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Abstract. Digital urbanism is described as an emergent understanding of city 

administration shaped by the influx and pervasiveness of information and com-

munication technologies. This description covers three aspects of Information 

and Communication Technology, Pervasive Computing and City Administration 

driven by social organs. This paper has observed the aggregate use of computing 

technologies linked to social organs of cities through a digital transformation. 

International cities, have benefitted from the use of such computing technologies 

in resolving social problems, understanding different models of its implementa-

tion. However, for Indian cities where social problems are aplenty, use of such 

technologies has its intuitive experiences. Further, while past literature on digi-

tally urbanized global cities relies primarily on technology dimensions of rad-

ministration, this is found wanting in Indian context. Our paper focuses on bring-

ing out pertinent aspects of computing technologies across India and international 

cities, observing how these technologies are linked to social organs of city ad-

ministration. 

Keywords: Digital Urbanism, Information Communication Technology (ICT), 

Pervasive Computing, Social organs, International cities, Dimensions 

1 Introduction 

An early literature on ““Digital Urbanism” has described the concept as “Influence of 

information and communication technology (ICT) and pervasive computing in City 

Administration” (Chatterji, 2017). Two themes, “ICT” and “Pervasive Computing” 

evolve from this precise description linking technologies to cities. To study them in 

detail, relevant literature in the last two decades were reviewed on these themes (from 

1999 - until recent). A large number of studies on “ICT” has revealed its significance 

in social transformation across international cities (Mazihnan, 1999; Hollands, 2008; 

Toppeta, 2010; Chourabi et al. 2012; Washburn et al. 2012). In India, the journey of 

using ICT began much later during the process of digitalizing city administration (Kha-

toun et al. 2017). Of all measures undertaken for using ICT in India, “E-Governance” 

was the first (Khatoun et al. 2017). The emergence of a more advanced computing 

technology in International cities through interconnected systems, allowed ubiquitous 
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networks to access data worldwide (Malhalle and Dhotre, 2020). For India, the appli-

cable use of technology in different forms to communicate between users like RFIDs, 

Smart phones, and Sensors had already ensured an active presence of such computing 

technologies in every organ of Indian city administration (Aggarwal and Mohanty, 

2015). However, social skeptics on technology placed their critiques in endorsing a 

planned approach in transforming city administration in India (Ayon Datta, 2018). As 

evidenced in research studies quoting International cities, the objective of digital ur-

banism in India too should focus more in approaches that eradicate social problems, 

improve efficiency, and optimize resources in administration absorbing technology 

(Kennedy et al. 2018).    

This paper is prepared with this context addressing the objective of bringing out lit-

erature on (a) aspects of using ICT in India, (b) the various computing technologies in 

practice at disposal for communication between devices and users, and (c) the social 

organs which has utilized this technology to make its effective contribution in society. 

2 Background 

Developing nations have benefitted from the use of ICT. The ICT has brought-in struc-

turing changes in society and economy for India (De and Bandyopadhyay, 2020). For 

India, the ICT began with “E-governance” as a model oriented towards automation in 

collection and accounting of any payments, registration and approval of housing plan 

documents (Ojo, 2014). The arguments placed to diffuse an ICT enabled service often 

required the adaptability of innovation in technology (Khanh, 2014). The different 

models of e-governance vis-à-vis “four” pillar and “six” stage models contemplated an 

enterprise transformation for departments, municipalities, and government agencies.  

The social focus of a governance system also encouraged Indian administration to move 

away from making a “participatory” role in processes (Vinoth Kumar, 2015). Further, 

these developing nations were ambitious to embrace a complete digitalization for en-

hancing quality of infrastructure, service delivery and citizens’ interface in cities (Aijaz 

and Hoelscher, 2015; Hatuka and Zur, 2020). During this same period, research organ-

isations like McKinsey identified challenges on availability of internet infrastructure, 

its cost of access and usage, awareness and literacy among public, and the narrow range 

of applications available (Vinoth Kumar, 2015). International literature on smart cities 

are also continuously identifying different frameworks and factors contributing to cre-

ate an informational urbanism (Barth et al. 2017). People in small towns of India too 

are faced apprehensions within their local bodies stating a lack in technical capacity 

and knowledge to operate digital structures (Housing and Land Rights Network, 2017). 

