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ABSTRACT

Primary Health Centres (PHCs) form the foundation of rural healthcare delivery by providing essential preventive,
curative, maternal and child healthcare services. However, the effectiveness of PHCs depends not only on their
availability but also on their spatial distribution, accessibility, infrastructure capacity and ability to meet population
demands. The present study assesses the spatial distribution, accessibility and service adequacy of Primary Health
Centres in East Khasi Hills District, Meghalaya, using Geographic Information System (GIS), Nearest Neighbour Analysis
(NNA), field survey and Z-score statistical techniques. A total of 22 PHCs were mapped to examine their spatial
distribution pattern, while five representative PHCs, namely Smit, Jongksha, Wahsherkhmut, Laitryngew and Pomlum,
were selected for detailed accessibility and service adequacy assessment. A field survey of 100 respondents was
conducted to examine healthcare accessibility characteristics, including travel time, travel distance, mode of
transportation and perception of PHC accessibility. The findings indicate that 91% of respondents consider PHCs
accessible, while 52% reach healthcare facilities within 15-30 minutes. However, 42% of respondents travel more than
5 km to access PHC services, highlighting geographical accessibility constraints in remote mountainous areas. The
Nearest Neighbour Analysis produced an Rn value of 1.2, indicating a random spatial distribution pattern of PHCs across
the district. The Z-score analysis based on healthcare indicators such as doctors, ANMs, staff nurses, supporting staff,
laboratory technicians, inpatient services, outpatient attendance, population served, villages covered and bed
availability reveals significant variations in service adequacy among PHCs. Pomlum PHC demonstrates comparatively
better performance, followed by Smit and Jongksha PHCs, whereas Wahsherkhmut and Laitryngew PHCs require
improvements in healthcare manpower and infrastructure. The study highlights the importance of GIS-based healthcare
planning in identifying spatial inequalities and improving equitable healthcare accessibility and service delivery in
mountainous regions.
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1 INTRODUCTION

Access to healthcare services is a fundamental determinant of population health and well-being [1.2.3]. Equitable access
to healthcare facilities ensures timely diagnosis, treatment, and prevention of diseases, thereby improving overall health
outcomes and quality of life [+567]. In developing countries such as India, Primary Health Centres (PHCs) constitute the
cornerstone of the rural healthcare delivery system and serve as the first level of contact between the community and
the public health sectorl8910.11], PHCs provide essential healthcare services, including maternal and child healthcare,
immunization, treatment of common illnesses, health education, and referral services [12.13,14,15] Healthcare accessibility
is a multidimensional concept encompassing availability, geographical accessibility, affordability, accommodation, and
acceptability of healthcare services [1617.18,19]. Among these dimensions, geographical accessibility plays a critical role
in determining healthcare utilization, particularly in rural and semi-urban areas where transportation networks, travel
distance, and travel time significantly influence healthcare-seeking behaviour [20.21,22.23]. Poor accessibility often leads
to delayed treatment, reduced utilization of healthcare facilities, and adverse health outcomes [24252627] Patient
satisfaction is widely recognized as an important indicator of healthcare quality and service effectiveness [2829,30,31],
Previous studies have demonstrated that factors such as healthcare provider behaviour, waiting time, availability of
medicines, healthcare infrastructure, and ease of access significantly influence patient satisfaction levels [32:33:3435],
Satisfied patients are more likely to utilize healthcare services regularly, adhere to medical advice, and maintain positive
relationships with healthcare providers [36:37.38,39],

The availability and accessibility of healthcare facilities are important indicators of social and regional development
[40,41,4243] Primary Health Centres (PHCs) play a crucial role in providing basic healthcare services, particularly to rural
populations [#4454647] However, the effectiveness of these healthcare facilities largely depends on their spatial
distribution and accessibility. In areas where healthcare facilities are unevenly distributed, people often experience
difficulties in obtaining timely and adequate medical services [4849,50,51],

