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Abstract. This paper investigates through a review of the current
literature on smart cities, reflecting different concepts across different
political-social contexts, seeking to contribute to the establishment
of a critical framework for smart cities development. The present
work provides a review of the literature of 250 selected publications
from four databases (Scielo, ScienceDirect, worldwide science, and
Cumincad), covering the years from 2012 to 2018. Publications
were categorised by the following steps: 3RC framework proposed
by Kummitha and Crutzen (2017), the main political sectors of city
planning, implementation strategies, computational techniques, and
organisation rules. The information was analised graphically trying to
identify tendencies along the time, and also, seeking to explore future
possibilities for implementations in different political-social contexts.
As a case of study, Australia and Brazil were compared using the
proposed framework.
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1. Introduction
By 2050, 68% of the world’s population is projected to be living in urban
areas, wherein 2.5 billion people will be relocated to urban areas, reaching 8.9
billion (DESA 2017). Cities share common challenges that must be addressed
such as improving the management of urban growth, dealing with migratory
movements, manage the urbanisation through a sustainable development approach,
among other demands. However, besides the similarities between the cities,
there are many specificities that are related to the singularity of each country,
whereby is ruled by different political-social contexts. Policy governors, planners,
researchers, and other stakeholders are addressing momentum to design new
strategies to enhance performance and sustainability in the cities, and some of
them are seeking to achieve these goals by a so called “smart city” approach.
According to Hollands (2008), the aim of a smart city consists of the
improvement of economic and political efficiency to enable socio, cultural
and urban development. However, approaches and methods to achieve those
requirements through the concept of smart cities, are still under heated debate in
academia. While some researchers tend to be biased by the technology-driven
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method (TDM), others opt to the human-driven method (HDM) (Letaifa 2015).
Kummintha and Crutzen propose on a literature review categorising smart city
by 3RC Framework (Kummitha and Crutzen 2017). Despite differences between
approaches on smart cities’ development, there is no consensus about the concept
or its actual benefits (Kummitha and Crutzen 2017). Moreover, smart cities
could be addressed by methods and approaches under the diverse political-social
contexts; for instance, almost 90% of the urban growth will happen in Asia and
Africa (DESA 2018), in which there is a rich and diverse culture, wherein it is not
reasonable to adopt the Euro-American smart city model without a critical revision
or adaptation that suits the specificity of each country.
This paper aims to investigate the current literature on smart cities through
a systematic review, reflecting different concepts across different political-social
contexts, seeking to address the following research questions: (a) What are
different approaches to smart cities in different regions across the world or is there
a hegemonic view about the concept (b) What are the key design methodologies,
intelligent systems, and computational techniques, identified in the development,
creation, analysis, and management of smart cities? The investigation of these
research questions will contribute to the establishment of a critical framework
on smart cities development. The framework is an important tool for critically
understanding current smart cities strategies and impact, as well as identifying,
sourcing, and benchmarking future smart cities development. This work was based
international studies; however, as a case study, it also aims to identify and compare
trends and demands on the creation of future smart of cities in Australia and Brazil,
seeking to demonstrate the usage and advantages of the framework proposed.
2. Methodology
This work provides a review of the literature selected from four databases (Scielo,
ScienceDirect, worldwide science, and Cumincad), wherein cover the years from
2012 to 2018. The keyword used for the selection was ‘smart city’. The search
returned 367 results: Scielo 34, ScienceDirect 276, WordWideScience 39, and
Cumincad 18. From these 367 publications were omitted 117, if they do not meet
the proposal of this work or by the lack metadata or absence of other relevant
information that could be extracted and organised by an automatised method. The
final number for the selected publications was 250. The language of the selected
publications was not restricted to English, and included works in Portuguese and
Spanish, in order to increase the diversity of the authors. The review of the
literature was divided into the following steps:
1.
2.
3.
4.

Publications were double-checked to certify if there was no replication
They were Categorised based on the framework proposed by Kummitha and
Crutzen (2017)
The papers were categorised in the main political sectors of city planning: Energy,
Mobility, Infrastructure, Sustainability, Economic, Communication, Housing,
and Healthcare.
The papers were Identified and categorised in implementation strategies:
development, creation, analysis, and management following by the computational
techniques.
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5.
6.
7.
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Publications were categorised based on their organisation rules as top-down
approach or bottom-up.
Publications that discuss Brazil and Australia were separated into a subgroup.
Brazilian-Australian’ s publications are compared in all the previous steps.

