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This study investigates the impact of road connectivity on healthcare services 

within Block Bomag, District Reasi, Jammu and Kashmir, with a specific focus on 
the Dangakote and Charalakote Panchayats. The study is based on primary data 

collected from 100 respondents, the research employs a robust econometric 

framework comprising Fixed Effects (FE), Logistic Regression, and Difference- 

in-Differences (DiD) models to examine the relationship between improved road 
infrastructure and key healthcare outcomes. The findings reveal a statistically 

significant positive correlation between enhanced road connectivity and 

improvements in medical staff availability, ambulance service accessibility, and 
overall healthcare service utilization. Notably, the interaction term analysis within 

the FE and DiD models underscores the transformative effect of road infrastructure 

development on healthcare delivery, particularly within rural settings. The study 

emphasizes the critical importance of not only establishing but also maintaining 
road infrastructure, ensuring the equitable distribution of these improvements, and 

strategically integrating road connectivity considerations into national and 

regional healthcare policy frameworks. Ultimately, these findings offer valuable, 
evidence-based insights for policymakers seeking to optimize healthcare access 

and service efficiency in underserved regions. 

 

I. Introduction 

Access to healthcare services is a fundamental determinant of public health outcomes (Baker et al., 

2015). In many regions, particularly rural and underserved areas, the availability of healthcare services 

is often limited due to barriers such as geographic isolation, inadequate infrastructure, and a lack of 
healthcare personnel (Gupta et al., 2014). One of the most crucial factors that can alleviate such barriers 

is the improvement of road connectivity, which plays a vital role in increasing healthcare accessibility 

and the overall effectiveness of health systems (Murray et al., 2017). Road connectivity refers to the 
physical infrastructure that connects remote or rural areas to urban centers, allowing for improved 

transportation, delivery of goods and services, and access to essential services such as healthcare (World 

Bank, 2019). 

Road infrastructure influences the functioning of health systems in multiple ways. First, better road 

access improves the timeliness of emergency medical services, particularly by reducing travel time for 
ambulances (Hosseini et al., 2018). Second, road connectivity enhances the distribution of medical 

supplies and necessary drugs, which is essential for the efficient functioning of healthcare facilities, 

especially in areas previously disconnected (Kline & Moretti, 2013). Additionally, it facilitates the 
movement of healthcare personnel to remote areas, addressing the staff shortages that often plague rural 

healthcare systems (Kruk et al., 2015). 
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Several studies have highlighted the profound impact of road connectivity on healthcare services. For 

instance, a study by Baker et al. (2015) found that improving road infrastructure in rural sub-Saharan 
Africa led to significant increases in the utilization of healthcare services, especially maternal and child 

health services. In a similar vein, Gupta et al. (2014) demonstrated that road improvements in rural 

India resulted in better access to medical facilities and a reduction in mortality rates by enabling faster 

access to emergency care. Similarly, Murray et al. (2017) discussed how road connectivity is a critical 
enabler for health system strengthening, especially in low-resource settings, where the lack of 

infrastructure is a major hindrance to service delivery. 

Moreover, road connectivity also impacts the economic development of a region, which in turn 
influences healthcare access. Regions with improved road infrastructure typically experience economic 

growth, which allows for greater investment in healthcare resources, such as hospitals, clinics, and 

medical staff (Sachs, 2018). By facilitating trade, communication, and mobility, road connectivity 
contributes to the overall economic well-being of the population, which is positively correlated with 

better health outcomes (Bloom & Canning, 2003). 

However, despite the clear advantages, the relationship between road connectivity and healthcare access 

is complex and context-dependent. Factors such as road quality, maintenance, economic capacity, and 
government policies play significant roles in determining the effectiveness of road infrastructure in 

improving health outcomes (Banerjee et al., 2018). Moreover, the equitable distribution of road 

improvements is critical, as certain populations, particularly those in remote areas, may still be excluded 
from the benefits of infrastructure developments (Rodrigues et al., 2016). 

II. Review of Literature 

Access to healthcare services is a fundamental determinant of public health, particularly in rural and 

low-income regions where barriers to healthcare are often significant. Road connectivity is one of the 

most influential factors in improving healthcare access and utilization, as it facilitates the movement of 

patients, healthcare personnel, and medical supplies (Ishida et al., 2020). This section reviews recent 
studies to better understand the relationship between road infrastructure and healthcare access and the 

various ways it impacts health outcomes. 

Role of Road Connectivity in Improving Healthcare Access 

Improved road infrastructure significantly enhances access to healthcare, especially in remote areas 

where lack of connectivity often hinders timely medical intervention. A recent study by 

Lakshmanasamy (2022) highlighted the Pradhan Mantri Gram Sadak Yojana (PMGSY) program in 

India, demonstrating that newly constructed roads in rural areas led to increased use of antenatal care, 

hospital deliveries, and modern contraceptive methods. This study also found that road access enhanced 
awareness of government healthcare programs, which ultimately contributed to improved maternal 

health outcomes. Similarly, a study by Raina and Ahmed (2022) found that rural road connectivity in 

Jammu and Kashmir improved healthcare access, particularly in blocks where better roads reduced 
travel times and facilitated the delivery of essential health services such as maternal care. 

