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Abstract 
 

Smartness is a concept that frames a great variety of 
initiatives, particularly in the urban context. Smart 
cities are expected to be more resilient, more 
sustainable, and have highly engaged citizens, among 
many other expected outcomes. Given the focus on 
urban settings, many examples of smartness take for 
granted that the physical and technological 
infrastructures exist and are available to the majority 
of residents. For instance, Internet access, a reliable 
transportation system, or electrical power are rarely 
questioned or considered as a problem to be solved 
before becoming smart. In addition, formal education 
and technical skills are also expected as part of the 
social infrastructure of a city. However, when 
smartness goes beyond the urban settings, the 
availability and combination of these different 
infrastructures also differ. Based on a study of a rural 
community in the US, this paper begins to fill a gap in 
what is known about smartness in rural communities 
by analyzing how the physical, technology and social 
infrastructures in rural areas are different from urban 
settings, but still generate unique opportunities for 
building smart communities. Our results indicate that 
the unique conditions of rural communities create 
atypical strengths for becoming smarter. 
 
 
1. Introduction 
 

The concept of smartness has been recognized as a 
key component of urban strategies addressing local 
challenges related to land use regulation, urban 
maintenance, production, and management of services, 
among other [34, 39, 40]. Smart city initiatives, in 
particular, are undertaken to help communities become 
more efficient, sustainable, and transparent, and, 
ultimately, to improve the quality of life of residents 

[5, 8, 9]. In these strategies and initiatives, technology 
and technological innovation play a pivotal roles as do 
social aspects and the natural and built environment [9, 
12]. In this paper we adopt an infrastructure lens that 
includes social, technical and physical infrastructure, to 
try to build new understanding of how the interactions 
among various types of infrastructure contribute to 
smart communities. Much work has been done in the 
context of urban areas, exploring how these 
infrastructures work and relate to each other. However, 
existing studies have not clearly addressed the social, 
technology and physical infrastructures and how they 
work together in rural communities to create value for 
residents. More research on smartness in rural areas is 
needed [35]. 

Along with the progress of urbanization and 
technical development, the gap, in general, between 
urban and rural areas is widening in a number of key 
areas including the economy, education, and health 
care, and as a consequence affecting the stability and 
well-being of the society as a whole [1]. There is also 
increasing awareness in the importance of rural regions 
in that “the economy as a whole can reach its total 
output frontier by developing places of different sizes 
and densities, because it is the performance of the 
urban and regional system as a whole which is critical, 
rather than just the cities at the top of the urban 
hierarchy” [24]. The importance of rural areas and 
other communities that lay outside cities and mega-
cities has been acknowledged, particularly because of 
the contribution they make for a region as a whole. For 
instance, the French government proposed ‘reciprocity 
contracts between cities and their surrounding 
countryside’ [25], and Germany is developing their 
smart rural territory through collaboration between 
municipalities to deliver smart services across various 
fields, like a digital communication platform [26]. 

In addition, the emerging concept of smart 
communities is beginning to acknowledge that cities or 
mega-cities are not the only ones using new 
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technologies and innovations to improve services and 
the life of residents [3, 23, 26, 35]. For example, recent 
research shows that rural areas are gaining some 
recognition through the concept of smart villages, 
applied in Europe in 2017 under the European Union 
(EU) action for Smart Villages documented and 
launched by the European Parliament [2, 3].  

The purpose of this paper is to build new 
understanding about how rural communities become 
smart through an exploration of the social, technology 
and physical infrastructures of urban and rural 
communities. Our research question is: How do 
physical, technical, and social infrastructures interact 
in rural communities to help them become smart? This 
question is considered in the context of information 
sharing for emergency preparedness and response from 
the case of a small town in upstate New York. 

This paper is organized in six sections, including 
the foregoing introduction. Section two reviews 
smartness from the perspective of the three 
infrastructures of interest: social, technology, and 
physical. It draws on current literature regarding how 
rural communities appear to be at a disadvantage when 
enabling or even enhancing these infrastructures in 
efforts to achieve ‘smartness’. Section three describes 
the research design and methods being used in an 
ongoing study focused on a specific rural community 
in the Northeastern U.S. The research is based on focus 
groups with residents from the rural community. 
Section four provides new insights for understanding 
the development of smart communities in rural areas. 
Section five presents the main findings and reviews 
some theoretical and practical implications. Finally, 
section six provides concluding remarks and suggests 
areas for future research on this topic. 
 
2. Smart Cities, Infrastructure and Rural 
Communities 
 

This section presents the results of a review of 
current literature related to the importance of different 
infrastructures to smart cities and smart communities. 
It includes an explanation of the socio-technical nature 
of smartness, particularly in urban settings. It also 
highlights some of the differences that characterize the 
much less studied rural context. 

 
2.1. Smartness and the importance of technical, 
physical, and social infrastructures 

 
Often smart city and community conceptualizations 

emphasize the use of Information and Communication 
Technologies (ICT) as these technologies tend to play 
a significant role in enabling smart city initiatives [4]. 

However, the idea of smartness goes beyond ICT’s.  
This paper takes a more comprehensive view of 
smartness and looks at it as a socio-technical 
phenomenon, in which components of human capital, 
creativity and other social dimensions are just as 
important [9]. Therefore this section discusses various 
components that contribute to community smartness, 
including technology infrastructure, but also the 
physical and social dimensions of infrastructure. 

