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Abstract: The United Nations (UN) adopted the seventeen “Sustainable Development Goals” 

(SDGs) in early September 2015. One of these goals is SDG 11, which refers to the sustainable cities 

and communities. In this context, local governments face the challenge of aligning with this objec-

tive. As a result, they are increasing outreach to their organizational boundaries to involve citizens 

in policy making and strategy development, continually listening to citizens' voices. One of the 

methods citizens use to express themselves is social media. This paper will emphasize social media 

platforms and specially Twitter to explore the public discourse about cities in the context of SDG 11. 

We applied descriptive quantitative and qualitative analysis to analyze the tweets that include terms 

and hashtags referring to the SDG 11. The data analysis process is composed of three major proce-

dures: 1-Engagement analysis, 2-Trends based analysis and 3-Data Insights. Our results show that: 

1-the COVID’19 pandemic negatively impacted users engagement towards SDG 11, 2-new technol-

ogies such AI and IoT are gaining more importance to help cities reach SDG 11, and 3-the SDGs are 

related and one SDG can impact other SDGs. 
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1. Introduction 

On 25 September 2015, the United Nations adopted by the member states during the 

General Assembly an ambitious international development agenda, comprising 17 Sus-

tainable Development Goals (SDGs) and 169 targets. The SDGs for 2030 represent a deter-

mined plan for transformation over a 15-year period. The 17 main SDGs cover a wide 

range of issues, from poverty, gender equality, water and sanitation, energy, sustainable 

cities, climate change, and peace. The SDGs encompass social, economic, and environ-

mental reforms, targeting both developed and developing countries independently from 

their level of development [1]. The fulfillment of these objectives requires strong cooper-

ation at international, national, and local levels. Scholars are investigating the interactions 

among energy, economy, climate, and land to develop integrated policies that better im-

plement the SDGs [2]. 

The United Nations estimate that the world population will increase by 32% in 2050 

compared to 2015, from 7.2 to 9.7 billion inhabitants [3]. The UN also predicts that until 

2030, over 60% of the world population is going to live in cities [4]. As a result, cities across 

the World will increasingly face the challenges to ensure the access to services with quality 

such as transportation, medical care, environment protection, and waste management, 

etc. Due to the major challenges that cities will face, one of the SDG focused specifically 

on cities which is SDG 11. SDG 11 aims to “make cities and human settlements inclusive, 

safe, resilient and sustainable” (https://www.globalgoals.org/11-sustainable-cities-and-

communities, accessed on 28 March 2021). This step is perceived as reflecting an increased 
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awareness of the important role that cities can play for global development pathways [5]. 

As stated in [6], “the battle for the SDGs will be won or lost in cities”. This research will 

focus on SDG 11 which has five topics, ten targets and 15 indicators, as shown in Figure 

1. 

 

Figure 1. Topics, targets and indicators of SDG 11. 

In fact, there is a significant scholarly debate about the SDGs in relation with sustain-

ability and SDG 11, and the concept of sustainable cities are not an exception. In this con-

text, scholars have been considering the “local” aspect of sustainability for a few decades 

by focusing on economic restructuring and social and the environmental justice [7]. For 

example, Kenworthy in [8] suggested that the urban governance and planning need to be 

reformed to reflect sustainability, by considering the threats that the environment is in-

creasingly facing due to the transportation systems, waste, and energy consumption. 

Thus, he suggested that urban planning should be vision-oriented and involve reformist 

thinking with a strong community-oriented and democratic sustainability framework for 

decision-making. In this sense, there is a direct link between SDG 11 and sustainable cities, 

which refers to the potential of urban transformations to sustainability [9]. 

Given the challenges that cities are facing to meet the needs of the urban population, 

to address climate change, promote economic growth, and enhance social inclusion [10], 

a sustainable city could support the provision of efficient services, energy, and land-use 

[11]. This could be done through using green energies and technologies, recycling, smart 

land-use, and transportation planning [12,13]. Indeed, these are the main purposes of SDG 

11, which answers the question “what should we do?” like the rest of the SDGs, despite 

this question not being as helpful as it might seem according to W. Easterly in [14]. How-

ever, there is a theoretical compromise that SDG 11 establishes a global urban policy po-

sition in a unified statement regarding the overall social, economic, and environmental 

functionality of cities and the urban system [15]. It deals with the theories acknowledging 

that responding to local contexts and stakeholder needs should be done through engaging 

diverse local partners to foster urban transitions [16–18]. 
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As stated in [19], the theory of SD appeared in the 1980s and evolved over time to be 

part of the high-level political agenda, becoming an integral part of the agenda of govern-

ments. SD started with three pillars that were the economy, society, and environment. A 

fourth pillar has been introduced which is culture, institutions, or governance. 

This paper focuses on the governance pillar. With the use of Information and Com-

munication Technologies, governance can be extended to e-governance. E-governance is 

defined as “E-governance comprises the use of information and communication technol-

ogies (ICTs) to support public services, government administration, democratic processes, 

and relationships among citizens, civil society, the private sector, and the state.” [20]. More 

specifically, the paper addresses the relationship between citizens and the government 

regarding SDGs. The city will look to the specific direction of communication from citi-

zens to policymakers. 

Policymakers in cities will have the responsibility to ensure that the development of 

their cities is aligned with SDG 11. As policy makers become more aware of the evaluation 

of cities-related development, they can increasingly account for citizens opinions to an-

swer their needs and to develop new policies. For this purpose, policymakers should have 

the tools to catch citizen’s opinions and/or feedbacks about sustainable cities. One of the 

ways that people use to express themselves is social media. Scholars argue that the use of 

IT and social media makes it possible and subsequently easier to get a comprehensive 

picture of public concerns and to identify the most important factors involved therein [21]. 