Roads not only improve healthcare access but also reduce isolation, a key barrier for vulnerable 

populations, including pregnant women and children. In rural Kenya, road improvements were shown 

to enhance healthcare access by enabling families to afford medical care and reducing delays in seeking 

medical attention (Kline & Moretti, 2013). A study in Iran by Hosseini et al. (2018) further demonstrated 
the positive effects of road infrastructure on emergency healthcare services, noting improved ambulance 

response times and quicker access to treatment for life-threatening conditions such as strokes and heart 

attacks. 

The positive impact of road connectivity on maternal and child health has also been observed in sub- 

Saharan Africa, where improvements in road infrastructure led to better healthcare access for pregnant 
women and children, significantly reducing maternal mortality rates (Baker et al., 2015). This is 

consistent with the findings of Patel et al. (2016), who emphasized that reducing geographical isolation 

through improved roads is particularly crucial in remote and underserved areas. 
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Impact of Road Connectivity on Health System Strengthening 

Road infrastructure is essential for strengthening health systems, especially in low-resource settings. It 

ensures that healthcare workers can reach isolated areas, improving service delivery and reducing staff 

turnover (Kruk et al., 2015). Studies by Banerjee et al. (2018) and Murray et al. (2017) have shown that 
road connectivity is directly related to more efficient delivery of medical supplies and vaccines, which 

are often hindered by poor road networks. Improved roads also enhance the ability of health systems to 

reach remote populations with essential medicines and vaccines, which can be critical in preventing 
disease outbreaks. 

The movement of healthcare personnel is equally important. Kruk et al. (2015) argue that the ability of 

medical staff to reach underserved regions leads to improved retention and service quality. In regions 

like India, road improvements have significantly boosted the availability of medical staff in rural areas, 
enhancing both the quality and accessibility of healthcare (Banerjee et al., 2018). 

Economic Impact of Road Connectivity on Health 

Road connectivity not only improves access to healthcare but also influences broader socioeconomic 
factors that affect health outcomes. Economic development, facilitated by improved road infrastructure, 

leads to better healthcare funding and access to resources such as food, medications, and essential 

goods. Sachs (2018) demonstrated that investments in road infrastructure in low-income countries 

contribute to economic growth, which in turn enhances public health outcomes, such as higher life 
expectancy and improved child survival rates. Furthermore, road connectivity fosters market access and 

employment, which enhances income levels and enables families to better afford healthcare services 

(World Bank, 2019). 

Recent Developments and Challenges 

Despite the clear benefits of improved road infrastructure, challenges persist. The ongoing maintenance 
of roads is crucial for ensuring that the improvements lead to sustained benefits. A study by Gupta et al. 

(2014) on rural roads in India found that poorly maintained roads often negate the benefits of new 

infrastructure, leading to increased costs and delays in healthcare access. Furthermore, socioeconomic 

barriers, such as poverty and cultural norms, may prevent some populations from fully benefiting from 
improved roads (Banerjee et al., 2018). Gender norms, particularly in rural areas, can also impede 

women’s access to healthcare, even when road infrastructure is improved (Patel et al., 2016). 

The inequitable distribution of road improvements remains a critical issue. Research has shown that 

road connectivity does not always equally benefit all populations, particularly marginalized groups such 
as the elderly, women, and children (Lakshmanasamy, 2022). This highlights the need for a more 

targeted approach to road infrastructure development that considers the specific needs of vulnerable 

populations. 

Research Gap 

Despite the significant role of road connectivity in improving healthcare access, several research gaps 

remain. First, there is limited research on the long-term sustainability of road infrastructure 
improvements on healthcare outcomes, especially in low-resource settings (Gupta et al., 2014). Second, 

studies rarely address whether the benefits of road improvements are equitably distributed across 

different socio-economic groups, particularly vulnerable populations like women and children (Patel et 
al., 2016). Additionally, the interaction between road connectivity and other social determinants of 

health, such as education and income, requires further exploration (Sachs, 2018). Lastly, more research 

is needed to understand how road infrastructure affects health systems, especially regarding healthcare 

worker mobility and retention in rural areas (Kruk et al., 2015). 
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III. Data and Methodology 

This study explores the impact of road connectivity on healthcare services in Block Bomag, located in 

District Reasi, Jammu and Kashmir, India. The study specifically focuses on two Panchayats within this 

region: Dangakote and Charalakote. Both areas were selected due to their rural nature and the significant 
challenges they face in accessing healthcare, exacerbated by limited road infrastructure. The Dangakote 

and Charalakote Panchayats have a combined sample size of 100 respondents, with 50 participants from 

each Panchayat. These areas are geographically isolated, and the availability of road networks is critical 
in determining the accessibility of healthcare services. The study employs primary data collected 

directly from the local population through structured surveys and interviews with households, 

healthcare professionals, and local administrative staff. 

Reasi District, located in the mountainous region of Jammu and Kashmir, has long faced significant 
challenges in healthcare access due to its rugged terrain and limited road infrastructure. This case study 

focuses on the Block Bomag within Reasi, particularly the Dangakote and Charalakote Panchayats, 

which have been among the most affected by inadequate road connectivity (Gupta et al., 2014). 

Historically, residents of these Panchayats faced substantial barriers to accessing healthcare facilities. 
Travel times to the nearest healthcare centers were long, with many villagers having to rely on informal 

transportation methods or walking long distances (Murray et al., 2017). Additionally, the lack of road 

access hindered the timely movement of medical supplies and personnel, further exacerbating health 

outcomes (Hosseini et al., 2018). 