Recent advances in Geographic Information Systems (GIS) and spatial analytical techniques have enhanced the ability
of researchers and policymakers to evaluate healthcare accessibility and identify spatial inequalities in healthcare
service provision [5253,5455] GIS-based methods facilitate the visualization and analysis of healthcare facility
distribution, transportation networks, travel patterns, and service catchment areas, thereby supporting evidence-based
healthcare planning [56:57:5859] Although the district possesses an extensive network of Primary Health Centres,
disparities in transportation infrastructure, travel time, and service utilization may influence patient satisfaction and
healthcare access across different regions [60]. Understanding these spatial variations is essential for improving
healthcare service delivery and ensuring equitable access to healthcare facilities. By employing tools such as correlation
analysis, heatmaps, radar charts, K-Means clustering, and the Accessibility-Satisfaction Composite Index (ASCI), the
study provides a comprehensive evaluation of healthcare service performance and identifies areas requiring policy
intervention and infrastructural improvement [#849 Against this background, the present study integrates GIS,
statistical analysis, and advanced spatial visualization techniques to assess healthcare accessibility and patient
satisfaction among PHC users in East Khasi Hills District, Meghalaya.

Objective

The main objective of the study is to assess healthcare accessibility in selected Primary Health Centres of East Khasi
Hills District, Meghalaya using GIS and spatial analytical techniques.

Study Area

East Khasi Hills District of Meghalaya was selected as the study area due to its distinct geographical features and
variations in healthcare accessibility. The district includes Shillong, the state capital, and is located on the Shillong
Plateau between 25°07' N to 25°41’ N latitudes and 91°21’ E to 92°09’ E longitudes, covering an area of about 2,748
km? (Figure 1). It is characterized by rugged hills, valleys, steep slopes, heavy monsoon rainfall, and diverse natural
vegetation. According to the Census of India
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Figure 1: Location of Study area

(2011), the district had a population of 825,922, with 55.6% rural and 44.4% urban population, and a literacy rate of
84.15%. Agriculture, government services, tourism, trade, and other service activities are the major occupations. The
challenging terrain, scattered settlements, and uneven transportation connectivity influence the accessibility and
utilization of healthcare services, making the district suitable for analysing the spatial distribution and accessibility of
Primary Health Centres (PHCs).

2 METHODOLOGY

2.1 Sources of Data

The present study is based on both primary and secondary sources of data.

2.1.1 Primary data

Were collected directly from the field through questionnaire surveys, personal interviews and field observations
conducted in the selected Primary Health Centres (PHCs) and their surrounding villages. A total of 100 respondents
were surveyed to obtain information regarding travel distance, travel time, mode of transportation, accessibility to
PHCs, availability of nearby health facilities and socio-economic characteristics of the respondents.In addition, relevant
information relating to healthcare infrastructure, manpower, service facilities and other PHC-related details was
collected from the offices of the selected Primary Health Centres. Discussions with healthcare personnel and PHC
officials also provided valuable information for the study.

2.1.2 Secondary data

Were collected from various published and unpublished sources, including Census of India publications, reports of the
Directorate of Health Services, Government reports, books, journals, research articles, official websites and other
relevant documents. Spatial data relating to administrative boundaries and PHC locations were used for map
preparation and spatial analysis using GIS techniques.

3 SAMPLING TECHNIQUES AND SIZE

The present study employed Random sampling for the selection of Primary Health Centres (PHCs). Five PHCs, namely
Smit PHC, Jongksha PHC, Pomlum PHC, Laitryngew PHC and Wahsherkhmut PHC, were randomly selected for detailed
investigation in order to represent different geographical regions of East Khasi Hills District.A total of 100 respondents
were selected from the service areas of the selected PHCs for the questionnaire survey. The respondents were selected
through simple random sampling to obtain information regarding healthcare accessibility, travel distance,traveltime,
mode of transportation and socio-economic characteristics. Thus, the study employed acombination of purposive
sampling and simple random sampling to fulfil the objectives of the study.
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3.1 Techniques Used

The study employed Geographic Information System (GIS), Nearest Neighbour Analysis (NNA), and Z-score analysis to
assess the spatial distribution, accessibility, and adequacy of Primary Health Centres (PHCs) in East Khasi Hills District,
Meghalaya.