 
2.1.1. Technology infrastructure. One of the most 

major components that enables smart cities is the 
technology infrastructure that enables connectivity and 
the utilization of broadband and cellular networks. 
Technology infrastructure can be understood as the 
structures and facilities that are needed for operations 
beyond the networks themselves.  These can include 
fixed and mobile assets, and virtual structures [5]. This 
type of infrastructure can also involve a network of 
sensors and actuators embedded in the terrain, 
interacting with wireless mobile devices [6]. 

Smart cities include the use of tools and 
technologies for city-wide, geo-data collection and 
management, public participation, and domain-specific 
applications [7, 8]. 

 
2.1.2. Physical infrastructure. Physical 

infrastructure includes the natural and built 
environment of a community including the buildings, 
roads, bridges, tunnels, pipelines, and electrical and 
communication networks [9, 10]. Physical 
infrastructure also includes high-tech fiber 
technologies on which telecommunication depends 
[11].  For instance, in terms of a utility, the 
infrastructure contains the underground and 
aboveground cables and pipes networks supported by 
related assets [12]. 

The natural environment and ecological 
sustainability are at the core of the physical 
environment in the context of creating a smart city [9]. 
A recent trend developing around the physical 
infrastructure of smart cities and smart communities is 
combining environmental sustainability where it 
concentrates on the interconnection and the 
synchronization of the individual technologies with 
products and services that already exist in a smart city. 
With the advance of urbanization, cities have become 
more crowded both in terms of people and built 
infrastructure and as a consequence energy demands 
have increased. This has created a new smart city trend 
for going green and creating eco-cities where 
information and technology is capitalized for smart 
sustainable development [1, 13]. Examples of this 
includes sensors that can be used on bridges, buildings, 
lamp posts and other physical infrastructure to detect 
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air pollution, water pollution, traffic congestion, 
structural health of bridges and roads [9, 10]. 

 
2.1.3. Social infrastructure. Despite the relatively 

new urbanization movement since 1960, the UN 
reports that about 55% of the population of the world 
lives in urban areas as of 2018 [14]. The large 
accumulated population in urban areas is recognized as 
cultivating a dynamic environment that enables an 
organic mix of creative ideas and cultural exchange. 
The corollary to this is an innovative and diverse 
aesthetic that is an essential element to attract smarter 
people to a city and to further create a better city [9].  
This movement and increase in populations in urban 
areas, in particular, has helped shape the definition of a 
smart city to one that is humane, where creativity, the 
knowledge economy, collaboration between 
government and residents, and education are key 
drivers [9]. The social infrastructure highlights the 
importance of human capital and co-production 
contributions made by people and supported by 
institutions such as education systems and the 
knowledge economy [9]. 

Education, learning and knowledge are at the core 
of the social infrastructure component of smart cities 
because these areas tend to be a “magnet for education 
and training, culture and arts, and creative economy 
and industry [9]. A large portion of young populations 
are, and have been, migrating to cities due to access to 
higher education, and the existence of the knowledge 
workforce that supports sustainability within a city. At 
the same time, smart cities are growing partially 
because migrants often stay in these cities after they’ve 
completed their education, becoming an essential 
factor in sustainable growth [15, 16].  Areas that enable 
social infrastructure, like higher education institutions 
and the knowledge workforce, are key elements for 
smarter cities because they create creative and diverse 
cultures [9]. 

Many cities that are deemed ‘smart’ offer spaces 
for higher education, using digital tools for educating 
and creating scientific workforces.  As mentioned in 
this section, these areas also create new job positions 
for university graduate students and provide 
competition in the workforce. The collaboration within 
the city across universities, technology centers, 
industry and government further increase the 
development of science technology and innovation that 
can be used not only in that city, but in other, often 
urban, areas [17]. 

An empirical study on the migration among young 
skilled and creative people in Romania showed that 
two of the most important factors influencing 
movement among young people are regional identity 
and education and investment in lifelong learning. 

Moreover, since big cities generally offer better job 
opportunities and financial stability, after graduation, a 
great number of young well-educated members of the 
workforce choose to stay in the city. 

 
2.2. Rural Communities, Smartness, and the 
Role of Infrastructures 

 
If enhancing ‘smartness’ is important for urban 

environments, it is arguably even more necessary in the 
case of more sparsely populated areas, such as those 
found in rural communities. In 2017, European 
Cohesion Policy on smart villages mentioned the 
concept of ‘smart specialization strategies’ which 
emphasize the usage of the region’s most promising 
areas in addressing the rural area economic challenges. 
Like urban areas, each rural community is unique, and 
smart development in rural areas has to be carried out 
within the unique context of each community. As 
illustrated by Zavratnik, the growth of infrastructure is 
hardly strictly divided into urban and rural areas due to 
their mutual interconnections when significant changes 
in one will cause changes in the other [3]. To 
understand the importance of smart transformation in 
rural areas, this section will review the challenges rural 
areas often face in the development of technical, 
physical and social infrastructures, particularly when 
those approaches derive from smart city concepts. 