However, with the recent improvements in road infrastructure under the Pradhan Mantri Gram Sadak 
Yojana (PMGSY), healthcare access in these regions has significantly improved. The construction of 

all-weather roads has reduced travel times, allowing for faster transportation of patients to medical 

centers, better access to emergency services, and enhanced availability of medical staff in these remote 

areas (Baker et al., 2015). Furthermore, the road connectivity has facilitated the delivery of essential 
medicines and healthcare equipment, ensuring that local health facilities are better equipped to serve 

the growing population (Sachs, 2018). 

A logistic regression model applied in this case study found a direct correlation between road 

connectivity and increased healthcare service utilization. The study also highlighted improvements in 
ambulance availability and the overall quality of healthcare. Residents reported higher satisfaction with 

healthcare services, as improved roads reduced the waiting times for medical assistance, leading to 

better health outcomes, especially for maternal and emergency care (Kline & Moretti, 2013). 

This case study in Reasi exemplifies how road infrastructure improvements can play a transformative 

role in enhancing healthcare access in rural, underserved regions. The findings underscore the 
importance of continuing investment in road infrastructure as a key strategy for improving public health 

outcomes in remote areas (Patel et al., 2016; Rodrigues et al., 2016). 

The methodology is designed to assess how road connectivity influences healthcare service delivery, 

particularly in rural areas that face significant access barriers. The key objective is to understand the 

role of improved road infrastructure in increasing the availability of medical staff, ambulance services, 

and medical supplies, which are crucial for the efficient functioning of healthcare systems. 

Interviews with healthcare providers will further help identify the practical challenges faced in 

healthcare delivery, and interviews with local authorities will provide insights into the policy 

perspective on infrastructure improvements. 

The analysis has been conducted using R for statistical modeling and visualization. The data will first 

undergo descriptive analysis to summarize the key features, including frequency distributions, means, 

and percentages. To examine the relationship between road connectivity and healthcare service 
outcomes, logistic regression models will be employed, with availability of medical staff being the 

primary dependent variable. The regression analysis will explore the impact of independent variables 

such as ambulance availability, primary mode of transportation, and healthcare facility availability on 

healthcare access. 
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Table: Relevant Studies Using Logit, DiD, and FE Models on Road Connectivity and Healthcare 
 

Study 
Methodology 

Used 
Key Focus 

Variables 

Analysed 
Findings 

 

 
Baker et 

al. (2015) 

 

 
 

Logit Model 

 
Impact of Road 

Connectivity on 

Maternal Health 
Services 

Road 

connectivity, 

maternal health, 

healthcare 
utilization 

Found that road improvements 

increased utilization of 
maternal health services, 

especially in remote regions. 

Road access was a significant 
predictor of antenatal care 

attendance. 

 

Gupta et 

al. (2014) 

 

Fixed Effects 

Model 

 
Healthcare 

Access in Rural 

India 

Road 
connectivity, 

healthcare facility 

access, economic 

factors 

The study demonstrated that 
road improvements in rural 

areas led to better access to 

healthcare services and 

reduced travel time for 

medical staff and patients. 

 

 

 
Murray et 

al. (2017) 

 

 

 

DiD Model 

 
Road 

Infrastructure 

and Health 

System 
Performance 

 

Road 
connectivity, 

healthcare 

outcomes, 

regional 
development 

The study used a DiD model 

to assess how road 

improvements impacted health 
outcomes in regions before 

and after infrastructure 

projects. Results showed 
significant improvements in 

healthcare access post- 
treatment. 

 

Hosseini 

et al. 
(2018) 

 

 
Logit Model 

 
Emergency 

Medical 

Services in 
Rural Iran 

Road 
connectivity, 

ambulance 

availability, 

response time 

Road improvements 
significantly increased 

ambulance availability, 

decreased response times, and 
improved timeliness of 

emergency services in rural 
areas. 

 

 
Kline & 

Moretti 

(2013) 

 
 

 

Fixed Effects 

Model 

 

 

Economic 
Development 

and Healthcare 

Access 

 

Road 

infrastructure, 
economic growth, 

health service 

access 

This study found that 
economic growth from road 

infrastructure led to increased 

healthcare access, especially in 

low-income regions. The FE 
model was used to account for 

regional differences in 

development and health 

outcomes. 

 

Rodrigues 

et al. 
(2016) 

 
 

 

DiD Model 

 

Impact of Road 

Connectivity on 
Rural Health in 

Mozambique 

 
Road access, 

health facility 

availability, 

economic 
development 

Road improvements led to 

increased health facility access 
and higher healthcare 

utilization. The DiD model 

showed significant 
improvements in health 
services post-treatment. 

Banerjee 

et al. 
(2018) 

 
Fixed Effects 

Model 

Healthcare 

Delivery and 

Infrastructure in 

Rural India 

Road 

infrastructure, 

medical staff 

availability, 

The FE model showed that 

road improvements in rural 

areas increased staff retention 

and healthcare service 
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   health service 

utilization 

delivery, especially in under- 

served regions. 

 
 

 

Sachs 

(2018) 

 
 

 

DiD Model 

 

Road 
Infrastructure 

and Healthcare 

Access in Sub- 

Saharan Africa 

 

Road 
connectivity, 

healthcare access, 

economic 

development 

The study used DiD analysis 
to assess how road 

infrastructure led to better 

healthcare access and 

economic development, 
emphasizing that road 

connectivity was a key factor 

in improving health outcomes 
in rural Africa. 

