation

The research differs from previous research by identifying financing opportunities and appropriate
funding sources through private sector partnerships. It determines the pattern of collaboration,
which is mutually beneficial for the government, the private sector, and the community. This re-
search applies the satisficing game method, in which the value criteria are the returns and in-
vestments of the solution techniques. Cooperative decisions require a coalition algorithm among
stakeholders, including the community. This problem can be solved using the Analytical Hierarchy
Process (AHP), but the approach must shift from optimization to satisficing via coalition formation
with an agreement option.

The Phenomenon of vernacular heritage

Vernacular heritage is a cultural heritage where, in terms of architecture, spatial planning and
choice of materials, it is represented by local communities in creative ways that connect build-
ings with local culture, customs and the environment (Aktirk & Fluck, 2022). It is the values and
practices inherent to these settlements; thus, vernacular settlement becomes a medium where
vernacular heritage grows, develops, and is inherited (Ali et al., 2022). The architectural system
plays an essential role in depicting the identity of a city, and is even believed to play a crucial role
in supporting sustainability (Alves, 2017; Keshtkaran, 2011; Mileto et al., 2021). In short, it em-
phasizes harmony among building form, climate conditions, energy efficiency, and environmental
friendliness. It not only reflects the building’s physical appearance but also the identity of a partic-
ular community.

In some countries, various vernacular heritages have depicted local construction traditions and
cultural arrangements, for example, Rize evleri in Turkey uses stone-infilled timber frames, mus-
kali dolma, or ¢akatura as construction techniques in building structures in response to climate
(extreme rain, wind and lateral forces due to sloping landscapes) (Akturk & Fluck, 2022). Buildings
in Yazd, Iran, specifically use local materials such as mud and adobe, which have thermal capacity
to store heat (Keshtkaran, 2011). The Sesga House in Valencia, Spain, integrated Juniperus thurif-
era, Pinus nigra, and Populus alba wood as the main structural elements of the building, provid-
ing stability, weathering resistance, and longevity (Mileto et al., 2021). The wall system using straw
(Warichchi or Katumeti), covered with mud or cow dung, is used in buildings in Sri Lanka to keep
rooms cool and save costs (Dayaratne, 2018). These various contexts have shown that vernacular
heritage generally forms as an adaptive response to environmental risks and as a manifestation
of the local community’s social and cultural values .

In some cases, vernacular heritage begins to transform in response to environmental factors
and socio-economic dynamics that influence its sustainability, such as modernization, including
changes in lifestyle, work, and increasing modifications to modern houses. In Indonesia, /mah
Panggung is still maintained by the Sundanese community in the city of Bekasi to preserve
the continuity of spatial values (Ali et al., 2022). The same thing also happened in Praigoli, West
Sumba, where the traditional village heritage (wanno kalada) is still maintained, even though the
availability of materials such as wood, palm fiber, and bamboo is decreasing, along with the tra-
ditional knowledge and skills of the younger generation being reduced due to economic shifts and
job migration (Solikhah & Fatimah, 2020). In another study in Kampung Sanan, Malang, vernacular
houses underwent gradual changes due to the need for space for home-based enterprise (HBE)
activities, specifically for tempe production (Tutuko & Shen, 2014). The same case also occurred in
the Gayo community in Aceh, where there was a revolution in traditional stilt houses to become
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landed houses due to limited land, the increasingly scarce availability of wood materials and the
increased use of modern materials for building durability (Wulandari et al., 2024).

There are two central values of vernacular heritage: tangible and intangible, both of which are
interrelated. Tangible value refers to the physical aspects of a building, including its form, spatial
typology, construction techniques, and use of local materials that reflect the building’s distinctive
characteristics and long-term adaptability (Aktirk & Fluck, 2022; Keshtkaran, 2011; Tutuko &
Shen, 2014; Wulandari et al., 2024). Meanwhile, intangible values , as a cultural system, include
traditional knowledge, social relations, belief systems, cultural practices, and community gov-
ernance that provide meaning, function, and sustainability to tangible values (Astuti et al., 2022;
Dayaratne, 2018; Keshtkaran, 2011; Nursanty et al., 2024). The integration of these two values
forms the basis for designing development and conservation strategies for sustainable vernacu-
lar settlements.

