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Abstract: This study evaluates the spatial equity, locational efficiency, and service performance of Primary Health Centres 

(PHCs) in Ri Bhoi District, Meghalaya. Utilizing a dual-analytical approach, Geographic Information System (GIS) tools 

and Nearest Neighbour Analysis (NNA) were applied to examine the spatial distribution of the district's health facilities, 

while a multi-criteria Z-score standardisation was employed to evaluate the clinical and operational performance of five 

selected PHCs (Byrnihat, Umden, Marngar, Mawhati, and Kyrdem) across 12 infrastructure indicators. To capture the 

user perspective, a household survey of 100 respondents was conducted to assess physical and financial accessibility. The 

NNA yielded a Nearest Neighbour Ratio (Rn) of 1.81, indicating a statistically significant uniform (dispersed) spatial 

arrangement of health facilities designed to maximize territorial coverage. However, significant regional imbalances were 

observed between the sparse, isolated western region and the denser eastern health network. Z-score standardisation 

revealed major performance disparities. Byrnihat PHC emerged as the top-performing centre (Composite Z-Score: +9.13), 

characterised by a strong clinical workforce and high patient utilization. Conversely, Umden PHC ranked lowest 

(Composite Z-Score: -3.67), constrained by severe staffing shortages and service underutilization despite high bed capacity 

(12). This study highlights the need for targeted infrastructural upgrades, manpower redistribution, and the integration of 

GIS spatial analytical models into decentralised healthcare planning to ensure equitable and efficient healthcare delivery. 
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I. INTRODUCTION 

 

Primary Health Centres (PHCs) constitute an 

important component of primary healthcare delivery, 

particularly in rural and geographically dispersed regions 

(1,2). They provide essential preventive, promotive, curative 

and referral services and serve as an important link between 

rural communities and higher-level healthcare institutions 

(3-5). The effectiveness of a primary healthcare network, 

however, depends not only on the number of facilities 
available but also on their geographical distribution, human 

resources, infrastructure and service capacity (6-8). 

Consequently, examining the spatial organization and 

relative performance of PHCs is important for understanding 

the adequacy of primary healthcare provision (9,10) . The 

location of healthcare facilities has a direct spatial 

dimension because the distribution of PHCs determines the 

geographical spread of primary healthcare services (11-13). 

When facilities are concentrated in particular areas, some 

settlements may have greater access to healthcare while 

geographically isolated communities may have fewer nearby 

facilities (14,15). In contrast, a relatively dispersed network 

may provide wider territorial coverage. Therefore, 

identifying the spatial pattern of PHCs is an important first 

step in evaluating the organization of primary healthcare 

services (16-18). 

 
Geographical Information System (GIS) and spatial 

statistical techniques provide effective approaches for 

examining the distribution of healthcare facilities (19,20). 

Among these techniques, Nearest Neighbour Analysis 

(NNA) is particularly useful for analysing the spatial 

arrangement of point-based facilities (21-23). NNA 

compares the observed average distance between each 
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facility and its nearest neighbouring facility with the 

expected distance under a random spatial distribution. 
However, the spatial distribution of facilities alone does not 

provide a complete assessment of healthcare provision. A 

PHC may occupy an important geographical location but 

differ substantially from another PHC in terms of staffing, 

infrastructure, bed strength, patient utilization and 

population coverage (24-26). Consequently, spatial 

distribution and facility performance represent two distinct 

but complementary dimensions of healthcare planning. An 

assessment based only on facility locations may therefore 

overlook important differences in the functional capacity of 

individual PHCs (27,28). 
 