 

Patel et 

al. (2016) 

 

 

Logit Model 

Impact of Road 

Connectivity on 
Healthcare 

Utilization in 

Rural India 

Road 

infrastructure, 
healthcare 

utilization, 

socioeconomic 
factors 

The Logit model revealed that 

improvements in road access 
significantly increased 

healthcare utilization, 

particularly among women 
and children in rural India. 

 

 

Fink et al. 

(2019) 

 

 

Fixed Effects 

Model 

 

Road 

Connectivity 
and Health 

Services in 

Kenya 

 

Road 

connectivity, 
healthcare 

services, 

economic growth 

This study employed the FE 
model to demonstrate how 

road infrastructure 

improvements in rural Kenya 
led to increased access to 

health services, especially for 

economically disadvantaged 
communities. 

Source: Compiled by Authors 

These studies collectively support the hypothesis that road connectivity plays a pivotal role in improving 

healthcare access and service delivery, especially in rural and underserved areas. The methodologies 

used in these studies—Logit, DiD, and FE models—are robust and provide evidence of the positive 
relationship between road infrastructure and healthcare outcomes across various geographic regions. 

The findings from these studies are directly applicable to your research, reinforcing the importance of 

improving road infrastructure for better health outcomes. 

IV. Results and Discussions 

The aim of this study is to assess the impact of road connectivity on health services. The methodology 

involves the application of econometric modelling using logistic regression to analyze the relationship 
between road connectivity and healthcare outcomes. The following steps outline the process of the 

econometric model, detailing the equations, variables, and the analytical steps performed using R. 

Hypothesis Formulation 

Null Hypothesis (H₀): Road connectivity does not have a significant impact on the availability of 

medical staff, ambulance services, and other healthcare services. 

Alternative Hypothesis (H₁): Road connectivity significantly improves the availability of medical staff, 

ambulance services, and healthcare services. 

Step 2: Model Specification 

The econometric model is specified to analyze how road connectivity and related factors influence 

healthcare services. Since the dependent variable (availability of medical staff) is categorical, we use 
logistic regression. 
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Equation for the Logistic Regression Model: 

 

Variable Coefficient 
Standard 

Error 
t-Value P-Value 

New Houses Came Up Along the Road 0.23 0.105 2.19 0.029* 

Primary Mode of Transportation Before 
Connectivity 

-0.125 0.078 -1.6 0.11 

Primary Mode of Transportation After 

Connectivity 
0.185 0.09 2.06 0.040* 

Ambulance Availability After Road 

Connectivity 
0.32 0.102 3.14 0.002** 

Availability of Medical Staff After Road 

Connectivity 
0.45 0.09 5 0.000** 

Utility of Health Services After Road 
Connectivity 

0.125 0.058 2.16 0.032* 

Is There a Medical Facility Available 0.375 0.135 2.78 0.006** 

Availability of Necessity Drugs 0.245 0.115 2.13 0.034* 

Preferring of New Medical Staff or 

Traditional Method 
-0.18 0.099 -1.82 0.071 

Type of Health Centre 0.26 0.11 2.36 0.019* 
 

 

Where: 

Y is the binary outcome variable representing Availability of Medical Staff (1 for availability, 0 for no 

availability). 

β0 is the intercept. 

β1, β2, β3, β4, β5, β6 are the coefficients representing the effect of each independent variable on the 

log-odds of medical staff availability. 

ϵis the error term. 

Logistic Table 

Note: * and ** Statistically significant at the 5% and 10% levels 

 

The logistic regression analysis provides valuable insights into the factors influencing the availability 

of medical staff after improved road connectivity. 
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The statistically significant positive impact of new housing developments (p = 0.029) suggests that 

infrastructure improvements beyond just roads, such as new residential areas, are associated with 
increased medical staff availability. This could be because these developments attract or support the 

establishment of more comprehensive services, including healthcare. While the primary mode of 

transportation before connectivity shows a non-significant negative coefficient (p = 0.110), the primary 

mode of transportation after connectivity exhibits a significant positive relationship (p = 0.040). This 
indicates that shifts in transportation patterns following road improvements, likely towards more 

efficient modes, are associated with better access to medical staff. This could be due to improved 

accessibility for both patients and healthcare providers. The highly significant positive coefficient for 
ambulance availability after road connectivity (p = 0.002) underscores its crucial role in supporting 

medical staff presence. Reliable ambulance services are essential for emergency care and can contribute 

to a more effective healthcare system, potentially attracting and retaining medical professionals. The 

model confirms a highly significant positive relationship between improved road connectivity and the 
availability of medical staff (p < 0.001). This central finding highlights the direct and substantial impact 

of better infrastructure on healthcare staffing. The significant positive impact of health service 

utilization after road connectivity (p = 0.032) suggests a reinforcing cycle. Improved roads lead to 
increased use of health services, which in turn may necessitate or attract more medical staff to meet the 

growing demand. The significant positive relationship with the presence of a medical facility (p = 0.006) 

emphasizes the fundamental role of healthcare infrastructure. Improved road connectivity likely 
facilitates the establishment or enhancement of medical facilities, which directly influences the number 

of medical staff available. The significant positive association between the availability of essential drugs 

and medical staff (p = 0.034) suggests that a well-supplied healthcare system is more likely to have 

adequate staffing. The presence of necessary medications ensures that medical staff can effectively 
deliver care, potentially making the location more attractive for practitioners. The non-significant 

negative coefficient for patient preference (p = 0.071) indicates that this factor does not significantly 

influence the overall availability of medical staff in this context. Infrastructure improvements and 
resource availability appear to be more dominant drivers. The significant impact of the type of health 

center (p = 0.019) highlights those different levels of care (sub-center, primary health center, district 

hospital) have varying staffing needs, which are likely influenced by the accessibility provided by 
improved road connectivity. The R-squared of 0.68 and Adjusted R-squared of 0.64 indicate that the 

model explains a substantial 64% of the variance in medical staff availability. This strong model fit 

suggests that road connectivity and the included healthcare-related variables are key determinants of 

medical staffing levels. 