 
2.2.1. Technology infrastructure. In contrast to urban 
areas, rural areas have, in generally lagged behind in 
the development of technical infrastructure due to a 
number of factors including a geographically dispersed 
user base, resistance to adopting new technologies, and 
affordability [18]. These factors result in a lack of 
technology infrastructure investment and can create 
economic and social disparities in remote areas. The 
challenge this poses for rural areas is significant, 
because the use of ICTs are often major pillars within 
smart cities designed to support smart initiatives. The 
failure to utilize information technology for rural 
development can also occur because the lack of a 
strategy, unfocused planning, and inefficient execution 
of activities [19]. 

Technology infrastructure, in the form of 
communications networks, also play a crucial role in 
disseminating information and knowledge. 
Unfortunately, telecommunications companies are less 
likely to provide such communities with needed 
infrastructure due to the low population densities and 
low investment return often found in rural 
communities. Sandberg and Wahlberg [20] discuss 
how this lack of investment and planning can impact 
small businesses in rural areas. They assert that in an 
information economy, ICTs are a driver of economic 
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growth and therefore “rural businesses are caught in a 
vicious cycle –– lack of communications infrastructure 
reduces the demand for communications services, 
which further constrains future investment in that 
infrastructure [20]. 

In this digital age, rural areas are simply not as well 
connected by technology infrastructure as their urban 
counterparts. Much focus, as noted above, relates to 
broadband and digital connectivity and much of what 
many government officials are looking to address with 
ICTs are related to urban problems [29]. For example, 
ICTs in smart cities are often designed to address 
issues of population density, pollution, traffic 
congestion and managing large resources that provide 
services. Such issues are not experienced in rural areas, 
at all, or at best, in the same way and although rural 
and urban areas, do have some common issues such as 
pollution, addressing such problems requires 
approaches that incorporate the physical and social 
contexts of rural areas. 

There are attempts to address challenges brought 
about by the lack of available technology infrastructure 
in rural areas. Researchers, practitioners and businesses 
alike have tried to increase the connectivity and instant 
accessibility to information networks in the lives of 
rural residents.  Broadband initiatives across the U.S., 
such as federal funding for rural utilities services, are 
still focused on closing the availability gaps. However, 
much of that funding, around 58%, focuses on distance 
learning and telemedicine grants, whereas 1% focuses 
on telecommunications infrastructure [30]. Take for 
example the Community Connect and Broadband 
Access programs provided by the U.S. Department of 
Agriculture. These programs have made an effort to 
improve rural broadband access by providing both 
wireless and wireline technologies, however, rural 
areas still lag behind urban areas partly due to the 
continued practice among providers of focusing 
investments in urban areas where there are higher 
income consumers and higher density residential 
communities [42]. 

Some efforts are related to connectivity while 
others attempt to provide useful information to 
residents. For instance, Corsar and colleagues [21] 
built a Real-time Passenger Information System 
(RTPI) which is called the GetThereBus app to enable 
rural bus passengers to share real-time public transport 
data and access information. Corsar and colleagues 
admit the difficulties of recruiting and motiving 
enough users to provide data needed to expand the area 
of coverage, however, it offers valuable insights in 
showing the design and development of data-driven 
systems in a rural area. 

 

2.2.2. Physical infrastructure. Physical infrastructure, 
as mentioned in one of the previous sections, is all 
about the natural and built environment. The 
geographic location determines the terrain and 
challenges associated with it. Unlike in urban areas, 
typically rural areas include vast terrain, whether it is 
densely forested areas, open farmlands or plains.  
These types of natural environments can have an 
impact on the built environment in rural areas. For 
example, hilly and densely forested areas may have 
more fading and signal power loss than other flat 
regions. Moreover, location determines the cost of the 
infrastructure development and transportation of 
telecommunication equipment and maintenance of the 
network [41]. The differences in terrain directly 
impacts the way in which the built environment is 
organized and developed. 

Beyond the natural landscape, the built 
environment within rural areas differs greatly from that 
of urban areas and as a consequence physical structures 
in a rural area can be widely dispersed. While both 
urban and rural areas have similar infrastructure 
components that deliver services such as sewer, water 
and electric, as well as transportation infrastructure 
(roads, bridges, airports, etc.), the level at which those 
infrastructures are funded, maintained and organized 
differ. While built infrastructure across the nation is in 
general deteriorating, this is especially true for rural 
areas. Issues of water quality, degrading bridges and 
roads are prevalent and changing weather patterns are 
impacting both urban and remote areas but the ability 
for rural communities to address emergencies around 
destroyed infrastructure (e.g. floods washing away 
roads, and power outages in mountainous areas) are 
more complex. Unlike urban areas, funding and other 
resources for addressing physical infrastructure needs 
is not as accessible, particularly when there is a lack of 
investment from private companies and local 
governments are strapped for financial resources [31]. 

Initiatives geared towards rural areas to improve 
physical infrastructure have occurred across the globe.  
Take for example the case of the IEEE smart village 
initiative. Since 2010, IEEE smart villages have co-
operated with local entrepreneurs and 
nongovernmental organizations to empower off-grid 
villages, based on the success of the first Himalayan 
project, IEEE smart villages scale its operation in all 
off-grid mountainous communities which face energy-
access problems all over the world [22]. Due to the 
reliance on electricity, the use of micro-grid solar-
power plants, especially when the plants are under poor 
weather conditions from cold or rain, or overload 
conditions from growth in power consumption. 
However, they also face a financial burden where the 
replacement usage of the generator is costly. To solve 
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this challenge, smart villages collaborated to create an 
affordable backup generator by creatively uses 
automobile parts available in most villages. In this 
example, the new technology tools allow the 
interoperability and configuration between various 
solar home systems. The application of this innovation 
also increased technology adoption in the smart village 
network [22]. 

