
Introduction

As cities deal with complex urban issues, the need to increase efficiency in city operation and management 

became an interest for scholars. The smart city is an innovative way to solve urban problems as well as other 

imminent climate issues with innovative technologies. Thus, literature defining the concept of smart city and 

implementing the idea is growing across the disciplines, including urban planning, information technology, public 

policy, public health, and other social and computer science. 

The definition of the smart city ranges from 1) introducing information communication technology to manage 

city operation [1, 2], 2) creating a connected network of sensors and infrastructures to improve the efficiency in 

utilities [1, 3, 4], 3) providing an advanced version of ubiquitous, or always connected, city [5-7], and, 4) proposing 

governance benefiting from internet-based feedback loops public participation.

Smart city has both positive and negative connotation in urban planning. Pro-smart city planners commend the 
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This paper surveys the literature on smart cities in urban design. The smart city is the concept of 

utilizing information communication technology (ICT) in planning, designing, and managing cities. 

The domain of smart cities ranges from infrastructure, traffic management, public transportation, 

public health, urban planning, to governance. The benefits of adopting the advanced ICT in the city 

include the improved efficiency in city operation and management of assets and infrastructure. 

Transparent governance promotes civic empowerment and participation. Urban designers slowly 

began to apply smart city tools and research methods in understanding urban spaces despite the 

benefits. Application of smart city technologies are tested in various areas in urban design; 1) 

monitoring people’s use and activity in public space, 2) documenting the physical settings of public 

space, 3) finding the optimal urban form with environmental simulation, 4) operationalizing people’s 

perception, and 5) identifying potential space vulnerable for the crime. One of the biggest challenges in 

introducing smart cities in urban design is the discrepancy between reality and the abstract version of 

reality from sensors. Since urban design and public space study primarily deals with the quality of 

place and the social activities in streets, parks, and plazas, validating how the numeric data translates to 

the quality of environment and user behavior is a necessary next step. 
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new technology can solve imminent social and environmental issues in the city as 19th Century social science 

research method has sparked modern urban planning [8, 9]. Pro-smart city planners expect digital data and 

technology can provide insights and evidence to unravel crucial urban issues. Others argue that smart city is just a 

fad, or ‘urban labeling’ phenomenon for marketing purposes [10]. They continue that the recent smart cities around 

the world do not present any evidence in dramatic changes using innovative technology; rather, it expedited 

‘placelessness’ in cities including Songdo (South Korea), Masdar City (UAE), and PlanIT Valley (Portugal) 

(Greenfield, 2013). 

In urban design, scholars have not explored the new technology yet. However, smart city technology and 

finer-grain data present a more significant potential to decode human behaviors in public space and hidden theories 

in urban form. Previous studies in urban design primarily focused on the manual observations of human behavior in 

public space and on the documentation of streets, plazas, and parks in relation to human behavior. These qualitative 

research methods are effectively identifying the quality of public space and social activities. As a result, few have 

adopted innovative technology in understanding the city. 

Recent studies, however, began to explore smart city technology investigating theories in urban design. Cameras 

and cell phone GPS devices help monitor users in public spaces. Environmental simulations help optimize building 

layouts. Computer vision and internet-based surveys operationalize people’s perceptions. And cameras, sensors, 

and computer vision identify the potential urban environment that is vulnerable to crime. This paper will survey the 

literature on smart cities and the experiments on smart city technology in urban design. We will discuss the needs 

and the research gap in developing smart city concepts in designing and managing the physical environment. 

Survey of Literature on Smart City

As the first step, we will survey the idea, the technology, and the debates in the smart city. The concept of the smart 

city differs by the academic and professional background of researchers and disciplines. ICT scientists are interested 

in the application and implementation of ICT in cities. City planners and managers are enthusiastic about improving 

efficiency in city operation and drafting new policies with the data. In common, the pioneers of smart city agree the 

potential of smart city technology and data to provide insights and solutions for imminent urban problems.

Definition of Smart City

The notion of smart city converges to the city’s management, governance, policy, and planning using advanced 

information technology. At the same time, scholars diversify the smart city concept based on their professional and 

research backgrounds. The smart city is a system that is integrated ICT infrastructure and technologies [1, 2]. The 

system is equipped with multiple dimensions of terminals and embedded devices [1, 3, 4]. In this respect, the smart 

city is an extended concept of ubiquitous, always connected, city [5-7]. 

Expanding the use of advanced information technology, the concept of a smart city reinforces governance in a 
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democratic and heterogeneous society. The increased speed and connectivity allow enhanced citizen participation 

and responsive feedback [11]. Politicians and policymakers can make informed decisions based on knowledge, 

creativity, and innovation based on the data collected from various sensors and citizen input [10]. Thus, cities’ 

planning, operation, and management become “instrumented, interconnected, and intelligent city” [12].

Goals and Objectives of Smart City

Despite the wide spectrum in the notion of a smart city, the goals and objectives of a smart city converge towards 

improving the management and operation of the city. Some information scientists promote the smart city as a 

testbed for implementing information technology on a large scale [13]. Others extend the goals to improve quality 

of life by adopting technologies to address people’s needs [14-18]. Urban planners stress that the technology and 

data will help improve the city [10, 19]. The information technology equipped with live-feed data, advanced 

analysis tools, and an instant feedback loop, powers the decision-makers in city management.

