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Healthcare Health policies are significant in relation to health equity and accessibility. Achieving equity in health care
Geographi(l: must understand the geographic distribution of health care and the impact of policy decisions on access

Planners can use Geographic Information Systems (GIS) as an aid powerful to visualize and scrutinize these
differences. The current study addresses some of the challenges of integrating multiple data sources,
definitions of access and equity and the dynamic nature of health care processes. Furthermore, sophisticated
analytical methods are needed to truly map all complex health care systems. Therefore this paper, describe a
cross-sectional mental health treatment (C-SMHT) that uses a fuzzy inference system to assess justice and
access to health care. Using ambiguous GIS data to address uncertainty and environmental variability, this
approach provides a comprehensive picture of how policy change has shaped health disparities to improve.
C-SMHT has many applications for policy makers as well as public health practitioners. This paper will
provide a snapshot of mental health provider availability and utilization. Simulation studies to examine how
the effectiveness of the C-SMHT approach can help to better identify underserved areas, better allocate
resources, and deliver treatment were found to be good. A number of initiatives will be developed as part of
this project to assess their impact on the availability of mental health services in defined areas or countries.
In addition to providing recommendations to policy makers based on research findings, the simulation will
also provide insights into how policies affect equity and access.
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1. Introduction

For a health system to be fair and efficient, healthcare accessibility and fairness must be paramount
[1]. Good health policies and advanced methods for evaluating and resolving healthcare inequalities
are necessary for providing equitable healthcare to different populations [2]. The geographical
distribution of healthcare facilities and the influence of policy choices on access may be effectively
visualized and analyzed with the use of GIS [20]. Problems arise, however, when trying to account for
the ever-changing nature of health policy, integrate data from several sources, and consistently define
access and fairness [4]. Numerous studies have examined various aspects of health care access;
however, the indicators used to measure this have changed over time and differ across studies [17].
Unfortunately, healthcare access has only been weakly defined and used, despite its crucial importance
in health services and policy research [6]. Depending on the source, access might mean either entering
or using the healthcare system; alternatively, it can mean elements that impact either of those things
[7]. Many factors contribute to a service's accessibility, including how well it fits the user's needs and
the service's availability, acceptability, price, and appropriateness [8]. This paper presents a new
method for tackling these issues; C-SMHT makes use of a Fuzzy Inference System [9]. To provide an
accurate representation of healthcare inequalities affected by policy changes, this technique uses GIS
data to handle uncertainties and variabilities in access metrics [16]. The goal of C-SMHT is to help
public health workers and lawmakers better understand healthcare disparities and find ways to reduce
them by combining fuzzy logic with geographic data [5]. The contribution of this paper, This paper
intends to identify areas with limited access to mental health care providers by using the design of C-
SMHT. By creating a map of these regions, lawmakers will be able to pinpoint healthcare service
shortages and allocate funds more effectively. This paper provides a spatial health equity map with
different risk level. To ensure that resources are allocated to regions with the highest need, it will
simulate alternative policy scenarios to provide light on how various policy choices might affect the
allocation of mental health care services. C-SMHT will use simulation analysis to assess the effects of
various health policy scenarios on equality and access to mental health treatment. The findings will
provide lawmakers with evidence-based suggestions for policies that increase healthcare accessibility,
efficiency and uncertainties.In this paper, section 2 explains the related works, section 3 shows the
proposed method, section 4 denotes the result and discussion. Finally section 5 explains the conclusion
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of this paper.
2. Literature Review

