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Abstract

Thailand’s aging population has led to a growing demand for healthcare services, particularly for elderly
individuals with chronic conditions or physical limitations. Geographic Information Systems (GIS) offer
valuable tools for healthcare planning and management by providing spatial data that can improve resource
allocation. This study utilized GIS to assess the healthcare needs of the elderly population in rural Thailand,
specifically focusing on the Nong Waeng Sub-district of Lahansai District, Buriram. The study targeted 2,244
individuals aged 60 and above, from which 495 participants were randomly selected. GIS tools were used to
map elderly households through GPS coordinates, while health assessments were conducted, including
cognitive impairment screening (Mini-Cog), Activities of Daily Living (ADL) evaluations, and fall risk
assessments. A GIS-based database was created to analyze the spatial distribution of elderly residents and their
associated health risks. Spatial mapping revealed significant disparities, such as the prevalence of chronic
diseases (hypertension: 22.42%, diabetes: 11.92%), cognitive impairment (dementia rates ranging from 7.52%
to 41.00% across villages), and high fall risks (56.6% overall, with a peak of 52.47% in Nong Wa Mai). While
most elderly individuals were independent in daily activities (96.99-99.50% ADL scores), clusters of high fall
risk and chronic disease were identified. Healthcare coverage was uneven, with the Nong Ta Yao Health Center
serving the majority of residents within a 3-kilometer radius. The study demonstrated that GIS can be a powerful
tool for targeting interventions, such as prioritizing fall prevention and chronic disease management, while
also revealing gaps in caregiver coverage. Stakeholders expressed high satisfaction with the GIS-driven
insights (mean score: 4.32). This approach offers a valuable framework for evidence-based strategies to
improve long-term care systems and enhance the quality of life for the elderly in Thailand.

Keywords: Community Health, Elderly, Geographic Information Systems, Long-Term Care,
Resource Allocation

1. Introduction

Global increases in the number of older adults have
caused significant demographic changes. By 2050,
the population of elderly people is expected to
account for 16.4% of the global population [1].
Thailand has fully become an aging society because
more than 20% of the country’s population is elderly
[2]. Demographic changes have created numerous
challenges, particularly in the field of health, where

elderly people are more likely to face dependence and
non-communicable chronic diseases [3], causing the
healthcare system to shoulder the burdens of complex
and expensive care [4][5] and [6]. Economically, the
government has had to allocate higher budgets for
healthcare and social welfare, while tax income
declines proportionate to the working-age population

[71.
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Socially, families and communities have had to adapt
to support long-term care for elderly people,
particularly in the case of dependent elderly people
[8]. These changes have led to a need to develop
effective and sustainable care systems for elderly
people with consideration given to integration of the
healthcare system, social welfare system, and
community participation [9], including
implementation of technology and innovations to
enhance care efficiency [10].

Long-term care (LTC) is a key system and
mechanism  for supporting elderly care in
communities [11]. An effective long-term care
system consists of integrated healthcare services in
health promotion, disease prevention, treatment and
rehabilitation [12], personnel development in terms
of increases in care quantity and quality [13], support
for family and community participation in care, and
allocation of sufficient essential resources to meet
care needs [14]. Furthermore, financial policy
planning in support of the establishment of care
facilities, home-based care, and reductions in family
expenses [15], as well as LTC system development
for maximum efficiency, require accurate and
complete information concerning elderly population
characteristics and distribution, including available
care support resources in each area.

Geographic Information Systems (GIS) are
powerful tools that facilitate effective analysis and
understanding of local long-term care situations for
elderly individuals [16] and [17]. GIS can visualize
important local data, such as the distribution of
elderly populations, the number of healthcare teams,
and available community resources. Implementing
GIS in elderly care offers several benefits, including
increased accuracy in data collection and analysis,
environmental risk assessments, health care needs
estimation [18][19][20][21] and [22]and enhanced
strategic planning and emergency preparedness [23].
GIS is also used for a variety of purposes, such as
creating databases on elderly populations [24],
analyzing chronic disease risks [25], conducting
epidemiological studies on chronic diseases among
the elderly [26], monitoring medication adherence
[27], and supporting community-based healthcare for
elderly individuals [28]. In addition, GIS has
applications in emergency medical service systems
for elderly individuals [29] and nutritional care [30],
helping to reduce costs, increase healthcare access,
and improve the overall quality of life for both
elderly people and their caregivers [5][6][22] and
[31]. Despite the many benefits of GIS in analyzing
and planning elderly care [32], its implementation in
long-term care for elderly people in rural Thai
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communities remains limited [28]. T
true in terms of integrating local data Tt TEaITH Care

data, social welfare systems, and community
resources, which results in care planning that does
not fully address all relevant dimensions [33].
Additionally, the use of GIS can be challenging for
healthcare teams, leading to inconsistent or minimal
usage [34]. To address these challenges, this study
aimed to develop an innovative GIS-based system to
support long-term care for elderly individuals in
communities. This system integrates local data with
quantitative data on elderly populations, enabling the
analysis of  distribution  patterns, resource
availability, and service access. The goal is to provide
actionable insights that can inform policy proposals
for the effective and sustainable management of
long-term care resources, ultimately improving the
quality of life for elderly individuals and promoting
better health outcomes in the future.