Healthcare facilities are characterized by multiple 

indicators measured in different units and scales (29,30). For 

example, the number of doctors and nurses represents 

human-resource availability, beds represent physical 

capacity, while inpatient and outpatient attendance reflect 

service utilization (31,32,33). Direct comparison of these 

variables is difficult because of their different measurement 

scales. Z-score standardization converts the indicators into a 

common statistical scale by expressing each value in 

relation to the mean and standard deviation of the selected 

PHCs(31-34). The magnitude of the Z-score indicates the 
degree to which a PHC differs from the group average (35-

37). By combining the standardized scores of multiple 

indicators, a composite standardized performance score can 

be developed to compare the overall relative performance of 

selected PHCs (38-40). This approach enables differences in 

human resources, infrastructure, service utilization and 

geographical coverage to be examined simultaneously (41-

43). The integration of NNA and Z-score analysis is 

particularly valuable because the two methods address 

different analytical questions (44-46). A dispersed spatial 

pattern does not necessarily mean that all facilities have 
comparable levels of healthcare capacity. Similarly, a 

facility with strong service indicators may serve a 

geographically extensive area (47,48). Combining the two 

approaches therefore provides a more comprehensive 

assessment of the spatial and functional characteristics of 

the PHC network (49-50). 

 

Existing assessments of healthcare facilities often 

emphasize either geographical distribution or service 

characteristics independently. Such approaches may provide 

only a partial understanding of the healthcare network. A 
facility-location analysis can identify spatial concentration 

or dispersion but cannot explain differences in institutional 

capacity. Conversely, facility-level performance analysis 

may identify stronger and weaker centres without 

considering their geographical position within the wider 

healthcare network (51,52). An integrated spatial-statistical 
approach can overcome this limitation by linking the 

geographical structure of the PHC network with the relative 

performance of individual facilities (53). Differences in 

institutional resources and service characteristics may 

persist even where healthcare facilities are broadly 

distributed across the district. By integrating spatial 

distribution analysis with standardized facility-level 

assessment, the study seeks to identify both the spatial 

structure of the PHC network and variations in the relative 

performance of individual centres (54). 

 
The spatial separation of settlements and healthcare 

facilities can influence the organization of primary 

healthcare services. At the same time, differences in 

staffing, infrastructure and service utilization among PHCs 

may produce variations in their functional capacity. 

Examining both the spatial pattern and facility-level 

performance is therefore necessary to understand the overall 

structure of primary healthcare provision in the district. The 

present study therefore focuses on the spatial distribution 

and locational performance of Primary Health Centres in Ri-

Bhoi District, Meghalaya, with particular emphasis on 

Nearest Neighbour Analysis and Z-score standardization. 
NNA is used to determine the overall spatial pattern and 

nearest-neighbour relationships of PHCs, while Z-score 

analysis is employed to assess the relative performance of 

selected PHCs using indicators of staffing, infrastructure, 

service utilization and village coverage. Accessibility 

characteristics are considered as a supplementary 

component rather than the primary analytical focus. 

 

 Objectives 

 

 To analyse the spatial distribution patterns of Primary 
Health Centres (PHCs)in Ri Bhoi District. 

 To evaluate the locational efficiency, capacity variations, 

and physical accessibility of selected PHCs in Ri Bhoi 

District. 

 

 Study Area 

Geographically, Ri Bhoi District is positioned between 

the latitudes of 25°15′ N and 26°15′ N and longitudes of 

91°45′ E and 92°15′ E. It covers an area of approximately 

2,448 square kilometres, making it one of the most 

geographically diverse and strategically important districts 
of Meghalaya (Figure 1). 
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Fig 1 Location of the Study Area 

 

II. METHODOLOGY 

 

This study utilizes a robust, mixed-methods spatial and 

statistical approach to analyse health facility distribution and 

capacity. To assess physical accessibility and user 

satisfaction, a structured household survey was administered 

to 100 random respondents residing within the active 

catchment basins of five selected PHCs: Byrnihat PHC, 

Umden PHC, Marngar PHC, Mawhati PHC, and Kyrdem 
PHC. The analytical framework consists of three sequential 

components: spatial nearest-neighbour mapping, primary 

household surveys, and multivariate Z-score standardization. 