AHP Model for Assessing Vernacular Heritage

Vernacular heritage demands multidisciplinary involvement because the development of archi-
tectural heritage lies not only in the building’s characteristics but also in the social, cultural, and
ecological values it embodies. Study Astuti et al. (2022) in Batujaya, Karawang, emphasized that,
for conservation and sustainability, a bottom-up approach is needed through community involve-
ment, cooperation among local governments, and the central government, which serves as an
inseparable unit of community governance. This is also in line with Mugoffa et al. (2024), who
investigated the relationship between vernacular houses and energy sustainability in case studies
of traditional dwellings in Surakarta and Wonogiri. In this case, a deep understanding of construc-
tion techniques and the use of local materials is required, so it is essential to involve architectural
experts, builders, and cultural experts in collaboration. Meanwhile, Nursanty et al. (2024) stated
that the development and management of vernacular settlements require an integrative approach
because they relate to the local area’s image, which must be maintained in its authenticity.

Multidisciplinary involvement ultimately does not rely on just one perspective in the decision-mak-
ing process. Even in evaluating the heritage value of buildings, a method is required that can ac-
commodate various tangible and intangible aspects simultaneously (Lian & Dimitrijevi¢, 2025;
SioZinyté et al,, 2014). Based on this, the AHP is a method that can help make the right decisions,
as it facilitates the management of multiple criteria and alternatives that must be considered
simultaneously (Saaty, 2004).

As a flexible decision process, AHP provides a clear rationale by reducing complex decisions to
one-to-one comparisons and synthesizing results. Group decision also successfully applies AHP
(Aguaron et al., 2019) and negotiation (Saaty & Alexander, 1989). This method can also be applied
in many scenarios, such as selecting alternatives, allocating resources, combining alternatives
with various constraints, and comparing processes or systems (Subramanian & Ramanathan,
2012).

Several studies have employed AHP to assess cultural heritage, guiding conservation and reuse
efforts. Various studies focus on the physical building, such as (Chen et al., 2024), which evaluat-
ed the heritage value of the Mawei shipbuilding industry in China. The research highlights eight
criteria for building value, including historical, artistic, social, cultural, scientific, technological,
economic, and functional values, which serve as the basis for compiling adaptive, community-ori-
ented policies. Another study from Lian & Dimitrijevi¢ (2025), also spread the industrial heritage
value for the Shaanxi steel mills. Meanwhile, the study of Liu et al. (2021) which combined Delphi
and AHP for cultural heritage restoration, emphasized spatial safety criteria such as structural
safety and security as the top priority. This is because the safety criteria for heritage building
spaces must protect occupants from various risks, including accidents and natural disasters.
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In another study, AHP was used by Kittipongvises et al. (2020), combined with GIS, to assess
potential flood factors in Ayutthaya Historical Park in Thailand. The research underscores the im-
portance of aligning conservation with local community involvement. In this case, the criteria
highlighted as causes of flooding are runoff, river basins and density of road networks due to
urbanization. Dammag et al. (2024) conducted a study on cultural heritage sites in the city of Ibb,
Yemen. The study combines GIS and SWOT-AHP analysis to evaluate the risks associated with
cultural heritage sites and identify priority strategies to protect sites from short-term to long-term
threats. There is also a study by Kutut et al. (2014) who used AHP combined with ARAS (Additive
Ratio Assessment) to determine priority rankings for the restoration of various cultural heritage
sites in Vilnius, Lithuania. In particular, his research emphasizes the value of buildings in terms of
their utility and the restoration of property through investment.

