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Abstract

Primary Health Centres (PHCs) play a crucial role in providing essential healthcare services to rural populations;
however, their effective utilization is strongly influenced by geographical accessibility, travel behaviour, and
demographic characteristics. The present study examines age-wise travel patterns and utilization of selected Primary
Health Centres in Eastern West Khasi Hills district of Meghalaya using a Geographic Information System (GIS)-based
approach. Primary data were collected through a structured questionnaire survey among 100 patients from five
selected PHCs—Markasa, Nongthliew, Myriaw, Dongki-ing-ding, and Laitdom—with 20 respondents selected from each
PHC using stratified sampling. Information related to age, travel distance, travel time, mode of transportation, frequency
of PHC visits, and healthcare services utilized was analysed. GIS techniques, including buffer and overlay analysis, were
applied to examine spatial variations in healthcare accessibility and travel patterns among different age groups.
Utilization analysis indicates that productive-age groups constitute the major users of PHC services, with general
treatment, maternal and child healthcare, immunization, and follow-up care being the most frequently accessed
services. The study highlights that healthcare utilization is determined not only by physical distance but also by
transportation conditions, service availability, accessibility, and community dependence on healthcare facilities. The
findings emphasize the importance of integrating age-specific mobility patterns and spatial accessibility considerations
into rural healthcare planning to improve equitable access to primary healthcare services in geographically challenging
regions.

Keywords: Healthcare Accessibility; Age-wise Travel Pattern; Healthcare Utilization; Geographic Information System
(GIS); Spatial Analysis; Rural Healthcare

1. Introduction

Primary healthcare (PHC) is widely recognized as the cornerstone of an effective, equitable, and sustainable health
system[12.3]. The Declaration of Alma-Ata emphasized that primary healthcare should be universally accessible,
scientifically sound, socially acceptable, and affordable to all individuals and communities [+3]. This commitment was
reaffirmed in the Declaration of Astana, which identified PHC as the foundation for achieving Universal Health Coverage
(UHC) and the health-related Sustainable Development Goals [67], In India, Primary Health Centres (PHCs) constitute
the first level of contact between rural populations and the public healthcare system, providing comprehensive
preventive, primitive, curative, and rehabilitative services under the National Health Mission [89101 Healthcare
utilization is influenced not only by the availability of health facilities but also by their accessibility(11:12.13),
Conceptualized healthcare access as the degree of fit between healthcare services and users through five dimensions:

*Corresponding author: V. Saravanabavan.

Copyright © 2026 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution License 4.0.


http://creativecommons.org/licenses/by/4.0/deed.en_US
https://ijsra.net/
https://doi.org/10.30574/ijsra.2026.20.2.1600
https://crossmark.crossref.org/dialog/?doi=10.30574/ijsra.2026.20.2.1600&domain=pdf

International Journal of Science and Research Archive, 2026 20(02), 192-205

availability, accessibility, affordability, accommodation, and acceptability [141516]. Among these, geographical
accessibility is particularly important in rural areas, where travel distance, travel time, transport availability, and terrain
significantly affect healthcare utilization. [17:18.19], Further emphasized that spatial accessibility reflects the geographical
relationship between healthcare facilities and the populations they serve, making it a key determinant of equitable
healthcare deliveryl20.21.221 A growing body of literature has demonstrated that travel behaviour plays a significant role
in healthcare utilization.(23.24.25), Individuals residing farther from healthcare facilities are generally less likely to seek
timely medical care because increased travel distance and travel time create physical and economic barriers [26:27.28],
Using Geographic Information System (GIS)-based accessibility measures, reported that road networks, topography,
and settlement patterns substantially influence healthcare utilization in rural areas[29:30.311, Similarly, rural populations
experience greater travel burdens than urban populations, leading to disparities in the utilization of primary healthcare
services[32:33,34]. These findings suggest that healthcare accessibility should be assessed using actual travel conditions
rather than straight-line distance alone(35:36),

Healthcare utilization also varies according to demographic characteristics, particularly age. Children and older adults
generally require more frequent healthcare services than younger adults, yet they often experience greater mobility
constraints because they depend on caregivers or family members for transportation [37.38391. Consequently, age-
related differences in mobility contribute to variations in travel patterns and healthcare utilization, especially in rural
settings where transportation infrastructure is limited[#04142], In India, despite substantial expansion of the rural
healthcare network through the National Health Mission, accessibility to PHCs remains uneven across geographically
disadvantaged regions[43:4445]. Hilly and tribal areas continue to experience limited transportation facilities, dispersed
settlements, and poor road connectivity, all of which reduce effective access to healthcare services [46:47.48]. Previous
studies have primarily focused on healthcare infrastructure, service availability, and utilization patterns at national or
state levels, whereas relatively few have examined how travel characteristics differ across age groups in remote rural
settings[49:50,51], Moreover, studies integrating travel distance, travel time, mode of transport, frequency of PHC visits,
and age-wise healthcare utilization remain limited, particularly in Northeast India [52:53,54],