3.2 Geographic Information System (GIS)

GIS was used to map the location of PHCs and analyse their spatial distribution within the study area. It helped in
visualizing healthcare accessibility and identifying areas with limited healthcare coverage.

3.3 Nearest Neighbour Analysis (NNA)

Nearest Neighbour Analysis was used to determine the spatial distribution pattern of PHCs. The Nearest Neighbour
Index (Rn) was calculated using the following formula:

e Rn=Do/De

Where: Rn = Nearest Neighbour Index,

Do = Observed mean nearest neighbour distance,

De = Expected mean nearest neighbour distance

Rn < 1 = Clustered pattern, Rn = 1 = Random pattern, Rn > 1 = Dispersed pattern

3.4 Z-Score Analysis

Z-score analysis was used to evaluate the adequacy and performance of selected PHCs based on healthcare indicators
such as doctors, ANMs, staff nurses, supporting staff, laboratory technicians, inpatient services, outpatient services,
population served, villages covered and bed availability. The Z-score was calculated using the following formula:

Z = (X - Mean) / Standard Deviation
Where

Z = Z-score value,

X = Observed value,

Mean = Average value of the indicator,

Standard Deviation = Measure of variation from the mean.

Positive Z-score values indicate above-average performance,

whereas negative Z-score values indicate below-average performance compared with other selected PHCs.

4 RESULT

4.1 Spatial Distribution of Primary Health Centres

The spatial distribution of 22 Primary Health Centres (PHCs) in East Khasi Hills District reveals considerable variation
in healthcare facility concentration and geographic coverage (Figure 2). The PHCs are distributed throughout the
district; however, their spatial arrangement is not uniform. A relatively higher concentration of PHCs is observed in the
central part of the district, where facilities such as Smit, Jongksha, Swer, Laitlyngkot, Laitryngew, and Khatarshnong are
located in closer proximity to one another. These areas exhibit comparatively better healthcare coverage due to the
shorter distances between neighbouring facilities. In contrast, the peripheral regions of the district display wider
spacing between PHCs. Facilities such as Dangar, Lawbah, Diengpasoh, and Mawryngkneng are located in geographically
dispersed areas characterized by rugged terrain and scattered settlements. The greater separation between facilities in
these regions indicates relatively lower spatial accessibility to primary healthcare services. Overall, the distribution
pattern suggests that although PHCs are present across the district, notable spatial disparities exist in terms of facility
spacing and service accessibility. The observed pattern reflects the influence of terrain conditions, settlement
distribution, and regional accessibility constraints on healthcare facility locations.
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Figure 2: Location of Primary Health Centre's in East Khasi Hills District, Meghalaya

4.2 Nearest Neighbour Distance Analysis

The nearest neighbour distance analysis revealed substantial variation in the spacing of PHCs across East Khasi Hills
District. The average nearest neighbour distance among the 22 PHCs was 6.9 km, indicating moderate separation
between healthcare facilities (Figure 3).The shortest distance was recorded between Laitkynsew PHC and Mawlong
PHC (4.02 km), followed by Swer PHC and Laitlyngkot PHC (4.93 km). These closely spaced facilities indicate areas with
relatively higher healthcare service concentration. Conversely, the largest distance was observed between Dangar PHC
and Lawbah PHC (18.80 km), (Table A) highlighting significant spatial gaps in healthcare coverage within certain parts
of the district.

Table 1: Distance between Primary Health Centres (PHCs)