At the macro-level, the use of ICT in development plans has promoted for a clean and 

sustainable livelihood in urban areas. The economic issues in India like deficient de-

velopment plans, slacks in implementing plans, apportioning land availability, and fund 

insufficiencies have been a challenge for improving the quality of governance in cities 

(Kennedy et al. 2018).  
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The role described of ICT’s in literature was as an agent of development to steer 

enabling environment with (a) Transparent governance systems, (b) Efficient technol-

ogy infrastructure, (c) People oriented capacity resources and (d) Effective policy 

measures (UN Habitat and Ericcson, 2015). The international cities have adopted them 

into their urban development plans. In the initial stages, these cities oriented themselves 

to integrating physical and social infrastructure with technology infrastructure (Hol-

lands, 2008; Washburn et al. 2009; Toppeta, 2010). The progress of digitalization 

proved to have an economic transformation with set goals in cities of East Asia, Europe 

and Americas, illustrating the benefits on using technology for social concerns 

(Mazihnan, 1999; Harrison et al. 2010; Aggarwal et al. 2014; Trivellato, 2016; Talari 

et al. 2017; Zhuhadar et al. 2017). The advantages drawn from his progress resulted in 

investments for infrastructure by government and private corporates embedding tech-

nology with society, citizens’ participation for campaigns and policy changes at local / 

regional / national level (Mazihnan, 1999; Beranek et al. 2014; Kar et al. 2019). Liter-

ature and secondary sources reveal an amount of Rs.273 lakh crore as outlay in the 

budget for an extended period to making these investments (Chatterji, 2017). 

3 Motivation 

The motivation for this paper evolves from assessing achievements and failures at 

micro / macro-scales in bringing development reforms in Indian city administration 

(Aijaz and Hoelscher, 2015). To recap the development plans, each one (1979, 1993, 

2005 and 2015) made significant efforts in improving the economy and physical infra-

structure of cities, creating urban settlements on agglomeration metrics (Wu, 2016). 

The urban development reforms for International cities were completely based on un-

derstanding trivial needs of society gathering information from citizens’ participation 

on technology (Chourabi et al. 2012; Beranek et al. 2014). The active innovation factor 

used by international cities in tracing down checks for social organs gives a larger sub-

stantive evidence of involving technology in administration (Talari et al. 2017; 

Zhuhadar et al. 2017). The progress of innovation (in last two decades) in cities is ex-

plained in the below Figure 1. This significant difference in development reforms be-

tween nations and a promotion for the concept “future cities” in India kindled the inter-

est to analyze various approaches to digitalize administration of cities (Kennedy et al. 

2018). The other reason is driven by the fact that penetration levels of ICT has been 

more than 75 percent in urban clusters with 18 percent influenced by Internet usage in 

India (Chatterji, 2017). The information published from media reports observes the pro-

cess of digitalization to have a major lack in conceptualizing city administration. These 

reports show nearly 67 percent of the work pending at desk level with rest in imple-

mentation stages (Hindu Business line, dt: December 16, 2018). This clueless situation, 

a desperate need for planned approach, differences between nations in implementing a 

full-fledged ICT enablement has motivated the academia to choose digital urbanism 

and identify functional areas where such enablement can help improve city administra-

tion in Indian context. 
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Fig. 1 Innovative progresses categorizing cities 

4 Research Questions 

The objectives set for the article discloses three important areas of interest. The aspects 

of using ICT in India, the computing technologies in practice for communication be-

tween devices and users, and enumerating the social organs that has utilised the tech-

nology for social contribution in India. In line with these three themes, the set of ques-

tions answered throughout this article includes  

(a) The preparedness or readiness in Indian cities to use ICT enabled technologies, 

(b) The approach observed by Indian cities in implementing plans to adopt / extend 

ICT in city administration,  

(c) The salient features available in an advanced technology operated service for 

adoption in cities,  

(d) The measurability of technology infrastructure to social organs like land and 

other infrastructure. 

(e)  The outcome of enabling computing technology and its sustainable benefits to 

society. 