The purpose of this paper is to analyze healthcare planning difficulties and to examine the potential
ofGIS in addressing these issues via the use of Analytical Approaches (AA) [18]. Instead of health
information and its management, researchers have used GIS to support epidemic surveillance [3]. By
using the ever-changing AA for healthcare planning, GIS is a powerful instrument for supporting
spatial decision-making in public health. Health professional shortage areas are defined as places with
an inadequate number of dentists, general practitioners, and mental health experts. To better understand
the ever-changing distribution, outcomes, and delivery of health care, Spatial Analysis Approaches
(SAA) in GIS provide invaluable tools [22]. To accomplish its stated purpose, this integrative review
aims to describe and synthesize the research on GIS approaches to expand access to mental health care
services [10]. GIS provide nursing researchers robust tools for incorporating geographical elements,
such healthcare accessibility and associated features, socioeconomic status, and environmental aspects,
into health disparities study [12]. This paper informs nurse scientists about GIS-based research
advantages and concerns and how access-to-care measures affect study findings [11]. These results
highlight the significance of comprehending how access-to-care criteria are selected in GIS-based
studies for reliable conclusion drawing. A geographical model for measuring health care accessibility
based on the Fuzzy Inference System (FIS) is the goal of this paper. The availability of health care is
not dispersed in a manner that is fair within the location under investigation [21]. Document analysis
is a popular and effective health policy research tool. There is minimal information on how to utilize
document analysis to comprehend and analyze health policy in qualitative research guides [14]. Using
assistance from various fields and the research expertise provide the READ method to health policy
document analysis: prepare materials, extract data, analyze data, and summarize results. Due to the
necessity of reading documents critically and maximizing their value in health policy research, the
READ method offers practical advice on document analysis rigor [15]. By focusing on structural
racism's complexity and insidiousness, antiracist health policy research must innovate to address health
inequalities [13]. Empirical understanding of structural racism and its effects on public health is needed
to create successful health policy and equitable solutions. Structural racism is conceptualized but
measured differently in public health literature [19].

3. Methodology

An equitable civilization must prioritize accessibility to healthcare and equality. By dictating the
geographical distribution of medical facilities and amenities, health policies substantially impact these
factors. To help lawmakers better understand healthcare access inequities, GIS supplies a powerful
framework for displaying and evaluating this data.

Figure 1 provides a sketch of how GIS and Fuzzy Inference Systems are employed in evaluating and
improving healthcare access and equity within the C-SMHT framework.
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Figure 1. Cross-Sectional Mental Health Treatment

The adherence to data sources shows that information comes about healthcare facilities, policy data,
and population demographics from which health systems can be built. The information is then fed into
the GIS for visualization and spatial analysis vital for understanding the distribution of health care
services over space. These outputs are then processed by a FIS, whose role is to handle variability and
uncertainty associated with access measures. This system handles enormous amount of complex data
hence providing an elaborate picture of healthcare accessibility. C-SMHT makes sense for the reason
that it allows a comprehensive analysis and simulation in fuzzy logic framework and GIS data. Policy
scenarios regarding healthcare accessibility can be effectively evaluated through this framework by
simulating them parametrically which provides a basis for policy recommendations. Therefore, any
recommendations made through the insights will target resource optimization and development of good
treatment plans aimed at improving public health. In these areas more emphasis on equity should
increase access to attain better public health outcomes. In public health, this technique thus provides
policymakers as well as practitioners with sufficient grounds upon which they can make their decisions.

Spatial health equity map

Figure 2 shows integrated GIS with FIS towards fairness assessment concerning geographical access
to health care services. This calls for future works to consider these sources so that they can determine
whether equity in service delivery has been achieved or not. The first stage involves selecting some
accessibility conditions like; the time spent from home to HCHs; distance from the nearest facility.
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Figure 2. Design of Spatial health equity map

These are the indicators used to measure location related subjects regarding availability of medical
services. These items are then analyzed spatially leading into initial criteria maps that are later
normalized so that measurement scales remain uniform throughout ensuring accurate results. This
normalization process guarantees accurate result interpretation. Then the criteria maps were weighted
through FIS to account for the variability and uncertainty of the data. These weighted maps are then
combined using OWA method to generate a comprehensive weighted map. A spatial health equity
map, which shows areas with different risk levels regarding healthcare access, is obtained by
integrating this weighted map into GIS.The main function of this map is to show disparities in health
care accessibility visually as well as analytically. The final outputs are intended for use by GIS experts,
urban planners, medical professionals, and citizens ensuring a collaborative approach to enhancing
healthcare accessibility and equity. This framework provides actionable insights that can inform policy
decisions and guide resource allocation, ultimately addressing healthcare disparities through informed,
data-driven strategies. The methodology combines spatial data and advanced analytical methods for
developing a strong tool that policymakers and public health practitioners can employ in improving
health care equity and access.

