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Assessing Changes in Essential Utilities after Highway Construction in Rural Nagaland: Evidence from McNemar and Stuart–Maxwell Tests
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ABSTRACT

	This study examines the changes in essential utilities observed after the highway construction based on farmers' perceptions and their recall ability in the hilly regions of Nagaland, India. Using a mixed-methods approach, data were collected from 480 farming households across varying distances from new highway corridors from five districts namely, Dimapur, Kohima, Niuland, Chumoukedima and Paren. The data was collected during 2024-25 and analysed using McNemar and Stuart–Maxwell Tests. The results indicate that with the construction of National Highways in Nagaland there were significant improvements in electricity supply, transportation, home delivery services, rental facilities, internet connectivity, market integration etc. Statistical analyses confirm that the benefits of highway is not only enjoyed by proximity to highway villages but it spans even in the remotest village from the highway. Although there is improvement in many categories limitation still exist in the mode of transportation and access to water. Therefore, the findings underscore the importance of integrated policies that combine infrastructure investment with regional development for achieving inclusive, sustainable rural development across India.

Aims: To examine the changes in essential utilities observed after the construction of national highway based on farmers’ perception. 
Study design:  Mixed method design was used
Place and Duration of Study: The study was conducted in five districts of Nagaland namely Dimapur, Kohima, Niuland, Chumoukedima and Paren during 2024-2025 
Methodology: The study included 480 farmers, and the survey was conducted with the help of a semi structured interview schedule. The data was analysed based on varying distance from national highways in the five districts of Nagaland using McNemar and Stuart–Maxwell Tests.
Results: The results indicate that with the construction of National Highways in Nagaland there were significant improvements in electricity supply, transportation, home delivery services, rental facilities, internet connectivity, market integration etc. Statistical analyses confirm that the benefits of highway is not only enjoyed by proximity to highway villages but it spans even in the remotest village from the highway. Although there is improvement in many categories limitation still exist in the mode of transportation and access to water.
Conclusion: Highway construction in Nagaland have improved the quality of life of farmers through the improvement in the essential utilities 
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1. INTRODUCTION

Transport infrastructure is much more than roads and bridges, it's the backbone that connects people, places, and opportunities. Highways, in particular, have a way of transforming regions that might otherwise remain isolated. By making travel easier and markets more accessible, better roads help businesses grow, bring in new jobs, and make it easier for families to access essential services like electricity, the internet, and public transport. Improved road connectivity reduces travel time, lowers transaction costs, and expands the reach of both public and private service providers (Foster et al., 2023). In areas that are geographically remote or economically disadvantaged, a new highway can be the difference between stagnation and progress, setting off a ripple effect that touches nearly every part of daily life. For places like Nagaland in Northeast India, where mountains and remote villages make life challenging, these connections matter even more. Nagaland’s hills and scattered settlements mean that building roads isn’t just about helping cars and trucks get from one place to another, it’s about giving communities a lifeline. When a highway is built in such a region, it can spark development in ways that go far beyond transportation, bringing both government and private investment into essential services that people rely on. Researchers have already shown that better roads can boost incomes, help farmers sell their crops, and improve social conditions. Jalan & Ravallion (2002) noted that road connectivity reduces the time and cost of accessing clinics, while Aggarwal (2018) found that connected villages reported more frequent visits from health workers. Road connectivity influences education by improving school attendance and facilitating the deployment of teachers. Mukherjee (2012) estimated the effect of better roads on students' enrolment in schools in rural India. Calderon & Serven (2010) emphasise complementarities between transport and other infrastructure networks, where roads often precede expansions in electricity and telecommunications. In India, rural connectivity projects have been associated with higher household electrification rates (Datta, 2012). The Northeast Special Infrastructure Development Scheme (NESIDS) directly links road development with improved access to education, health, tourism, and administrative services (Ministry of Development of North-East Region, 2025). But far fewer studies look closely at how big transportation projects affect every day basics, like whether homes and villages actually get better electricity or internet after a new highway is built. And often, the studies that do exist look at the big picture, missing the small, meaningful changes families experience in their own lives.
This study aims to fill that gap. It looks at how access to crucial services, like electricity, internet, and public transport, changed for people living along a new highway in Nagaland. By talking directly to households and comparing what life was like before and after the highway, the research uses straightforward statistical methods to see whether these changes are real and meaningful for the community.
2. material and methods 