5 Information and Communication Technology - India 

India has begun its journey in using ICT to digitalize city administration through the e-

Governance measures (Khatoun et al. 2017). This ICT has induced a structural change 

in economy and society through urban centres to the global world (Castells, 1996; 

Thrift, 1996; Hall 1998; Sassen, 2001). The concept of future cities were built on the 

premises of using ICT to create technology infrastructure in the international cities 

(Giffinger et al. 2007). An early literature quoted “E-governance” as one of the mech-

anisms in extending services to citizens using internet (Mittal and Kauar, 2013). In its 

initial stages for India, the “e-governance” laid a greater emphasis on digitalizing doc-

uments in various departments although the key initiative was on merging the divide 

between urban and rural clusters (Vinoth Kumar, 2015). The ICT did not stop only with 

digitalizing departments but also delivered online services through e-payments, rail 
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ticket bookings, online transactions, and ordering food in India (De and Bandyopadh-

yay, 2020). The core social benefit of an ICT was primarily to build clean sustainable 

infrastructure and a safe environment that enhances the income for poor and disadvan-

taged in India (Aijaz and Hoelscher, 2015).  The measures undertaken by government 

(state and central) to enable ICT in different states of India are enlisted in the below 

table 1. 

Table 1. State-wise brief Digital Measures in India (Vinoth Kumar, 2015) 

 

6 Moving ahead from ICT to Computing Technologies 

The participation of citizens in society was the focus of the e-governance measure in 

India. The ICT has encouraged such participation by society through a planned ap-

proach (Vinoth Kumar, 2015). This approach began with building the vision for a vi-

brant computing technology (Mitton et al. 2012). It was the power sector in the initial 

stages to map customer databases through networks using Geographical Information 

Systems (GIS) for collecting data on energy consumption (MoP, 2005). Three years 

later, the power department established a customer service center to handle grievances 

(MoP, 2008). It was observed that the grievance handling at these customer centres 

faced challenges of making huge expenditures with lack of capacity for action (Ag-

garwal et al. 2010). Additionally, the government made policy decisions to bring oper-

ational efficiencies in power sector with installation of Automatic Meter Reading 

(AMR) / Automated Metering Infrastructure (AMI) to assess energy consumption 

(TERI and NASSCOM, 2011). It was further extended with Supervisory Control and 

Data Acquisition (SCADA) for accounting purposes (Powerline, 2012). These strategic 

decisions yielded the department to lower down its revenue losses and manage peak 

loading issues at the grid level (Powerline, 2013). During this period, the government 

took efforts in setting up command / control centers to support a data-driven networked 
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model of urbanism (Townsend, 2013). Computing technologies were effectively uti-

lised by public services in setting-up a network between a series of user driven essen-

tials like Aadhar (personal information) and banking services; spatial data support sys-

tems (SDSS) and GIS (for fund allocation); dashboards to report critical field level in-

formation to the command centres (Vinoth Kumar, 2015). The spatial data support sys-

tems uses its infrastructure (SDI) to help small towns in urban regions identify hotspots 

for reducing time lapses in offering public services (Sridharan, 2015). Computing tech-

nologies have been utilised by international cities to procure data and prepare analytical 

reports for administration to ensure a sustainability of future resources (Bibri S E, 

2018). The development of command centres and its cyberspace has brought-in a new 

digital environment, communicating between devices and users. Technology literatures 

in computing has observed the performance of innumerable tasks by these command 

centres in communicating information between devices and users (Haldorai et al. 2019). 

The four-layer structure in command centres and their design architecture captures data 

on different aspects for actions by authorities (Sarabeshwar P, 2020)    This design 

architecture of command center is enlisted in the below table 2. 

 

Table 2. Design Architecture of Command Control Centres (Sarabeshwar P, 2020) 

 

7 Digital Urbanism – linking social organs to computing 

technologies 

Erstwhile measures on urbanization during 70s (for cities) had described the presence 

of sociological characteristics in cities (Goist, 1971). These descriptions were reiterated 

in the recent past when preparing redevelopment plans of cities explaining the com-

pounded sociological challenges prevalent in the present society (Aijaz and Hoelscher, 

2015). International cities had involved computing technologies to support city admin-

istration in resolving the sociological challenges. A detailed list of applications in com-

puting technologies used for administering social organs in international cities are given 

in the below Table 3. 