The objectives of this study focused on applying
GIS to investigate the distribution of elderly
individuals with chronic diseases, living conditions,
activities of daily living (ADL), cognitive
impairment, and fall risk in rural areas, specifically
Nong Ta Yao, Nong Wa Mai Moo 4, and Nong Wa
Moo 13, located in Nong Waeng Sub-district,
Lahansai District, Buriram Province, Thailand. The
study also examined the service areas of healthcare
facilities to assess their coverage within the study
region. Additionally, the performance of the GIS
application in identifying the distribution of elderly
individuals with health conditions, ADL limitations,
cognitive impairment, and fall risks was evaluated.
This approach could be beneficial for improving
elderly care management in the study area.

2. Method

This study was a research and development study for
developing a geographic information system (GIS)
innovation for long-term care of elderly people in
communities. This study was carried out in Nong
Waeng Sub-district, Lahansai District, Buriram
Province, which has a total of 3 villages and 6
healthcare facilities.

2.1 Study Area

In this study, the sample was elderly people living in
Nong Waeng, Lahansai, Buriram, located in
northeastern ~ Thailand,  Universal  Transverse
Mercator (UTM) Reference Coordinates in Zone
43N, Easting: 361,650 — 362,100, Northing: 177,850
—1,781,500. In terms of spatial distribution, elderly
people in the sample were distributed in three areas
consisting of Nong Wa village Moo 13 (Blue Point),
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Nong Wa Mai village Moo 4 (Orange Point), and
Nong Ta Yao Village (Green Point).

According to Figure 1, Nong Wa Village (Blue Point)
is located in the north of the study area with high
sample density in a small area close to the main road
(Buriram Rural Highway 4,063), Nong Wa Mai
Village (Orange Point) is located in the center of the
study area with sample distribution in a narrower area
than Nong Wa Village, and Nong Ta Yao Village
(Green Point) is located in the south of the study area.
This village was shown to have regular sample
distribution in a broader area. This area is far from
the main road and surrounded by agricultural land.
The locations of the samplings and Tambon Health
Promotion Hospital (THPH) depicts in Figure 2.
Studying healthcare facility assessment and

3618000

3619500
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disparities in healthcare for the elderly in rural areas
is essential because rural communities often face
unique challenges in accessing healthcare services,
including limited resources, fewer healthcare
providers, and geographic isolation. These factors
can lead to significant health disparities, particularly
for elderly individuals who may have chronic
conditions or mobility limitations. Understanding the
availability, accessibility, and quality of healthcare
services in these areas is crucial for identifying gaps
and improving healthcare delivery. By studying these
issues, we can develop targeted interventions, ensure
more equitable healthcare access, and enhance the
quality of care for elderly populations, ultimately
contributing to better health outcomes and an
improved quality of life for rural elderly residents.
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Figure 1: Locations of Nong Wa, Nong Wa Mai, and Nong Ta Yao villages
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Figure 2: The distributions of data samplings and THPH
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Figure 3: The sampling locations in the 3 villages

2.2 Population and Sample
The population in this study was 2,244 elderly people
living in Nong Waeng Sub-district, Lahansai District,
Buriram Province. The sample size was calculated
using Taro Yamane’s equation as defined in Equation
1.
N
n=——
1+ Ne?
Equation 1

Where: n is sample size, N is the population numbers,
and e is confidence interval which is 0.05.

According to equation 1, the sample size is 400. To
prevent data attrition, the researcher expanded the
sample by 20%, or 80 samples. The researcher also
expanded the sample size by another 15 samples for
flexibility in data collection and a as a contingency in
the event of data collection errors. Therefore, the
final sample size used in the study was 495 subjects.
The sample locations were selected randomly
involving drawing lots for the names of elderly
people from three villages. Data on healthcare teams
were collected from a total of healthcare facilities
consisting of Nong Wa Health Station, which is
responsible for providing healthcare services for
people in Nong Wa Village and Nong Wa Mai
Village, and Nong Ta Yao Health Station, which is
responsible for providing healthcare services for
people in Nong Ta Yao Village. The health stations
were transferred from the Ministry of Public Health
to be under the control and supervision of local
administrative  organizations in Nong Waeng
Municipality.

Data were collected from January to April 2024. The
locations of the samples within the 3 villages
illustrates in Figure 3.