The current study was conducted during 2024-2025. To get a clear picture of how the new highway affected farmers' lives in Nagaland, five different districts: Kohima, Dimapur, Chumoukedima, Niuland, and Peren were selected purposively based on the construction of National Highways (NH) in the respective districts. These areas were chosen because they each offer something unique in terms of road development and local community makeup. In order to represent the respondents from near, intermediate and remote, the districts were divided into 3 strata viz., Stratum I (0–5 km), Stratum II (5–10 km), and Stratum III (more than 10 km) based on how far villages were from the new highway. With help from local agricultural officers, four villages in each strata was selected, making about 48 villages in total, with a view of making adjustments when a district didn’t have enough villages near the highway. From these villages, 480 farmers were randomly selected: 154 living closest to the highway, 110 in the middle distance, and 216 from farther away using proportional sampling. Sample size determination was followed to ensure statistical rigour.

Where:
n = sample size
N = population size 
Z = Z-value (1.96 for 95% confidence level)
p = estimated proportion of the population (assuming maximum variability, 0.5)
e = margin of error (0.05) 


Primary data was collected from respondent farmers using semi-structured interview schedule, giving them space to share how things had changed for them since the highway was built. The response was based on the recall ability of the respondents. In order to analyse the data two types of statistical test were used: McNemar’s test and Stuart–Maxwell test . McNemar’s test was used for variables with two possible outcomes (e.g., Yes/No, Present/Absent) to evaluate whether there was a statistically significant change in responses between the “Before” and “After” conditions. 
McNemar’s test is specifically designed for paired nominal data with a 2×2 contingency table, and it tests the null hypothesis of marginal homogeneity, that is, the probability of being in a category is the same before and after the intervention or exposure. Only the discordant pairs (participants who changed their response) contribute to the test statistic, making it sensitive to shifts in paired responses. The test statistic is given by:
[bookmark: _heading=h.dkunqxlhvqqy]		χ² = (|b - c| - 1)² / (b + c)
where b and c are the discordant cell frequencies in the 2×2 table. The statistic is approximately chi-squared distributed with 1 degree of freedom.
[bookmark: _heading=h.ym88u5qr4ac3]For variables with more than two categorical outcomes, we employed the Stuart–Maxwell test for marginal homogeneity. This test is an extension of McNemar’s test to k×k square contingency tables (k > 2), appropriate when responses are measured at two time points on the same individuals. The null hypothesis is that the marginal distributions are equal before and after (no overall shift in response patterns). The test considers the differences in row and column marginal frequencies across categories simultaneously. The Stuart–Maxwell test statistic is:
χ² = dᵀ V⁻¹ d
[bookmark: _heading=h.1hzt2726oy3w]where d is the vector of differences between row and column marginal totals, and V is the covariance matrix of these differences. The test statistic follows a chi-squared distribution with k − 1 degrees of freedom.

3. results and discussion

3.1 McNemar and Stuart–Maxwell Tests 

The change in the development of essential utilities after the construction of the highway is represented based on the proximity to the highway in Table 1, 2, 3 and 4.

Table 1 Development of essential utilities and services in the villages 0-5 km away from the highway corridor                                                                                   (N=154)
	Utilities and services
	Test
	χ² statistic (df)
	p-value
	Interpretation

	Electricity
	–
	–
	n.s.
	No significant change in electricity supply before and after the highway, showing electrification was unaffected by road development.

	Frequency of Power Off
	Stuart–Maxwell
	40.00 (2)
	<0.001
	Significant reduction in power cuts, indicating improved reliability of electricity after the highway.

	Access to Clean Water
	–
	–
	–
	No test result reported, suggesting no change or uniform responses.

	Home Delivery
	Stuart–Maxwell
	133.00 (2)
	<0.001
	Very strong increase in availability of home delivery services, reflecting better logistics and market integration.

	Post Office
	Stuart–Maxwell
	82.97 (4)
	<0.001
	Significant improvement in postal services, strengthening communication infrastructure.

	Private Courier
	Stuart–Maxwell
	120.09 (4)
	<0.001
	Access to private courier services improved substantially, enhancing connectivity with markets.