Table 3. Details of Applications in Computing Technologies Administering Social 

Organs 

 

The inception of the computing technologies to support urban development evolves 

from use of pervasive models where-in, the physical aspects of the environment (or 
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social organs) is integrated into a technology system (or computing system) through 

different models (Haldorai et al. 2019). Category of technology services like Infrastruc-

ture-as-a-Service (IaaS), Software-as-a-Service (SaaS), and Platform-as-a-Service 

(PaaS) has helped city administration identify solutions to the problems of social organs 

(Vinoth Kumar, 2015). The progress of experimenting integration of computing tech-

nologies to social organs in these cities continued for more than two decades (research 

literatures quote references from 1994 till-date).  Some of the notable progresses in-

clude (1) The concept of measuring landscapes using fractal geometry (Batty and 

Longley, 1994); (2) Behavioral aspects of society like positive intentions and attitude 

in using technology is measured with interactive models on adoption (Davis et al. 1989; 

Dabholkar, 1994; Dabholkar, 1996; Eastlick, 1996; Asop, 1999; Mosberg, 1999); (3) 

e-Commerce for society to procure products (Hoffman et al. 1999); (4) Technology 

platforms for social interactions between community groups (Ergazakis et al. 2004); 

(5) Knowledge platforms and learning systems for innovation (Komninos, 2006); (6) 

Assessment of risks in climate change, extraction of natural resources, floods, black-

outs, pollution, inundation of solid wastes, and use of hazardous chemicals (Kitchin et 

al. 2007); (7) Absorbing public sentiments on different issues to educate society and 

de-risk society from its problems (Nohara et al. 2008; Cucchiara et al. 2011; Mora Mora 

et al. 2015); (8) Monitoring urban activities through network, layer models and infor-

matics (Harrisons et al. 2010); (9) Protecting environment from use of obsolete tech-

nology products (Morton et al. 2012); (10) Creating virtual proto-types in visualization 

of landscapes using advanced networks (Morton et al. 2012); (11) Measuring availabil-

ity of land and natural resources making it effective for use in society using computing 

technologies (Carli et al. 2013); (12) Different models of pervasive computing uses 

Urban IoT for finding solutions to social problems (Mitton et al. 2012; Kitchin, 2014); 

(13) Using different applications like 3E Housing and ZigBee (in housing) for measur-

ing scale and capacity of computing technologies to handle large sets of data / infor-

mation (Gubbi et al. 2013).     

In this time-period, a conceptual model “Technology readiness indices (TRI)” meas-

uring the propensity of a readiness in cities for adopting technology having four con-

structs was prepared covering service industries to test its delivery among customer, 

company (community for sociology) and environment (Parasuraman, 2000). The other 

literature studies on service industries, measured challenges in a four factor model vis-

à-vis ideation plans, web-portals (for recording inquiries), continuous quality in deliv-

ery, and recovery of service failures (Bitner et al.2000; Parasuraman,  2000; Batty et al. 

2012; Zaslavsky et al. 2013; Kumar, 2015). The revised model of TRI had enablers and 

inhibitors as measuring variables testing the overall change in state of mind among 

people who use technology resources (Parasuraman and Colby, 2015). This readiness 

to utilize technology helps administration of Indian cities replicate progressive strate-

gies followed by international cities (McLaren and Agyeman, 2015). 

For urban development and social organs, a progressive growth in research was vis-

ible with creation of a strong framework linking dimensions in urban development and 

computing technologies. The framework prepared by Hollands (2008; 2015) clearly 

differentiates the purpose of urbanization in cities underlining the strategies of branding 

them with people-orientation. Chourabi et al. 2012 in their research study on assessing 
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performances of cities brought-out an eight-dimensional framework consisting of Or-

ganization, Technology, Policy Context, People, Economy, Built infrastructure and 

Natural environment as critical factors for observance. This research study observed 

the use of AMR / AMI in power and energy department to assess consumption. The use 

of AMR / AMI combats the issues of climate change and emission norms maintaining 

a sustainable future. Batty et al. 2012 in their research on post-modern urbanization 

discusses the incubation of intelligent technology infrastructure for assessing social 

needs. A model framework for linking technology with modern urbanization tracking 

changes through mobile applications in city was also developed through the concept of 

Urban IoT (Zanella et al. 2014; Aijaz and Hoelscher, 2015).  