In general, existing research has focused on risk (Dammag et al., 2024; Kittipongvises et al., 2020),
while others have focused on strategy (Chen et al., 2024; Kutut et al., 2014; Lian & Dimitrijevic,
2025; Liu et al., 2021). The types of decisions also vary, for example, conservation and reuse
(Chen et al., 2024; Kittipongvises et al., 2020; Lian & Dimitrijevi¢, 2025), restoration (Kutut et al.,
2014; Liu et al,, 2021) and zonation (Dammag et al., 2024). However, there are still implementation
limitations, especially in complex heritage projects involving many stakeholders. Dammag et al.
(2024) and Liu et al. (2021) criticized AHP for being prone to subjectivity, as experts evaluating in-
dicators may be influenced by their work backgrounds, potentially biasing the weighting of criteria.
Meanwhile, Kittipongvises et al. (2020) and Lian & Dimitrijevi¢ (2025) agree that expert involve-
ment is often dominant and often ignores local communities, even though vernacular heritage is
essentially an expression of local culture originating in local communities.

AHP-based satisficing agreement options and coalition formation

The AHP enables a more complex hierarchy, which may involve increasing the number of sub-cri-
teria, sub-alternatives, and even stakeholders. This paper presents a different approach to using
AHP in previous research studies, including the application in construction (Darko et al., 2019).
As discussed in the literature, the effectiveness of AHP is limited by its dependence on expert
judgment, its limited ability to overcome conflicts of interest, and its inability to accommodate
interactive dynamics among stakeholders. Based on this, the research’s novelty lies in the use of
AHP within a satisficing game approach. Through this approach, each stakeholder, including local
communities, can be explicitly modeled as a negotiation strategy to find a compromise solution
for the PPCP scheme.

The first approach is optimization, which selects alternatives with the highest value as the best
choice. This paper applies the concept of satisficing, in which the chosen option is not the high-
est value but one that all stakeholders can accept. Second are group decisions and negotiations.
Suppose the previous research employs aggregation to determine the value of the decision-mak-
ing group. In that case, the AHP-based satisficing option enables a joint decision through nego-
tiations facilitated by coalition formation. Table 1 compares the positioning of the proposed new
concept.

This value model follows the satisfaction concept (De Almeida et al., 2016). It enables collabo-
ration by forming coalitions. By separating into two categories, namely “what is expected to be
received” and “consideration of costs to obtain,” the coalition will form an agreement that satisfies
all stakeholders. The meaning of value may be open to interpretation. This can be expressed as:

Value = Desirable (Return) / Considerable (Cost).

Stakeholders may choose to cooperate by forming coalitions. Given that all coalition members
are allowed to receive more than they can individually, this will benefit each coalition member.
Expected returns can quantify the benefit of a coalition. The coalition has been used in many kinds
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of research in multi-person decision-making and negotiation (Guo & Lim, 2007) and applications
of cooperative game theory in power system allocation problems (Kratima et al., 2013) for co-
operative information agent-based systems (Smirnov & Sheremetov, 2012) and COTS selection
(Wanyama, 2006). This research considers negotiation in which the players may cooperate by
forming coalitions. Cooperation is the nature of a group decision in a collaborative environment
(Xu et al.,, 2014).

Implementation of AHP in construction Source
No
Objective Decision Criteria Decision Model

1 (l:\loengfﬁgtastlf%r; g%?ﬁﬁhmth Cost, schedule, quality, Integrating a DSS fuzzy l;le?nagnd

buffer stocks safety into MADM (2008)

Selecting alternatives for | Procurement, waste, decision trees, MADM, Fadiva et
2 an ICT-based logistics misplacement, delivery uncertainty, what-if al (2)/0]5)

system lateness, analysis ‘

Multi-agent system (com- | Nyongesa
bining AHP and fuzzy etal.
approximate reasoning) (2017)

3 A proposed decision mod- | Business, technical, and
el for selecting a partner management

Describe the applica-
4 tion areas of AHP in
construction

Using normalized ei-
genvalues to determine gla'égﬁ;t)
priority weights of criteria :

Risk, sustainability and
competitive advantage

This study: . Coalition formation,
Selecting vernacular heritage and Xg{gg:;éig’ié%ﬁlder agreement options, and
its PPCP financing model. satisficing game theory

This method combines group decisions in MCDM to get a choice that satisfies all parties through
three stages. The three stages determine desirable and considerable criteria, a multi-criteria de-
cision process, a satisficing option, and coalition formation. Adjusting the funding source to lo-
cal conditions and practices in developing vernacular heritage settlements selects the PPCP. The
main objective is to determine how all stakeholders involved in the community can accept the
financing method.