 
1.  Histogram of Monthly Income: 
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The histogram reveals the distribution of Monthly Income, showing a relatively normal distribution, 

which is a good sign for running regression analysis. A normal distribution implies that the income data is 

spread symmetrically around the mean, making it suitable for parametric statistical techniques like 
logistic regression. 

1. Q-Q Plot for Residuals: 

The Q-Q plot indicates whether the residuals of the logistic regression follow a normal distribution. The 

points in this plot closely follow the diagonal line, suggesting that the residuals are normally distributed, 

a key assumption for reliable logistic regression results. This confirms that the errors in the model are 
 

appropriately distributed. 

2. Residuals vs Fitted Values Plot: 

This scatter plot shows the relationship between the fitted values and residuals. The absence of any 

discernible pattern in the plot (with residuals scattered around zero) confirms that the model is 

appropriately specified and that the errors do not exhibit heteroscedasticity (non-constant variance), 

which is another assumption for valid regression models. 
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3. Boxplot for Monthly Income: 

 

The boxplot helps identify any potential outliers in the Monthly Income variable. Since the plot shows 

a balanced distribution with few extreme outliers, it suggests that the income data is well-behaved and 

won't unduly influence the regression model. 

 

4. ROC Curve: 

The ROC curve evaluates the model's classification performance. A high Area Under the Curve (AUC) 

value indicates that the model is effective at distinguishing between the different levels of Availability 

of Medical Staff After Road Connectivity. This suggests that road connectivity is a strong predictor of 
health service availability, which is central to the topic of improving healthcare access through better 

infrastructure. 

Research Methodology for Difference-in-Differences (DiD) Analysis 
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The Difference-in-Differences (DiD) approach is an econometric technique used to evaluate the effect 

of a policy or treatment (in this case, road connectivity) by comparing the changes in outcomes over 
time between a treatment group (areas with road connectivity) and a control group (areas without road 

connectivity). The key idea is to compare the difference in healthcare services before and after road 

connectivity, while controlling for any other confounding factors. 

In this study, we will use DiD analysis to assess the impact of road connectivity on healthcare services 
by examining Availability of Medical Staff and other related healthcare variables before and after the 

introduction of road connectivity. 

Hypothesis Formulation 

 Null Hypothesis (H₀): There is no significant change in healthcare services after road 

connectivity compared to before road connectivity. 

 Alternative Hypothesis (H₁): Healthcare services (such as medical staff availability, ambulance 

services, etc.) significantly improve after road connectivity. 

Model Specification 

In a Difference-in-Differences (DiD) model, we compare the pre- and post-treatment (road 

connectivity) outcomes between two groups (treatment and control). The typical DiD model is specified 

as follows: 
 

Where: 

Yit represents the dependent variable (Medical Staff Availability) for region i at time t. 

α is the intercept. 

Post: Binary indicator for time after the treatment (road connectivity). 

Treatment: Binary indicator for whether the region is in the treatment group (road connectivity). 

The interaction term (Postt × TreatmentiPostt) captures the effect of the road connectivity intervention 
on healthcare outcomes. 

Xit includes the control variables, such as monthly income or transportation mode. 

ϵit is the error term. 

DiD Table: 
 

Variable Coefficient 
Standard 

Error 
t-Value P-Value 

Post 0.12 0.05 2.4 0.018 

Treatment 0.2 0.06 3.33 0.001 

Post × Treatment (Interaction) 0.35 0.09 3.89 0 

Monthly Income 0.0001 0.00005 2 0.05 

New Houses Came Up Along the Road 0.15 0.08 1.88 0.065 
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Primary Mode of Transportation Before 

Connectivity 
-0.1 0.07 -1.43 0.158 

Primary Mode of Transportation After 

Connectivity 
0.18 0.075 2.4 0.018 

Ambulance Availability After Road 

Connectivity 
0.25 0.07 3.57 0.001 

Utility of Health Services After Road 

Connectivity 
0.3 0.1 3 0.003 

Is There a Medical Facility Available 0.2 0.12 1.67 0.095 

Availability of Necessity Drugs 0.22 0.11 2 0.05 

Preferring New Medical Staff or 
Traditional Method 

-0.08 0.09 -0.89 0.376 

Type of Health Centre 0.15 0.08 1.88 0.06 

Source: Compiled by Authors 

The value of R²: 0.45 indicates that the model explains 45% of the variation in the dependent variable 

(e.g., medical staff availability). While R² is lower compared to the FE model, it still shows that the 

model accounts for a significant portion of the variability in healthcare outcomes, especially when 
considering the focus on comparing the pre- and post-treatment periods. After adjusting for the number 

of predictors, 43% of the variation in healthcare services is explained. This is a good result, suggesting 

that even after accounting for the model’s complexity, the DiD model remains robust. The F-statistic is 

used to test the overall significance of the model. A value of 6.78 suggests that the model is statistically 
significant, meaning that at least one of the independent variables is significantly related to the outcome. 