The Eastern West Khasi Hills district of Meghalaya presents a unique geographical setting characterized by rugged
terrain, scattered villages, and varying levels of road connectivityl[5556:57]. These physical characteristics are likely to
influence how different age groups access and utilize Primary Health Centres[58:591. However, empirical evidence on age-
wise travel patterns and PHC utilization in this region remains scarce . Understanding these patterns is important for
identifying spatial inequalities in healthcare access and for improving the planning and delivery of rural healthcare
eservices [60.61.62] Therefore, the present study aims to examine the age-wise travel patterns and utilization of selected
Primary Health Centres in the Eastern West Khasi Hills district of Meghalaya. Specifically, the study analyses travel
distance, travel time, mode of transportation, frequency of PHC visits, and reasons for healthcare utilization across
different age groups. The findings are expected to provide evidence for strengthening rural healthcare planning,
improving accessibility, and promoting equitable utilization of primary healthcare services in geographically
challenging regions.

Objective

To analyse age-wise travel patterns and utilization of Primary Health Centres (PHCs) in Eastern West Khasi Hills district,
Meghalaya.

1.1. Study area

Eastern West Khasi Hills, established in 2021, is a centrally located district of Meghalaya with Mairang as its
headquarters. Covering 1,145 km?, the district is characterised by rugged hills, valleys, and dispersed rural settlements
that significantly influence accessibility, infrastructure, and service delivery (Figure 1).

It experiences a moderate subtropical highland climate with heavy monsoon rainfall, while its lateritic and red loamy
soils support agriculture. The district is drained by numerous rivers belonging to the Brahmaputra and Surma-Meghna
basins and forms part of the geologically significant Shillong Plateau. The district has a population of about 131,451,
predominantly belonging to the Khasi tribe, with agriculture serving as the main source of livelihood. Road transport is
the primary means of connectivity, although difficult terrain and seasonal road conditions limit access to remote
villages. The Khasi community's matrilineal social system, traditional culture, and strong community institutions shape
the district's socio-economic characteristics. Overall, the district's physical, demographic, and socio-economic features
make it a suitable study area for analysing accessibility, travel behaviour, and healthcare utilization.
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Figure 1 Location of Study Area

2. Methodology

2.1. Data Sources

The study used both primary and secondary data.

e Primary data were collected through a structured questionnaire survey conducted among 100 patients from
five selected PHCs—Markasa, Nongthliew, Myriaw, Dongki-ing-ding, and Laitdom PHCs. Twenty respondents
were selected from each PHC using stratified sampling to ensure representation of different age groups.
Information on age, travel distance, travel time, mode of transport, frequency of PHC visits, and place of
residence was collected. GPS coordinates of the PHCs were recorded during fieldwork.

e Secondary data included village distance records obtained from the respective PHCs, district demographic
information from the Meghalaya Statistical Handbook (2024), administrative boundary shapefiles from the
Survey of India, and Digital Elevation Model (DEM) data from OpenTopography.

2.2. Method of Analysis

Travel pattern analysis was carried out using Geographic Information System (GIS) techniques.

e Mean travel distance was calculated for each age group.

o Buffer zones were generated around each PHC based on the average travel distance of different age groups.

o Buffer layers were overlaid with village and PHC locations to examine spatial variations in travel behaviour and
healthcare utilization.

e  Maps were prepared using ArcGIS/QGIS to illustrate travel patterns and accessibility.

3. Results and Discussion

3.1. Spatial Distribution of Selected Primary Health Centres and Accessibility Context

The study analysed five selected Primary Health Centres (PHCs), three-dimensional elevation model (Figure 2a)
illustrates that the selected PHCs are spatially dispersed across varying topographic environments namely Markasa,
Nongthliew, Myriaw, Dongki-ing-ding, and Laitdom, located in the Mairang and Mawthadraishan C&RD Blocks of
Eastern West Khasi Hills District. These PHCs represent diverse geographical settings and serve rural populations
distributed across varying terrain conditions. The spatial analysis reveals that the selected PHCs are located across
different elevation zones, with Markasa, Myriaw, Laitdom, and Nongthliew situated in moderate to high elevation areas,
while Dongki-ing-ding occupies a comparatively lower elevation region.The variation in physiographic conditions has
important implications for healthcare accessibility. In mountainous and dispersed rural environments, elevation, road
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connectivity, and settlement distribution influence travel behaviour and healthcare-seeking patterns. The spatial
distribution of the selected PHCs therefore provides an appropriate basis for examining variations in travel distance,

accessibility, and utilization among different age (Figure 2b).
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Figure 2 (a) 3D Model of the Location of PHCs in Eastern West Khasi Hills District
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Figure 2 (b) Location of Primary Health Centers in Eastern West Khasi Hills District

3.2. Age-wise Travel Pattern to Primary Health Centres

The analysis of age-wise travel patterns demonstrates significant differences in healthcare mobility among respondents.
The mean travel distance varies considerably across age groups, indicating that age-related mobility, dependency, and
healthcare requirements influence access behaviour.The highest mean travel distance was recorded among
respondents aged 46-60 years (7.57 km), followed by the 31-45 years age group (7.04 km). Respondents aged 15-30
years travelled an average distance of 6.80 km, whereas children below 15 years and elderly respondents above 60

years recorded shorter mean travel distances of 5.60 km and 5.51 km, respectively (Table 1).
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Table 1Age-wise travel patterns to different PHCs