Grevelt and colleagues [23] suggest that in order to 
achieve initiatives like smart villages, which represent 
a portion of rural areas, there needs to be higher levels 
of collaboration among the government and private 
sectors as well as coordination across initiatives to 
create better synergy in achieving goals. This is true 
not only for rural spaces, like villages, but for all rural 
areas, especially when access to public and private 
sector resources are not as freely available and 
accessible like they are in urban spaces. 

 
2.2.3. Social infrastructure. The social infrastructure 
of a community can play a vital role to enabling 
‘smartness’.  This includes contributions from the 
public and private sectors and participation on the part 
of residents and the human capital they create [9]. In 
collaboration, government, the private sector and 
residents play a key role in producing, co-producing 
and enabling policies and programs to create a better 
community. 

A challenge in the rural context is that many rural 
communities don’t typically have easy access to 
universities and colleges, one resource that not only 
helps create the knowledge economy and develop 
human capital, but a resource that provides 
opportunities for exploring and engaging in policies or 
initiatives often associated with smart cities. In terms 
of workforce, rural areas face the challenge of having 
limited job opportunities which forces many rural 
residents to commute to neighboring cities. 

From the perspective of the workforce, chronically 
distressed areas across the country, like Appalachia, 
have high percentages of the population living in 
poverty as traditional economic sectors like mining and 
manufacturing are changing [32]. This has caused 
many rural areas to lose jobs, and of the jobs that do 
exist, many are transitioning from low-skill to 
specialized skill, creating a mismatch in employer’s 
needs and the skills of the existing rural workforce [32, 
33]. 
 
3. Research Design and Methods 
 

This section introduces the case of a town in 
upstate, New York, providing a brief description of the 
data collection and analysis approach. The study is 
based on focus groups conducted with residents of the 

Town of Thurman, which stems from an existing NSF 
funded project designed to build a novel framework to 
improve emergency preparedness and response (EPR) 
in rural contexts. 

 
3.1. Brief Description of the Case  

 
There are a great number of small and isolated rural 

communities in the United States. In fact, according to 
the Census Bureau, in the U.S., 97% of the territory is 
categorized as rural is home to 19.3% of the overall 
population. Of that 19%, about 30% still lack mobile 
broadband access.  With an average population density 
of 73 people per square mile, Warren County is a 
typical example of rural U.S. Several towns in the 
county, including Thurman, lack commercial mobile 
and broadband access. 

As of the census of 2010, there were 1,219 people, 
497 households, and 337 family households residing in 
Thurman. Thurman is therefore a typical example of a 
mountainous and remote town in rural US, for the town 
lies entirely inside the largest state-owned park in the 
U.S. 

In addition, given the physical characteristics of the 
area, natural disasters are not out of the ordinary, 
making emergency responders within the community a 
key resource not only for addressing emergencies, but 
for providing information on emergencies and 
preparedness needs In particular, the area in which 
Thurman NY is located has high risks of flooding. 
According to residents and first responders, 
connectivity in Thurman NY and the surrounding rural 
areas is still a challenge, yet access to government 
information, including emergency preparedness and 
response, frequently relies on continuous and high 
quality Internet access. 

To address the lack of commercial mobile and 
broadband access, Thurman recently secured a grant 
through the New York State (NYS) Broadband 
initiative which supported the deployment of a TV 
White Space (TVWS) wireless network. The network 
is town-owned and operated, and currently connects 
thirty households in Thurman. A hundred additional 
households fall in the current coverage area of the 
network. Beyond TVWS, satellite-based Internet could 
also be a good option, but in some rural areas the costs 
are high and it is not always reliable, particularly in 
mountainous regions and extreme weather. 

This case of a rural community talks about 
addressing smart city components outlined in the 
technical, physical and social infrastructure through the 
lens of emergency management and preparedness. The 
Warren County Office of Emergency Services is 
usually the organization in charge of coordinating 
response efforts. The Warren County Emergency 
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Medical Services, the Town of Thurman Fire 
Company, and the Warren County Sheriff also play 
important roles during such events. Other national 
organizations are present during these events, in 
particular, the American Red Cross, and FEMA. 
Effective and efficient response requires that all these 
organization exchange information and that they keep 
citizens informed of the situation and of what actions 
they should be taking. In addition to limited 
connectivity, some of these actors are geographically 
dispersed, making the required information sharing 
difficult. 

 
3.2. Data Collection and Analysis 

 
We selected a case study approach, which is 

particularly useful to respond to questions related to 
why or how [36]. In addition, case studies show how 
particular practices are developed in specific 
organizations and, therefore, help refine theory [37]. 
Qualitative case studies also allow us to study the 
research questions in depth while leaving room for 
unexpected, interesting findings that can form the basis 
for specific hypotheses to be tested in future research 
[36, 38] This is particularly useful when there is little 
existing research on a topic [36] as is the case here. 

To better understand the Town of Thurman’s 
physical, political, and demographic characteristics the 
research team collected and analyzed documents from 
local government websites. With a general 
understanding of the situation, we then contacted a few 
key actors of the Town of Thurman’s government. 
With their help, we started to recruit participants (first 
responders and residents). We then conducted two 
focus groups with first responders and two with 
residents. The first responder focus group included 
firefighters, emergency medical service, and the 
County Office of Emergency Management. All 
participants voluntarily joined the focus groups. The 
focus groups took between one and two hours and were 
conducted at the first responders’ premises and the 
town hall of Thurman. They were recorded and 
transcribed. 