The p-value for the F-statistic is 0.001, indicating that the overall model is statistically significant. This 

implies that the difference-in-differences effect and the predictors included in the model are important 
and meaningful for explaining healthcare outcomes. AIC is a measure used for model comparison. 

Lower AIC values indicate a better fit of the model. This value suggests the model’s goodness-of-fit 

relative to the number of predictors used. The AIC helps in assessing the trade-off between model 

complexity and explanatory power. The BIC is another fit measure used to compare models, with a 
lower value indicating a better fit when considering the penalty for adding more parameters. In the case 

of DiD models, BIC assists in determining whether adding new variables significantly improves the 

model. 

The Difference-in-Differences (DiD) analysis provides clear insights into the impact of road 

connectivity on healthcare services. The key finding comes from the interaction term (Post × 
Treatment), which has a significant positive coefficient of 0.350 with a p-value of 0.000. This suggests 

that road connectivity significantly improved healthcare services in areas where roads were connected, 

particularly in terms of medical staff availability. Before road connectivity, healthcare services in the 
treatment areas were not significantly different from the control group, but after road connectivity, the 

treatment areas showed a notable improvement in medical staff availability. 

Further the coefficient of 0.120 with a p-value of 0.018 indicates that healthcare services, in general, 

improved after the introduction of road connectivity across all areas, not just the treatment group. The 
coefficient of 0.200 with a p-value of 0.001 shows that, compared to the control group, areas with road 

connectivity (the treatment group) had better healthcare services overall. The positive coefficient of 

0.180 (p-value = 0.018) indicates that improved transportation options after road connectivity have a 

positive impact on healthcare access, as people can reach medical facilities more easily. The significant 
positive coefficient of 0.250 (p-value = 0.001) suggests that improved road access has a direct and 

positive impact on the availability of ambulances, ensuring better emergency healthcare services in the 
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treatment areas. The positive coefficient of 0.300 (p-value = 0.003) reflects that, after road connectivity, 

people in the treatment areas had greater access to and utilization of health services, further confirming 
the importance of infrastructure in healthcare access. The coefficient of 0.200 (p-value = 0.095) suggests 

that the availability of medical facilities is positively related to road connectivity, though it is on the 

verge of statistical significance, indicating that availability of infrastructure contributes to healthcare 

outcomes. The positive coefficient of 0.220 (p-value = 0.050) indicates that road connectivity helps 
improve access to necessary drugs, further supporting better healthcare services in connected areas. The 

positive coefficient of 0.150 (p-value = 0.060) suggests that the type of health center plays a role in the 

availability of medical staff after road connectivity, with different types of health centers requiring 
varying levels of staffing and resources. The negative coefficient of -0.080 (p-value = 0.376) shows that 

preferences for medical staff (new vs. traditional) have little impact on the overall availability of 

healthcare services in the context of road connectivity. 

Since the data which has been collected for different individuals for the same region, the Fixed Effects 
(FE) model is applied. The FE model will analyze within-region variations (differences before and after 

road connectivity for the same individuals) while controlling for unobserved time-invariant 

characteristics that could affect healthcare outcomes. This methodology will help in isolating the impact 
of road connectivity on healthcare services. 

Hypothesis Formulation 

 Null Hypothesis (H₀): Road connectivity does not have a significant impact on healthcare 

services within the region. 

 Alternative Hypothesis (H₁): Road connectivity significantly improves healthcare services 

within the region. 

Model Specification 

In the Fixed Effects (FE) model, we focus on the within-group variation, which means we will examine 

how the outcome variable (healthcare services) changes before and after the treatment (road 

connectivity) within the same individual or unit. 

The model equation is specified as follows: 
 

Where: 

Yit is the outcome variable for region iii at time ttt (e.g., Medical Staff Availability). 

αi represents the fixed effect for individual region i, capturing unobserved time-invariant factors (e.g., 

cultural, regional infrastructure). 

Post: Binary variable indicating whether the data point is before or after the treatment (road 

connectivity). 

RoadConnectivity: Binary indicator for whether the region has road connectivity. 

The interaction term (Postt×RoadConnectivityiPostt \times RoadConnectivity_iPostt 
×RoadConnectivityi) represents the difference-in-differences effect of road connectivity on healthcare 

services. 

Xit includes the control variables. 

ϵit is the error term. 

Table: FE results using R 
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Variable Coefficient 
Standard 

Error 
t-Value P-Value 

Post 0.22 0.09 2.44 0.016 

Road Connectivity 0.31 0.12 2.58 0.01 

Post × Road Connectivity 

(Interaction) 
0.5 0.11 4.55 0 

Monthly Income 0.00009 0.00004 2.25 0.025 

New Houses Came Up Along the 
Road 

0.12 0.06 2 0.047 

 

Primary Mode of Transportation 
Before Connectivity 

 

-0.15 

 

0.07 

 

-2.14 

 

0.034 

 

Primary Mode of Transportation 

After Connectivity 

 
0.21 

 
0.08 

 
2.63 

 
0.009 

Ambulance Availability After Road 

Connectivity 
0.27 0.1 2.7 0.008 

Utility of Health Services After 

Road Connectivity 
0.33 0.13 2.54 0.012 

Is There a Medical Facility 
Available 

0.18 0.11 1.64 0.102 

Availability of Necessity Drugs 0.25 0.09 2.78 0.006 

Preferring New Medical Staff or 

Traditional Method 
-0.05 0.09 -0.56 0.577 

Source: Compiled by Authors 

The value of R²: 0.68 indicates that the model explains 68% of the variation in healthcare services, 

which shows a very strong fit. This suggests that the Fixed Effects model effectively captures a 
significant portion of the variability in healthcare outcomes after road connectivity. Adjusted R²: 0.66, 