S1. | Block Name Name Of | <15 15-30 31-45 46-60 >60
No PHC Total Total Total Distance | Total Total
Distance Distance Distance Distance
Km % Km % Km % Km % Km %
1 Mairang Myriaw 15.2 | 15.2 42.8 | 24.1 16.7 8.79 184 | 18.7 20.3 | 23.0
8 7 8 3 2 3
MARKASA | 189 | 18.8 226 | 128 17.56 | 9.24 15.1 | 15.3 31.0 | 35.2
8 7 1 3 7 7 5
2 Mawthadraisha | Nongthlie | 32.5 | 13.4 | 40.0 | 22.6 32.7 17.2 8.92 | 9.06 22.8 | 259
n w 7 8 4 0 8 6
LAITDOM | 145 | 14.4 19.1 | 10.8 62.67 | 329 39.0 | 39.6 7.6 8.62
9 2 0 7 7 8
DONGKI- 189 | 18.8 52.3 | 29.5 60.45 | 31.8 169 | 171 6.3 7.15
ING-DING 8 3 6 0 2 8
Grand 100. | 100 177 100 190.0 | 100 98.4 | 100 88.1 | 100
Total 8 % % 8 % 7 % 5 %
Mean (X) 5.6 6.80 7.04 7.57 5.51

The greater travel distances among the 31-45 years and 46-60 years age groups indicate higher mobility among
economically active populations. These groups are more capable of travelling longer distances due to greater
independence, household responsibilities, and increased healthcare awareness. They may also travel farther when a
preferred PHC provides better services or has greater community acceptance.In contrast, children and elderly
respondents exhibit relatively localized travel patterns. Children depend largely on caregivers, who generally prefer
nearby healthcare facilities to reduce travel costs and physical difficulties. Similarly, elderly populations tend to access
closer healthcare centres due to mobility limitations and dependence on family members for transportation.The
distance-line analysis further indicates that PHC utilization extends beyond immediate surrounding settlements. Some
facilities, particularly Nongthliew and Dongki-ing-ding, serve wider geographical areas due to dispersed settlements
and limited alternative healthcare options. This suggests that healthcare utilization is influenced not only by physical
distance but also by service availability, accessibility, and community preference.

3.3. Buffer and Overlay Analysis of Healthcare Accessibility

The buffer analysis highlights variations in accessibility among different age groups. The average travel distances of
each age category were used to identify areas experiencing relatively better or poorer accessibility.

For respondents below 15 years (Figure 3), Myriaw and Laitdom PHCs demonstrated comparatively better accessibility,
whereas Markasa, Nongthliew, and Dongki-ing-ding showed greater travel requirements. Among young adults aged 15-
30 years, (Figure 4) Markasa and Laitdom exhibited lower travel burdens, while Myriaw, Nongthliew, and Dongki-ing-
ding had wider catchment areas.The 31-45 years and 46-60 years age groups showed the widest travel ranges,
reflecting greater mobility and willingness to travel for healthcare services (Figure 5 & Figure 6). Myriaw, Markasa, and
Nongthliew PHCs generally provided better accessibility for these groups, whereas Laitdom and Dongki-ing-ding
attracted patients from more distant settlements.Among elderly respondents, Laitdom, Nongthliew, and Dongki-ing-
ding showed comparatively favourable accessibility, while Myriaw and Markasa recorded longer travel
distances.Respondents above 60 years recorded shorter mean travel distances of 5.60 km and 5.51 km, respectively
(Figure 7) this indicates that elderly populations are more dependent on nearby healthcare facilities and may
experience greater challenges where travel distances increase.
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Figure 3 Travel patterns of the below 15 Age Group
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Figure 4 Travel patterns of the 15-30 Age Group
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Figure 5 Travel patterns of the 31-45 Age Group

PRIMARY HEALTH CENTER OF EASTERN WEST KHASI HILLS DISTRICT

STRE ST AT FWTEE STISE
Trened Pattem Age Group 46 - B Yesrs
age group 46 - 60 years Average Buffer Fona

Figure 6 Travel Patterns of the 46-60 Age Group
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Figure 7 Travel Patterns of the above 60 Age Group

The overlay analysis confirms that accessibility patterns vary spatially across the district. Myriaw, Markasa, and
Laitdom PHCs show relatively concentrated travel patterns within average buffer zones, indicating lower travel burden.
Conversely, Nongthliew and Dongki-ing-ding PHCs demonstrate wider service areas, suggesting dependence on these
facilities by populations located farther away.These findings indicate that healthcare accessibility is shaped by the
interaction between age, geographical location, and the spatial distribution of healthcare facilities. Settlements outside
overlapping accessibility zones experience greater travel requirements and may require improved transportation
connectivity and healthcare planning interventions.