Description of the object

The case study is the traditional village of Arosbaya, Bangkalan, Madura, Indonesia. Madura is
an island in eastern Java, approximately 5,000 square kilometers in size (Fig. 1). Since the 18th
century, the island of Madura has been known for its two distinct areas of mastery: Western
Madura (comprising Bangkalan and Sampang) and Eastern Madura (encompassing Pamekasan
and Sumenep). At that time, the dynamics of vernacular heritage occurred as colonial influence
developed in the central part of Bangkalan. In contrast, traditional housing is concentrated in the
peripheral areas of Bangkalan city, extending from the center of Arosbaya in the north to the cen-
tral and southern regions of Madura.

Usually, the housing group consists of one or two houses. All of these are called Taneyan; the lit-
eral meaning is a yard surrounded by homes and other buildings. The Taneyan is used for the land
around it and is often planted with fruit trees and shrubs. If this group consists of several buildings,
it is referred to as Taneyan Lanjang. The arrangement of the Taneyan exhibits a distinct pattern
that can be classified as a dwelling typology. The place of worship is called the center of the
Taneyan. It is almost always built to the west of the yard; from that place, you can see the whole
yard. The first dwelling is usually located on the north side of the yard, facing south. Often, kitchens
and stalls are located opposite the house, facing north. The Taneyan Lanjang, as a vernacular her-
itage settlement, has undergone significant change due to urban development and limited land.
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The aim of cultural sustainability serves as the basis for the vernacular heritage development
plan. The decision of this plan depends on the stakeholders involved as decision-makers.
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In selecting the PPCP model for vernacular heritage, three stakeholders are involved in the deci-
sion: Government, Private, and Community, as shown in Table 2. They expressed their preference
and formed a coalition to select the PPCP model. The decision-making process is designed in a
collaborative environment to establish a profitability level that all Stakeholders accept. A total
of twenty-six participants were involved in this study, with the community group division con-
sisting of eighteen people, including several village-level management representatives from
the Arosbaya sub-district. The private group represents the business management in Arosbaya,
Madura, comprising five people, and the public group consists of the city planning department
in Bangkalan city, with three members. Stakeholders were selected using several techniques.
For the community, cluster random sampling was used to represent 18 traditional villages in
Arosbaya. For the private sector, purposive sampling was used, with representatives appointed
according to their management function. For the government, purposive sampling was used, with
representatives from the city planning department. The number of stakeholders is 26, which is
below the general recommendations for vernacular heritage, which range from 10 to 30 people
(Lian & Dimitrijevi¢, 2025). The large number of people is due to the traditional village-cluster
representation. This is a balance to overcome forms of coordination or cooperation that do not
achieve mutual and individual satisfaction.

Stakeholders (SH) Reasons Members Sampling

Maintain regulations and bridge The stakeholders
SH1: . L . . .

the interests of all parties City planning department Purposive
Government .

decisions

Ensuring the development Representative of business

SH2: Private process, |nc.lud|ng the provi- development, finance, general Purposive
sion of funding and business ; . 4 :
affairs, design, and engineering
management
Ensuring vernacular heritage Representatives from 18 Cluster

SH3: Community throughout the entire life cycle traditional villages Random

The model of stakeholder partnership is shown in Fig.2. Each stakeholder group assigns its own
preference groups using the mean distribution. The payoffs between stakeholders are then based
on these preference groups. The coalition process for mutually satisfying choices is then based
on this partnership model.