2.3 Instrumentation
The following instruments were used in this study:

1) A geographic information collection form was
used to collect spatial data such as elderly
peoples’ home coordinates, chronic diseases,
and living characteristics.

2) In developing the GIS database for long-term
care of elderly people in communities by using
ArcGIS software which was effective in
showing distribution of elderly people in
various areas by using GPS coordinates to
collect positional data of elderly peoples’
houses in each area, the collected data were
combined with health information of elderly
people in the area such as activities of daily
living (ADL) assessment results and Mini-Cog
assessment results, which were used to assess
elderly peoples’ mental condition and health.

3) The Mini-Cog assessment form developed by
Borson et al. was translated into Thai [35] and
used to assess cognitive impairment. This
assessment form was assessed to have an
interrater reliability score of 0.80 and the
concurrent validity score of Mini-Cog had a
positive r correlation of 0.47 with MMSE-Thai
2002. The instrument had a scoring range of
five points. A total score < 3 points indicated
risk of cognitive impairment. Patients with
scores of three points and up had no risk of
cognitive impairment.
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4) The activities of daily living assessment form
contains ten questions, the form was used to
assesse elderly peoples’ activities of daily living
based on real activity. It awarded scores based
on level of ability in each activity with a scoring
range of 0 — 20 points. Scores of less than 12
points meant elderly people were active, scores
of 5 — 11 points meant elderly people were
homebound, and scores of < 4 points meant
elderly people were bedridden.

5) The Thai Falls Risk Assessment Test (Thai
FRAT) assessed risk of falls among Thai elderly
people living in communities [36] with six risk
factors consisting of: 1) gender; 2) vision
impairment; 3) abnormal balance; 4)
medication use; 5) record of falls; and 6)
housing condition. In data analysis, a total score
of 4 — 11 points indicated risk of falling and a
score of 0 — 3 points indicated no risk of falling.

6) The satisfaction and utilization assessment form
was developed by the researcher based on
reviews of relevant literature. The form contains
14 questions divided into two sections with nine
questions in the satisfaction assessment form
and five questions in the utilization assessment
form. Responses were rated on a 5-level Likert
scale from 1 (Strongly Disagree) to 5 (Strongly
Agree). The specified data frequency equation
was able to calculate as follows: (maximum
score-minimum score)/number of ranges = (5-
1)/5 = 0.80. Mean scores were interpreted in
ranges based on set criteria. In general, scores
can be interpreted as follows: 1.00 — 1.80 = very
low satisfaction, 1.81 — 2.60 = low satisfaction,
2.61 — 3.40 = medium satisfaction, 3.41 — 4.20
= high satisfaction, and 4.21 — 5.00 = very high
satisfaction.

2.4 Research Procedure

The study workflow in Figure 4 outlines a systematic
approach to investigating the distribution and
healthcare needs of elderly individuals in rural areas
using GIS technology. It begins with the
identification of key study areas, including Nong Ta
Yao, Nong Wa Mai Moo 4, and Nong Wa Moo 13,
located in Nong Waeng Sub-district, Buriram
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Province, Thailand. The workflow includes gathering
data on elderly residents' health conditions, such as
chronic diseases, cognitive impairment, and fall
risks, as well as their living conditions and abilities
to perform activities of daily living (ADL). The next
step involves mapping the service areas of healthcare
facilities to determine their coverage and
accessibility for the elderly population. The GIS
application’s effectiveness in analyzing and
visualizing this data is then assessed to improve
elderly care management strategies. This structured
workflow ensures a comprehensive approach to
understanding and addressing the needs of elderly
individuals in rural communities. The details of the
research process were as follows:

1) Focus group meetings were held to collect
opinions from stakeholders regarding the
problems of elderly people in communities and
long-term care systems in communities.

2) Spatial data were collected, consisting of data
with identification of locations in the area, such
as the locations of villages and the sample.
Universal  transverse  Mercator (UTM)
coordinates were used on maps, and numerical
data were collected for use in calculations and
analysis. These were quantitative data on the
number of elderly people in each village and the
ratios of elderly people in each group, such as
active, homebound, or bedridden elderly
people, data on health risks such as risk for
falling or cognitive impairment, and the ratio of
healthcare teams in each sample area.

3) Indesigning and developing the GIS innovation
for elderly people, the researcher and GIS
experts designed and developed the GIS
innovation using data collected from elderly
people in the sample area. Point symbols were
used to represent the homes of elderly people
and location coordinate data from global
positioning system devices were entered.
Spatial data was presented and displayed on a
static map and quantitative data were shown
using circular graphs in the image displaying
GIS information of the sample area.