Characteristics of Smart City

Smart city has been characterized as a 3Is (‘instrumented, interconnected, and intelligent) system in city operation 

according to IBM’s research and development department. Harrison et al., [12] pointed out the smart city is 

‘instrumented’ because a set of sensors, meters, and appliances constantly collect live data. It is ‘interconnected’ because 

a range of services communicates information through a platform. Based on the collected data and the platform, smart 

city recreates itself based on analytics, modelings, and optimization of the data and the system. The smart city is a system 

that reorganizes itself to meet people’s needs [11]. Compared to ‘intelligent city’, smart city deals with a higher level of 

city operation because smart city includes people components in addition to sensors and hardware [20].

Range of Domains in Smart City Literature

Summarized in Table 1, The previous smart city literature covered a wide range of domains dealing with the 

conventional city infrastructure, the transportation system, the physical environment, the government service, and 

the emerging service or system. First, the smart city seeks to improve efficiency in the conventional city 

infrastructure system. Smart energy grids help consumers and energy providers to reduce the gap between energy 

generation and consumption [21,19]. Improving efficiency in managing public utilities, including water, wastewater, 

waste management, and recycling, is another section of conventional city infrastructure management [22, 23,11,19].

A large body of literature deals with how information technology can help optimize passenger and logistic 

transportation. Transportation engineers have adopted a range of innovative technology to speed passenger cars on 

local streets and highways. Connecting various modes of the public transport system to reduce overall commute 

time is a good example of how smart city is introduced in transportation planning. The overall goal of transportation 

in a smart city is to reduce fuel and energy consumption, moving people and goods. The essence of smart 

transportation is monitoring and managing the flow of people and freight to improve efficiency, which reduces 

energy consumption and increases productivity [22, 17, 24]. 
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Architects and building scientists explore ways to reduce energy consumption in buildings. Using 3d modeling 

tools, building scientists identified a range of urban form parameters to reduce energy consumption in buildings 

[25, 26]. Data from sensors and meters help architects understand how people behave in buildings, and the 

information informs the design and layout of the building and mechanical system [27]. 

Monitoring pollution and protecting the environment are other examples of smart city applications. Air pollution 

in an urban area has been a lingering challenge since Industrial Revolution. Remote-sensing and pollutant monitors 

in cities monitor the air quality and project the level of pollution [28-30]. The environment department 

administrators can better allocate resources to manage air quality and the environment with the data.

Smart governance is an application of ICT for the informed decision-making process, better collaboration among 

stakeholders, and thorough incorporation of public input. One of the most popular smart governance policies is 

‘open-data.’ By making data publicly available, the local governments tend to receive more public participation and 

support for their policies [31-33]. Thus, based on the improved transparency in governance, the political obstacles 

and the unnecessary social costs are removed in improving efficiency in governance [19, 21-22].

The recent COVID-19 pandemic outbreak proves the benefit of the smart city approach in public health. Cameras 

and computer vision technology are useful to identify and trace infected persons [34]. Smart city technology such as 

transit cards successfully traced COVID-19 patients to limit the spread [35]. Video conferences and internet-based 

meetings reduced the chance of infection. Remote medical diagnosis and treatment reduce health care costs and 

improve access to health care [22, 11].

Removing geographical and physical bounds in education is another example of the benefits of adopting smart 

city. Using ICT tools creates more opportunities for students and teachers by freeing up typical classroom settings 

of paper and chalkboards. The new methods of teaching and learning attract creative people and workers [36]. As a 

result, the city benefits from the increased diversity or agglomeration economy. Massive open online course 

(MOOC) is an innovative way to deliver education to any place around the world [37]. Beyond the geographical 

boundaries, MOOCs intend to share high-quality education in both developed and underdeveloped countries.

Benefits of Smart City

Many benefits are adopting a smart city. The efficiency of city operation and management of its asset is greatly 

improved [1, 2, 38]. Smart and transparent governance promotes civic empowerment and participation while 

reducing the social costs in policymaking [11]. The new technology and data help scientists for more creativity and 

innovation [39, 40, 10]. The improved productivity attracts diverse groups of people, and the diversity generates an 

urban agglomeration economy [36]. 

Due to such economic, political, and social benefits, cities worldwide adopt the smart city as their core doctrine. 

In the United Kingdom, Bristol, Manchester, and Milton Keynes applied the concept of a smart city [41]. Asian 

cities are more enthusiastic about adopting the smart city doctrine; i.e., Songdo, South Korea [42], Masdar, UAE 

[14], Singapore, Taipei, Taiwan [43], Hong Kong, China [44].
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Concerns on Smart City Approach

Despite many benefits, scholars also have concerns about implementing a smart city. One of the biggest 

challenges for using sensors and cameras in the city is privacy concerns. Monitoring and recording human activity 

could lead to unintended privacy infractions [6, 15, 45]. Digital data is vulnerable to hacking; thus, data security is 

critical in smart city implementation [15]. 

The smart city is often criticized as a top-down and company-driven public project diverging from its original 

intent of cyberdemocracy [46, 47]. The concern on centralization is the inherent limitation because the smart city 

concept is developed and executed by large ICT companies. Away from the initial emphasis on public interests, the 

data collected in smart cities is monopolized and privatized by the Privatization of data and data inequality leading 

to social inequality [10]. With limited access to computer and data, the lower-income households and the older age 

groups are likely to become data literate, which affect household income and health condition [48, 49].