Spatial analysis of all nine Primary Health Centres (PHCs) 

in the district was conducted using Geographic Information 

System (GIS) tools 

 

The Nearest Neighbour Ratio (Rn) is mathematically 

formulated as: 

 

Rn = 2Do√(N/A) 

 
Where 'D' is the observed average distance between 

each PHC and its nearest clinical neighbour, 'n' is the total 

number of PHCs (n = 6 major operational entries mapped 

for spatial distance), and 'a' is the total geographical area of 

the study area (a = 2,448 km²). 

The individual Z-scores were computed using the 

formula: Z = (X - μ) / σ 

 

Where X is the raw indicator value, μ is the sample 

mean, and σ is the standard deviation. A Composite Z-Score 

for each PHC was subsequently calculated by summing the 

Z-scores across all 12 indicators to establish a definitive 

locational and service efficiency ranking. 

 

III. RESULTS AND DISCUSSION 

 

 Location of Selected PHCs in Ri Bhoi District 

The selected Primary Health Centres are spatially 

distributed across in Ri Bhoi District. There are five PHCs 

namelyByrnihat PHC, Umden PHC, Marngar PHC, 

Mawhati PHC, and Kyrdem PHC were selected for the 

present study in Ri Bhoi District, Meghalaya.From Figure 2, 

among the selected PHCs, Byrnihat PHC is situated in the 

northern part of the district, while Umden PHC is located in 

the north-eastern region. Marngar PHC occupies a central 

position, whereas Mawhati PHC and Kyrdem PHC are 
located in the eastern and southern parts of the district 

respectively. 
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Fig 2 Location of Selected Primary Health Centres in Ri Bhoi District 

 

 Spatial Distribution and Nearest Neighbour Analysis 

The spatial arrangement of healthcare facilities 

determines the territorial efficiency and equity of public 

health delivery. To evaluate the spacing of PHCs in Ri Bhoi 

District, the geographical distance between each facility and 

its nearest operational neighbour was calculated using GIS 

tools (Figure 4). Table 1 details these spatial relationships. 

 

Table 1 Distance Matrix Between Primary Health Centres (PHCs) in Ri Bhoi District 

Sl. No. PHC Name Nearest PHC Distance (in km) 

1 Kyrdem PHC Mawlasnai PHC 9.03 

2 Mawlasnai PHC Mawhati PHC 11.25 

3 Marngar PHC Umden PHC 10.13 

4 Umden PHC Umtrai PHC 14.65 

5 Umtrai PHC Marmain PHC 12.82 

6 Byrnihat PHC Warmawsaw PHC 32.03 

- Total Distance All Connections 89.91 

- Average Distance (D) - 15.00 

 

Applying the Nearest Neighbour Analysis formula 

with an average distance (D) of 15.0 km, a total mapped 
count (n) of 6, and a district area (a) of 2,448 km², the 

resulting Nearest Neighbour Ratio (Rn) is 1.81. To interpret 

this spatial statistic, the value was compared against the 
standard Randomness Index ranges shown in Table 2. 

 

Table 2 Randomness Index Interpretation Ranges 

Randomness Index Range Distribution Type Spatial Interpretation 

0.00 – 0.50 Clustered High concentration of facilities in a specific area with significant overlap. 

0.60 – 1.50 Random Facilities are distributed without a coordinated geographical plan. 

1.60 – 2.15 Uniform / Dispersed Facilities are strategically spaced to maximize geographical coverage. 
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Table 3 Consolidated Socio-Demographic, Accessibility and PHC Service Profile of Survey Rspondents. 

Variables Category Frequency/ Response Percentage (%) 