Ruta et al. 2010 in their research on frequencies of technology, observed the suffi-

cient need for possessing technical skills among users of technology – from low-end to 

high-end. Modern infrastructure are already set-up for the ambitious use of digital tech-

nology in India a decade ago (Gann et al. 2011). The progress observed in such infra-

structure is larger than what was found to resolve social problems (Aggarwal et al. 

2015; Vinoth Kumar, 2015; Talari et al. 2017). Bibri S E (2018) in their research on 

ensuring sustainability of information resources for urban centres, discuss the progress 

of different thematic approaches (Green ICT development, pervasive computing and 

deep learning) for decision making and countering actions on society to utilize envi-

ronmental resources.  Kennedy et al. 2018, too in his research on outsourcing urban e-

governance as a state subject, re-emphasizes the need for making a conscious effort to 

promote use of ICT in urbanization plans.    

Different schools of thought emerge in society for adopting technology during these 

years of experimentation. These schools of thought – restrictive, reflective, rationalistic, 

or pragmatic and critical has placed its views on technology vs. anti-technology senti-

ments (Kummitha et al. 2017). The larger negatives include (1) Unemployment / under-

employment (Hollands, 2008), (2) State authored market fundamentalism (Harrisons and Don-

nelly, 2011; Watson, 2013; Washburn et al. 2010), (3) Addressing inequalities (Carvalho 2015; 

Hollands 2015; Caragliu et al. 2011; Leydesdorff and Deakin 2011; Mudler 2014), (4) Privatiza-

tion of urban space (Hogan et al. 2012; Gibbs et al. 2013; Waart et al. 2015), (5) Vendor push 

(Komninos et al. 2013; Bunnell 2015; Moser 2015; Datta, 2015), (6) Closed planning (Datta, 

2015), (7) Reduced social capital (Calzada and Cobo 2015), land grabbing (Datta, 2015), (8) 

Land grabbing (Datta, 2015), (9) Distant dream (Datta, 2015; Jazeel, 2015) 

In addition, several critiques were placed on use of technology for cities. These in-

clude (a) Creating social inequality and income differences among people, their educa-

tional and employment standards (Graham 2002; Caragliu et al. 2011; Leydesdorff and 

Deakin 2011), (b) Use of technology for cities are considered to be increasingly spec-

ulative, risky and arcane (Kirkpatrick and Smith, 2011), (c) Focus on achieving sus-

tainability than on reality as a strategic vision in enabling technology (Angelidou 2015; 

Komninos, Pallot, and Schffers 2013; Wolfram 2012), and (d) The arguments on 

achieving social order through adoption of ICT given the social realities (Helgason, 

2002). 

 A common sentiment too prevailed in India where discussions on urban develop-

ment were conducted in different forums with the idea of building advanced technology 

systems with challenges faced by administration (MoUD, GoI, 2015; 2018). Today, the 
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adoption of ICT and pervasive computing goes beyond these critiques and negativities 

to address social concerns of city administration. Recent literatures on engineering re-

search reveal continuous efforts taken to link social organs to technology. In this ap-

proach, the following social organs were tested in engineering for linking them to com-

puting technologies. They are (1) Water / Sewer treatment and Energy Management 

(Pampana et al. 2020), (2) Traffic and Transport congestions in roads (Singh and Sri-

vastava, 2020), (3) Healthcare and Patient Management (Prabhu et al. 2020), (4) Hous-

ing and Security Administration (Govindaraj et al. 2020), (5) Restoring natural re-

sources and environment (Rathore et al. 2016) 