The second and final step was to analise the clustered works graphically to
identifying tendencies along the time, seeking to explore future possibilities for
implementations in different political-social contexts.
3. Kummitha and Crutzen 3RC Framework
The 3RC Framework was proposed by Kummitha and Crutzen (2017) with the
objective to include questions related to the social dimension of the city, as well
as the social aspects of sustainable development. The framework is articulated on
three schools of thoughts: Restrictive, Reflective, and Rationalistic or pragmatic.
In addition to these schools, there is also a critical school of thought. In this paper
was decided to include a fourth category dedicated to literature reviews.
Kummitha and Crutzen (2017) define articles as Restrictive school of thought
when the focus discussed paper’s authors’s are Information and Communication
Technologies (ICTs) as the key component necessary to transform cities into smart
cities, furthermore, in papers of this school of thought, are not mentioned social
inclusion or social justice as an important factor on the implementation of smart
city practices.
On the other hand, the Reflective school of thought questioning the objectives
for which the Restrictive school adopts as a criterion for the implementation of
smart cities, however, maintain “their core beliefs in the positive power of ICTs
by integrating human elements within their construction”(Kummitha and Crutzen
2017). A key factor for this school of thought is that human capital and technology
are jointly developed seeking to enhance and stimulate human capacity through
technology, thereby helping to improve social order.
Authors from the Rationalistic school of thought argue that smart cities should
focus on people and their capabilities instead of focusing all efforts on ICTs or
technologies. They believe that an important aspect in the developing of a smart
city might be empowering communities by promoting skills and capabilities, and
as a result, technology emerges as a consequence of local context needs, in an
appropriated political context. The main role for this school of thought is that the
citizens should be able to invent and promote the use of technology addressing
their own problems.
In contrast to all other schools of thought, the Critical school criticises the
smartness of such cities that self-proclaiming itself as smart cities. This school
argues that the implementation of smart cities by big corporations such as IBM
and Cisco is a Neo-liberal strategy seeking to privatise urban space around the
world (Kummitha and Crutzen 2017).
4. Categorisation
In order to understand the smart cities actual trend scenario, and try to add
more layers of information to the previous works (Kummitha and Crutzen 2017;
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Letaifa 2015; Thompson 2016; Andrade, E.A. de, Franceschini, M.C.T. 2017),
this work pursued to categorise the literature in the main city planning sectors,
smart cities implementation strategies, computational techniques, and organisation
rules (top-down and bottom-up). This framework can contribute with new
pieces of research that seek to implement future smart cities, as well as support
the discussion on the establishment of a critical framework for smart cities’
development.
The literature studied in this work were clustered by subjects, through
similarities found in main political sectors of city planning: energy, mobility,
Infrastructure, sustainability, economy, communication and social services,
housing, and healthcare. The eight sub-domains of city planning political sectors
were illustrated in Table 1. Also, the publications were divided into four
implementation strategies: development, creation, analysis, and management
focused on to understand the chosen period (2012-2018), that located the academic
efforts on the smart cities’ theme. Publications could be catalogued in one or more
implementation strategies, for example, authors could develop pieces of research
both in creation and analysis at the same time.
Table 1. Computational techniques.

This review found 17 different computational techniques related to smart
cities: Geographic Information System (Gis), Web-Scraping, Internet of Things
(IoT), 3D Modelling, Sensors, Virtual reality (VR), Augmented Reality (AR),
City Information Modelling (CIM), Application (App), Online Transaction
Processing (OLTP), Internet of Agents (IoA), Web-Services, Interactive Voice
Response (IVR), Computational Fluid Dynamic (CFD), Big data, Blockchain, and
Simulation. These computational techniques were briefly described in Table 2.
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Table 2. City planning political sectors.

The hierarchical organisation of the smart city´s implementation was divided
into two implementation strategies: top-down and bottom-up approach. A
top-down approach is categorised as strategies where policies, steps, and
implementations are defined by a governance or specialised company which will
lead the process from the beginning to the end, where citizens have few opinions
or none during the decision process, while the bottom-up approach is centred on
the empowering of the community promoting skills and capabilities to deal and
create with technology consequently these policies and strategies trying to make
the city “smart” by the interaction of the citizenry.
The categorisation process was realised using Zotero and LibreOffice Calc
(LOC). In Zotero the publications were organised and categorised, and the reports
about each cluster were generated. LOC was used to import the reports in a
spreadsheet format in order to control and generate graphs of the selected papers.
This semi-automatised process increased productivity in the repetitive tasks that
are common in literature reviews.
5. A publications’ panorama on smart cities: 2012 - 2018
In this section, as the first attempt of this research, we will present and compare
graphically the collected information in the 250 publications trying to expose, a
quantitative analysis on trends in the academic discussion about the smart cities
implementation.
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Figure 1. Number of publications by year .

Figure 2. 3RC Framework.

As shown in Figure 1, publications on the smart cities are growing over time.
Summing the publications during the years from 2012 to 2017 there are just five
more publications along this period than the totality that was produced in the year
2018. Kummitha and Crutzen (2017) noticed an increase in publications with
human-centred approaches on smart cities. Our work identifies and confirms this
claim, which can be seen in our categorisation of 3RC framework in Figure 2
it shows 124 publications on the Rationalistic school of thought followed by the
Reflective school with 62, for both schools the social dimension of the city is a
relevant subject that may knew technology as a whole package solution of a smart
city.