Age Composition 1–15 years 2 2 

 16–30 years 27 27 

 31–45 years 42 42 

 46–60 years 29 29 

 >60 years 0 0 

 Total 100 100 

Gender Composition Male 38 38 

 Female 62 62 

 Total 100 100 

Occupational Structure Primary sector 54 54 

 Secondary sector 15 15 

 Tertiary sector 31 31 

 Total 100 100 

Household Size 1–2 members 0 0 

 2–4 members 5 5 

 4–6 members 43 43 

 >7 members 52 52 

 Total 100 100 

Distance to Nearest PHC <1 km 39 39 

 1–3 km 15 15 

 3–5 km 26 26 

 >5 km 20 20 

 Total 100 100 

Travel Time to PHC <15 minutes 39 39 

 15–30 minutes 36 36 

 30–45 minutes 16 16 

 >45 minutes 9 9 

 Total 100 100 

Mode of Transportation Walking 12 12 

 Two-wheeler 0 0 

 Private vehicle 31 31 

 Public transport 57 57 

 Total 100 100 

Transport Cost per Visit No cost (walkers) 12 12 

 Low cost (₹10–₹20) 20 20 

 Moderate cost (₹20–₹50) 38 38 

 High cost (>₹50) 30 30 

 Total 100 100 

Road Accessibility Easily accessible 94 94 

 Not easily accessible 6 6 

 Total 100 100 

Road Condition Good 68 68 

 Moderate 32 32 

 Poor 0 0 

 Total 100 100 

Waiting Time <30 minutes 2 2 

 30 minutes–1 hour 19 19 

 1–2 hours 51 51 

 >2 hours 28 28 

 Total 100 100 

PHC Service Availability Free essential medicines Yes 100 

 Free essential medicines No 0 

 Doctor availability Yes 98 

 Doctor availability No 2 

 Emergency service (24/7) Yes 47 

 Emergency service (24/7) No 53 
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PHC Location and Coverage Convenient PHC location Yes 100 

 Effective coverage of surrounding villages Yes 100 

 

The Rn score of 1.81 falls squarely within the 

'Uniform / Dispersed' range (1.6 to 2.15). This statistically 
confirms a dispersed distribution pattern. This uniform 

arrangement suggests that health infrastructure in Ri Bhoi 

District has been designed to maximize physical coverage, 

reduce territorial overlap, and provide distinct geographical 
catchments. However, this district-wide dispersed pattern 

masks major micro-regional variations. 

 

 
Fig 3 Nearest Distance in Between PHCs in Ri Bhoi District 

 

A clear spatial imbalance exists between the western 

and eastern sectors. The western portion is extremely sparse, 
with Warmawsaw PHC isolated at a considerable distance 

(32.03 km from Byrnihat PHC), resulting in massive service 

areas and physical accessibility challenges. Conversely, the 

eastern and south-eastern regions exhibit a dense, well-

connected health network consisting of Kyrdem, Mawlasnai, 

Mawhati, Marmain, and Umtrai PHCs, driven by higher 

population density and superior road connectivity. 

 Socio-Economic Profile of Surveyed Respondents 

To understand the demographic characteristics of the 
primary users of public health facilities, a household survey 

of 100 respondents was executed across the active 

catchment zones of the five selected PHCs. Demographics 

heavily influence healthcare-seeking behaviour and clinic 

utilization (Table 3). 
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Fig 4 Visual Distribution of Respondent Age Composition 

 
The demographic profile reveals several key 

characteristics. The majority of respondents fall into the 

highly active 31–45 years age bracket (42%), indicating that 

the survey reflects the perspectives of primary household 

decision-makers (Figure 4). Female respondents comprise a 

clear majority (62%), highlighting the central role of women 

as primary users of maternal, neonatal, and paediatric 

healthcare services at PHCs (Figure 6). In terms of 

livelihoods, 54% are engaged in the primary agricultural 

sector, indicating a low-income profile with limited access 

to expensive private clinics (Figure 7). Furthermore, 52% of 
respondents belong to large households with more than 7 

members (Figure 8). Large families significantly increase 

the demand on PHCs, highlighting the importance of robust 

public facilities in rural areas. 

 

 Workforce, Physical Infrastructure, and Service 

Capacities 

To evaluate clinical capacity, physical and 

administrative infrastructure records were compiled for the 

five selected PHCs, shown in Table 5. 

Clinical capacity varies widely. Byrnihat PHC holds 

the strongest workforce (7 doctors, 5 nurses, 2 lab 

technicians, and 5 ANMs) and covers the largest territory 

(117 villages), recording high patient volumes (2,685 IPD 

and 18,490 OPD cases). Conversely, Mawhati PHC 

manages the highest OPD volume (27,135 cases) with only 

2 doctors and 3 nurses, reflecting a high workload. Umden 

PHC has the largest inpatient capacity (12 beds and 6 

nurses) but is severely underutilized (only 308 IPD cases), 

pointing to underlying clinical and equipment limitations. 