	Tourist Visit
	McNemar
	55.02 (1)
	<0.001
	Significant increase in tourist visits, showing the highway boosted regional accessibility.

	Public Transport
	Stuart–Maxwell
	138.68 (3)
	<0.001
	Strong improvement in availability of public transport services after highway construction.

	Method of Public Transport
	Stuart–Maxwell
	5.00 (3)
	0.172
	No significant change in transport methods, suggesting expansion of existing services rather than new ones.

	Cost of Public Transportation
	–
	–
	–
	No test result reported, indicating no significant change.

	Export of Goods
	McNemar
	131.01 (1)
	<0.001
	Export of local goods increased significantly, reflecting stronger market access.

	Access to Information
	Stuart–Maxwell
	130.96 (2)
	<0.001
	Marked improvement in access to information, likely due to better internet and communication penetration.

	Access to Extension Services
	Stuart–Maxwell
	116.08 (3)
	<0.001
	Significant increase in access to agricultural and developmental extension services.

	Access to Education Institutions
	Stuart–Maxwell
	103.45 (2)
	<0.001
	Improved accessibility of schools and colleges, enabling better education opportunities.

	Health Facility
	Stuart–Maxwell
	63.47 (2)
	<0.001
	Access to healthcare facilities improved significantly after the highway.

	Internet Connectivity
	Stuart–Maxwell
	136.14 (3)
	<0.001
	One of the most significant improvements, showing rapid digital integration of villages.

	Rent Facility
	Stuart–Maxwell
	42.00 (2)
	<0.001
	Significant increase in rental facilities, reflecting higher demand for housing and business premises.

	Rent Amount
	Stuart–Maxwell
	62.00 (2)
	<0.001
	Rent amounts changed significantly, suggesting rising property demand and economic activity.


Table 1 presents the changes in essential utilities after the construction of highway in villages near to the highway i,e., 0-5km distance from the highway. It can be observed that though there is no significant improvement in the supply of electricity, the frequency of power cuts reduced considerably (Stuart–Maxwell χ²(2) = 40.00, p < 0.001), suggesting improved reliability of the existing electricity network. While access to clean water and public transportation cost did not show any measurable changes. The most remarkable improvements were found in service availability and connectivity. Home delivery services increased strongly (χ²(2) = 133.00, p < 0.001), alongside significant expansions in both postal (χ²(4) = 82.97, p < 0.001) and private courier services (χ²(4) = 120.09, p < 0.001) reflecting better communication and logistic infrastructure due to better access. Public transport availability improved drastically (χ²(3) = 138.68, p < 0.001), although the types of transport modes used did not change significantly (χ²(3) = 5.00, p = 0.172) suggesting that even though delivery services improved they were delivered through the existing mode of transportation. Most importantly, tourist visits increased significantly (McNemar χ²(1) = 55.02, p < 0.001),  export of goods rose sharply (McNemar χ²(1) = 131.01, p < 0.001), rent facilities (χ²(2) = 42.00, p < 0.001) and rent amounts (χ²(2) = 62.00, p < 0.001) showed significant changes. All this point to the regional attraction, integration of local producers to larger markets, and increasing demand for housing. Further, access to information (χ²(2) = 130.96, p < 0.001), internet connectivity (χ²(3) = 136.14, p < 0.001), access to extension services (χ²(3) = 116.08, p < 0.001), educational institutions (χ²(2) = 103.45, p < 0.001), and health facilities (χ²(2) = 63.47, p < 0.001) all improved significantly, pointing to digital integration and broader welfare benefits.

Table 2 Development of essential utilities and services in the villages 5-10 km away from the highway corridor                                                                                     (N=110)
	Utilities and services
	Test
	χ² statistic (df)
	p-value
	Interpretation

	Electricity
	–
	–
	n.s.
	No significant change in electricity supply was recorded before and after the highway. This indicates that electrification status in the study villages was not directly influenced by the highway, but rather depends on state-level power infrastructure.

	Frequency of Power Off
	Stuart–Maxwell
	47.00 (3)
	<0.001
	Significant reduction in frequency of power cuts, suggesting better reliability of electricity supply after highway development.

	Access to Clean Water
	Stuart–Maxwell
	24.00 (2)
	<0.001
	Access to clean water improved significantly, likely due to enhanced service delivery and resource transport facilitated by road connectivity.