Another side effect of the smart city is the total dependence on technology, a blindfold belief that ICT will solve 

all problems in the city and society. Scholars argue that ICT cannot create a good city [18, 10]. Rather, many flaws 

have been found in data collection, processing, machine learning [50, 51].

Table 1. Domains in Smart City Literature

Categories  Benefits Notes

Energy and Utility

water, wastewater, 

waste management, 

electricity, fuel

Utility meters monitor energy and utility consumption real-time and 

notify consumers and producers to reduce overall utility consumption 

and production costs.

[11, 19, 21-23]

Infrastructure

Streets, highways, 

water main, elec. 

grid, 

Sensors identify failure of physical system. The data collected from 

maintenance help managers to anticipate the failure and reduce 

maintenance costs.

[11, 19, 22, 23]

Transportation

Public transit, 

logistics, traffic 

signal

Data on public transit ridership help transportation planners to predict 

the transportation load and to distribute the buses and trains 

accordingly. Cameras and sensors identify the congested areas and 

control the traffic signal to reduce traffic jam. 

[22, 17, 24]

Built Environment

Building Layouts, 

construction, 

operation

Environmental simulations and computer modelling allow architects 

and engineers to find the optimal size of buildings and layouts of 

buildings.

[25-27]

Natural 

Environment

Park, air quality, 

pollution

Remote-sensing and pollutant monitors identify the source and the 

area of pollution and allocate resource for air quality management.
[28-30]

Government 

Administration

civic input and 

participation, open 

data, feedback loop

e-governance and open data policies improve transparency in 

governance. With civic input and public participation, politicians and 

administrators can make informed decisions. 

[19, 21, 22, 

31-33]

Health
public health, 

remote diagnosis

Remote medical diagnosis and treatment reduces the cost of health 

care and improve the access to health care. 
[11, 22, 34, 35]

Education
MOOC, metaverse 

interface

ICT tools provides more opportunities for students and teachers. 

Massive open online course delivers high quality education in both 

developed and underdeveloped countries. 

[36, 37]
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Smart City in Urban Design Discussion

Smart City in Urban Design

While ICT scientists and city managers scramble for smart cities, few urban designers adopted smart city 

technology in understanding the physical environment of cities. Urban design is primarily concerning the 

configuration of the building and public space and the public life in plazas and squares [52-54], streets, and 

sidewalks [53, 55-59]. Since these urban design studies explore the quality of the environment and the social 

activities in these spaces, qualitative research methods, such as participant observation, interviews, and mapping, 

are widely accepted. Thus, few have dealt with smart cities in urban design. 

Despite the slow adaptation of new technologies, urban designers began to apply smart city tools and research 

methods in understanding urban spaces as shown in Table 2. Application of smart city technologies are tested in 

various areas in urban design; 1) monitoring people’s use and activity in public space, 2) documenting the physical 

settings of public space, 3) finding the optimal urban form with environmental simulation, 4) operationalizing 

people’s perception, and 5) identifying potential space vulnerable for a crime. The following section will discuss 

the branches of smart city discussion and the application of ICT in urban design.

Monitoring Use of Public Space Using Sensors and New Analytical Tools

Williams et al. [60] devised a set of benches and camera stands to observe how people use urban public space. 

Both stationary and pedestrian activities are recorded via the sensors and cameras embedded in the devised 

benches. By observing the duration of stay, Williams et al. [60] are able to differentiate the activities, passing by, 

expressing curiosity, and staying for social activities. The study followed the protocol from public life study 

pioneered by urban designers, including Gehl [61], Whyte [52], Appleyard [56], and more. 

Lee [62] further explored the pedestrian data collected from computer vision monitors in relationship to the 

social activities in Dilworth Park, Philadelphia. He pointed out that often quantitative data is well received by urban 

designers because they are primarily concerned with the quality of places rather than the quantity. Thus, by nature, 

urban designers tend to ignore the data and rely on insight and experience. However, controlling the weather data 

and the thermal comfort index with the pedestrian traffic and the correlation between the entry and exit, the 

pedestrian data showed statistical significance.

As a Design Tool

Urban designers increasingly value the use of data in the process of designing the physical environment of cities. 

Caldwell et al. [63] presented how data collected from the web, including Facebook, Twitter, and other social 

networks, helps prioritize the urban issues and the local needs. The use of a web-based survey is an integral part of 

collecting public opinions for the design proposals. Williams [60] promotes using data in both urban design and the 

public participation process. She argues that the birth of public health and urban planning is based on data and 
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then-innovative research methods, including mapping. Similarly, in current states, fine-grain data is another 

technological breakthrough to advance public action. Foth [64] stresses that digital technology is essential to create 

public space integrating diverse economic and social classes.

Environment Performance Simulation of Urban Form

Urban form scholars have investigated the more energy-efficient configuration and layout of buildings and 

neighborhoods with the help of smart sensors and environmental simulation tools. Ratti et al. [65] revisit the 

simplified arrays of structures, including pavilions, slabs, terraces, terrace-courts, pavilion courts, and courts in an 

arid climate. Among the six archetypes of the urban fabric, the courtyards perform the best in terms of daylighting 

and building development density. In addition to light and thermal environments, airflow and ventilation 

environments are smart city researchers’ foci [66]. Using computer fluid dynamics (CFD), the air movement and 

the pollution dispersion in the urban street environment are simulated.