3.4. Utilization Pattern of Selected Primary Health Centres

The utilization analysis was based on responses from 100 patients, with 20 respondents interviewed from each selected
PHC. The findings represent the utilization characteristics of surveyed patients and provide insight into age distribution,
healthcare services accessed, and factors influencing PHC use.
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Figure 8 Overlay Analysis of the different Age-Wise Travel Patterns

Respondents belonging to the 31-45 years age group recorded the highest utilization of PHC services, followed by the
15-30 years age group. The dominance of these age groups reflects their greater involvement in household healthcare
decisions, occupational activities, and awareness of available health services.Children below 15 years and elderly
respondents above 60 years constituted a smaller proportion of PHC users. Their lower representation may be
associated with dependence on caregivers, reduced mobility, and preference for nearby healthcare facilities (Figure
8).General treatment was the most frequently utilized service among respondents, followed by maternal and child
healthcare, immunization, and follow-up consultations. This highlights the continued importance of PHCs as primary
points of healthcare contact for rural communities.

3.5. Comparative Utilization of Selected PHCs

Among the selected facilities, Markasa PHC demonstrated relatively high utilization among productive-age groups.
Shorter travel distances and positive perceptions regarding healthcare services contributed to regular use of the
facility.Nongthliew PHC showed balanced utilization across age groups and served as an important healthcare centre
for surrounding settlements. Regular use of outpatient treatment, immunization, maternal healthcare, and follow-up
services indicates its integration into local healthcare practices (Table 2).Laitdom PHC displayed moderate utilization
across different age groups. Although accessibility was relatively favourable, concerns related to medicine availability,
waiting time, and service satisfaction influenced patient perceptions.

Table 2 Utilization of the five PHCs

Aspect Key Findings
Data Source Analysis is based on responses from 20 patients at each selected PHC (Total = 100
respondents).

Age-wise Utilization Respondents aged 31-45 years recorded the highest utilization of PHC services.

Healthcare Services | General treatment was the most frequently utilized service, followed by maternal and child
Utilized healthcare, immunization, and follow-up care.

Travel Pattern Productive-age adults travelled longer distances than children and elderly respondents to
utilize PHC services.
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Overall Observation PHC utilization varied according to age group and the healthcare services utilized by the
respondents.

Dongki-ing-ding PHC attracted considerable utilization despite longer travel distances and challenging terrain
conditions. Its continued use reflects the importance of the facility within remote rural areas where alternative
healthcare options are limited.Myriaw PHC demonstrated balanced utilization and served a wide range of healthcare
needs, including general treatment, maternal and child healthcare, and preventive services. Improvements in service
environment and cleanliness may further enhance patient satisfaction.

3.6. Overall Discussion

The findings demonstrate that healthcare accessibility and utilization in Eastern West Khasi Hills District are strongly
influenced by age-related mobility patterns and geographical conditions. Productive-age populations show greater
mobility and travel longer distances to access healthcare services, whereas children and elderly populations depend
more on nearby facilities.The study also reveals that travel distance alone does not determine healthcare utilization.
PHCs located farther from settlements continue to attract patients due to service availability, community trust, and
limited healthcare alternatives. Therefore, accessibility should be understood as a combination of spatial proximity,
transportation conditions, service quality, and population characteristics.The results emphasize the need for age-
sensitive and geographically balanced healthcare planning. Improving road connectivity, strengthening PHC services,
and ensuring equitable distribution of healthcare facilities can reduce travel burden and enhance healthcare
accessibility among rural populations in Eastern West Khasi Hills District.

4., Conclusion

The present study examined age-wise travel patterns, spatial accessibility, and utilization of selected Primary Health
Centres (PHCs) in Eastern West Khasi Hills District. The findings reveal that healthcare accessibility is influenced by the
combined effects of age, mobility characteristics, geographical conditions, and the spatial distribution of healthcare
facilities.The analysis of travel patterns indicates significant variation among different age groups. Respondents
belonging to the 46-60 years age group recorded the highest mean travel distance (7.57 km), followed by the 31-45
years age group (7.04 km), reflecting greater mobility and willingness to travel for healthcare services. In contrast,
children below 15 years and elderly respondents above 60 years showed shorter travel distances, indicating their
greater dependence on caregivers and preference for nearby healthcare facilities.The spatial accessibility analysis
through buffer and overlay techniques demonstrates that healthcare access varies considerably across the district. PHCs
such as Myriaw, Markasa, and Laitdom exhibit comparatively favourable accessibility, with a larger proportion of
respondents travelling within average buffer distances. However, Nongthliew and Dongking-ding PHCs serve wider
catchment areas, indicating that populations from dispersed settlements often travel longer distances to access
healthcare services.

The utilization analysis of the selected PHCs, based on 100 surveyed respondents, shows that productive-age groups,
particularly 31-45 years and 15-30 years, constitute the major users of PHC services. General treatment emerged as
the most frequently utilized service, followed by maternal and child healthcare, immunization, and follow-up
consultations. The findings suggest that PHCs continue to function as essential healthcare providers for rural
communities by meeting both preventive and curative healthcare needs.The study further demonstrates that physical
distance alone does not determine healthcare utilization. Factors such as availability of services, quality of healthcare
delivery, patient satisfaction, road connectivity, and community trust significantly influence healthcare-seeking
behaviour. Some PHCs continue to attract patients from distant settlements due to better service availability and limited
alternatives.Overall, the study highlights the importance of incorporating age-specific mobility patterns and spatial
characteristics into rural healthcare planning. Improving transportation connectivity, strengthening healthcare
services, and ensuring balanced distribution of PHCs can reduce travel barriers and enhance equitable access to primary
healthcare in Eastern West Khasi Hills District.