After adjusting for the number of predictors, the model still explains 66% of the variation, indicating 

that the model’s robustness remains strong, even after accounting for model complexity. The F-statistic 
of 12.72 indicates that the model is highly statistically significant. This suggests that the independent 

variables collectively explain a significant portion of the variation in healthcare outcomes. The p-value 

for the F-statistic is 0.032, confirming that the overall model is significant, and at least one of the 
explanatory variables significantly impacts healthcare services after road connectivity. The AIC value 

of 135.4 indicates the goodness-of-fit relative to model complexity. A lower AIC suggests that this FE 

model provides a good balance between fitting the data well while avoiding overfitting. The BIC value 

of 145.3 also suggests that the model is a good fit, but with a penalty for the number of predictors. A 
lower BIC would be preferred, but this value indicates that the model effectively captures the 

relationship between road connectivity and healthcare outcomes. 

The Fixed Effects (FE) model provides strong evidence that road connectivity significantly enhances 

healthcare services, with substantial improvements in variables such as medical staff availability, 

ambulance services, and the overall utilization of health services. The interaction term between Post 
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(indicating before and after road connectivity) and RoadConnectivity is particularly noteworthy, with a 

coefficient of 0.50 and a p-value of 0.032, signifying that the introduction of road infrastructure leads 
to a marked increase in healthcare services, especially in terms of staffing. This result suggests that the 

improvement in road infrastructure has a transformative effect on the availability of medical 

professionals, which is a critical component of healthcare delivery. 

The Road Connectivity variable shows a coefficient of 0.31 (p-value = 0.010), indicating that regions 
with road connectivity tend to have better healthcare services even before the intervention. This points 

to the fact that infrastructure, such as roads, can have a foundational role in improving the quality of 

healthcare services, even in the absence of new interventions. Similarly, the Post variable, with a 

coefficient of 0.22 (p-value = 0.016), suggests that healthcare services in general improved after road 
connectivity, underscoring the importance of infrastructure improvements in facilitating broader access 

to medical care. 

The availability of ambulances post-road connectivity also shows a significant improvement, with a 

coefficient of 0.27 (p-value = 0.008). This highlights that road access is crucial not just for medical 

staffing, but also for improving the logistics and accessibility of emergency medical services. The ability 
to quickly reach and transport patients is enhanced by better roads, which is vital for timely medical 

interventions, especially in rural and underserved areas. 

Furthermore, the utility of health services after road connectivity has a coefficient of 0.33 (p-value = 

0.012), suggesting that the improved road infrastructure makes healthcare services more accessible and 
increases their utilization. This finding aligns with the expectation that as healthcare becomes more 

accessible through better roads, people are more likely to seek medical attention, thereby improving 

health outcomes. 

The Monthly Income variable, with a small but significant coefficient of 0.00009 (p-value = 0.025), 

indicates that individuals with higher incomes have slightly better access to healthcare services. While 
this effect is modest, it still suggests that income plays a role in healthcare access, though it is less 

impactful than the effect of road connectivity itself. Similarly, the availability of necessity drugs, with 

a coefficient of 0.25 (p-value = 0.006), shows that better road access significantly improves the 
availability of essential medications, ensuring that people in regions with road connectivity have easier 

access to the drugs they need for treatment. 
 

 
1. DiD Plot (Before/After Road Connectivity for DiD Model) 

The DiD plot illustrates the impact of road connectivity on medical staff availability across the treatment 

and control groups before and after the introduction of road infrastructure. The graph clearly shows that 

treatment areas (those with road connectivity) experience a noticeable increase in medical staff 

availability after road connectivity, especially in the post-treatment period. The control group (areas 
without road connectivity) shows little to no change over time. 
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2. Bar Chart for Interaction Term (DiD Model) 

 

 

The bar chart for the interaction term visually captures the difference-in-differences (DiD) effect of road 

connectivity on healthcare services, specifically focusing on medical staff availability. The chart shows 

that treatment areas (with road access) exhibit a significant increase in medical staff after road 
connectivity is implemented, as indicated by the taller bars in the post-treatment period. In contrast, the 

control group (without road access) shows little to no change. 
 

3. Residuals Plot for FE Model 

The residuals plot for the Fixed Effects (FE) model helps assess whether the assumptions of the 
regression model, particularly normality and homoscedasticity, hold. The plot shows random dispersion 

of residuals around the zero line with no clear pattern, which suggests that the model is correctly 

specified and that there is no systematic bias in the residuals. The lack of any noticeable trend or pattern 

confirms that the model’s assumptions are met, reinforcing the reliability of the results from the FE 
model. 

 
 

4. Correlation Matrix Heatmap for DiD and FE Models 
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The correlation matrix heatmap provides a comprehensive overview of the relationships between key 

variables in the analysis. It shows the strength and direction of correlations between road connectivity, 
ambulance availability, medical staff availability, and other key factors influencing healthcare services. 

The heatmap reveals strong positive correlations between road connectivity and medical staff 

availability, ambulance services, and health service utilization. These relationships reinforce the 
findings from the DiD and FE models, indicating that road infrastructure plays a central role in 

improving healthcare access and outcomes. The heatmap also highlights moderate correlations between 

income and health service availability, suggesting that while income impacts healthcare access, road 
connectivity remains a stronger driver of service improvements. 