SL.NO | PHC NAME NEAREST PHC DISTANCE IN KM
1 Dangar PHC Lawbah PHC 18.80
2 Lawbah PHC Mawsahew PHC 8.75
3 Mawsahew PHC Laitkynsew PHC 4.95
4 Laitkynsew PHC Mawlong PHC 4.02
5 Mawlong PHC Sohbar PHC 5.20
6 Sohbar PHC Mawkliaw PHC 7.05
7 Mawkliaw PHC Wahsherkhmut PHC 5.90
8 Wahsherkhmut PHC Pongtung PHC 10.16
9 Khatarshnong PHC Laitryngew PHC 5.79
10 Laitryngew PHC Swer PHC 12.16
11 Swer PHC Laitlyngkot PHC 493
12 Laitlyngkot PHC Smit PHC 8.82
13 Smit PHC Jongksha PHC 7.57
14 Jongksha PHC Jatah PHC 11.27
15 Mawryngkneng PHC Diengpasoh PHC 5.46
16 Pomlum PHC Diengiei PHC 7.24
17 Diengiei PHC NongtyngurWeilyngkut PHC | 8.86
18 NongtyngurWeilyngkut PHC | Nongspung PHC 15.59
AVG DISTANCE (D) 6.9
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Figure 3: Nearest Neighbour Analysis

The variation in nearest neighbour distances demonstrates the uneven nature of healthcare accessibility. While some
areas benefit from closely located healthcare facilities, others require residents to travel considerably longer distances
to reach the nearest PHC.

4.3  Spatial Pattern of PHC Distribution

The calculated Nearest Neighbour Index (Rn) value of 1.2 indicates that the PHCs exhibit a random spatial distribution
pattern. This finding suggests that healthcare facilities are neither strongly clustered nor uniformly dispersed across
the district. Instead, their locations reflect a combination of geographical, demographic, and administrative factors.The
random distribution pattern indicates that PHC placement has evolved according to local healthcare requirements and
terrain conditions rather than following a systematic spatial arrangement. Although the overall distribution provides
broad geographic coverage, significant differences in facility spacing remain evident between central and peripheral
regions.

The spatial analysis identified important variations in healthcare accessibility across East Khasi Hills District. Central
regions exhibitrelatively better healthcare coverage due to shorter inter-facility distances, whereas peripheral
mountainous areas experience wider facility spacing and reduced accessibility. The maximum nearest neighbour
distance of 18.80 km highlights the existence of underserved areas where residents may face greater travel burdens in
accessing primary healthcare services.The results further indicate that terrain and settlement patterns play a crucial
role in shaping the spatial organization of PHCs. Despite the district-wide presence of healthcare facilities, accessibility
levels vary considerably across locations, emphasizing the need for targeted planning interventions in geographically
remote regions. The calculated Nearest Neighbour Index (Rn) is 1.2.

4.4  Accessibility of Primary Health Centres

Healthcare accessibility is an important component in evaluating the effectiveness of healthcare service delivery.
Accessibility is determined not only by the availability of healthcare facilities but also by factors such as travel time,
distance, transportation facilities and the physical ability of people to reach healthcare institutions (Figure 4).In East
Khasi Hills District, geographical conditions such as mountainous terrain, steep slopes, scattered settlements and
variable road connectivity significantly influence healthcare accessibility. Therefore, the present study analysed
accessibility conditions of the selected PHCs based on travel time, distance travelled, availability of transport facilities,
nearby healthcare facilities and perception of PHC coverage among respondents.
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Figure 4: Location of Selected Primary Health Centres in East Khasi Hills District, Meghalaya

4.5 Z-SCORE ANALYSIS

Z-score analysis was employed to assess the adequacy of the selected Primary Health Centres (PHCs) in East Khasi Hills
District. The analysis was carried out using various healthcare indicators, namely number of doctors, ANMs, staff nurses,
supporting staff, laboratory technicians, in-patients, out-patients, population served, total villages served and number
of beds. Positive Z-score values indicate above-average performance, whereas negative Z-score values indicate below-
average performance in comparison with the other selected PHCs.