The main themes covered in the focus groups 
included, but were not limited to, the use of 
information technology during emergency events, the 
sharing of information to prepare and respond to such 
events, as well as the information needs of both 
residents and other potential users. Participants talked 
about how they currently deal with the lack of reliable 
connectivity and the challenges they faced in terms of 
physical infrastructure in Thurman.  The focus groups 
helped the research team gain a deeper understanding 
of the perspectives of residents toward innovation and 
technology adoption. They also provided critical 

information about how the technology, physical, and 
social infrastructures in the town could foster or hinder 
information sharing about emergencies. 
 
4. Analysis and Results 
 

In this section, we discuss the case of the Town of 
Thurman in terms of the three types of infrastructure 
and how each infrastructure is interrelated in enabling 
‘smartness’.  Overall, it was apparent from the case of 
Thurman that the strength and cohesion of the existing 
social networks could potentially compensate for the 
lack or inadequacy of technological and physical 
infrastructures. 
 
4.1. Technology Infrastructure 
 

As noted above, Thurman lacks ubiquitous 
broadband connectivity. However, what was observed 
from the focus groups was that the lack of technology 
infrastructure is not always perceived as a negative.  
For instance, some participants described that they like 
being able to “escape” from being “constantly 
connected”.  As was expected, some participants do 
not work in the Town of Thurman, commuting to 
nearby cities for work. They saw their home in 
Thurman as an escape from being constantly 
connected, as they are when at work. Some participants 
saw the lack of technology infrastructure as a negative, 
particularly when it comes to having information on 
emergencies occurring in their community. 

With sparse connectivity, some participants felt 
they didn’t always know what was going on. Many 
participants expressed that even in cases where they do 
understand what is happening, such as flooding 
emergencies, they emphasized that their community 
includes visitor or tourist populations that often don’t 
have deep knowledge of the risks of such events in 
Thurman and lack adequate information. When tourists 
visit the area, they run into “dead zones” and as a 
consequence, are unable to get information about what 
is happening in the community. Because they are 
transient, often in Thurman for the first time, they have 
not established alternative strategies for getting 
information under such conditions, nor are they often 
even aware they need them. 

Beyond the lack of available broadband, the focus 
groups confirmed the research team’s understanding 
about the demographics of rural areas. Many of the 
focus group participants discussed that the population 
in Thurman is an aging population where much of the 
younger generation is either in school or has moved 
away to attend other colleges/universities, often with 
no plan to move back to the area.  In terms of mobile 
technology, we found a number of individuals who 
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actually use mobile applications, even when network 
connectivity is not always available.  Some participants 
noted that not everyone in the community owns a smart 
phone or knows how to use one to its full potential. 
Even if the available infrastructure for connecting 
technology was available, the focus groups revealed 
that digital literacy was lacking for many residents. 
 
 
4.2. Physical Infrastructure 
 

The geographic landscape of Thurman, located in 
mountainous terrain, presents various challenges that 
are not necessarily present in urban areas. Like many 
rural areas, Thurman is not densely populated, and 
therefore much of the built environment is dispersed 
across the natural landscape. Moving around in the 
town is challenging in that while there are paved streets 
and proximity to an interstate, many residents of 
Thurman are connected by dirt roads. Focus group 
participants discussed the various challenges with 
Thurman’s built environment, noting that much of the 
physical infrastructure is old and need repairs.  This 
infrastructure includes dams, bridges and roadways.  
Participants discussed the impact of the weather on the 
built environment. For instance, ice jams during the 
winter can occur across the many rivers and streams 
within the Town and neighboring Towns across 
Warren County. Ice jams can cause issues with 
bridges, causing bridges to be out of service and to be 
damaged. During the spring, ice melt from the 
mountains can create flooding of rivers and streams 
that can take out bridges, roads and houses. 

Experience has enabled year-round residents to deal 
with the challenges to the physical infrastructure.  
Residents in Thurman, for instance, have used their 
experience with flooding, power outages and wintery 
conditions to prepare. They know the landscape 
(various travel routes and road access), have backup 
generators and general knowledge of resources needed 
for different types of emergencies. For instance, one 
resident said “We all have wood because we heat with 
wood. We all have a generator, because we- who here 
doesn't have a generator, anybody? No, I have two 
generators so …we're pretty catered to already”. 

While many of the residents have experienced 
multiple flooding and ice jam emergencies, and 
typically know how to respond, weather has been 
changing rapidly over the past few years, creating 
greater amounts of rainfall and snowfall. These types 
of natural environment changes have made common 
emergencies more frequent, drastic and unpredictable. 
 
 
 

4.3. Social Infrastructure 
 

In Thurman, like many other rural areas, the 
average age of the population tends to be higher.  In 
Thurman, the median age is 46 years and 20% of the 
population is 62 years of age and older [27]. Although 
the population is not as diverse or as large as seen in 
many urban areas, the social networks created within 
the Town are robust and important for day-to-day life. 
Though the population is dispersed across a wide 
geographic area, many of the people who live in 
Thurman year round know one another and rely on 
those social networks to get information. Many people 
interact with 10 or more other residents on a regular 
basis as part of their work, social events (such as a 
town hall meetings), shopping at local stores or school 
events. 