Study area identification

=

Data collection

Satisfactory assessment H Service area analysis

Figure 4: Application of GIS in elderly healthcare study workflow

International Journal of Geoinformatics, VVol. 21, No. 4, April, 2025
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



4) When GIS spatial data combined with
quantitative data has been developed, the
researcher analyzed and prepared policy
recommendations for presentation to executives
of Nong Waeng Sub-district Municipality to use
in making decisions and planning management
of long-term care systems for elderly people in
communities.

5) The results of utilization were assessed by
assessing satisfaction and utilization of the
innovation.

2.5 Data Analysis
The data in the findings were analyzed as follows:

1) Spatial data analysis was performed by using
displays of the elderly locations to show the
distributions of the samplings and their health
conditions along with fall risk, ADL, and
cognitive imparity in the area.

2) The THPH coverage areas were investigated
using “Buffer” analysis with the radius of 1 km,
2 km, and 3 km radiated from the 6 THPH
located within the study area. In GIS, a buffer is
a zone of a specified distance around a
geographic feature, such as a point, line, or
polygon. It is used to analyze the proximity of
features to one another. Buffers are commonly
employed to assess the impact of nearby
features or to identify areas that fall within a
certain distance of a specific feature. Buffers are
often used in spatial analysis, such as
determining service areas for facilities,
environmental studies, or planning and zoning.
The buffer distance can be adjusted depending
on the analysis needs [37][38][39] and [40].

3) The quantitative data were analyzed by using
descriptive statistics consisting of frequency
distribution and percentage. The graphics used
were the GIS map and the circular graph
containing activities in daily living (ADL),
living characteristics, fall risks, cognitive
impairment, prevalence of chronic diseases
such as hypertension and diabetes, mean scores
for satisfaction and utilization among people
involved in long-term care.

2.5 Ethics Approval and Consent to Participate

This study was approved by the Institutional Review
Board, Mahasarakam University (No. 444-401/2023,
31 October 2023) and Buriram Provincial Public
Health Office (No. BRO 2023-135, 20 December
2023). The researcher sought cooperation from the
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agencies involved in collecting data from the sample,
explained the research objectives and expected
benefits, and affirmed data confidentiality. The
participants signed informed consent forms and were
able to withdraw from the study at any time.

3. Results

The findings are presented in two parts consisting of
geographic information system (GIS) innovation
development for long-term care of elderly people in
communities and assessment of results from the
geographic information system (GIS) innovation for
long-term care of elderly people in communities:

3.1 Activities of Daily Living (ADL)

Activities of Daily Living (ADL) are essential tasks
that individuals perform daily to care for themselves,
including bathing, dressing, eating, toileting,
transferring (moving from one place to another), and
maintaining continence. ADL assessments are often
used to evaluate a person's ability to live
independently. Based on an individual’s ability to
perform these activities, they can be classified into
three categories: active, homebound, and bedridden.
Those in the active category can perform most or all
ADLs independently; individuals in the homebound
category may need assistance with some tasks but can
manage others, often staying at home for most
activities; and those who are bedridden require
significant help with nearly all ADLSs, typically being
unable to move or perform basic self-care tasks.
Figure 5(a) clearly illustrates that the majority of
elderly individuals in all three villages have an active
ADL status, with 489 individuals classified as active.
In contrast, there was 1 homebound individual and 5
bedridden individuals. The homebound individual
was found in Nong Wa Mai village, while the
bedridden individuals were located in Nong Wa (4
individuals) and Nong Ta Yao (1 individual). The
ADL distribution map is a valuable tool for
visualizing the locations of bedridden patients as
illustrates in Figure 5(b), which can be crucial for
effective healthcare service management. In studying
the ability to perform activities in daily living among
elderly people, most of the elderly people in every
village were active at 99.50% in Nong Ta Yao
village, 99.38% in Nong Wa Mai village, and 96.99%
in Nong Wa village. Bedridden elderly people were
found in Nong Wa Village at 3.01% and 0.50% in
Ban Nong Ta Yao while homebound elderly people
were found in Nong Wa Mai Village at 0.62% as
illustrated in Figure 6.
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3.2 Types of Livings

The types of living arrangements are classified into
five categories: living alone, living with a spouse and
descendants, living with descendants, living with a
spouse, and others. The spatial distribution of these
living arrangements among the sampled elderly is
depicted in Figure 7. Figure 7 shows that most elderly
individuals live with their descendants, totaling 345
people, followed by those living with both a spouse
and descendants (74), those living with a spouse (65),
and those living alone (9). There is one individual
living in Nong Ta Yao village. The red circles in
Figure 7 indicate the locations of elderly individuals
who live alone. This information is crucial for THPH
to provide targeted care, such as home visits, to those
living alone. Figure 8 clearly shows that more than
half of the elderly live with descendants in all three
villages, particularly in Nong Wa Mai, where 80.75%
of the elderly live with descendants. Among them,
14.91% live with a spouse, 3.73% live alone, and
0.62% live with both a spouse and descendants. The
diversity of living arrangements is greatest in Nong
Ta Yao village, where all types of living
arrangements are represented, while the diversity is
lower in Nong Wa Mai. It's evidence that many
elderly people live alone due to a combination of
social and economic factors.