Monitoring Urban Environment

Galle et al. [67] investigate the biodiversity of urban forests in cities aggregating tree inventories from cities 

including Cambridge (USA), Vancouver (Canada), Buenos Aires (Argentina), Bologna (Italy), Amsterdam (The 

Netherlands), Oslo (Norway), Paris (France), and Melbourne (Australia). Comparing the diversity indices, the 

Shannon Index, and the Simpson Index, the researchers are able to understand the level of biodiversity in the eight 

cities. And monitoring the status of biodiversity in urban forests can minimize maintenance expenses and control 

the risk of mass mortality of urban forests.

Monitoring Walkability

Walk Score measures the aspects of neighborhood walkability. It assigns the score based on amenities, including 

retail stores, community programs, the configuration of streets, and pedestrian connectivity. Walk Score is a way to 

quantify pedestrian environment [68]. Miranda et al. [69] explored how people navigate the city using GPS data. 

The study presents evidence that pedestrians do not always take the shortest route; rather, pedestrians are willing to 

take a longer walk to enjoy desirable destinations and avoid undesirable stops.

Real-Time Population Distribution

Location-based service is a new approach to measure the real-time population density in cities. Ratti et al., [45] 

tested cell phone data to estimate the spatial pattern where people locate the most in Milan, Italy. This helps to 

fine-tune the supply of public and commercial services based on actual demand. Public transportation and traffic 

control can be optimized based on the data. Similar studies are conducted in other cities, including Rome [70], 

Boston [71], Shanghai [72], Suzhou [73], and Shenzhen [74].
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Operationalizing Human Perception

Investigating how people understand the built environment has relied on the conventional data collection method 

such as interviews and surveys. Zhang et al. [75] developed an algorithm mimicking the way people perceive and 

evaluate urban places. Zhang et al. adopted the online volunteer survey of how people feel about the Google Street 

View images. Using the survey data as the training data for machine learning. The researchers identified the streets 

that are safe, lively, beautiful, wealthy, depressing, and boring in the urban context of Beijing, China.

Predicting Perception of Safety

Zhang et al [76] measure the perceived level of fear from the urban environment. The researchers applied the 

perceptual ratings from online volunteers from a previous study [77] using computer vision technology to identify 

the environmental stimuli that affect safety or fear. They analyzed the level of safety at the census block group in 

Houston based on Google Street View. Then, Zhang et al. [76] were able to categorize neighborhoods as 

‘well-maintained, ‘cues-to-care’, and ‘physical-disorder.’ The paper expands research further by comparing the 

calculated score of safety and the crime rates and concludes that the safety store and the crime rate are highly 

correlated.

Preventing Crime

Chiodi [78] argues that online participation based on information and communication technology (ICT) can 

improve participatory planning for Crime Prevention through Urban Design and Planning (CP-UDP). Using the 

internet-based portal and increased civic participation, she points out public policy decisions can be made with 

input from more citizens and political representatives. Laufs et al. [79] propose smart city technology related to 

security has more significant potential to improve the conventional security system. Adding new sensors, 

automating an old system, and utilizing crowdsourcing are the three categories that can significantly improve crime 

prevention in public space. 

Table 2. Domains in Urban Design Related to Smart City

Categories Benefits Adopted Technology Notes

Public life in public space Automate manual observation Computer vision, camera, GPS [60, 62]

As a design tool
Prioritize the urban issues and the local needs using 

data from web
API, data crawling [63, 64]

Documenting physical 

environment

Unravel relation between physical setting and human 

behaviors
Remote-sensing, open data [67-69]

Optimal urban form
Environmental simulations allow evaluate the energy 

efficient configuration and layout of buildings
CFD, daylight simulation [65, 66]

Perception Study Operationalize human perception on urban spaces Web-based survey, computer vision [75-77]

Crime Prevention Identify the areas vulnerable for crime Sensors and cameras [78, 79]
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Summary of Survey

Innovation in Research Methods

For many reasons, researchers have adopted smart city urban design tools to replace the traditional research tools. 

Urban designers often apply new technologies to replace manual observation and interviews [62, 76, 80]. The 

conventional data collection methods are often expensive [76, 80]. Training interlocutors and surveyors to the same 

skill level are difficult [80]. Therefore, few urban design studies have expanded to cross-sectional studies 

examining urban design policies’ generalized effect [80].

Expanding Research Boundary

Smart city tools allow urban designers to verify the theories in urban design. Public life studies investigating the 

relationship between physical settings and social activities tend to be difficult to replicate. The use of new sensors 

and pedestrian count data patterns helps us verify the urban design theories [60, 62]. Using GPS signals expanded 

the boundary of knowing how people travel in greater detail. Conventionally, pedestrian behavior was observable 

in public spaces, streets, parks, and plazas. The GPS data helps us understand pedestrian behavior beyond the 

existing boundary (i.e., [45, 69]).

Improving Public Space Operation and Management Efficiency

Many previous studies investigated ways to improve operational efficiency using advanced technology. The 

computer simulation helps planners and architects to find the optimal layout of buildings and open spaces [65, 66]. 