Figure 3. City Planning Sectors.

Our work reveals that “Communication and Social Services” is the major issue
on smart cities discussed by scholars in the category of city planning sector. There
are 95 publications on this category, followed by Sustainability and Economy at
the second place both with 33.
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Figure 4. Implementation Strategies .

Figure 5. Computational Techniques.

Finally, this work noted that on this complete publications sample, the tendency
for a smart city implementation is by a more human-centred approach, with
communication and social services as the city planning sector with the major
concerned about the implementation of smart cities. On the Implementation
Strategies, developing ideas and concepts about the smart cities is the major issue.
There are different computational techniques explored by the authors, with IoT as
the most discussed, however, despite the fact that the smart cities human-centred
approach were the most prominent among the publications, the main organisation
rule found in the publications was the top-down approach.
6. “Developed” vs “Developing” Countries: The Australian and Brazilian
case
The problems that have been emerging to the cities around the world have
similar features, such as management of urban growth, dealing with migratory
movements, the urbanisation management through a sustainable development
approach. However, achieving a solution for such problem depends on the proper
definition of the problem in the current political-social context that the problem is
addressed, or the expected outcomes tend to fail along the time.
As an example of the implications and trends on the pieces of research
produced in developed and in process of developing countries, this paper chooses
Brazil and Australia as the case studies. Australia and Brazil share some common,
both are located in the Southern Hemisphere, have continental sizes, had colonial
past, and have an indigenous native population. However, there are more
differences than similarities if we analyse the historical development of these
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countries, as well as the current position on social well-being. For illustration,
Brazil is the 79th in the list of Human Development Index (HDI), while Australia
is the third country in the list. Brazil and Australia were chosen in order to try
to understand and compare how countries with similar geographic conditions but
different political-social context are dealing with the theme of smart city in the
academy.
Without going beyond historical questions, which is out of the scope of this
paper discuss and analyse the historical differences between Australia and Brazil
at this time. However, this research is trying to understand where is possible to
trace convergent lines between these two nations in the academic discussion on
the implementation of smart cities. Furthermore, to identify main differences in
the trends by analysing the produced graphs on the review.
7. Australia and Brazil in the publication scenery on the Smart City
In this section, we will present and compare graphically publications selected on
the literature that presented a correlation with Brazil, Australia or both.

Figure 6. Number of publications Brazil/Australia by year.

We found in the literature 13 publications that deal with the theme
Brazil/Australia, wherein discussing six about Brazil, five about Australia and one
dealing with both countries. Figure 6 shows the publications from both countries
distributed by the years.

Figure 7. 3RC Framework Brazil/Australia .

Figure 7 shows the tendency of the whole sample among scholar of
both countries are biased to address the implementation of smart cities by a
human-centred thought, both countries have 5 publications categorised on the
Rationalistic view, followed by one publication on the Reflective school of
thought, and Brazil has an additional paper on the critical school. As shown in
Figure 8 “Communication and Social Services” is the main topic discussed by
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Brazilians with 3 publications, while the first position for Australian publications
was occupied by both Infrastructure and Economy with 2 publications.

Figure 8. City Planning Sectors Brazil/Australia.

The analysis was the main topic discussed in Brazilian publications, while
management was the most cited by Australians, as shown in Figure 9. The two
computational techniques cited in the sample from Brazil/Australia were found in
Brazilian publications, IoT and Simulation, with one publication by topic. All the
publications on the sample Brazil/Australia were categorised by organisation rules
as a top-down approach.

Figure 9. Implementation Strategies Brazil/Australia.

In a general overview, Brazilian and Australian publications, have similar
outcomes in understanding of how a smart city should be, as well as on the
understanding on how we should implement a smart city, this fact can be noticed
by the utilisation of 3RC Framework developed by Kummitha and Crutzen (2017).
Despite the differences in the focus of city planning sectors, results on the different
subjects are similar and both follow the trends exposed by the other authors from
the complete sample.
8. Further Research
This research is part of a work in progress, which forms a foundation for the
PhD project of one author of this paper. We have been working on the literature
review. It is known that these papers amount just reflects part of publications on the
theme, as this research is just in the beginning, and this work was restricted to the
keyword “smart city” during the process of searching and selecting publications.
Furthermore, “smart cities” is an old concept that is limited in itself and mostly
understood under a technological point of view. In further works, new keywords
will be included in order to seek a more embracing and integrative perspective, also
a more appropriate term, such as Future cities that focus more on the integration
of the different agents, layers and systems that compose city space. We expect
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to obtain a compiled discussion on the concept of the future cities, also, it could
collaborate with future research in this field. In the next steps in this research, we
focus on analysing the collecting of data beyond the quantitative analysis, seeking
a more in-depth qualitative analysis.
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