	Home Delivery
	McNemar
	52.02 (1)
	<0.001
	Availability of home delivery services increased markedly, reflecting stronger integration with urban markets and service networks.

	Post Office
	Stuart–Maxwell
	74.09 (4)
	<0.001
	Postal service availability and accessibility expanded significantly, strengthening communication channels.

	Private Courier
	Stuart–Maxwell
	77.02 (4)
	<0.001
	Private courier services became more accessible, highlighting improved logistics and connectivity.

	Tourist Visit
	McNemar
	37.03 (1)
	<0.001
	Significant increase in tourist visits, demonstrating that the new highway improved accessibility and promoted local tourism.

	Public Transport
	Stuart–Maxwell
	60.00 (4)
	<0.001
	Availability of public transport improved substantially, enhancing mobility for residents.

	Method of Public Transport
	Stuart–Maxwell
	42.20 (5)
	<0.001
	Greater diversity in transport methods was observed, indicating improved travel options.

	Cost of Public Transportation
	Stuart–Maxwell
	24.44 (3)
	<0.001
	Transport cost patterns shifted significantly, reflecting changing demand–supply dynamics after improved road access.

	Export of Goods
	Stuart–Maxwell
	60.00 (2)
	<0.001
	Export of local goods increased significantly, showing strengthened market linkages and economic opportunities.

	Access to Information
	Stuart–Maxwell
	88.20 (2)
	<0.001
	One of the strongest effects: information access expanded greatly, linked to improved internet and communication services.

	Access to Extension Services
	Stuart–Maxwell
	76.38 (3)
	<0.001
	Access to agricultural and development extension services improved, supporting livelihoods.

	Access to Education Institutions
	Stuart–Maxwell
	68.13 (3)
	<0.001
	Significant increase in accessibility of schools and colleges, enabling better educational opportunities.

	Health Facility
	Stuart–Maxwell
	81.93 (4)
	<0.001
	Strong improvement in health facility access, reflecting enhanced reach of healthcare services.

	Internet Connectivity
	Stuart–Maxwell
	90.60 (4)
	<0.001
	The most significant shift: internet access improved drastically, integrating communities into the digital economy.

	Rent Facility
	Stuart–Maxwell
	60.92 (3)
	<0.001
	Rental facilities became more available, reflecting greater demand for housing and business premises.

	Rent Amount
	Stuart–Maxwell
	39.00 (2)
	<0.001
	Rent amounts changed significantly, suggesting rising economic activity and property value due to better connectivity.



Table 2 gives the changes in essential utilities after the construction of highway in intermediate regions for villages which are located between 5-10 km from the NH. It can be observed that in all the categories there is significant improvement (p < 0.001) after the construction of highway except for electricity supply. The changes includes improved access to clean water, healthcare, education, public transportation, courier and postal services, internet connectivity, extension services, improved tourist visits, exports of goods, rental facilities, internet connectivity, access to information, and health facilities. 

Table 3 Development of essential utilities and services in the villages >10 km away from the highway corridor                                                                                          
	Utilities and services
	Test
	χ² statistic (df)
	p-value
	Interpretation

	Electricity
	McNemar
	9.09 (1)
	0.0026
	Significant improvement in electricity availability

	Frequency_Power_Off
	Stuart-Maxwell
	68.32 (2)
	<0.001
	Significant reduction in power outages

	Access_Clean_Water
	Stuart-Maxwell
	12.29 (2)
	0.0022
	Significant improvement in access to clean water

	Home_Delivery
	McNemar
	117.01 (1)
	<0.001
	Major improvement in availability of home delivery services

	Post_Office
	Stuart-Maxwell
	160.75 (3)
	<0.001
	Significant improvement in postal services

	Private_Courier
	Stuart-Maxwell
	157.22 (4)
	<0.001
	Significant expansion of private courier services

	Tourist_Visit
	McNemar
	21.04 (1)
	<0.001
	Significant increase in tourist visits

	Public_transport
	Stuart-Maxwell
	119.00 (3)
	<0.001
	Major improvement in availability of public transport

	Method_public_transport
	Stuart-Maxwell
	–
	–
	No significant change in modes of public transport