Compliance with ethical standards

Disclosure of conflict of interest

The authors declare no conflict of interest.

201



International Journal of Science and Research Archive, 2026 20(02), 192-205

Statement of ethical approval

The study was conducted following institutional ethical guidelines.

Statement of informed consent

Informed consent was obtained from all participants prior to data collection.

Funding

No external funding was received for this study.

References

[1]

[11]

[12]

[13]

[14]

Guagliardo, M. F. (2004). Spatial accessibility of primary care: Concepts, methods and challenges. International
Journal of Health Geographics, 3(1), 3. https://doi.org/10.1186/1476-072X-3-3

Andersen, R. M. (1995). Revisiting the Behavioral Model and access to medical care: Does it matter? Journal of
Health and Social Behavior, 36(1), 1-10.

Aday, L. A., & Andersen, R. (1974). A framework for the study of access to medical care. Health Services Research,
9(3), 208-220.

World Health Organization. (1978). Declaration of Alma-Ata. https://www.who.int/teams/social-determinants-
of-health/declaration-of-alma-ata

World Health Organization, & UNICEF. (2018). Declaration of Astana. Global Conference on Primary Health Care:
Astana, Kazakhstan, 25 and 26 October 2018

Sheheersha, S. K., & Saravanabavan, V. (2015). An analysis of the role of sunayanam mobile ophthalmology unit
for preventing blindness among rural poor in Thiruvantahapuram district. Geospatial Technologies for Resource
Evaluation and Management, 412-414.

Rahamath Nisha R, V Saravanbavan, R Sureskumar (2021) Effects of Population Density and Air Pollution on
Covid -19 Morbidity and Mortality in India Using GIS International Journal of Contemporary Medical Research 8
(8), H1-H11.http://dx.doi.org/10.21276/ijcmr.2021.8.8.8

Saravanabavan, V., Eswari, S., Vimala Vinnarasi, ], Ganesan, ]., & Sudharsan, R. (2020). Spatial temporal variation
of leptospirosis disease in Madurai city-Medicogeographical analysis. International Journal of Geography,
Geology and Environment, 2(1), 21-7.

Saravanabavan, V. (2013) Patients perception and travel behavior pattern in primary health carecenter in
Haripad block-A micro Geo-medical study. Journal of Language in India, 13(4), 194-207.

Vinothini, C., Saravanabavan, V., & Suja Rose, R. S. (2025). Travel behaviour of child patients and health care
accessibility of PHC in Madurai District, Tamilnadu. International Research Journal of Education and
Technology, 7(02).

Vinothini, C., & Saravanabavan, V. (2023). Determinants of health care facilities and patients ‘accessibility to PHC
in Madurai district. International Journal of Geography, Geology, and Environment, 5(2), 17-22.

Saravanabavan, V., & Vinothini, C. (2026). Assessment Of Healthcare Performance: Knowledge, Attitude,
Behavioral Characteristics of Patients and Spatial Distribution of PHC’s In Sepahijala District, Tripura, India. IRE
Journals, 9(11), 97-108.DOI: https://doi.org/10.64388/IREV9I11-1717261

Saravanabavan, V, Vinothini C, Balaji D,A Manna, A Mohan, A Rejesh (2022)A Geo- spatial approach on COVID-19
mortality in Tamilnadu. International Journal of Geography, Geology and Environment 4 (1), 123-131

Vinothini, C., Suja Rose, R. S, Saravanabavan, V., & Vadivel, S. (2025). Factors influencing healthcare accessibility
in Madurai District: A spatial and factor analytical approach. International Journal of Engineering Development
and Research, 13(3), 20-30.

Rahamath Nisha R, V.Saravanabavan, C.Vinothini(2026) Rural-Urban Variation in Dengue Vector Breedings
Dynamics in Madurai District, Tamilnadu, India: A Geo-Medical Study,Asian Journal of Geographical Research 9
(3), 345-https://doi.org/10.9734 /ajgr/2026/v9i3433

202


https://doi.org/10.1186/1476-072X-3-3
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:UxriW0iASnsC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:UxriW0iASnsC
http://dx.doi.org/10.21276/ijcmr.2021.8.8.8
https://doi.org/10.64388/IREV9I11-1717261
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:WbkHhVStYXYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:WbkHhVStYXYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:evX43VCCuoAC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:evX43VCCuoAC
https://doi.org/10.9734/ajgr/2026/v9i3433

[21]

[22]

International Journal of Science and Research Archive, 2026 20(02), 192-205

Eswari, S., Saravanabavan, V., & Balaji, D. (2020). Infant neonatal and post neonatal mortality in Madurai district,
Tamil Nadu, India: A Geomedical Study. International Journal of Geography, Geology and Environment, 2(2), 102-
112.