One of the main reasons is the migration of younger
family members to urban areas like Bangkok in
search of work. This migration leaves elderly parents
or grandparents behind, often in rural villages, while
their children support them through remittances but
are unable to return home permanently.

3.3 Risk of Falling

The spatial distribution of fall risk is shown in Figure
9. The red dots represent the locations of elderly
individuals at risk of falling. Approximately 56.6%
of the elderly are at risk of falling, meaning that more
than half of the elderly in the study area are at risk. A
cluster of risk is observed in Nong Wa Mai Moo 4,
while less cases are found in Nong Ta Yao village.
When comparing Figures 8 and 9, it is evident that
most elderly individuals at risk of falling do not live
alone. This information is crucial for the people who
live with the elderly and THPH to ensure proper care
for the elderly and to make necessary adjustments to
their living environments, such as installing handrails
in bathrooms, to enhance safety. The pie charts in
Figure 10 illustrate the proportion of elderly
individuals with a risk of falling (in orange)
compared to those with no risk (in blue) across three
different groups or conditions.
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In Figure 10(a), the majority of elderly individuals
167 people (83.50%) are categorized as having no
risk of falling, while only 33 individuals (16.50%) are
at risk. Figure 10(b) shows a more balanced
distribution, with 85 people (52.47%) at risk and 77
people (47.53%) not at risk. In Figure 10(c), the
proportions are also relatively close, with 72
individuals (54.14%) having no risk and 61
individuals (45.86%) at risk. Overall, the data
suggests that while most elderly in Nong Ta Yao are
not at risk, the risk level increases in Nong Wa Mai
and Nong Wa indicating varying fall risk factors
among different populations or conditions.

3.4 Chronic Disease

A chronic disease is a long-lasting condition that
typically persists for a year or more and requires
ongoing medical attention or limits daily activities.
These diseases often progress slowly and can be
managed but not fully cured. Diabetes and
hypertension are common examples of chronic
diseases. Diabetes affects the body's ability to
regulate blood sugar, while hypertension involves
high blood pressure, both of which can lead to severe
complications if left untreated. The spatial
distribution of the elderly with chronic diseases

(hypertension and diabetes) is illustrated in Figure
11. In total, 39 elderly individuals have diabetes, 111
have hypertension, and 14 have other chronic
diseases across all three villages. The percentage of
elderly with these chronic conditions is 11.92% for
diabetes, 22.42% for hypertension, and 2.83% for
other chronic diseases. Figure 11 shows that elderly
individuals with chronic diseases are present in all
three villages. Hypertension is the most prevalent,
with nearly twice as many cases as diabetes (59
individuals), while 14 individuals are affected by
other chronic diseases such as tuberculosis, mental
iliness, cancer, chronic hepatitis, asthma,
musculoskeletal disorders, stroke, and chronic
obstructive pulmonary disease. The prevalence of
chronic diseases among elderly individuals in each
village presents in Figure 12. In all 3charts,
hypertension consistently has the highest proportion,
ranging from 52.83% to 65.31%, followed by
diabetes, which accounts for 22.45% to 41.51%.
Other diseases represent the smallest share, varying
between 5.66% and 12.24%. This data highlights that
hypertension is the most common chronic condition
among the elderly, while other diseases are relatively
less prevalent.
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Figure 13: Spatial distribution of cognitive impairment and normal elderly

3.5 Cognitive Impairment

Cogpnitive impairment refers to a decline in memory,
thinking, reasoning, and decision-making abilities
that is more severe than normal age-related changes.
It can affect various aspects of daily life, making
tasks  like  problem-solving, remembering
appointments, or managing finances difficult.
Cognitive impairment can range from mild, where
individuals may struggle with specific tasks, to more
severe conditions like dementia. It is often caused by
underlying factors such as aging, neurological
diseases (e.g., Alzheimer's), brain injuries, or chronic
conditions like diabetes or hypertension. Early
detection and management are important to help slow
its progression and improve quality of life. The
spatial distribution of normal elderly (green dots),
and elderly with cognitive impairment (red dots)
presents in Figure 13. The total number of elderly
individuals without cognitive impaired is 305, while
90 individuals have cognitive impairment. The
spatial distribution of cognitive impaired reveals a
cluster in Nong Wa Moo 13 and in the lower part of
Nong Ta Yao (lower right corner of Figure 13)