4.5.1
The table 2 and Fig 5 present the healthcare indicators and Z-score values of Smit PHC.

Smit PHC

Table 2: Indicators And Z-Score Values of Smit PHC

VARIA | Doctors | ANM | Staff | Staffs | Lab | IPD | OPD Population | Villages | Beds
BLES Nurse tech Served covered

SMIT 4 3 7 28 1 792 | 23361 | 35265 38 11
PHC

Z Score | 0.73 -0.35 | 0.24 0.42 -0.7 | 1.74 | 0.96 0.13 -0.06 -15

The table indicates that Smit PHC has 4 doctors, 3 ANMs, 7 staff nurses, 28 supporting staff, 1 laboratory technician, 792
In-Patients, 23361 Out-Patients and 11 beds. The PHC serves a population of 35,265 people distributed across 38
villages. In addition, Smit PHC recorded 792 in-patients and 23,361 out-patients during the reference period.
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Figure 5: Smit PHC Z score graph

The Z-score graph shows that Smit PHC records positive values for doctors (0.73), staff nurses (0.24), supporting staff
(0.42), in-patients (1.74), out-patients (0.96) and population served (0.13). The highest positive value is observed for
in-patients, indicating that Smit PHC handles a comparatively larger number of admitted patients than most of the
selected PHCs. Similarly, the positive value for out-patients indicates high utilization of healthcare services by the
population. However, the PHC records negative values for ANMs (-0.35), laboratory technicians (-0.73), villages served
(-0.06) and number of beds (-0.15). Although these values are slightly below the average, they do not indicate severe
inadequacy (Fig 5).

Smit PHC demonstrates satisfactory performance in terms of healthcare service utilization and staffing. The high
number of in-patients and out-patients suggests that the PHC adequately serves the surrounding population.
Nevertheless, increasing the number of doctors, laboratory facilities and bed capacity would further improve service
delivery.

4.5.2 Jongksha PHC

The table 3 shows that Jongksha PHC has 4 doctors, 3 ANMs, 8 staff nurses, 22 supporting staff, 2 laboratory technicians,
476 In-Patients, 7747 Out-Patients and 16 beds. The PHC serves 48,291 people distributed across 51 villages.

Table 3: Indicators And Z-Score Values of Jongksha PHC

VARIABLES Doctors | ANM | Staff | Staffs | Lab- | IPD | OPD | Population | Villages | Beds
Nurse Tech Served Covered

JONGKSHA PHC | 4 3 8 22 2 476 | 7747 | 48291 51 16

Z Score Value 0.73 -0.35 | 0.84 -0.24 | 1.10 | -0.27 | -0.59 | 0.79 0.60 1.76
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Figure 6: Jongksha PHC Z score Graph
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The Z-score values and graph reveal positive performance for Doctors (0.73), staff nurses (0.84), laboratory technicians
(1.10), population served (0.79), villages served (0.60) and number of beds (1.76). The highest positive value is
recorded for bed availability, indicating that Jongksha PHC possesses comparatively better bed capacity than the other
selected PHCs. However, the PHC records negative values for ANMs (-0.35), supporting staff (-0.24), inpatients (-0.27)
and out-patients (-0.59)( Fig 6).These negative values suggest that the utilization of healthcare services and some
categories of manpower are comparatively lower than the average. Despite these limitations, the presence of adequate
staff nurses, laboratory technicians and bed facilities indicates that Jongksha PHC possesses relatively good healthcare
infrastructure. Therefore, Jongksha PHC can be considered capable of adequately serving the population within its
service area.

4.5.3 Wahsherkhmut PHC

The Table 4 shows the Wahsherkhmut PHC has 2 doctors, 5 ANMs, 4 staff nurses, 16 supporting staff, 1 laboratory
technician, 480 In-Patients, 487 Out-Patients and 10 beds. The PHC serves a comparatively smaller population of 11,759
people across 11 villages.

Table 4: Indicators And Z-Score Values of Wahsherkhmut PHC

VARIA Doctors | ANM | Staff | Staffs | Lab- | IPD | OPD | Population | Villages | Beds
BLES Nurse Tech Served Covered
WAHSH ER- | 2 5 4 16 1 480 | 487 | 11759 11 10
KHMU T PHC

Z Score Value | -1.10 140 | -1.55 |-090 | -0.73 | -0.25 | -1.31 | -1.07 -1.44 -0.54
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Figure 7: Wahsherkhmust PHC Score Graph