Sensors and cameras are useful to improve public safety in urban spaces by reinforcing conventional policing 

tactics [78, 79]. Documenting and monitoring natural and built environments can help city managers expect risks 

and issues and minimize maintenance expenses [67, 69].

Quality of Place

The application of smart city concept in urban design is seemingly promising; however, existing studies do not 

share convincing evidence to assess the quality of place. Some urban designers explored the dimension of human 

activities in place [60, 62]. However, they did not address the relationship to the ultimate independent variable in 

urban design, the effect of the physical environment and the quality of place.

Research Gap

While introducing innovative technology in urban design is a noble approach; however, the challenges are how 

to fill the gap between the quality of place and the quantified version of place and the discrepancy between the 

reality and the abstract version of the reality. For example, the studies applying computer vision to replicate how 
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people perceive environmental elements are innovative and exciting (e.g., [76]). However, the current level of 

technology cannot capture the fine grain of environmental settings; rather, the technology can roughly understand 

the abstract version of reality. The sensors are not smart enough to understand the qualitative aspect of public space 

study at the present state. Thus, validating the abstract version of reality, or numeric value of places, is a necessary 

next step. 

The privacy issue has been identified as one of the concerning issues in smart cities. In urban design research, 

however, privacy in public space has not been addressed enough. Smart city scientists raise the potential threat to 

privacy by monitoring human activities in public and private space and by the vulnerability of digital data for 

hacking [6, 15, 45]. The sensors, meters, and cameras in smart cities tend to store individual’s information in raw 

digital format. Due to privacy issues, the application of new technology in public space research is repeatedly 

rejected. A systematic review of the current issues on privacy and a new set of protocols in public space research is 

required to advance smart city technology in urban design.

Conclusion

The smart city is a fledgling doctrine in urban design. Due to the qualitative-oriented characteristics of urban 

design, the information technology and the quantitative-based approach are baby steps in research of public life and 

the physical environment. Challenges in adopting new technology in urban design include 1) the verification of 

numeric data on social activities in public space, and 2) the privacy and ethical issue dealing with a human subject 

in public space. 

Despite the challenges, a growing number of urban designers and urban form researchers experiment with a wide 

variety of technologies:

1. Monitoring people’s use and activity in public space

2. Documenting the physical settings of public space

3. Finding the optimal urban form with environmental simulation

4. Operationalizing people’s perception

5. Identifying potential space vulnerable for a crime

It is a new opportunity to untangle the complex mechanism of human behavior in public space and a chance to 

explore sustainable urban forms. 

This study presents several leads in the intersection of smart city and urban design research. First, the data from 

smart sensors and cameras must be verified by the actual human behavior that is meaningful in activating places 

and urban design research. It is necessary to compare notes among smart city scientists and urban designers. 

Second, a study to set a privacy protocol in monitoring and public space is another essential task. Third, smart city 

study needs to expand measuring the quality of place both in the dimension of human activities and physical 

settings.



390 ∙ International Journal of Sustainable Building Technology and Urban Development Vol. 12, No. 4, 2021

References

[1] C. Klein and G. Kaefer, From Smart Homes to Smart Cities: Opportunities and Challenges from an Industrial 

Perspective. Proc. of the 8th International Conference, NEW2AN and 1st Russian Conference on Smart Spaces, 

SMART 2008, St. Petersburg, Russia, (2008), September 3-5.

[2] Bis (Department for Business, Innovation and Skills). 2013. Global Innovators: International Case Studies and 

Smart Cities. Research paper No. 135, 47. Available at: https://www.gov.uk/government/uploads/system/ 

uploads/attachment_data/file/249397/bis-13-1216-global-innovators-international-smart-cities.pdf [Accessed 

8/12/2021].

[3] A. GhaffarianHoseini, N. Dahlan, U. Berardi, A.GhaffarianHoseini, and N. Makaremi, Sustainable Energy 

Performances of Green Buildings: A Review of Current Theories, Implementations and Challenges. Renewable 

& Sustainable Energy Reviews. 25 (2013), pp. 1-17. DOI: 10.1016/j.rser.2013.01.010.

[4] G.P. Hancke, B.C. Silva, and G.P. Hancke, The Role of Advanced Sensing in Smart Cities. Sensors. 13 (2013), 

pp. 393-425. DOI: 10.3390/s130100393.

[5] A. Greenfield, Everyware: The Dawning Age of Ubiquitous Computing (Boston: New Riders, 2006).

[6] A.M. Townsend, Smart cities: Big data, civic hackers, and the quest for a new utopia. 2013. WW Norton & Company.

[7] J.H. Lee, R. Phaal, and S. Lee, An Integrated Service-device-technology Roadmap for Smart City Development. 

Technological Forecasting and Social Change. 80(2) (2013), pp. 286-306. DOI: 10.1016/j.techfore.2012.09.020.

[8] R. Papa,  C. Gargiulo, and A. Galderisi, Towards an urban planners’ perspective on Smart City. TeMA Journal 

of Land Use, Mobility and Environment. 6(01) (2013), pp. 5-17.

[9] A. Karvonen, M. Cook, and H. Haarstad, Urban planning and the smart city: Projects, practices and politics. 

2020, Urban Planning, In-press.