8 Benefits and Managerial implications of adopting computing 

technologies in social organs 

The international cities have utilised the pervasive computing systems for social organs 

largely as described in the previous picture, explaining how different social organs are 

linked to these computing technologies. This salient technology tools mentioned in the 

picture table helps the administration in taking decisions towards adopting these com-

puting technologies for Indian cities. The social benefit in utilizing these computing 

techniques have been the improvements observed in quality of life as the authors Har-

risons et al. 2010, Washburn et al. 2010, Toppeta, 2010 describe them in their research 

papers on technology enabled cities. The two-factor TAM model evolved a decade ago, 

brought-in the interest of adopting technology measuring it with ease of use and satis-

faction of the user (Venkatesh and Bala, 2008). Later, the readiness in innovation 

brought strategies to encourage effective utilization of data and its resources with 

emerging technology products like dashboards in society for cities (Rosenthal, 2010; 

Morton et al. 2012). This innovation continued in manufacturing to make advancements 

for identifying alternate use of raw material to make products. For example, the use of 

bagasse for peppre wood is a real-time illustration (Perera et al. 2014). Further, the 

sentiments and opinions of people in society on administering cities too, can be meas-

ured from the advancements in digital technology (Mora Mora et al. 2015). The efforts 

to create sustainability in optimizing future resources prospected the digital technology 

to measure the quantum of de-risking required for administration (Bibri S E, 2018). 

For India, where the challenges listed in adoption of ICT and pervasive computing 

are absorbed from literature review, some of these challenges often point to the methods 

adopted in handling them (Aggarwal and Mohanty, 2015; Aijaz and Hoelscher, 2015; 

Vinoth Kumar, 2015; Bhattacharya et al. 2016). The reiterated need for a planned ap-

proach required in adopting technology, enlisted as a social skeptic leads the discussion 

to have an advanced approach in assessing the progress of linking technology to social 

organs in an Indian context (Ayon Datta, 2018). This need has encouraged us to analyse 

factors contributing to digital urbanism that can be measured for observing the degree 

of enablement, technology has made in administration of social organs for Indian cities. 

The related constructs and their references are provided in the below table 4. 

Table 4. Proposed dimensions of Digital Urbanism in India 
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9 Limitations and future scope of the study 

The present paper is only a literature review of all relevant studies conducted in 

adoption of ICT and pervasive computing across Indian and International cities. The 

aspects covered in this paper limits itself only bringing out use of ICT and pervasive 

computing technologies in social organs of cities where such technologies are either 

implemented or under-implementation stage evidenced in literature. The study does not 

include other administrative aspects such as investments and financial outlay under-

taken for utilising such technologies. The timelines chosen for the literature review is 

from post-period of liberalization (in India) to the current period during which contin-

uous technological changes are observed across international cities. The research liter-

atures cited from engineering studies are only to enlist the technical use of the concept 

and not to elucidate the mechanism involved in its use for social organs. This paper 

does not make comparative studies on approaches undertaken by Indian and interna-

tional cities in lieu of adopting computing technologies for their social organs. The 
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reviews given in this paper are a collation of social actions taken by international cities 

for adopting computing technologies and are not prescriptive to other nations or cities.  

The future scope of the present study attempts to understand the factors contributing 

to digital urbanism in detail for India absorbed from the above table. Hence, the litera-

ture pertaining to these factors have been presented lucidly in this paper. A detailed 

study on each factor is presently under progress for the topic involving a qualitative 

analysis to aggregate critical sub-factors contributing to the concept. 

10 Conclusion 

The concept of digital urbanism was described in this article with three important as-

pects - ICT, pervasive computing and social organs respectively. These aspects were 

studied in this article providing several relevant literature references from India and 

international cities. The article also made available relevant literature and concepts cov-

ering the research questions mentioned. The summary of this literature elucidates the 

involvement of computing technologies (from low to high-end) in supporting social 

organs for administering international cities. Studies on Indian context, had some recent 

references from technical literature implying the progressive approach adopted by so-

ciety to transform city administration. News from the Indian digital media had recently 

claimed that more than 67 percent of the urban development projects are either partially 

being implemented or at the desk-level with no forward movement in paper work (The 

Hindu Business Line, December 16, 2018). This scenario encourages us to study the 

critical factors contributing to adoption of technology. The literatures referred in this 

paper and the factors observed in the above table would be studied further not only for 

understanding the use of computing technologies in India but also how the social organs 

of city administration are linked to these computing technologies and their social ben-

efits to cities. 
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