The Z-score graph shows positive values for ANMs (1.40), indicating that Wahsherkhmut PHC possesses a
comparatively higher number of ANMs than the average. Adequate ANM availability is beneficial for maternal and child
healthcare services. However, the PHC records negative values for doctors (-1.10), staff nurses (-1.55), supporting staff
(-0.90), laboratory technicians (-0.73), in-patients (-0.25), out-patients (-1.31), population served (-1.07), villages
served (-1.44) and bed facilities (-0.54) (Fig7). The strongly negative values for staff nurses, population served and
villages covered indicate that the PHC performs below the average in several indicators. The low number of out-patients
also suggests comparatively lower healthcare utilization. Although Wahsherkhmut PHC serves a smaller population,
improvements in staffing levels and infrastructure would strengthen healthcare service delivery. Overall,
Wahsherkhmut PHC adequately serves its existing population, but additional healthcare manpower and infrastructural
support are required to enhance the quality of healthcare services.

4.5.4 Laitryngew PHC

Laitryngew PHC has 2 doctors, 2 ANMs, 6 staff nurses, 17 supporting staff, 1 laboratory technician, 386 In-Patients,
12997 Out-Patients and 10 beds. The PHC serves a population of 13,748 people distributed across 33 villages(Table 5).



International Journal of Science and Research Archive, 2026, 20(03), 001-017

Table 5: Indicators and Z-Score Values of Laitryngew PHC

VARIABLES Doctors | ANM | Staff | Staffs | Lab- | IPD | OPD | Population | Villages | Beds
Nurse Tech Served Covered
LAITRYNGEW PHC | 2 2 6 17 1 386 | 12997 | 13748 33 10
Z Score Value -1.10 -1.23 | -0.36 | -0.79 | -0.73 | -0.84 | -0.07 | -0.98 -0.32 -0.54
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Figure 8: Laitryngew PHC Z score Graph

The Z-score values indicate positive performance only for staff nurses (-0.36 is close to average), supporting staff (-
0.79), out-patients (-0.07) and villages served (-0.32). Most of these values remain close to the average. The PHC records
negative values for doctors (-1.10), ANMs (-1.23), supporting staff (-0.79), laboratory technicians (-0.73), in-patients (-
0.84), population served (-0.97) and bed availability (-0.54). The negative value for ANMs suggests inadequate
availability of maternal and child healthcare personnel(Fig 8). The relatively low number of in-patients indicates limited
utilization of inpatient services. Similarly, the lower population served reflects a comparatively smaller service area.
Laitryngew PHC performs moderately but remains below average for several indicators. Strengthening manpower,
especially doctors and ANMs, together with improved infrastructure, would increase the adequacy of healthcare
services.

4.5.5 Pomlum PHC

Pomlum PHC has 4 doctors, 4 ANMs, 8 staff nurses, 38 supporting staff, 2 laboratory technicians and 10 beds. The PHC
serves the largest population among the selected PHCs, with 54,886 people distributed across 63 villages (Table 6).

Table 6: Indicators and Z-Score values of Pomlum PHC

VARIABLES Doctors | ANM | Staff | Staffs | Lab- | IPD | OPD Population Villages | Beds

Nurse Tech served Covered
POMLUM PHC | 4 4 8 38 2 459 | 23937 | 54886 63 10
Z-Score 0.73 0.53 | 0.84 1.52 1.10 | - 1.01 1.13 1.21 -0.54
Values 0.38

10
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Figure 9: Pomlum PHC Z Score Graph

The Z-score graph reveals positive values for doctors (0.73), ANMs (0.53), staff nurses (0.84), supporting staff (1.52),
laboratory technicians (1.10), out-patients (1.01), population served (1.13) and villages served (1.21) (Fig 9).The
highest positive value is observed for supporting staff, indicating comparatively stronger manpower support. The PHC
records only a few negative values for in-patients (-0.38) and bed facilities (-0.54). Despite serving the largest
population and covering the highest number of villages, the PHC possesses only 10 beds, which may place additional
pressure on healthcare resources. Nevertheless, the overall positive Z-score pattern indicates that Pomlum PHC
performs better than the majority of the selected PHCs. The availability of adequate manpower and high service
utilization demonstrate that the PHC effectively serves a large population.