	Cost_public_Transportation
	Stuart-Maxwell
	41.51 (4)
	<0.001
	Significant rise in transportation costs

	Export_goods
	McNemar
	130.01 (1)
	<0.001
	Significant improvement in export of goods

	Access_Information
	Stuart-Maxwell
	204.05 (3)
	<0.001
	Strong improvement in access to information

	Access_extension
	Stuart-Maxwell
	179.02 (2)
	<0.001
	Significant increase in access to extension services

	Access_Education_Inst
	Stuart-Maxwell
	177.53 (2)
	<0.001
	Significant improvement in access to education institutions

	Health_Facility
	Stuart-Maxwell
	184.33 (3)
	<0.001
	Significant improvement in health facilities

	Internet_connectivity
	Stuart-Maxwell
	197.01 (3)
	<0.001
	Significant improvement in internet connectivity

	Rent_facility
	Stuart-Maxwell
	85.95 (2)
	<0.001
	Significant change in rental facilities availability

	Rent_Amount
	McNemar
	56.02 (1)
	<0.001
	Significant increase in rent amounts



Table 3 represents the improvement in the essential utilities after the construction of NH in remote villages situated beyond 10 km from the NH. In contrast to the 0-10 km distance villages, here electricity availability improved significantly (McNemar χ²(1) = 9.09, p = 0.00257) along with reduction in the frequency of power cuts (Stuart–Maxwell χ²(2) = 68.32, p < 0.001). Similarly, access to clean water also improved significantly (Stuart–Maxwell χ²(2) = 12.29, p = 0.00215). The most notable changes were observed in service delivery and connectivity. Other changes were observed in public transport services, cost of public transportation, exports of goods, tourist visits, access to information, internet connectivity, health care, education, extension services, rental facilities and rent amounts.

Table 4 Development of essential utilities and services in the villages around the highway corridor                                                                                                   
	Variable
	Test
	Statistic (df)
	p-value
	Interpretation

	Electricity
	McNemar
	9.09 (1)
	0.00257
	Significant improvement in electricity availability

	Frequency_Power_Off
	Stuart-Maxwell
	155.14 (3)
	<0.001
	Major reduction in power outages

	Access_Clean_Water
	Stuart-Maxwell
	–
	–
	No significant change in clean water access

	Home_Delivery
	Stuart-Maxwell
	306.00 (2)
	<0.001
	Major improvement in home delivery services

	Post_Office
	Stuart-Maxwell
	302.91 (4)
	<0.001
	Significant improvement in postal services

	Private_Courier
	Stuart-Maxwell
	344.93 (4)
	<0.001
	Significant expansion of private courier services

	Tourist_Visit
	McNemar
	117.01 (1)
	<0.001
	Significant increase in tourist visits

	Public_transport
	Stuart-Maxwell
	310.28 (4)
	<0.001
	Major improvement in public transport availability

	Method_public_transport
	Stuart-Maxwell
	109.90 (7)
	<0.001
	Significant change in modes of public transport

	Cost_public_Transportation
	Stuart-Maxwell
	65.40 (4)
	<0.001
	Significant rise in transportation costs

	Export_goods
	Stuart-Maxwell
	325.00 (2)
	<0.001
	Significant improvement in export of goods

	Access_Information
	Stuart-Maxwell
	419.19 (3)
	<0.001
	Strongest improvement in access to information

	Access_extension
	Stuart-Maxwell
	367.69 (3)
	<0.001
	Significant improvement in extension services

	Access_Education_Inst
	Stuart-Maxwell
	343.27 (3)
	<0.001
	Significant improvement in access to education

	Health_Facility
	Stuart-Maxwell
	318.74 (4)
	<0.001
	Significant improvement in health facilities

	Internet_connectivity
	Stuart-Maxwell
	408.84 (4)
	<0.001
	Strong improvement in internet connectivity

	Rent_facility
	Stuart-Maxwell
	129.46 (3)
	<0.001
	Significant change in rental facility availability

	Rent_Amount
	Stuart-Maxwell
	159.00 (2)
	<0.001
	Significant increase in rent amounts