Allocation of mental health care services

Figure 3 demonstrates the utilization of Fuzzy Inference System in assessing the accessibility of mental
health services based on their distribution across healthcare facilities within an area. The first stage
involves giving spatial distribution data regarding health centres onto a fuzzy inference system so as
to be able to evaluate availability of mental health services using these two interrelated variables. This
system passes through several steps such as fuzzification of GIS data; applying fuzzy rules; processing
by inference engine; defuzzification.
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Figure 3. Mental health service using FIS

The Fuzzy Inference System’s outcomes are used in developing different policy scenarios. These
scenarios aid in predicting and evaluating many policies’ impact on mental health service availability.
At the same time, it is important for an impact assessment because it shows how policy changes will
affect access or distribution of mental health services. Methodology leverages this integrated approach
thereby presenting a comprehensive framework for policymakers to evaluate and improve mental
health service availabilities. This approach does not only help address contemporary inequalities, but
also plans ahead by giving insights as regards how spatial factors relate to each other and interact with
policy decisions towards determining outcome in terms of accessibility of services.

Evaluation using a mathematical equation for the better outcome for the proposed method

Obstacles in this field include the need to integrate multiple sources of information and the fact that
different people have different ideas about what it means to have access and equality. To overcome

these obstacles and more accurately represent the intricacies of healthcare access, this work presents
a (C-SMHT) model.
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The variables vZ are policy factors that impact healthcare accessibility regulations and the coefficients
B? and acy are representations of the parameters in the equation 1. Similar to fuzzy logic xj is
integrated into the GIS framework % and evaluate healthcare inequalities f;, the summing term takes
k

into consideration discrepancies % in availability through a mix of criteria such as accessibility of
q

services (f,;) and distance (’;—" .
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To guarantee sufficient access Max d, the combined geographic and accessibility factors, denoted by
equation 2 % + d.p, must be greater than a certain bar. In this context, d.,and |% + fkq| > denote
k s

the policy effects and resource distributions d, respectively, and the words indicate the integration of
GIS data K with fuzzy logic.
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Equation 3, which represents the scaling of healthcare accessibility measures, corresponds with the
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suggested C-SMHT technique. B, records many characteristics, including n4, Iy + m,, which

ny p1

represent impacts on access from space [ > 0 and policy, and | is a scaling factor 7,7,571 in this
context.
By = {by1,bx2, . b} {bsx = (1,1,1),j = 1,2, ..., 0} (4)

Equation 4, (byq, by, ..., byy,) represents a collection of baseline access metrics (B,) for different
healthcare institutions, which corresponds with the suggested C-SMHT technique. For each policy,
scenario (j = 1,2, ..., p), the initial consistent access level is indicated by b,, = (1,1,1).

q
X X
maxminz{ [—C - bkp] - [—k - bky]},z Skp = 1,ng > W]E_1 (5)
Xd Xg
k=1
The access measures that are altered by the policy effects (b, and by,,) are given by equations 5, [% -
d

by,] and [% — by, ]. For one to achieve optimization, these differences should be minimized over all
S

possible outcomes (z), with the condition that the influence of each strategy (S,,) and the sufficiency

of resources (nj> wf_, be met.

(nZ,s2. fn)

(n;lZ“» W1, SEH1)

- (nck' Sfpk, Srt) > (l*: m*, n*) (6)

A comparison of complicated access measures affected by policy and geographical variables
n2*1 w1, st is represented by equation 6. Differences in access measures are quantified by the
ratios (ng‘,sg’,fgh) and the subscripts (g, Sepk, Sre). The objective is to make sure these differences
are more than certain limits (I*,m*,n*), with the C-SMHT's plan to use fuzzy logic and GIS data to
find major imbalances and involves the analysis of healthcare accessibility ratio.

r
Z S(xp) =1,nftt > st > s,,m=12,..,p (7)
k=1
The equality 7 denotes n¢*t! > s¥*1 > s, and reflects the priority of resource allocation based
on different access measures, whereas the equation S(xp) shows that specified policy requirements
have been satisfied. This is similar to the C-SMHT method, which evaluates the effects of various
policies (m = 1,2, ..., p) using geographic information systems and fuzzy logic guarantee fair

allocation of resources s, and eliminate healthcare access inequities with the analysis of efficiency
ratio.