4.6 Comparative Performance of Selected PHCs

The comparative Z-score analysis reveals considerable disparities among the selected Primary Health Centres (PHCs)
in East Khasi Hills District. Pomlum PHC emerged as the best-performing facility, recording positive Z-scores for most
healthcare indicators and serving the largest population across the highest number of villages.

Table 7: Comparative Performance of Selected PHCs

PHC Major Strengths (Positive Z-Scores) Major Weaknesses (Negative Z-Scores)
Smit PHC High IPD (1.74), OPD (0.96), Doctors (0.73), Staff | Lab Technicians (-0.73), ANMs (-0.35),
Nurses (0.24) Beds (-0.15)
Jongksha PHC Beds (1.76), Lab Technicians (1.10), Staff Nurses | OPD (-0.59), IPD (-0.27), Supporting Staff (-
(0.84), Population Served (0.79) 0.24)
Wahsherkhmut ANMs (1.40) Staff Nurses (-1.55), Villages Covered (-
PHC 1.44), OPD (-1.31), Doctors (-1.10)
Laitryngew PHC | Near-average OPD (-0.07), Villages Covered (- | ANMs (-1.23), Doctors (-1.10), IPD (-0.84),
0.32) Beds (-0.54)
Pomlum PHC Supporting Staff (1.52), Villages Covered (1.21), | Beds (-0.54), IPD (-0.38)
Population Served (1.13), OPD (1.01), Lab
Technicians (1.10)
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Figure 10: Comparative Performance of Selected PHCs

Smit PHC also demonstrated strong performance, particularly in healthcare utilization, with the highest in-patient and
high out-patient attendance. Jongksha PHC showed relatively strong infrastructure, especially in terms of bed
availability and laboratory services (Table 7 and Figure 10). In contrast, Wahsherkhmut PHC and Laitryngew PHC
exhibited several negative Z-scores, indicating deficiencies in healthcare manpower, infrastructure, and service
utilization. Overall, the findings suggest that Pomlum, Smit, and Jongksha PHCs provide comparatively better healthcare
services, whereas Wahsherkhmut and Laitryngew PHCs require additional resources and infrastructural improvements
to enhance healthcare delivery.

5 DISCUSSION

The present study examined the spatial distribution, accessibility, and adequacy of Primary Health Centres (PHCs) in
East Khasi Hills District, Meghalaya, using Geographic Information System (GIS), Nearest Neighbour Analysis (NNA),
field survey data, and Z-score analysis. The findings reveal important spatial and functional variations in healthcare
service provision across the district.The spatial distribution analysis demonstrated that PHCs are geographically
dispersed throughout East Khasi Hills District, ensuring broad healthcare coverage. However, the distribution is not
uniform across the district. PHCs are more closely spaced in the central region, where population concentration and
transportation facilities are relatively better, whereas peripheral and mountainous areas exhibit greater distances
between healthcare facilities. The Nearest Neighbour Index (Rn = 1.2) indicates a random spatial distribution pattern.
This suggests that the location of PHCs has been influenced by a combination of geographical conditions, settlement
patterns, population distribution, and administrative healthcare planning rather than by a systematic spatial
arrangement.The accessibility assessment indicates that the majority of respondents perceive PHCs as reasonably
accessible. Most respondents require less than 30 minutes to reach healthcare facilities, and more than ninety percent
reported that PHCs are accessible. These findings indicate that the existing PHC network plays a significant role in
delivering primary healthcare services to rural populations. Nevertheless, accessibility challenges remain in remote
areas where rugged terrain, steep slopes, inadequate transportation facilities, and poor road connectivity increase
travel time and distance. The fact that 42 percent of respondents travel more than 5 kilometres to reach a PHC highlights
the continuing influence of geographical barriers on healthcare utilization.Transportation plays a crucial role in
healthcare accessibility within the district. Public transport represents the most common mode of travel to healthcare
facilities, followed by walking. The dependence on public transport indicates the importance of transportation
infrastructure in ensuring access to healthcare services. Any disruption in transport services may therefore significantly
affect healthcare utilization, particularly among vulnerable populations such as elderly individuals, pregnant women,
and children.