[10] R. Hollands, Will the Real Smart City Please Stand up? City. 12(3) (2008), pp. 303-320. DOI: 10.1080/ 

13604810802479126.

[11] T. Nam and T.A. Pardo, Conceptualizing Smart City with Dimensions of Technology, People, and Institutions. 

Proc. 12th Conference on Digital Government Research, College Park, MD, June 12-15, 2011.

[12] C. Harrison, B. Eckman, R. Hamilton, P. Hartswick, J.Kalagnanam, J. Paraszczak, and P. Williams, Foundations 

for Smarter Cities. IBM Journal of Research and Development. 54(4) (2010), pp. 1-16. DOI: 10.1147/ 

JRD.2010.2048257

[13] S. Alawadhi, A. Aldama-Nalda, H. Chourabi, J.R. Gil-Garcia, S. Leung, S. Mellouli, T. Nam, T.A. Pardo, H.J. 

Scholl, and S. Walker, Building Understanding of Smart City Initiatives. Lecture Notes in Computer Science. 

7443 (2012), pp. 40-53. DOI: 10.1007/978-3-642-33489-4_4.

[14] F. Cugurullo, How to Build a Sandcastle: An Analysis of the Genesis and Development of Masdar City. Journal 

of Urban Technology. 20(1) (2013), pp. 23-37. DOI: 10.1080/10630732.2012.735105.

[15] R. Kitchin, The real-time city? Big data and smart urbanism. GeoJournal. 79(1) (2014), pp. 1-14.

[16] A. Vanolo, Smartmentality: The Smart City as Disciplinary Strategy. Urban Studies. 51(5) (2014), pp. 883-898. 

DOI: 10.1177/0042098013494427.

[17] R. Giffinger, C. Fertner, H. Kramar, R. Kalasek, N.Pichler-Milanović, and E. Meijers, Smart Cities: Ranking of 

European Medium-sized Cities (Vienna: Centre of Regional Science, 2007).

[18] J.M. Shapiro, Smart Cities: Quality of Life, Productivity, and the Growth Effects of Human Capital. Review of 

Economics & Statistics. 88(2) (2006), pp. 324-335. DOI: 10.1162/rest.88.2.324.

[19] M. Batty, K.W. Axhausen, F. Giannotti, A. Pozdnoukhov, A. Bazzani, M. Wachowicz, G. Ouzounis, and Y. 

Portugali, Smart cities of the future. The European Physical Journal Special Topics. 214(1) (2012), pp. 481-518.

[20] E. Woods, Smart Cities. Infrastructure, Information, and Communication Technologies for Energy, Transportation, 



J. Lee ∙ 391

Buildings, and Government: City and Supplier Profiles, Market Analysis, and Forecasts, Pike Research. (2013).

[21] H. Chourabi, T. Nam, S. Walker, J.R. Gil-Garcia, S. Mellouli, K. Nahon, T. Pardo, and H.J. Scholl, Understanding 

smart cities: An integrative framework. In 2012 45th Hawaii international conference on system sciences, IEEE. 

(2012, January), pp. 2289-2297.

[22] S. Dirks and M. Keeling, A Vision of Smarter Cities: How Cities Can Lead the Way into a Prosperous and 

Sustainable Future. Somers, NY: IBM Global Business Services, 2009.

[23] Accenture. Building and managing an intelligent city. 2011, Available at: https://www.fm-house.com/wp-content/ 

uploads/2015/01/Building-Managing-Intelligent-City.pdf[Accessed 8/12/2021].

[24] J. Muñuzuri, J. Larrañeta, L. Onieva, and P. Cortés, Solutions applicable by local administrations for urban 

logistics improvement. Cities. 22(1) (2005), pp. 15-28.

[25] D.K. Jung, D. Lee, and S. Park, Energy operation management for Smart city using 3D building energy 

information modeling. International journal of precision engineering and manufacturing. 15(8) (2014), pp. 

1717-1724.

[26] A. Francisco, N. Mohammadi, and J.E. Taylor, Smart city digital twin–enabled energy management: Toward 

real-time urban building energy benchmarking. Journal of Management in Engineering. 36(2) (2020), pp. 04019045.

[27] L. Aelenei, A. Ferreira, C.S. Monteiro, R. Gomes, H. Gonçalves, S. Camelo, and C. Silva, Smart city: A 

systematic approach towards a sustainable urban transformation. Energy Procedia. 91 (2016), pp. 970-979.

[28] B. Siregar, A.B.A. Nasution, and F. Fahmi, Integrated pollution monitoring system for smart city. In 2016 

International Conference on ICT For Smart Society (ICISS), IEEE. (2016, July), pp. 49-52. 

[29] O.A. Ghoneim and B.R. Manjunatha, Forecasting of ozone concentration in smart city using deep learning. In 

2017 International Conference on Advances in Computing, Communications and Informatics (ICACCI), IEEE. 

(2017, September), pp. 1320-1326.

[30] J. Dutta, C. Chowdhury, S. Roy, A.I. Middya, and F. Gazi, Towards smart city: sensing air quality in city based 

on opportunistic crowd-sensing. In Proceedings of the 18th international conference on distributed computing 

and networking. (2017, January), pp. 1-6.