Cognitive impaired among the elderly appears
randomly distributed in Nong Ta Yao, while Nong
Wa Mai Moo 14 has a lower incidence of cognitive
impaired compared to the other two villages. The
number and percentage of elderly individuals with
and without cognitive impaired across three villages
present in figure 14. Nong Ta Yao shows a significant
proportion of elderly individuals with dementia,
accounting for 41.00% of the population, while
59.00% are normal. In Nong Wa Mai, the percentage
of elderly with cognitive impaired decreases to
24.07%, with 75.93% being normal. Nong Wa
exhibits the lowest percentage of cognitive impaired
cases at 7.52%, and the highest percentage of normal
elderly individuals at 92.48%. In summary, the
prevalence of cognitive impaired varies considerably
among the 3 villages. Nong Ta Yao has the highest
proportion of cognitive impaired, while Nong Wa
shows the lowest, indicating a healthier cognitive
status among its elderly population. Nong Wa Mai
falls in between, with a moderate cognitive impaired
prevalence compared to the other 2 villages.
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Figure 14: Numbers of the elderly individuals with and without cognitive impaired:
(a) Nong Ta Yao (b) Nong Wa Mai (c) Nong Wa
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Figure 15: Numbers of healthcare staffs in each village (a) CM (b) CG (d) VHV

3.6 Healthcare Teams

Figure 15 illustrate the distribution of healthcare staff
across three villages: Nong Ta Yao (blue), Nong Wa
(magenta), and Nong Wa Mai (green) in to 3
categories: care managers (CM), caregivers (CG),
and village health volunteers (VHV). In Figure 15(a),
all three villages have equal representation, with 1
care manager each (33.33% per village). For Figure
15(b), Nong Wa Mai and Nong Wa dominate, each
with 5 caregivers (45.45% each), while Nong Ta Yao
has fewer. In Figure 15(c), Nong Wa Mai leads with
23 volunteers (30.26%), followed closely by Nong
Ta Yao with 22 (28.95%), and Nong Wa with fewer.
Overall, Nong Wa Mai and Nong Wa have stronger
representation in caregiving roles, while Nong Ta
Yao contributes significantly in health volunteers.

3.7 Service areas of THPH

The service area for each THPH in the study area was
determined using the "buffer" geoprocessing tool
available in ArcMap software. This tool allowed for
the creation of buffer zones around each health
facility, with radii of 1 km and 3 km, providing a clear
indication of the coverage area of each THPH.
Specifically, buffer zones were generated around six
THPHSs in the study area, as illustrated in Figure
16(a). Upon analyzing the data, it was found that the
Nong Ta Yao Health Center serves nearly all
individuals residing in the three villages located
within its 3 km buffer zone. The coverage area of this
health center is notably extensive, ensuring that most

of the population is within easy reach of healthcare
services. However, there are two individuals who are
located just outside the 3 km buffer zone of the Nong
Ta Yao Health Center. The distances of these
individuals from the health center are 3.04 km and
3.83 km, respectively, which are slightly beyond the
optimal coverage range.

The Ngon Kai Health Promoting Hospital,
located at a different point in the study area, provides
healthcare services to some individuals living in the
villages of Nong Wa and Nong Wa Mai. While this
health facility covers a portion of the population in
these villages, it does not extend coverage to
individuals in the three other villages that are located
more than 3 km away from the Si Thayat Health
Center, as illustrated in Figure 16(b). Consequently,
individuals in those villages are left without easy
access to healthcare services from the Si Thayat
Health Center due to its distance. Given this analysis,
it becomes clear that all individuals in the study area
are able to access healthcare services at the Nong Ta
Yao Health Center, as it is the closest health facility
for the majority of the population. This accessibility
is crucial for ensuring that individuals in the study
area have timely access to healthcare. The proximity
of Nong Ta Yao Health Center makes it the most
accessible option for those living within its coverage
area, as depicted in Figure 17. This highlights the
importance of strategic placement of health centers to
ensure that the population can easily reach essential
healthcare services when needed.
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Figure 16: Service area of health centers:
(a) coverage areas of all THPH (b) coverage areas from the 3 closest health centers
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Figure 17: Service area of Nong Ta Yao health center

Most of the residents of Nong Ta Yao are situated in
close proximity to the Nong Ta Yao Health Center,
which is located at the heart of the village. Many
individuals live within a 2-kilometer radius of the
health center, while those residing in the nearby areas
of Nong Was and Nong Wa Mai are generally located
within a 3-kilometer radius. This proximity to the
health center plays an important role in ensuring that
the community has relatively easy access to essential
healthcare services. According to [41], the maximum
speed allowed for emergency medical services
(EMS) vehicles in Thailand is 80 kph. However,
maintaining this maximum speed is often unrealistic
due to road conditions and other factors along the
route from an incident location to the health center.
As a result, the optimal average speed for EMS

vehicles is considered to be around 40 kph. With this
speed in mind, the longest possible travel time for all
individuals to reach the Nong Ta Yao Health Center
is estimated to be approximately 4.5 minutes.