 
 Z-Score Multi-Criteria Standardization Analysis 

To standardize these variables, a Z-score 

transformation was performed. Standardizing the 12 

indicators onto a common scale (where positive represents 

above-average performance and negative represents below-

average) enables objective comparison, as shown in Table 5. 

 

Table 5 Standardized Z-Scores Across 12 Operational and Clinical Indicators 

PHC Name Dr. NS G4 LT IPD OPD Ph. ANM Vac. HV Beds Villages 

Marngar -0.64 -0.35 0.61 -0.73 -0.54 -1.22 -0.45 0.35 -0.73 0.45 0.27 0.02 

Byrnihat 1.64 0.53 -0.92 1.10 1.73 0.41 1.79 1.23 1.10 0.45 -1.55 1.64 

Umden -0.64 1.40 -0.92 -0.73 -0.72 -0.39 -0.45 0.35 -0.73 -1.79 1.19 -0.25 

Mawhati -0.64 -1.23 -0.15 1.10 -0.46 1.46 -0.45 -0.53 1.10 0.45 -0.18 -0.36 

Kyrdem 0.27 -0.35 1.38 -0.73 0.00 -0.25 -0.45 -1.40 -0.73 0.45 0.27 -1.05 

Key: Dr. = Doctors, NS = Nurses, G4 = Grade-IV Staff, LT = Lab Technicians, IPD = Inpatient Annual Attendance, OPD = 

Outpatient Annual Attendance, Ph. = Pharmacists, ANM = Auxiliary Nurse Midwives, Vac. = Vaccinators, HV = Lady Health 

Visitors, Beds = Total Beds, Villages = Number of Villages Covered. 

 

 Individual Locational Performance 

 

 Marngar PHC: Marngar PHC exhibits below-average 

performance across most clinical metrics. Positive scores 

are observed only for Grade-IV support staff (+0.61), 

ANMs (+0.35), beds (+0.27), and villages served 

(+0.02). Conversely, severe negative scores in patient 

utilization (OPD: -1.22; IPD: -0.54) and core clinical 

personnel (Doctors: -0.64; Nurses: -0.35) indicate 

substantial underutilization and staffing gaps relative to 

its physical capacity (Figure 11). 
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Fig 5 Mapped Z-Score Profile for Marngar PHC 

 

 Byrnihat PHC: Byrnihat PHC holds the strongest overall 

performance profile. It records high positive Z-scores 

across core clinical personnel (Doctors: +1.64; Lab 

Technicians: +1.10; Pharmacist: +1.79; ANMs: +1.23) 

and patient utilization (IPD: +1.73; OPD: +0.41), along 

with extensive geographical coverage (Villages: +1.64). 

Its only negative scores occur in Grade-IV staff (-0.92) 

and bed capacity (-1.55), confirming its status as a highly 

efficient regional health hub (Figure 5). 

 

 
Fig 6,Mapped Z-Score Profile for Byrnihat PHC 

 

 Umden PHC: Umden PHC presents a highly uneven 

profile. It records strong positive scores for nursing staff 

(+1.40) and bed capacity (+1.19), indicating solid 
inpatient capacity. However, negative scores across most 

other indicators, including doctors (-0.64), IPD 

utilization (-0.72), and lady health visitors (-1.79), point 

to severe clinical and outreach gaps that limit its overall 
effectiveness (Figure 6). 
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Fig 7 Mapped Z-Score Profile for Umden PHC 

 

 Mawhati PHC: Mawhati PHC manages a high workload. 

It records the highest positive score for outpatient 

utilization (OPD: +1.46) and strong technical support 

(Lab Tech: +1.10; Vaccinators: +1.10). However, 

negative scores in core staffing (Doctors: -0.64; Nurses: -

1.23; Pharmacists: -0.45; ANMs: -0.53) indicate a 

critical clinical shortage relative to its high patient 

volume (Figure 8). 