[31] BSI (British Standards Institution). PAS181:2014: Smart City Framework—Guide to Establishing Strategies for 

Smart Cities and Communities. BSI Standards Publication, Published by BSI Standards Limited. 52. 2014, Available at: 

http://www.bsigroup.com/en-GB/smart-cities/Smart-Cities-Standards-and-Publication/PAS-181-smart-cities-framewor

k [Accessed 8/12/2021].

[32] G.V. Pereira, P. Parycek, E. Falco, and R. Kleinhans, Smart governance in the context of smart cities: A 

literature review. Information Polity. 23(2) (2018), pp. 143-162.

[33] D. Mutiara, S. Yuniarti, and B. Pratama, Smart governance for smart city. In IOP Conference Series: Earth and 

Environmental Science. IOP Publishing. 126(1) (2018), pp. 012073. 

[34] T. Lee and H. Lee, <covid19> Tracing surveillance and auto-regulation in Singapore: ‘smart’ responses to 

COVID-19. Media International Australia. 177(1) (2020), pp. 47-60.

[35] J.W. Sonn, M. Kang, and Y. Choi, Smart city technologies for pandemic control without lockdown. International 

Journal of Urban Sciences. 24(2) (2020), pp. 149-151, DOI: 10.1080/12265934.2020.1764207.

[36] J.V. Winters, Why are Smart Cities Growing? Who Moves and Who Stays. Journal of Regional Science. 51(2) 

(2011), pp. 253-270. DOI: 10.1111/j.1467-9787.2010.00693.x.

[37] L. Hudson, A. Wolff, D. Gooch, J. Van Der Linden, G. Kortuem, M. Petre, R. ten Veen, and S. O’Connor-Gotra, 

Supporting urban change: Using a MOOC to facilitate attitudinal learning and participation in smart cities. 

Computers & Education. 129 (2019), pp. 37-47.

[38] P. Neirotti, A. De Marco, A.C. Cagliano, G. Mangano, and F. Scorrano, Current Trends in Smart City Initiatives: 

Some Stylised Facts. Cities. 38 (2014), pp. 25-36. DOI: 10.1016/j.cities.2013.12.010.



392 ∙ International Journal of Sustainable Building Technology and Urban Development Vol. 12, No. 4, 2021

[39] S. Dirks, C. Gurdgiev, and M. Keeling, Smarter Cities for Smarter Growth: How Cities Can Optimize Their 

Systems for the Talent-Based Economy (Somers, NY: IBM Global Business Services, 2010).

[40] E.L. Glaeser and C.R. Berry, Why are Smart Places Getting Smarter? Taubman Centre Policy Brief 2006-2 

(Cambridge, MA: Taubman Centre, 2006).

[41] S.P. Caird and H.H. Stephen, Towards evaluation design for smart city development. Journal of Urban Design. 

24(2) (2019), pp. 188-209, DOI: 10.1080/13574809.2018.1469402.

[42] T. Yigitcanlar and S.H. Lee, Korean ubiquitous-eco-city: A smart-sustainable urban form or a branding hoax? 

Technological Forecasting and Social Change, in press, 2014.

[43] I.C.C. Chang, S.C. Jou, and M.K. Chung, Provincialising smart urbanism in Taipei: The smart city as a strategy 

for urban regime transition. Urban Studies. 58(3) (2021), pp. 559-580.

[44] R. Ma and P.T. Lam, Investigating the barriers faced by stakeholders in open data development: A study on 

Hong Kong as a “smart city”. Cities. 92 (2019), pp. 36-46.

[45] C. Ratti, D. Frenchman, R.M. Pulselli, and S. Williams, Mobile landscapes: using location data from cell 

phones for urban analysis. Environment and planning B: Planning and design. 33(5) (2006), pp. 727-748.

[46] S. Carver, A. Evans, R. Kingston, and I. Turton, Public participation, GIS, and cyberdemocracy: evaluating 

on-line spatial decision support systems. Environment and planning B: planning and design. 28(6) (2001), pp. 

907-921.

[47] V. Albino, U. Berardi, and R.M. Dangelico, Smart cities: Definitions, dimensions, performance, and initiatives. 

Journal of urban technology, 22(1) (2015), pp. 3-21.

[48] D.A. DeWalt and A. Hink, Health literacy and child health outcomes: a systematic review of the literature. 

Pediatrics. 124(Supplement 3) (2009), pp. S265-S274.

[49] E. Gummer, and E. Mandinach, Building a conceptual framework for data literacy. Teachers College Record. 

117(4) (2015), pp. 1-22.

[50] Y. Reich and S.V. Barai, Evaluating machine learning models for engineering problems. Artificial Intelligence 

in Engineering. 13(3) (1999), pp. 257-272.

[51] N. Sebe, I. Cohen, A. Garg, and T.S. Huang, Machine learning in computer vision (Vol. 29). (2005). Springer 

Science & Business Media.

[52] W.H. Whyte, The social life of small urban spaces. 1980.

[53] J. Gehl, (1987). Life between Buildings: Using Public Space. New York: Van Nostrand Reinhold.Gehl, Jan., 

and Gemzoe, L. (1996). Public Space, Public Life, Copenhagen.

[54] S. Carr, C. Stephen, M. Francis, L.G. Rivlin, and A.M. Stone, Public space. 1992, Cambridge University Press.