Kpw (by) i[ B ]x L)~ k(m +) (®)
pw = _ a —_ — m n
O alsin T M+

Equation 8 accounts for inefficiencies in distributing resources m, + 1 and quantifies the weighted
influence of policy variables on access measurements (a,) is Kpw (by). In line with C-SMHT's use
of Geospatial ¥, a® and fuzzy logic for healthcare equity modeling and optimization k(m + n),
equalizes the impact of each policy event (v, p;) against the total inequalities in access for the analysis
of uncertainty ratio.

Combining GIS with a (C-SMHT) model examines healthcare fairness and access. This technique
provides a complete picture of healthcare inequities arising from modifications to policies by adding
fuzzy logic, which resolves uncertainty and unpredictability in access measurements. C-SMHT aids
public health workers and policy makers by directing them to neglected regions, maximizing the use
of available resources, and developing more efficient treatments. To improve healthcare access and
equity, this paper will simulate various policy situations to see how they affect availability of addiction
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care Services.

4. Results and discussion

GIS and fuzzy inference systems are used for analyzing healthcare accessibility and efficiency. The
purpose of the analysis is to find out spatial distribution of health care facilities as well as how decisions
made by government about health care impact on access to it. This paper seeks to identify disparities
and inefficiencies in the healthcare system with regard to the healthcare accessibility ratio and
efficiency ratio. The results from this study provide important clues on where targeted interventions
are needed for improved equity and efficiency in health care.
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Figure 4. Analysis of Healthcare accessibility ratio

Figure 4 is an analysis of the healthcare accessibility ratio which shows that there are variations in
spatial distribution as well as accessibility levels of healthcare facilities. There exist substantial
discrepancies in accessibility across space with rural areas having lower ratios compared to urban
centers. This gap reveals the need for informed policies aimed at improving access among vulnerable
populations. In this case, GIS along with FIS were able to pinpoint critical areas which require resource
allocation. The findings from accessibility ratio analyses can be used by policy makers to correct these

inconsistencies thereby enhancing overall healthcare access through equitable distribution of its
services.
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Figure 5. Analysis of efficiency ratio

Figure 5 illustrates the efficiency ratio of healthcare services, evaluating how effectively resources are
utilized across different regions. The analysis reveals variations in efficiency, with some areas
demonstrating higher efficiency in service delivery than others. Factors contributing to these
differences include resource availability, infrastructure quality, and healthcare workforce distribution.
The efficiency ratio is crucial for optimizing healthcare delivery, as it highlights areas where
improvements can be made. The study suggests that enhancing efficiency in lower-performing regions
through strategic planning and resource management can significantly improve healthcare outcomes
and service quality, benefiting the entire healthcare system. The study identifies the lower performing
regions thus implying that through careful strategic planning and resource management, these areas
can improve their service delivery hence enhance overall healthcare outcomes. When combined
together, all these analyses reveal what is happening to health access and efficiency at any given time
while helping policy makers come up with informed decisions on how to realize an efficient and fairer
healthcare system.

5. Conclusion and future scope

This research shows the effectiveness of GIS and FIS used for evaluating health care accessibility as
well as efficiency. Despite disparities in availability of healthcare services across different locations,
they also vary in terms of service efficiency. These pieces of knowledge emphasize why specific
policies have been developed to target this particular problem so as to make appropriate use of
resources for improving equity in health. Future work should focus on expanding the dataset to include
more granular data on healthcare facilities and patient demographics; such additions would enhance
analysis by providing more real-time data or help with predictive analytics using machine learning
algorithms. Additionally, incorporating real-time data and applying machine learning techniques may
add value to this study when making predictions about future trends based on current developments.
Finally, one way of doing this would be looking into the impact caused by certain policy changes over
a period hence giving a dynamic picture on accessibilities available or inefficiencies taking place within
medical systems. By continually refining these methodologies and expanding their scope,

policymakers can better address healthcare disparities and work towards a more equitable and effective
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healthcare system.
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