While some residents in Thurman use social media 
as a means to get information, reliance on the social 
infrastructure among residents have proved important, 
particularly for emergency preparedness and response 
purposes. Focus group participants noted that they 
often rely on their neighbors and other locals they 
engage with on a regular basis to get updates on what 
is going on in the community, and to help in the event 
of an emergency. This is especially true when first 
responders are not always able to access residents due 
to unforeseen circumstances caused by natural 
disasters (e.g. destruction of roads or fallen trees) or, in 
the event of major disasters, first responder resources 
are spread thin and therefore, residents often provide 
aid to their neighbors. For instance, one first responder 
stated that “I will say that in this town we can take care 
of each other quite well, I think everybody checks on 
their neighbors. For the most part, we have a, I would 
say a pretty high elderly community. We do not have a 
lot of young people in this town and there runs a little 
problem too right? So maybe if you're elderly, you're 
not using social media...you are not connected.” 

Many participants described how they often 
commute within the Town and outside of it, socializing 
at local coffee spots, but also during Town Hall 
meetings and school events. These centers of social 
activities act as hubs of information where people who 
may live, often as much as a mile away from their 
neighbors, can get together with other residents or 
visitors to get information on what is happening in the 
community.  Through the focus groups, we found the 
existence of tight social networks and a feeling that 
everyone knows everyone.  Participants, for instance, 
described how many people play multiple roles in the 
community such as being a volunteer firefighter but 
also working for county agencies providing other types 
of services.  Many of the people who live in this 
community are able to interact with others on a regular 
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basis because of the jobs they have and the volunteer 
positions they take on, such as being on the town board 
or school committees. 
 
5. Discussion and Implications 
 

From the case of Thurman, it is clear that there are 
links among physical, social and technology 
infrastructures. However, what was also evident is that 
weaknesses in one type of infrastructure can be, at least 
partially, compensated by strengths in another. For 
example, Thurman’s strong social infrastructure 
appears to compensate for the lack of technology 
infrastructure and the challenges raised by physical 
infrastructure. 

In urban areas, physical and technology 
infrastructures tend to be more complex and resilient 
than in rural communities, particularly in urban areas 
that are actively working with a smart city agenda. 
However, often urban areas have highly dense 
residential spaces, which can degrade social ties and 
encourage social exclusion [28]. Alternatively, the 
social infrastructure in rural communities, as was 
found in Thurman, tends to be more cohesive [28]. 
Rural social networks tend to be dense and family 
focused, and because of the sparse and dispersed nature 
of the populations, social contact is considered 
desirable, creating better conditions for interpersonal 
information exchange [28]. For rural areas, this means 
that the strength of the interpersonal relationships 
created across the population provide a better avenue 
for using a network model that focuses on community 
connectivity and mobility. 

Rural communities, like Thurman, may have some 
limitations and face additional challenges when it 
comes to the physical and technology infrastructure 
when compared to urban areas.  However, what they 
lack in those infrastructures, they make up through 
their social infrastructure.  As was seen in Thurman, it 
appears to be the case that rural areas have advantages 
and strengths, like their resilient social network and 
local knowledge that can help foster new approaches to 
creating smartness. 

Using the social infrastructure strengths that exist 
within rural communities may be a key to adapting 
broadband, cellular networks and other technologies to 
enable a better exchange of information and improve 
the quality of life. Such an approach can leverage the 
unique context and strengths a community has to offer 
to address limitations in other areas, like Thurman. 
Given this, there could be many different combinations 
of capabilities that could lead to new kinds and levels 
of smartness in different types of communities. 
 
 

6. Conclusions 
 

When looking at approaches to creating smart 
communities, much of the focus remains on urban 
communities. Innovations in technology, physical and 
social infrastructures, as well as research studies 
themselves, are often focused on the needs and 
challenges faced by cities. However, rural areas 
represent an important part of the U.S. economic, 
political and social systems.  As was clear in the case 
of Thurman NY, even though the technical 
infrastructure is lacking, particularly around adequate 
internet access, rural communities and their social 
infrastructures could be useful to public managers and 
policy-makers dealing with smart community 
initiatives, particularly as they try to replicate them 
across communities for emergency preparedness. 

It is important for researchers to understand how 
social, technical and physical infrastructures are used 
to enable smartness within the rural context. Although 
the majority of the existing literature on smartness 
focuses on the limitations and challenges that rural 
communities face, the case of Thurman NY shows how 
some communities have the potential to overcome 
some of those challenges posed by technical 
infrastructures, using their unique resources and 
capabilities within the existing social infrastructures. 

In terms of future research in the area of emergency 
preparedness and response in rural communities, 
further case studies in rural areas focused on the 
physical, technology and social infrastructures that 
exist are needed.  It is also important to understand 
how these infrastructures could be affected by privacy 
and security concerns in rural communities, and how 
those concerns are similar or different from their urban 
counterparts. Like cities, no two rural areas are the 
same. In order to understand how rural communities 
can take advantage of new and emerging technologies 
to become smarter, it is necessary to have a fuller 
understanding of the different challenges rural areas 
face, ways those communities are addressing those 
challenges, and how the strengths of their social 
networks can contribute to identifying new approaches 
to instituting information technologies and enabling 
smarter and connected communities. 
 