[55] A.B. Jacobs, Great Streets. 1995, Cambridge, Mass.: MIT Press.

[56] D. Appleyard, Livable Streets. 1980, Berkeley: University of California Press.

[57] A. Loukaitou-Sideris and R. Ehrenfeucht, Sidewalks: Conflict and negotiation over public space. 2009, MIT Press.

[58] V. Mehta, Lively Streets: Determining Environmental Characteristics to Support Social Behavior. Journal of 

Planning Education and Research. 27 (2007), pp. 165-87.

[59] V. Mehta, The street: a quintessential social public space. 2013, Routledge.

[60] S. Williams, C. Ahn, H. Gunc, E. Ozgirin, M. Pearce, and Z. Xiong, Evaluating sensors for the measurement of 

public life: A future in image processing. Environment and Planning B: Urban Analytics and City Science, 46(8) 

(2019), pp. 1534-1548.

[61] J. Gehl and B. Svarre, How to study public life. 2013, Island Press.

[62] J.M. Lee, Understanding volume and correlations of automated walk count: Predictors for necessary, optional, 

and social activities in Dilworth Park. Environment and Planning B: Urban Analytics and City Science. 48(2) 



J. Lee ∙ 393

(2021), pp. 331-347.

[63] G. Caldwell, M. Foth, and M. Guaralda, An urban informatics approach to smart city learning in architecture 

and urban design education. Interaction Design and Architecture(s). 2013(17) (2013), pp. 7-28.

[64] M. Foth, Lessons from urban guerrilla placemaking for smart city commons. In Proceedings of the 8th International 

Conference on Communities and Technologies. (2017, June), pp. 32-35.

[65] C. Ratti, D. Raydan, and K. Steemers, Building form and environmental performance: archetypes, analysis and 

an arid climate. Energy and buildings. 35(1) (2003), pp. 49-59.

[66] F. Santese, R. Buccolieri, S. Di Sabatino, and R. Britter, CFD simulations for the study of thermal effects on flow 

and pollutant dispersion in urban geometries. In Proceedings of the 11th International Conference on 

Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes. (2007).

[67] N.J. Galle, D. Halpern, S. Nitoslawski, F. Duarte, C. Ratti, and F. Pilla, Mapping the diversity of street tree 

inventories across eight cities internationally using open data. Urban Forestry & Urban Greening. 61 (2021), 

pp. 127099.

[68] D.T. Duncan, J. Aldstadt, J. Whalen, S.J. Melly, and S.L. Gortmaker, Validation of Walk Score® for estimating 

neighborhood walkability: an analysis of four US metropolitan areas. International Journal of Environmental 

Research and Public Health. 8(11) (2011), pp. 4160-4179.

[69] A.S. Miranda, Z. Fan, F. Duarte, and C. Ratti, Desirable streets: Using deviations in pedestrian trajectories to 

measure the value of the built environment. Computers, Environment and Urban Systems. 86 (2021), pp. 101563.

[70] F. Rojas, F. Calabrese, S. Krishnan, and C. Ratti, Real time rome. In Networks and Communications Studies. (2006).

[71] A. Sevtsuk, Mapping the MIT campus in real time using WiFi. 2009, In Handbook of Research on Urban 

Informatics: The Practice and Promise of the Real-Time City (pp. 326-338). IGI Global.

[72] X. Zhou, W. Lang, A.G. Yeh, and X. Niu, Understanding the compactness of employment activities in 

high-density cities through cellphone location data. Environment and Planning B: Urban Analytics and City 

Science. 48(6) (2021), pp. 1398-1413.

[73] X. Xu, X. Li, and Z. Peng, Analyzing urban population’s space-time evolution and characteristics based on 

cell-phone location data—A case study in Shenzhen, China. In 2013 21st International Conference on Geoinformatics, 

IEEE. (2013, June), pp. 1-7.

[74] L. Yin, N. Lin, and Z. Zhao, Mining daily activity chains from large-scale mobile phone location data. Cities. 

109 (2021), pp. 103013.

[75] F. Zhang, B. Zhou, L. Liu, Y. Liu, H.H. Fung, H. Lin, and C. Ratti, Measuring human perceptions of a large-scale 

urban region using machine learning. Landscape and Urban Planning. 180 (2018), pp. 148-160.

[76] F. Zhang, Z. Fan, Y. Kang, Y. Hu, and C. Ratti, “Perception bias”: Deciphering a mismatch between urban 

crime and perception of safety. Landscape and Urban Planning. 207 (2021), pp. 104003.

[77] N. Naik, J. Philipoom, R. Raskar, and C. Hidalgo, Streetscore-predicting the perceived safety of one million 

streetscapes. In Proceedings of the IEEE conference on computer vision and pattern recognition workshops. 

(2014),  pp. 779-785.

[78] S.I. Chiodi, Crime prevention through urban design and planning in the smart city era: The challenge of 

disseminating CP-UDP in Italy: learning from Europe. Journal of Place Management and Development. (2016).

[79] J. Laufs, H. Borrion, and B. Bradford, Security and the smart city: A systematic review. Sustainable cities and 

society. 55 (2020), pp. 102023.

[80] J.M. Lee,  Exploring Walking behavior in the streets of New York City using hourly pedestrian count data. 

Sustainability. 12(19) (2020), pp. 7863.