Table: AIC and BIC Comparison for DiD and FE Models 
 

Model AIC BIC 

DiD Model 225.6 230.1 

FE Model 180.5 185.1 

 
The AIC (Akaike Information Criterion) and BIC (Bayesian Information Criterion) are useful metrics 

for comparing the goodness-of-fit of different models while accounting for model complexity. The FE 

Model has lower AIC (180.5) and BIC (185.1) values compared to the DiD Model (AIC = 225.6, BIC 
= 230.1), suggesting that the FE Model provides a better fit to the data, considering both the explanatory 

power and the number of parameters. Lower AIC and BIC values indicate that the FE Model strikes a 

better balance between fitting the data well and avoiding overfitting, making it the preferred model in 

this case. However, both models provide valuable insights into the impact of road connectivity on 
healthcare services, with the FE Model being slightly more parsimonious. 

Discussions and Policy Suggestions: 

The study demonstrates that road connectivity has a significant impact on medical staff availability, 
ambulance services, and overall healthcare service utilization. The DiD model results reveal that after 

road connectivity, treatment areas experienced a substantial improvement in medical staff availability, 

with the control group remaining unchanged. This shows the causal impact of road infrastructure on 
healthcare outcomes, especially in underserved regions. The Fixed Effects (FE) model underscores that 

road connectivity has a long-term positive effect on healthcare services within regions, particularly in 

terms of staff availability and ambulance services. The FE model captures the within-region variation 
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before and after road connectivity, suggesting that infrastructure improvements not only increase 

accessibility to healthcare but also enhance its efficiency over time, especially in remote areas. The 

interaction term in both the DiD and FE models demonstrates the synergistic effect of road connectivity 
on healthcare services. After the introduction of road access, areas that received the treatment (road 

connectivity) exhibited a marked increase in healthcare service availability, particularly in medical staff 

and ambulance services, emphasizing the direct benefits of infrastructure on healthcare access. The 
comparison of AIC and BIC values between the DiD and FE models indicates that the FE model 

provides a better fit to the data, with lower AIC and BIC values (180.5 and 185.1, respectively) 

compared to the DiD model. This suggests that the FE model better captures the complexity of the 

relationship between road connectivity and healthcare services while avoiding overfitting, making it the 
more parsimonious choice. The correlation matrix heatmap provides valuable insights into the 

relationships between key variables like road connectivity, ambulance services, and medical staff 

availability. It shows strong positive correlations between road connectivity and both staff availability 
and ambulance services, reinforcing the findings from both the DiD and FE models. These correlations 

highlight the importance of infrastructure in improving healthcare access, particularly in remote regions 

where such services were previously limited. 

Investing in road infrastructure in underserved and rural areas is crucial for enhancing access to 

healthcare services. This should be coupled with an expansion of emergency medical services, 
particularly ambulance availability, in regions benefiting from new road connectivity to improve 

emergency medical care. Healthcare improvement programs should specifically target rural health 

centers, ensuring enhanced medical staff availability facilitated by better infrastructure. Integrating road 
connectivity as a key factor in national and regional health policy frameworks is essential to ensure 

healthcare services are accessible to all populations. Furthermore, promoting local development by 

encouraging the establishment of medical facilities in regions with new road connectivity will ensure 
that health services are available where demand is increasing due to improved accessibility. 

Conclusion 

This study has thoroughly explored the impact of road connectivity on healthcare services in Block 
Bomag, District Reasi, Jammu and Kashmir, with specific attention to the Dangakote and Charalakote 

Panchayats. The primary objective of the research was to assess how improved road infrastructure 

influences healthcare access and delivery in these rural areas. By employing three robust econometric 
models — Fixed Effects (FE) Model, Logistic Regression, and Difference-in-Differences (DiD) Model 

— the study has provided comprehensive insights into the relationship between road connectivity and 

healthcare outcomes. 

The results from the FE Model revealed that road connectivity significantly enhances the availability 

of medical staff, ambulance services, and the overall utility of health services in the treatment areas. 

The interaction term between road connectivity and healthcare outcomes was particularly notable, 

suggesting that the introduction of road infrastructure has a transformative effect on healthcare services, 
especially in rural settings. Moreover, the DiD analysis corroborated these findings by demonstrating 

that areas with newly connected roads showed a marked improvement in healthcare outcomes compared 

to control areas, emphasizing the direct benefits of improved road networks. 

Several key findings were highlighted during the course of the study. First, ambulance availability and 
medical staff retention significantly improved post-road connectivity, leading to faster emergency 

responses and better healthcare service delivery in rural areas. Second, access to essential medical 

supplies was greatly enhanced with the improved transportation network, ensuring that healthcare 

facilities in these regions were better equipped to serve the local population. Finally, the analysis showed 
that improved transportation modes led to increased utilization of healthcare services, as better roads 

allowed residents to reach health facilities more easily and efficiently. 

Despite the positive impact of road infrastructure on healthcare access, the study also underscores the 

challenges that remain. The maintenance of roads and equitable distribution of infrastructure 

improvements are critical issues that need to be addressed. Rural populations, particularly women, 
children, and the elderly, may still face significant barriers despite road improvements. The research 

also highlighted the importance of considering socioeconomic factors such as income and education, 
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which influence the overall effectiveness of road connectivity in improving healthcare outcomes. 
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