7. Acknowledgements 
 

This study was partially supported by the National 
Science Foundation (NSF) under grant No. 1831547. 
The views and opinions express in this paper are those 
of the authors and do not necessarily reflect the views 
of NSF. 
 

Page 2340



 

 

8. References  
 
[1] J.H. Lee, M.G. Hancock, and M.C., Hu, “Towards an 
Effective Framework for Building Smart Cities: Lessons 
from Seoul and San Francisco”. Technological Forecasting 
and Social Change, 89, pp.80-99, 2014. 
 
[2] Eu Action for Smart Villages. Available Online: 
Https://Ec.Europa.Eu/Agriculture/Sites/Agriculture/Files/Rur
al-Development-2014-2020/Looking-Ahead/Rur-Dev-Small-
Villages_En.Pdf, 2018.  
 
[3] V.Zavratnik, A. Kos, And E.,Stojmenova Duh, “Smart 
Villages: Comprehensive Review Of Initiatives And 
Practices. Sustainability”, 10(7), pp.2559, 2018. 
 
[4] A.W. Hammad, A. Akbarnezhad, A. Haddad, and E.G. 
Vazquez, “Sustainable Zoning, Land-Use Allocation and 
Facility Location Optimisation in Smart 
Cities. Energies”, 12(7), pp.1318. 2019. 
 
[5] M. Gascó, “What Makes a City Smart? Lessons from 
Barcelona”. In 2016 49th Hawaii International Conference on 
System Sciences (Hicss), p. 2983-2989, IEEE, 2016, 
 
[6] C.G. Cassandras, “Smart Cities as Cyber-Physical Social 
Systems. Engineering”, pp.156-158, 2016. 
 
[7] R. G. Hollands, “Will The Real Smart City Please Stand 
Up?” City 12: 3, pp.303–320, 2008. 
 
[8] T. Nam, And T.A., Pardo, “Conceptualizing Smart City 
with Dimensions of Technology, People, and Institutions”. 
In Proceedings Of The 12th Annual International Digital 
Government Research Conference: Digital Government 
Innovation In Challenging Times, pp. 282-29, 2011.  
 
[9] J. R. Gil-Garcia, T. A. Pardo, & T.Nam, “What Makes A 
City Smart? Identifying Core Components and Proposing an 
Integrative and Comprehensive Conceptualization”. 
Information Polity, 20(1), pp.61-87, 2015. 
 
[10] Mohanty, S.P., Choppali, U. And Kougianos, E., 
“Everything You Wanted to Know About Smart Cities: The 
Internet Of Things Is The Backbone.” IEEE, Consumer 
Electronics Magazine, 5(3), pp.60-70. 2016. 
 
[11] A. Boulton, S.D. Brunn, and L. Devriendt, 18 
Cyberinfrastructures and ‘Smart’world Cities: Physical, 
Human and Soft Infrastructures. International Handbook of 
Globalization and World Cities, pp.198, 2011. 
 
[12] H. Chourabi, T. Nam, S. Walker, J.R. Gil-Garcia, S. 
Mellouli, K. Nahon, T.A. Pardo, And H.J. Scholl, 
“Understanding Smart Cities: An Integrative Framework”. 
In 45th Hawaii International Conference on System Sciences, 
pp. 2289-2297, IEEE. 2012. 
 

[13] M. Höjer, And J. Wangel, “Smart Sustainable Cities: 
Definition and Challenges”. In Ict Innovations for 
Sustainability, Springer, Cham, pp. 333-349, 2015. 
  
[14] “United Nation, 68% Of The World Population 
Projected To Live In Urban Areas By 2050, Says Un”. 
Https://Www.Un.Org/Development/Desa/En/News/Populatio
n/2018-Revision-Of-World-Urbanization-Prospects.Html 
 
[15] M. C. Suciu, & C. A. Florea “An Empirical Study on the 
Migration among Young Skilled and Creative 
People”. Amfiteatru Economic Journal, 19(46), pp. 727-741, 
2017. 
 
[16] J.V.Winters, “Why Are Smart Cities Growing? Who 
Moves and Who Stays”. Journal of Regional Science, 51(2), 
pp.253-270. 2011. 
 
[17] S. Wagdy, “The Rise of Smart Cities-Openings for 
Higher Education”, 2017, 
Https://Www.Universityworldnews.Com/Post.Php?Story=20
171114111819677 
 
[18] S. Thota, “Hybrid Access Networks and Cloud-Based 
Service Architectures for Smart Mobile Devices,” University 
Of California, Davis, 2014. 
 
[19] R. Shivpuje Prakash, P.V. Poul, and K. Deshmukh 
Nilesh, “Application of Geoinformatics for Smart Village 
Creation”. International Journal of Computational 
Intelligence Research, 13(5), pp.1073-1081, 2017. 
 
[20] K.W. Sandberg, and O. Wahlberg, “Towards a Model of 
the Acceptance of Information and Communication 
Technology in Rural Small Businesses”. Department of 
Information Technology and Media, Mid Sweden University, 
Se-851, 70, 2006. 
 
[21] D.Corsar, C.Cottrill, M. Beecroft, J. D. Nelson, 
K.Papangelis, P. Edwards, S. Sripada, “Build An App And 
They Will Come? Lessons Learnt from Trialing the 
Gettherebus App In Rural Communities”. Iet Intelligent 
Transport Systems, 12(3), pp.194–201, 2018. 
 