Table 4 shows the overall changes in essential utilities after the construction of highway. Overall, there was significant improvement in availability of electricity (McNemar χ²(1) = 9.09, p = 0.00257), home delivery (χ²(2) = 306.00, p < 0.001), postal services (χ²(4) = 302.91, p < 0.001), and private courier services (χ²(4) = 344.93, p < 0.001), tourist visits (McNemar χ²(1) = 117.01, p < 0.001), public transport (χ²(4) = 310.28, p < 0.001), mode of transportation (χ²(7) = 109.90, p < 0.001) accompanied by increase in transportation costs (χ²(4) = 65.40, p < 0.001). Other improvement includes export of goods (χ²(2) = 325.00, p < 0.001), rental facilities (χ²(3) = 129.46, p < 0.001), rent amounts (χ²(2) = 159.00, p < 0.001), access to information (χ²(3) = 419.19, p < 0.001), internet connectivity (χ²(4) = 408.84, p < 0.001), extension services (χ²(3) = 367.69, p < 0.001), education institutions (χ²(3) = 343.27, p < 0.001), and health facilities (χ²(4) = 318.74, p < 0.001)

3.2 Discussion
Highway construction has brought many benefits for the rural farmers. For villages located within 0–5 km of the new national highway, the development has had a transformative impact across almost all essential utilities and services. Improvements were especially evident in connectivity (courier, postal, public transport, tourism), economic opportunities (exports, rental markets), and social infrastructure (education, health, extension, and digital services). Similar evidence from India has shown that connectivity through rural roads improves service delivery and market linkages, especially in underserved regions (Bell, 2012). In the intermediate regions i,e., for villages located between 5-10 km distance from the highway significant improvement was observed in all the categories of essential utilities except for supply of electricity. In the findings from the remote villages (>10km from NH) suggested that remote villages benefited more than the villages in the proximity areas. This reflects the role of infrastructure development in improving the integration of essential utilities such as electricity, delivery options, connectivity, transportation, market integration, healthcare and education. Studies on the Pradhan Mantri Gram Sadak Yojana (PMGSY) program highlight that rural connectivity enabled higher agricultural incomes, diversification of livelihoods, and improved access to market opportunities (Chakrabarti, 2025; Parashar & Singh, 2023). Overall, there was improvement in the basic essential utilities. A significant improvement in electricity reliability and reduction in power outages following highway development was observed. This finding is consistent with evidence that rural road infrastructure enhances access to essential inputs and services by reducing transport costs and facilitating better access to markets and extension systems (Chakrabarti, 2025). Improved transportation highlights the dual nature of improved access and rising demand-driven expenses and better market integration. The findings also showed significant improvement in tourist visits highlighting increased regional attractiveness These were in line with research from rural West Bengal, where improved road infrastructure contributed to the growth of tourism and related service economies (Ray et al., 2012). The demand for housing and commercial spaces also increased drastically along with digital integration. All this helped in strengthening the welfare base of the communities in the hilly areas. The combined results clearly showed that the new national highway acted as a major driver of rural development, enhancing both core utilities (electricity, power reliability) and service-based facilities (logistics, transport, exports, digital access, education, and health). Past research has shown that road infrastructure generates social spillovers by improving access to schools and health facilities (Bell, 2012). Furthermore, recent evidence highlights that rural road connectivity, combined with expanding digital infrastructure, has accelerated the diffusion of internet services and access to information in rural India (Sindakis & Showkat, 2024). Overall, the findings confirmed that the highway corridor catalysed broad socio-economic transformation, with villages across all distances benefiting, though in different ways.

4. Conclusion

This study demonstrates that highway construction in Nagaland has substantially improved the quality of life of rural people through the improvement observed in the essential utilities. It can be concluded that after the construction of highway basic needs of the people such as electricity, transportation, connectivity, digital integration, health and education improved drastically. Taken together, the results suggest that highway development has catalysed the development of essential utilities and services. Villages along the highway irrespective of the proximity to the highway corridor experienced: Improved infrastructure reliability (e.g., electricity, water, transport), expanded economic opportunities (e.g., goods export, courier and delivery services, rentals), strengthened social infrastructure (e.g., health, education, extension services) and enhanced digital inclusion (internet connectivity and information access). These findings corroborate earlier studies that position rural road infrastructure as a foundation for inclusive growth in developing countries. However, challenges such as increased transportation costs and limited improvements in water access suggest that infrastructure development must be complemented with targeted policy interventions.
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