The findings further demonstrate that healthcare accessibility is strengthened by the presence of supporting healthcare
facilities such as Sub-Centres and Community Health Centres (CHCs). More than sixty percent of respondents reported
the availability of nearby Sub-Centres, which serve as important first-contact healthcare facilities and reduce the burden
on PHCs. This hierarchical healthcare structure contributes to improved healthcare delivery and accessibility
throughout the district.The Z-score analysis revealed substantial differences among the selected PHCs regarding
healthcare manpower, infrastructure, service utilization, and population coverage. Pomlum PHC emerged as the
strongest-performing healthcare facility among the selected centres. The PHC recorded positive Z-score values for most
healthcare indicators, including doctors, ANMs, staff nurses, supporting staff, laboratory technicians, population served,
and villages covered. Despite serving the largest population and the highest number of villages, Pomlum PHC continues
to function effectively due to its relatively strong manpower base and healthcare infrastructure.Smit PHC also
demonstrated satisfactory performance, particularly in terms of inpatient and outpatient attendance. The high
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utilization of healthcare services indicates strong public confidence in the facility and highlights its importance within
the district healthcare system. However, improvements in laboratory services and bed capacity would further
strengthen service delivery.

Jongksha PHC exhibited comparatively better infrastructure, particularly regarding bed availability and laboratory
facilities. The facility serves a large population distributed across numerous villages, indicating its importance as a
healthcare provider within the district. Although patient attendance is relatively lower compared with some other PHCs,
the availability of healthcare resources suggests adequate service capacity.In contrast, Wahsherkhmut PHC and
Laitryngew PHC displayed relatively weaker performance across several indicators. Both PHCs recorded negative Z-
score values for important healthcare variables, including doctors, staff nurses, laboratory technicians, and bed
facilities. Although these PHCs adequately serve their existing populations, deficiencies in healthcare manpower and
infrastructure may limit their capacity to meet future healthcare demands. The findings suggest the need for targeted
investments in healthcare personnel, equipment, and infrastructure to improve service quality and healthcare
accessibility in these areas.

The results highlight the importance of integrating spatial analysis with healthcare planning. GIS-based techniques
provide valuable insights into healthcare accessibility patterns and help identify underserved areas requiring additional
healthcare investments. In geographically complex regions such as East Khasi Hills District, spatial planning becomes
particularly important because terrain characteristics significantly influence healthcare accessibility.The findings of this
study are consistent with previous healthcare accessibility research conducted in mountainous and rural regions, which
has shown that geographical barriers, transportation infrastructure, and healthcare facility distribution significantly
influence healthcare utilization patterns. The study confirms that physical accessibility remains a critical determinant
of healthcare access even when healthcare facilities are geographically distributed throughout a region.Overall, the
study demonstrates that while the existing PHC network provides substantial healthcare coverage across East Khasi
Hills District, disparities remain in terms of accessibility, infrastructure, and service capacity. Addressing these
disparities through improved healthcare planning, infrastructure development, and strategic resource allocation would
contribute significantly towards achieving equitable healthcare access throughout the district.

6 CONCLUSION

The study provides valuable insights into the current status of primary healthcare accessibility and service provision
within the district. The spatial analysis revealed that PHCs are distributed throughout the district and provide broad
geographical coverage. The accessibility assessment indicates that the majority of respondents can access PHCs within
reasonable travel times and distances. Most respondents perceive the selected PHCs as accessible, and the availability
of supporting healthcare facilities such as Sub-Centres and CHCs further strengthens healthcare delivery. Nevertheless,
geographical barriers continue to affect healthcare accessibility in remote and mountainous areas where long travel
distances, poor road conditions, and limited transportation facilities create challenges for healthcare utilization. In
conclusion, although the existing PHC network adequately serves a large proportion of the population, achieving
equitable healthcare access requires continuous improvement in healthcare infrastructure, service capacity, and spatial
planning. Strengthening these aspects will contribute towards improving public health outcomes and ensuring
sustainable healthcare development in East Khasi Hills District, Meghalaya.
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