Process

The decisions applied a three-stage decision-making process. The first stage is to determine
the decision preference among the desirable and considerable solutions for the PPCP model.
Desirable means what the three parties expect from PPCP and the consequences of the costs
incurred. It is to get the value of the decision. Stage two is the multi-criteria decision process and
the satisficing option. Stage three is coalition formation. It consists of two steps to determine the
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optimal solutions by analysing the optimum payoff. The second step is analysing the best-fit op-
tions for the group.
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This study comprises six steps derived from a three-stage decision-making process: Stage 1 has
1 step, Stage 2 has three steps, and Stage 3 has two steps.

Step 1: Desirable and considerable criteria

This model combines financial and non-financial aspects. One uses costs as the criteria to be
considered, and the other uses functions as the desired criteria. It includes social, economic, and
environmental aspects related to sustainability and value creation. Desirables and considerables
refer to the satisficing options (Sandorf et al., 2022; Stirling, 2009) that presented a simple and
tractable model that captures satisficing behavior. A natural way to satisfy options is to separate
the attributes into two categories. Categorizing this problem helps identify the function as desir-
able (Pd) and the cost as considerable (Pc).

Setting the decision preference: This step determines the decision preference. The preference
attribute appears to be a desirable and considerable solution for the PPCP model. Based on the
satisficing approach, the criteria were divided into two categories. The first category, ‘consider-
able’, contains two cost criteria. The second category is ‘desirable,” which includes five function
criteria. Data sources for this stage are literature and expert judgment. The judgment is based on
the opinions of two experts from the Heritage Council and experts in project finance.

Meanwhile, five desirable criteria are sustainability in cultural heritage and building culture (d1),
capturing value creation in the local community (d2), a high-level consortium of three parties and
business image (d3), balance profitability sharing (d4), and risk allocation and transfer (d5). The
concept underlying these criteria stems from considering the interests of collaborative financing,
the interests of each stakeholder, and the goal of reusing vernacular heritage. Each of these crite-
ria for each stakeholder can be a conflict and a trade-off. For example, d1 is the goal set by public
stakeholders, d2 by community stakeholders, d3 by private stakeholders, and d4 and d5 by the
three stakeholders to ensure the sustainability of the collaboration.

Step 2: Decision hierarchy

The first step in any MCDM is to construct a decision hierarchy (Fig. 3). The hierarchy is arranged
according to the AHP decision logic. Information from Step 1 becomes the basis for preparing the
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initial hierarchical model. A focus group was then conducted with three stakeholder groups. Focus
groups confirm the expert's sub-criteria and determine possible alternatives. This hierarchy, con-
firmed by the decision-maker, becomes a conceptual model for the group decision process. Five
levels form the hierarchy: Goals to select the financing model; desirable and considerable criteria;
sub-criteria; heritage development alternatives; and financing model alternatives. At the first level,
the decision’s goal is “The best-fit options of the financing model for PPCP vernacular heritage

development.
There are three ver-

. 5 : 7 Level 1
nacular heritage ‘ heioos ke ”::;’gﬁ"m“ model for TR ‘ Goal 1o select financing model
alternatives at the _ Level2
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ernization; it can in-
tegrate into various
functions of property buildings. An exclusive alternative means they are located in a particular
function as a cultural preserve or developed in specific clusters within the city. A process combin-
ing alternative vernacular heritage methods develops alongside urban development. The lowest
decision hierarchy is the most common form of PPCP financing (Yescombe & Farquharson, 2018).
There are the buy-build operation (BBO), build-operate-transfer (BOT), design-build-finance-op-
erate (DBFO), finance-only (FO), and operating license (OL) options.