Saravanabavan V, Mekyrshanbor Thabah, C. Vinothini (2026) Assessment of Patient Satisfaction with Primary
Health Centre Services in Eastern West Khasi Hils Distict, Meghalaya: A Z - Score Analysis. International Journal
of Research Publication and Reviews 7 (7), 3478-3488.https://doi.org/10.55248 /gengpi.07.0726.2233

Saravanabavan, V., Reshma, C. U., & Preethi, S. (2021). Determinants of reproductive health inworkingwomen in
Thrissur district, Kerala. GeoJournal, 86, 239-253. https://doi.org/10.1007/s10708-019-10051-z

Vinothini C, Suja Rose R.S, Saravanabavan V (2025)Disease Prevalence and Socio-Demographic Influences on
Healthcare Access in Madurai District, Tamil Nadu . Goya Journal 18 (10), 227 - 241

Saravanabavan, V., Balaji, D., Reshma, C. U., Sheheersha, S. K., Sudharsan, R., Vimala Vinnarasi, ]., & Balasubramani,
K.(2021). Urban disease ecology and its spatial variation of Chikungunya in Madurai City, Tamilnadu, India: a
geo-medical study. GeoJournal, 86, 2335-2350. https://doi.org/10.1007/s10708-020-10192-6

Vinothini, C., Neethidevi, A., & Saravanabavan, V. (2019). Health impact and nine fold classification of land use
change in Nilakottai Taluk, Dindigul District, Tamil Nadu. International Journal of Geography, Geology and
Environment, 1(1), 80-86.

Eswari,S., V Saravanabavan, D Balaji (2021)Structural Equation Modelling Approach to Determine the Mother
and Child Health Care in Madurai District, Tamil Nadu. International Journal of Scientific Research in Science and
Technology Vol 8, Issue 2,pp 335-344

Vinothini C, R.S. Suja Rose, V. Saravanabavan (2024) Demographic and Socio-economic Conditions of the Patients
of the Primary Health Care Centers in Madurai District, Tamilnadu, Indian Journal of Spatial Science 15 (4), 50-
55

Saravanabavan, V., Balaji, D., & Sudharsan, R. (2014). A Geo-Medical Analysis of Chikungunya and Patients
Environmental Perception in Madurai City. Journal of JAC Journal of Science, Humanities, and Management, 1(2),
111-120.

Sudharsan, R, Saravanabavan, V., Devanathan, D., (2019). Patient Satisfaction and Perceptions about Quality of
Healthcare at a Primary Healthcare Centre of Thanjavur District, Tamil Nadu. International Journal of Research in
Science and Technology, 9, 2249-0604.

Danyon Dameshwa]yrwa,V Saravanabavan, Laitpharlang Cajee ,C Vinothini (2025) Spatial analysis and efficiency
of healthcare delivery system in Meghalaya State, India: A “Z’ Score Approach International Journal of Science and
Research Archive,15 (01), 1312-1324.https://doi.org/10.30574/ijsra.2025.15.1.1148

Nemcha Mate, T., Saravanabavan, V., & Vinothini, C. (2025). Consumption of Areca Nut and its Socioeconomic and
Health Impacts in Shillong, Meghalaya-A Geographical Analysis. International Journal of Research Publication and
Reviews, 6(11), 899-909.https://doi.org/10.55248/gengpi.06.1125.3842

Ramphila A Shatsang., Saravanabavan, V., & Vinothini, C. (2025). Health and Socio-Economic Analysis of
Adolescent Drug Abuse in Ukhrul District, Manipur. International Journal of Research Publication and
Reviews, 6(10), 2479-2488.DOI: https://doi.org/10.55248 /gengpi.6.1025.3641

Saravanabavan, V. (2011). GIS analysis of pedestrian problem and spatial risk areas for each buffer zone in urban
cities a case study of Madurai city in Tamlnadu, India. South Eastern University of SriLanka,19t April 2011.

Saravanabavan, V. (1996). Bicycles and health-a geo medical study of Madurai city. In Velo Australis and Velo-
City'96, International Bicycle Conference, 1996, Fremantle, Western Australia.

Vinothini, C., Ponnukalai, B., Rose, R. S., & Saravanabavan, V. (2026). Geoinformatics-based analysis of seasonal
vegetation dynamics and mosquito-borne disease patterns in Madurai District. International Journal of Scientific
Research and Engineering Development, 9(2), 1429-1437. www.ijsred.com

Saravanabavan, V., Vinothini, C., & Suja Rose, R. S. (2024). Transport accessibility and efficiency of PHC location
in Kanyakumari district, Tamil Nadu. International Journal of Science and Research Archive,11(2), 1342-
1351.https://doi.org/10.30574 /ijsra.2024.11.2.0605

Saravanabavan, V., Emayavaramban, V., Thangamani, V., Manonmani, I. K,, Rose, R. S., Balaji, D,, ... & Vinothini, C.
(2023). Spatial variation of covid-19 morbidity status and identification of risk zone in Tamil Nadu (India) during
first wave. GeoJournal, 88(2), 1341-1354. https://doi.org/10.1007/s10708-022-10680-x