3.8 Satisfaction and Utilization

According to the results from assessing satisfaction
and utilization among local administrative
organization executives, public health division
directors, CMs, CGs, and VHVs, overall satisfaction
was found to be at a mean of 4.32 (S.D. = 0.68), the
highest level, and the result of the assessment of
overall utilization yielded a mean of 4.41 (0.61), the
highest level. Table 1 presents a detailed assessment
of user satisfaction and utilization of a GIS in the
context of aged care planning.
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Table 1: Average satisfaction and utilization of executives and stakeholders in long-term elderly care

Average (S.D.)

1. satisfaction
1.1 Easy to understand and use. 4.24 (0.65)
1.2 Ease of using data from GIS for planning 4.09 (0.71)
1.3 Completeness of the data presented in the GIS system 4.21 (0.64)
1.4 Meeting the need for information for aged care 4.35 (0.65)
1.5 Accuracy of the data displayed by the system 4.47 (0.56)
1.6 The Proper Aspects of GIS Design 4.32 (0.68)
1.7 Policy Decision Support 4.50 (0.66)
1.8 GIS can provide complete reports covering all issues 4.35 (0.69)
1.9 Overall satisfaction with GIS performance 4.32 (0.68)
2. Utilization
2.1 Information from GIS developed is useful to you. 4.38 (0.60)
2.2 The developed GIS can be used in long-term elderly management
planning 4.38 (0.60)
2.3 The developed GIS can promote participatory care for the elderly 4.26 (0.62)
2.4 You can use the knowledge gained from the display system. GIS
can be transferred to other people 4.35 (0.60)
2.5 Overall utilization 4.41 (0.61)

The satisfaction section evaluates various aspects of
the GIS, including ease of use, data completeness,
accuracy, design, and decision support. All items in
this section received high average scores, ranging
from 4.09 to 4.50 on a Likert scale, indicating strong
user satisfaction. Notably, Policy Decision Support
scored the highest at 4.50, followed closely by
Accuracy of the data at 4.47, suggesting users highly
value the system's reliability and utility in decision-
making. The low standard deviations (0.56 to 0.71)
reflect consistent agreement among respondents. The
utilization section focuses on the practical benefits of
the GIS, such as its usefulness in elderly management
planning and promoting participatory care. Scores
here were similarly high, with Overall utilization
leading at 4.41 and other items closely aligned,
ranging from 4.26 to 4.38. The narrow standard
deviations (0.60 to 0.62) further underscore
consensus among users about the system's
effectiveness. Overall, the results demonstrate that
the GIS is well-received, with high satisfaction and
utilization scores across all measured dimensions,
highlighting its success in supporting aged care
planning and policy decisions.

4. Discussion

GIS innovation development for long-term care of
elderly people in communities by using UTM
coordinates, and still-picture displays combined with
quantitative data helped to increase data analysis and
presentation capacity. The use of circular graphs in
GIS displays helped to make analyses of elderly
population density and distribution in the area clearer
[42], reflecting health status and independence in

each area. Integration of area data and quantitative
data helped to clarify the overview of elderly
people’s situation. In addition, combining the area
and quantitative data enabled identification of areas
with health risks and made care planning effective
[10]. Therefore, GIS implementation helped to make
resource management and health planning consistent
with community needs [42] and enabled informed
decision-making, particularly among high-risk
elderly people. Implementation of the geographic
information system (GIS) innovation also helped
with health resource allocation planning by using
area data to determine target areas and effectively
allocate resources to meet the needs of each area [43].
Analysis of data on elderly people distribution and
chronic disease data found Nong Ta Yao Village to
have the highest rate of elderly people with chronic
diseases with high risk of complications from the
diseases. Therefore, care planning in this area should
have projects focused on preventing complications
from chronic diseases along with improvement of
healthcare team personnel in the village in terms of
knowledge and skills in caring for patients with
chronic diseases to ensure care has the highest
efficiency. This showed use of GIS helped to make
resource and personnel allocation effective and led to
on-point care planning [5][6][22] and [44] reflecting
healthcare success in communities. Furthermore, GIS
utilization also helped with identification of areas in
need of urgent care [45]. From this study, Nong Wa
Mai Village was found to have the highest rate of
elderly people living alone, reflecting the need to
increase care resources in this area.
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Use of GIS data also enabled estimation of risks and
problems for elderly people including problem
management. In this study, data on fall risks and
chronic disease risks were found to be significant.
Fall risk management should be carried out in many
areas such as muscle strengthening and education for
caregivers. GIS data integration helped to improve
strategic decision-making concerning care for elderly
people in communities by preparing appropriate
health programs for high-risk areas, such as by
creating community fall monitoring systems. Use of
GIS helped to identify areas with high rates of elderly
people who have chronic diseases such as Nong Ta
Yao Village, which had the highest rate of chronic
diseases in elderly people (42%). Use of GIS data
helped healthcare teams identify areas in need of
urgent care, enable effective holistic care planning,
and  support  decision-making  for  policy
development.