[22] A. Anderson, P. Loomba, I. Orajaka, J. Numfor, S. Saha, 
S. Janko , N. Johnson, R. Podmore, And R. Larsen, 
Empowering Smart Communities: Electrification, Education, 
And Sustainable Entrepreneurship In Ieee Smart Village 
Initiatives. IEEE, Electrification Magazine, 5(2), pp.6-16. 
2017. 
 
[23] T. Gevelt, C. C. Holzeis, S. Fennell, B. Heap, J. Holmes, 
, M. H. Depret, M. T. Safdar, “Achieving Universal Energy 
Access And Rural Development Through Smart Villages”. 
Energy for Sustainable Development, 43, pp.139–142. 
 
[24] F. Barca, P. Mccann, and A. Rodríguez‐Pose, “The Case 
for Regional Development Intervention: Place‐Based versus 
Place‐Neutral Approaches”. Journal of Regional Science, 
52(1), pp.134-152, 2012. 
 

Page 2341



 

 

[25] “Reciprocity Contracts France” 
Https://Enrd.Ec.Europa.Eu/Sites/Enrd/Files/Tg_Smart-
Villages_Case-Study_Fr.Pdf 
 
[26] “German Strategies for Digitising Rural Area”, 
Https://Enrd.Ec.Europa.Eu/Sites/Enrd/Files/Enrd_Publication
s/Digital-Strategies_Case-Study_De.Pdf 
 
[27] United States Census, 
Https://Factfinder.Census.Gov/Faces/Tableservices/Jsf/Pages
/Productview.Xhtml?Src=CF 
 
[28] F. Campos, “Social Networks and the Urban 
Environment.” Research in Philosophy and Technology, Vol. 
2, No. 1, 1996, 
Scholar.Lib.Vt.Edu/Ejournals/SPT/V2n1/Campo.Html.  
 
[29] Cowie, Paul. “Rural Areas Risk Missing out on the 
Fourth Industrial Revolution.” Resilient Rural Communities, 
Apolitical, 8 Nov. 2018, apolitical.co/solution_article/rural-
areas-risk-missing-out-on-the-fourth-industrial-revolution/. 
 
[30] “American Broadband Initiatives: A Work in Progress.” 
American Farm Bureau Federation - The Voice of 
Agriculture, American Farm Bureau Federation, 27 Feb. 
2019, www.fb.org/market-intel/american-broadband-
initiatives-a-work-in-progress. 
[31] LaMalfa, Doug. The Solution for Rural Infrastructure. 
The Hill, 17 May 2018, thehill.com/blogs/congress-
blog/politics/388148-the-solution-for-rural-infrastructure. 
 
[32] Duncan, Cynthia. “Community Development in Rural 
America: Collaborative, Regional and Comprehensive.” 
Essays on People, Place and Purpose, Investing in What 
Works for America's Communities, 2013, 
www.whatworksforamerica.org/ideas/community-
development-in-rural-america-collaborative-regional-and-
comprehensive/. 
 
[33] Drabenstott, Mark. “Beyond Agriculture: New Policies 
for Rural America - A Conference Summary.” 
www.kansascityfed.org/Publicat/beyond/RC00Summ.pdf. 

 
[34] Gascó-Hernandez, Mila. “Building a Smart City: 
Lessons from Barcelona.” Communications of the ACM, vol. 
61, no. 4, Apr. 2018, pp. 50–57. EBSCOhost, 
doi:10.1145/3117800. 
 
[35] Mersand, Shannon & Gascó, Mila & Gil-Garcia, J. 
Ramon & Burke, G & Figueroa, Miguel & Sutherland, 
Megan. (2018). The role of public libraries in smart, 
inclusive, and connected communities: current and best 
practices. 1-2. 10.1145/3209281.3209403. 
 
[36] Yin, Robert K. Case Study Research: Design and 
Methods. Sage Publications, 2009, p. xiv. 
 
[37] Scapens, Robert W. “Chapter 15 - Doing Case Study 
Research.” The Real Life Guide to Accounting Research, 
Jan. 2004, pp. 257–279. 
 
[38] Marshall, Catherine, and Gretchen B. Rossman. 
Designing Qualitative Research. 1995. 
 
[39] Albrechts, L. (2006). Shifts in strategic spatial planning? 
Some evidence from Europe and Australia. Environment and 
Planning A, 38(6), 1149–1170. 
 
[40] Naphade, M., Banavar, G., Harrison, C., Paraszczak, J., 
& Morris, R. (2011). Smarter cities and their innovation 
challenges. Computer, 44(6), 32–39. 
 
[41] S.Nandi, S. Thota , A. Nag, S. Divyasukhananda , P. 
Goswami , A. Aravindakshan , R. Rodriguez, and B. 
Mukherjee, “Computing for rural empowerment: enabled by 
last-mile telecommunications”. IEEE Communications 
Magazine, 54(6), pp.102-109. 2016. 
 
[42] LaRose, R., Gregg, J. L., Strover, S., Straubhaar, J., & 
Carpenter, S. (2007). Closing the rural broadband gap: 
Promoting adoption of the Internet in rural America. 
Telecommunications Policy, 31(6-7), 359-373. 
 
 

 

Page 2342