203


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:-_dYPAW6P2MC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:-_dYPAW6P2MC
https://doi.org/10.55248/gengpi.07.0726.2233
https://doi.org/10.1007/s10708-019-10051-z
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:dQ2og3OwTAUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:dQ2og3OwTAUC
https://doi.org/10.1007/s10708-020-10192-6
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:1sJd4Hv_s6UC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:1sJd4Hv_s6UC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:Mojj43d5GZwC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:Mojj43d5GZwC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:9vf0nzSNQJEC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:9vf0nzSNQJEC
https://doi.org/10.30574/ijsra.2025.15.1.1148
https://doi.org/10.55248/gengpi.06.1125.3842
https://doi.org/10.55248/gengpi.6.1025.3641
http://www.ijsred.com/
https://doi.org/10.30574/ijsra.2024.11.2.0605
https://doi.org/10.1007/s10708-022-10680-x

[36]

[37]

[38]

[49]

[50]

International Journal of Science and Research Archive, 2026 20(02), 192-205

Vinothini, C, Rose, R. S., Vadivel, S, & Saravanabavan, V. (2025). Determinants of primary healthcare
centresutilisation: A Geo-statistical study of healthcare access in Madurai district, Tamil Nadu. International
Journal of Science and Research Archive, 15(02), 1557-1567.

Saravanabavan, V., Cajee, L., Sangma, M. C., & Vinothini, C. (2025). Spatial Distribution and Service Coverage
Analysis of Primary Health Centres in South West Garo Hills District, Meghalaya, India. Asian Journal of
Geographical Research, 8(4), 389-400.https://doi.org/10.9734 /ajgr/2025 /v8i4344

Vinothini, C., Suja Rose, R.S & Saravanabavan, V. (2025) Patients’ Perception and Health care Accessibility of
Primary Health care centre in Madurai District-A Geo-Medical Study. December 2025.Annals of the National
Association Of Geographers India 45(2):233-249 D0I:10.32381 /ATNAGI.2025.45.02.8

Vinothini, C., Suja Rose, R. S., & Saravanabavan, V. (2024). Spatial distribution and female travel behavior:
Enhancing primary health care services in Madurai District. Int ] Eng Appl Sci Technol, 9(5), 193-199.

Vinothini, C.,, Saravanabavan, V., & Rose, R. S. (2024). Travel patterns of adult patients to primary health centers
in Madurai district: A public health perspective. International Journal of Science and Research Archive, 13(1), 141-
149. https://doi.org/10.30574/ijsra.2024.13.1.1605

Saravanabavan, V. Debbarma, K., & Vinothini, C. (2025). Primary health care access and socio-economic
conditions of the patients in Sepahijala District, Tripura. International Journal of Science and Research
Archive, 6(1), 295-305.

Saravnabavan, V., Ganesan, J., Vinothini, C., & Balaji, D. (2026). The Impact of BMI on the Health Status of Tea
Plantation Workers in the Nilgiris, Tamil Nadu, India. Journal of Complementary and Alternative Medical
Research, 27(2), 59-74. DOI: https://doi.org/10.9734 /jocamr/2026 /v27i2741

Radhakrishnan, R, & Vaithialingam, S. (2023). Exploring the suitability of groundwater for domestic water
quality and irrigation purpose in Dindigul district, Tamil Nadu. In Surface and groundwater resources
development and management in semi-arid region: strategies and solutions for sustainable water management (pp.
253-277). Cham: Springer International Publishing. https://doi.org/10.1007/978-3-031-29394-8 14

Saravanabavan, V., Lekha, C. A, Aparna, T, Nisha, R. R, Balaji, K. K,, & Kanna, S. V. (2021). Spatio-temporal
variation of dengue in Kozhikode District, Kerala: A medico geographical study. International Journal of Mosquito
Research, 8(1 Part B), 130-140.

Vinothini, C., Suja Rose, R. S., & Saravanabavan, V. (2024). Geospatial analysis of communicable diseases in
Madurai district. International Journal of Humanities Social Science, and Management, 4(3), 1145-1153.

Saravanabavan, V., Vinothini, C., Suja Rose, R. S., & Balaji, D. (2025). A Geo-Chemical Study of Water Pollution Due
to the Tanning Industry: A Case Study of Dindigul District, Tamilnadu, India. In Groundwater Resource
Management Planning Strategies: A Geospatial Approach: Volume 1 (pp. 651-683). Cham: Springer Nature
Switzerland. https://doi.org/10.1007/978-3-031-88870-0 25

Eswari, S., Saravanabavan, V., Vinothini, C., & Balaji, D. (2025). Mother and Child Health Care In Madurai District:
A Structural Equation Modelling Approach. The Indian Geographical Journal, 100(1), 39-54.

Engjaipi, L., Saravanabavan, V., & Vinothini, C. (2025). Gender-wise travel pattern and utilization of primary
health centers of Karbi Anglong district, Assam. International Journal of Science and Research Archive, 14(03),
1320-1330.Article https://doi.org/10.30574 /ijsra.2025.14.3.0779

Tanser, F., Gijsbertsen, B., & Herbst, K. (2006). Modelling and understanding primary health care accessibility
and utilization in rural South Africa: An exploration using a geographical information system. Social Science &
Medicine, 63(3), 691-705.