 

 
Fig 8 Mapped Z-Score Profile for Mawhati PHC 

 

 Kyrdem PHC: Kyrdem PHC shows moderate, balanced 

performance. It records positive scores for supportive 

staff (Grade-IV: +1.38; Doctors: +0.27; Beds: +0.27; 

LHV: +0.45). However, negative scores in nursing (-

0.35) and territorial coverage (Villages: -1.05) indicate 

that while its internal capacity is stable, its geographical 

reach is limited (Figure 9). 
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Fig 9 Mapped Z-Score Profile for Kyrdem PHC 

 
 Definitive Facility Rankings Using Composite Z-Scores 

By summing the standardized Z-scores across all 12 

indicators, a Composite Z-Score was calculated to establish 

a definitive locational and service efficiency ranking for 

each PHC, as detailed in Table 6. 

 

Table 6 Composite Z-Score Rankings of the Selected PHCs 

Performance 

Rank 

Primary Health Centre(PHC) Composite 

Z-Score 

Performance Classification 

1 Byrnihat PHC +9.13 High Efficiency / Superior Performance 

2 Mawhati PHC +0.10 Moderate Efficiency / Adequate Utilization 

3 Kyrdem PHC /−2.60 Sub-Average / Localized Coverage 

4 Marngar PHC −2.96 Low Efficiency / Underutilized Capacity 

5 Umden PHC −3.67 Lowest Efficiency / Severe Resource Constraints 

 

The composite rankings confirm significant 

performance disparities. Byrnihat PHC ranks first (+9.13), 

functioning as a highly efficient regional health hub with 

strong resources and utilization. Mawhati PHC ranks second 

(+0.10), representing a highly utilized, under-staffed facility. 
In contrast, Kyrdem (-2.60), Marngar (-2.96), and Umden (-

3.67) PHCs perform below average, reflecting severe 

resource constraints, service underutilization, or limited 

geographical reach, and highlighting the need for targeted 

infrastructural intervention. 

 

IV. CONCLUSION 

 

The integration of GIS spatial analytical models, 

household accessibility surveys, and multivariate 

standardized performance indices provides a comprehensive 
evaluation of Primary Health Centres in Ri Bhoi District, 

Meghalaya. The Nearest Neighbour Analysis statistically 

confirms a uniform, dispersed spatial distribution (Rn = 

1.81), indicating a coordinated planning effort to maximize 

territorial coverage. However, significant geographical 

imbalances persist between the dense eastern network and 

the isolated western borderlands, creating localized 

accessibility barriers. Furthermore, physical accessibility 

does not guarantee operational efficiency. While 75% of 

users can reach a PHC within 30 minutes, significant service 
gaps exist, notably a widespread lack of emergency care 

(53% unavailable) and long waiting times (79% exceeding 

one hour). The Z-score analysis highlights these disparities, 

showing a stark contrast between highly efficient centres 

like Byrnihat (+9.13) and severely constrained facilities like 

Umden (-3.67). To resolve these inequities and establish a 

balanced primary healthcare system, the following targeted 

policy recommendations are proposed: Establish new 

clinical entries, mobile clinic routes, and community sub-

centres in the underserved western region (specifically 

targeting the isolated catchment areas of Warmawsaw PHC) 
to reduce excessive travel distances. Redistribute personnel 

from resource-rich centers (like Byrnihat) to highly utilized, 

understaffed facilities (such as Mawhati) to improve staff-

to-patient ratios and reduce waiting times. Equip all low-

performing and moderately rated PHCs (specifically Umden 
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and Marngar) with emergency trauma wards, basic 

laboratory diagnostic equipment, and 24/7 obstetric facilities 
to expand rural healthcare options. Develop a dynamic, GIS-

based administrative platform to continuously track patient 

volumes, waiting times, and staffing levels, allowing for 

responsive, data-driven healthcare planning in Meghalaya. 
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