Step 3: Judgment
and result

The first analysis is
the criteria for each
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with a different pri-
ority. Risk allocation
and transfer (d9),
the capture of value
creation in the local
community (d2), and
the sustainability of
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iy s 4
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Combimng Process
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native against each criterion. Each criterion has a different priority for alternatives. For example,
the priority for the criteria of capture value creation on the local community is inclusive alternatives.
Meanwhile, the priority for sustainability in cultural heritage and building cultures is exclusive. The
alternative combining process is the priority for risk allocation and transfer criteria. This result is
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interesting because there is a conflict among the alternatives as the best option based on the cri-
teria. The third analysis determines the alternative priority for each stakeholder. This analysis is a
synthesis of the first and the second. Group communities prefer to develop settlements and build-
ings that are inclusive. As the owner and occupant, they have to hope their property can grow along
with business development. The private selects the combining process or the exclusive alterna-
tive, and it can be developed specifically for certain businesses that generate income. An exclusive
alternative is a choice for public groups due to its ease of control and budgetary considerations.
The last result is the value of (Pd/Pc) for each financing alternative and each cultural heritage
development alter-
native (Fig. 5).
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stakeholders’ inclusiveness was chosen, but it was not necessarily the best solution. Interestingly,
the stakeholders rejected the combining process individually. Nevertheless, it does not mean each
coalition will reject this alternative.

— D

Group of Community Group of Private Group of Public

Inclusive Pc Pd Value Pc Pd Value Pc Pd Value
BBO 0.070 0.0260  3.791 0.0240 ' 0.0153 ' 0.4638 0.0103 ' 0.0165 | 1.599
BOT 0.010 0.0450 0.0414 0.0264 0.0178 0.0284
DBFO 0.010 0.0450 0.0414 0.0264 0.0178 0.0284
FO 0.080 0.3090 0.2815 0.1798 0.1211 0.1937
oL 0.020 0.0790 0.0724 0.0462 0.0311 0.0498

Exclusive Pc Pd Value Pc Pd Value Pc Pd Value
BBO 0.174 0.1241 1 0.713 0.0601 1 0.1538 | 2.559 0.1389 1 0.1883 | 1.355
BOT 0.073 0.0523 0.0253 0.0648 0.0585 0.0793
DBFO 0.019 0.0133 0.0064 0.0164 0.0148 0.0201
FO 0.022 0.0154 0.0074 0.0191 0.0172 0.0234
oL 0.110 0.0785 0.0380 0.0973 0.0879 0.1191
Combining Process  Pc Pd Value Pc Pd Value Pc Pd Value
BBO 0.032 0.0143 | 0.4485 0.0274 |0.0241 |0.881 0.0330 0.0172 0.521
BOT 0.119 0.0535 0.1023  0.0901 0.1233  0.0642
DBFO 0.242 0.1085 0.2074 0.1827 0.2499 0.1303
FO 0.031 0.0139 0.0266 0.0234 0.0321 0.0167
oL 0.044 0.0199 0.0379 0.0334 0.0457 0.0238

There are two conditions of satisfaction. The first is the value of each alternative for each
Stakeholder, and the second is the PPCP model’s satisfaction with the vernacular heritage devel-
opment alternative. Table 3 uses the PPCP model to calculate the value of development. The calcu-
lation process reveals the value of each option for each stakeholder across five PPCP alternatives.
It also selects a combination of the development option and the PPCP model. Three combination
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options become alternatives for the next step. They are inclusive-finance only (I-FO) with Pd =
0.3090, exclusive-buy built operate (E-BBO) with Pd = 0.1538, and combining process-design built
finance operate (C-DBFO) with Pd = 0.1303

Step 5: Payoff optimum to determine the optimal solution

Journal of Sustainable Architecture and Civil Engineering

Two kinds of Pareto-optimal payoffs represent the criteria. Table 4 presents the Considerable and
Desirable, respectively. The empirical behavioral data from the survey analysis reveal five styles
and seven negotiation outcomes. The outcomes can be functional or dysfunctional. A stakehold-
er's (max-min) payoff value determines the payoff optimum by applying the coordinating scenario.