Sengnang S Mark, V.Saravanabavan, C.Vinothini (2026) Perception of Health Tourism in enhancing the quality of
life of the Garo community: A case study of Daribokgre village, East Garo Hills, Meghalaya. International Journal
of Research Publication and Reviews 7 (3), 3469-3477.https://doi.org/10.55248/gengpi.07.0326.20635

Rahamath Nisha, R, Saravanabavan, V., & Sureshkumar, R. (2020). Emerging COVID-19 epidemiology in Tamil
Nadu India using GIS. International Journal of Contemporary Medical Research, 7(8), H10-H17.

Vinothini, C., Saravanabavan, V., &Emayavaramban, V. (2022). Location Accessibility of PHC and Health care
travel performance in Madurai District. International Journal of Innovative Science and Research
Technology, 7(12), 2456-2165....

204


https://doi.org/10.9734/ajgr/2025/v8i4344
https://www.researchgate.net/journal/ANNALS-OF-THE-NATIONAL-ASSOCIATION-OF-GEOGRAPHERS-INDIA-0970-972X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
https://www.researchgate.net/journal/ANNALS-OF-THE-NATIONAL-ASSOCIATION-OF-GEOGRAPHERS-INDIA-0970-972X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
https://doi.org/10.32381/ATNAGI.2025.45.02.8
https://doi.org/10.30574/ijsra.2024.13.1.1605
https://doi.org/10.9734/jocamr/2026/v27i2741
https://doi.org/10.1007/978-3-031-29394-8_14
https://doi.org/10.1007/978-3-031-88870-0_25
https://doi.org/10.30574/ijsra.2025.14.3.0779
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:W5xh706n7nkC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Ox0M0HwAAAAJ&cstart=20&pagesize=80&citation_for_view=Ox0M0HwAAAAJ:W5xh706n7nkC
https://doi.org/10.55248/gengpi.07.0326.20635

[53]

[54]

International Journal of Science and Research Archive, 2026 20(02), 192-205

Saravanabavan, V., Reejo, R. ]., Neethidevi, A., & Jayashree, R. (2006). Travel and health care utilization pattern of
patients in Vadippati panchayat union: A micro level study using GIS. Journal of Deccan Geographer, 44(2), 97-
108.

Saravanabavan, V., Nongspung, C., Vinothini, C., & Vadivel, S. (2025). Healthcare Accessibility in East Khasi Hills,
Meghalaya, India: Age, Gender, and Socioeconomic Barriers to Primary Health Centre Access. Asian Journal of
Geographical Research, 8(3), 488-505. https://doi.org/10.9734 /ajgr/2025/v8i3313

Saravanabavan, V., Nokimte N Sangma, ., & Vinothini, C. (2024). Spatial distribution and pattern of location in
primary health centers in West Garo Hills District, Meghalaya. International Journal of Research Publication and
Reviews, 5(11), 694-701.https://doi.org/10.55248/gengpi.5.1124.3126

Vinothini, C., Suja Rose, R. S., & Saravanabavan, V. (2024). Assessment of primary health care accessibility and
patients’  perception in  Madurai district: a  geo-medical study. GeoJournal, 89(5), 211.
https://doi.org/10.1007/s10708-024-11208-1

McGrail, M. R., & Humphreys, ]. S. (2009). Measuring spatial accessibility to primary care in rural areas: Improving
the effectiveness of the two-step floating catchment area method. Applied Geography, 29(4), 533-541

Kumar, P., & Sharma, R. (2016). Distribution of health services in India: An analysis of primary health centers.
Journal of Public Health and Epidemiology, 8(3), 76-84.

Vinothini, C., & Saravanabavan, V. (2022). Spatial Distribution of Emerging Diseases in Madurai District: A Geo
Medical Study. International Journal of Innovative Science and Research Technology, 7(6), 2456-2165.

Tanser, F., Gijsbertsen, B., & Herbst, K. (2006). Modeling and understanding primary health care accessibility and
utilization in rural South Africa: An exploration using a GIS-based accessibility model. Health & Place, 12(4), 701-
714.

Saravanabavan, V., Vinothini, C., & Rose, R. S. (2023). Spatial distribution of primary health care centre and socio-
economic conditions of patients in Madurai district. International Journal of Geography, Geology and
Environment, 5(2), 192-198. https://doi.org/10.22271/27067483.2023.v5.i2b.192

Khatun, F., & Sinha, R. (2018). GIS-driven policy recommendations for healthcare infrastructure improvement in
northeast India. Indian Journal of Medical and Health Research, 42(3), 327-336.

Mukherijee, S., & Sarkar, S. (2020). Socio-economic determinants of healthcare access in rural India: Implications
for spatial planning. Social Science & Medicine, 250, 112864.

Adekunle, A., et al. (2020). Health care accessibility and policy challenges in developing countries. International
Journal of Health Planning and Management, 35(2), 292-302.

205


https://doi.org/10.9734/ajgr/2025/v8i3313
https://doi.org/10.1007/s10708-024-11208-1