The GIS-based analysis uncovered critical spatial
patterns in elderly care needs. The high prevalence of
hypertension and diabetes (notably in Nong Ta Yao)
aligns with global aging trends, necessitating
localized chronic disease management programs.
The concentration of fall risks in Nong Wa Mai
(52.47%) despite  most elderly living with
descendants suggests environmental hazards (e.g.,
inadequate home safety measures) rather than social
isolation as a primary factor. Cognitive impairment
varied sharply, with Nong Ta Yao’s high cognitive
impaired rates (41%) potentially linked to limited
healthcare access or genetic/environmental factors,
warranting further study. These data reflect the need
to improve healthcare services, boost personnel
capacity, search for factors affecting health problems,
and plan on-point prevention of problems.
Furthermore, use of GIS in presenting information
helped healthcare teams see the overview of risks in
various areas and utilize information to plan care for
elderly people effectively. This enabled appropriate
resource allocation and healthcare measures
according to community needs. This GIS system
development mainly focused on health data, which
may not reflect the problems and needs of elderly
people in other areas. The data used in this study is
local and quantitative data from a certain period. This
data may not be applicable if changes occur to the
elderly’s information in the future

The uneven distribution of healthcare teams, with
Nong Wa Mai and Nong Wa having more caregivers
but fewer volunteers, underscores the need for
balanced workforce allocation. the Nong Ta Yao
Health Center is the most accessible healthcare
facility for the majority of individuals in the study
area, ensuring that most people within its 3 km buffer
zone can easily access healthcare services.
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The strategic location of this health center plays a
critical role in ensuring timely access to healthcare.
Proximity to the center is essential, as it significantly
reduces travel time and increases the likelihood of
individuals receiving necessary medical attention
quickly. The longest travel time for individuals
within this zone to reach the Nong Ta Yao Health
Center is estimated to be approximately 4.5 minutes,
assuming an optimal average speed of 40 kph for
emergency medical services. These findings
emphasize the importance of strategically placing
health centers to ensure the population's access to
essential healthcare services. The proximity of health
facilities, like the Nong Ta Yao Health Center, is key
to maintaining a high level of healthcare
accessibility, particularly in rural areas.

5. Conclusion

This study underscores the significant role of
Geographic Information Systems (GIS) in enhancing
the management and planning of long-term care for
elderly individuals in communities. By integrating
local data with quantitative GIS information, the
study was able to identify high-risk areas and urgent
care needs more clearly, which proved crucial for
effective decision-making and resource allocation.
The use of GIS enabled a more efficient distribution
of healthcare resources, ensuring that interventions
could be targeted where they were most needed.
Furthermore, the study emphasizes the importance of
collaboration  between healthcare  providers,
caregivers, and community networks in supporting
the long-term care needs of elderly individuals. This
collective effort is essential for creating a
comprehensive and sustainable care system for the
elderly population.

One of the key takeaways from the study is the
need for regular updates to GIS data, especially with
regard to the number of elderly residents and any
changes in their health conditions. As the health
status of elderly individuals can change rapidly,
maintaining up-to-date data is vital for ensuring that
interventions remain relevant and timely. In addition,
expanding the use of GIS to other communities or
regions would enhance our understanding of the
diverse care needs of elderly populations in different
areas. This expansion would allow for a broader,
more comprehensive approach to elderly care, as it
would account for regional variations in healthcare
infrastructure, access, and socio-economic factors
that can impact elderly care.

Moreover, widespread adoption of GIS in
healthcare systems could facilitate the development
of more robust policies for elderly care, both at the
local and national levels.
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Policymakers would be able to use GIS-generated
insights to identify gaps in care services, allocate
resources more efficiently, and design more effective
interventions. Ultimately, the integration of GIS into
elderly care planning can drive improvements in
healthcare systems, ensuring that elderly individuals
receive the support they need to live healthier, more
fulfilling lives in their communities.

6. Recommendation

Future research should focus on the quantitative
analysis of health data across various dimensions.
This could include examining mental health,
nutrition, and social support, as well as assessing the
broader societal and economic factors that affect
elderly individuals. A multidimensional approach
would provide a more complete picture of the
challenges faced by the elderly population, leading to
more effective and targeted care strategies.
Additionally, training healthcare personnel and
caregivers to effectively utilize GIS technology is
crucial for improving the quality and accuracy of
decision-making in elderly care. By equipping these
stakeholders with the tools to analyze spatial data, it
would be possible to make more informed decisions
that enhance the quality of care for the elderly.
Furthermore, because elderly health conditions
change over time, a longitudinal study would provide
deeper insights into GIS applications for long-term
care.
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