I-FO E-BBO C-DBFO
Desirable  Considerable = Desirable Considerable Desirable Considerable (Ezisasltitfilft)r?ptlons for each
w- 14.753 5.196 139.018 87.911 172.802 319.912
Grand W+ 0 0 0 8.082 0 0
Ranking 1st Tst 2nd 2nd 3rd 3rd
Rating  +++ ++ +
w- 117.032 0 133.238 107.668 177.552 5.099
SH1+2 w+ . 0 0 0 0 0 0
Ranking 2nd Tst Tst 3rd 3rd 2nd
Rating  ++ + ++
w- 9.192 32.527 125.268 61.583 164 32.65
SH1+3 w+ . 9.192 0 0 0 0 0
Ranking 2nd 2nd 3rd 3rd Tst Ist
Rating ++ + +++
w- 15.556 14.849 157.634 89.802 177.5 16.124
w+ 0 0 0 0.707 0 0
SH2+3 Ranking 2nd Tst 3rd 3rd Tst 2nd
Rating  ++ + ++
0.2643 0.2608 01859 01767 01138 0.257
SH1 Ranking 3rd 3rd 2nd 2nd 1st 1st
Rating + ++ +++
0.2753 0.2801 01469 0.2801 01203 0.2743
SH2  Ranking 3rd 3rd 2nd 3rd 1st 1st
Rating +++ ++ +++
0.3057 0.2198 0.1413 0.2421 0.1282 0.2189
SH3  Ranking 3rd 2nd 2nd 3rd Tst Ist
Rating ++ ++ +++

There are four possible coalitions. The possible coalition is (1) a group of communities with a group
of private, (2) a group of communities with a group of public, (3) a group of private with a group
of public, and (4) a grand coalition among all stakeholders. It is writen as SH1+2, SH1+3, SH2-2,
and SH1+2+3, respectively. There is an empty coalition of no members. The Table also shows
the alternative combinations of the development option and the PPCP model: I-FO (Inclusive and
Finance Only), E-BBO (Exclusive and Buy-Build-Operate), and C-DBFO (Combining process and
Design-Build-Finance-Operate).

Step 6: Best fit options for the group

The best option is the one with the least negative value for both desirable and considerable out-
comes. However, when two alternatives have the same negative value, a higher positive value is
better than a lower negative value. It is illustrated in Table 4. AHP is essentially an optimization
model that uses a data distribution based on the mean. Its weakness is its inability to achieve both
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collective and individual satisfaction. Satisfaction-based game theory using payoffs can address
this weakness. However, the consequence is the possibility of deadlock. In the satisficing model,
AHP is used to input decision data from stakeholders.

Additionally, two measures of collective decision-making outcomes are considered errors: noise
and bias (Kahneman et al, 2021). In multi-stakeholder situations, noise is most likely, while bias
is most likely when the collaborative effort is coordinative. The model in this paper, with an out-
come-based satisficing game, reduces the risk of bias.

This study aims to develop a support system model for selecting a financing approach for the
development of a traditional village as a vernacular heritage that satisfies all stakeholders in-
volved in the community. AHP, based on satisfaction, can accommodate a group decision-making
approach. Using satisficing game theory with coalition formation can facilitate PPCP collaboration
in developing the vernacular heritage by selecting a financing model. The decision support is still
at each stakeholder’s valuation level and needs validation for practical application. It can serve as
a basis for stakeholder negotiations, using the satisficing logic. The resulting model offers mana-
gerial implications for enhancing community participation in the management, thereby ensuring
the sustainability of the asset’s operations.

This study has several limitations. It does not directly examine the tangible and intangible values
inherent in vernacular heritage. These two values are essential components in understanding the
cultural sensitivity and ecological context that can influence vernacular settlement development
decisions. This limits the depth of interpretation of the model, especially regarding stakeholder
preferences formed based on perceptions of physical and non-physical aspects.

Recommended future work is further development to include a comprehensive evaluation of
tangible and intangible values as part of the decision-making framework for a model that is
more responsive to the socio-cultural aspects of the communities involved, multi-attribute deci-
sion-making approaches, specifically by eliciting user preference models, such as neural network
applications, and establishing expert quantitative data. Real-time analysis of the value of technical
solutions requires the development of trade-off algorithms.
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