Consequently, our motivation is that social media-based SDGs discourse is increasing, 

and that we could explore useful information to help not only policymakers in designing 

their policies, but also scholars in developing methodologies and frameworks to analyze 

the social media data and translate them into policy headlines and directions. 

We will use Twitter as a social media platform in this work. Specifically, this paper 

will answer the following research question: How do we identify relevant information 

related to the topics, targets, and indicators of SDG 11 to better inform policymakers? By 

answering this research question, we could help decision and policy makers to better as-

sess the expectations and needs of their fellow citizens in terms of sustainable develop-

ment. To do so, our research objectives are: 

1. Analyze a set of tweets that refer to SDG 11 and that were posted between 1 Septem-

ber 2015 and 31 December 2020; 

2. Measure the Twitter users’ engagement, identify the trending hashtags, determine 

how the SDG 11 topics evolved overtime, and explore the insights resulting from the 

identified trends and the SDG 11 topics; and 

3. Inform policymakers with the identified relevant information from objectives 1 and 

2. 

This paper is structured as follows: Section 2 summarizes the research gap by pre-

senting an overview of the literature on sustainable cities in the context of SDG 11. Section 

3 explains the methodology and presents the data analysis process of the study. Section 4 

details the research results. Section 5 presents the limitations and section 6 concludes this 

study. 

2. Research Context: Towards Sustainable and Participatory Cities 

2.1. Making Larger Cities: Several Challenges to be Addressed 

As stated, the UN predicts that until 2030, over 60% of the world population is going 

to live in cities [4]. Indeed, cities need to cope with such growth. They are facing several 

challenges to develop powerful bases for their day-per-day activities by enhancing their 

urban, administrative, and socioeconomical capacities. To this end, policy-makers will 

need to improve their political decision-making processes, build the public awareness, 

increase their economic competitiveness, and assess the ways in which environmental and 

social issues are conceptualized and their solutions determined [22]. 
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In this sense, significant efforts have been spent by scholars, practitioners, and gov-

ernment agencies to develop frameworks to enhance cities ecosystems and monitor their 

growth in a continuous improvement process. In several urban areas, indicator systems 

have been developed and adopted by decision-makers and managers to implement and 

monitor their plans. Though, cities need a “new managerialism” approach [23] based on 

deep reforms of the public management of city services. Doing so, cities should be more 

efficient, effective, transparent and value for money [23]. 

2.2. SDG 11: Objctives for Inclusive, Resilient and Sustainable Cities 

Cities will play a critical role in advancing progress towards global sustainable de-

velopment [15] specifically with SDG 11 [24]. Through the implementation of this goal 

(i.e., targets and indicators), cities are expected to be inclusive, resilient and sustainable 

by 2030. SDG 11 is considered as a “path breaking” that guides the member states to bring 

social inclusion and environmental sustainability together under a “balanced and inte-

grated approach to urban sustainability monitoring” [25]. 

Several studies state that SDG 11 has fit with the scholarly debates referring to sus-

tainable cities since the 1950s [26]. Most of these studies focused on the aspect of urban 

development as it has become one of the major policy issue for countries around the world 

due to rapid growth of the urban population [13,16,18,26]. Meanwhile, other studies fo-

cused on the socio-economic aspect [27] considering that cities are important generators 

of wealth, employment and productivity growth and often quoted as the “engines of their 

national economies”, especially for the metropolitan regions. Besides urban development 

and socio-economic aspect, a city can also be considered as an “artifact environment” 

where the quality of life and environmental concerns undermine all advantages associated 

with agglomeration economies. Hence, different theories and policies aimed to drive the 

economy towards a “sustainable economy” [12]. In fact, sustainability at large could be 

perceived as “a process of change in which the exploitation of resources, the direction of 

investments, the orientation of technological development and institutional changes are 

made consistent with future as well as present needs” [28]. As cities and urban growth are 

at the core of such development [29], there is a compromise that urban planning should 

consider social, economic and environmental dimensions to ensure them competitiveness 

and their sustainability” [9,11,18]. Consequently, the discussion about sustainable devel-

opment with regards to cities has caught a considerable scholar and official recognition 

where the terms “sustainable cities” and “sustainable human settlements” were much in 

evidence [30]. This discussion is in the core of SDG 11 that scholars consider as a way to 

distinctly allude urban development [5] and to give cities the main resources to operate a 

major development [29]. However, the correlation between building sustainable cities 

through sustainability protocols and the pursuit of SDG 11 targets is still less discussed in 

the literature despite the adoption of this goal [29]. For instance, the discussions on how 

to integrate policies and plans that fit with the targets and the indicators of the SDG 11 are 

continuously investigated [24,29]. 

Governments, including cities, are spending efforts to develop, implement, and mon-

itor strategies for SDG 11 to transform cities and communities to sustainability. This trans-

formation cannot be neither understood nor addressed by a single entity. It becomes im-

perative to bring together organizations from business, government and non-profit sec-

tors to collaborate via a multi-stakeholder partnership [31]. In other terms, this participa-

tory approach of implementing and monitoring the SDGs and particularly SDG 11 could 

contribute to the community and help to address local economic, social, and environmen-

tal concerns. 

In this paper, we adopt the integrated information ecosystem (Figure 2) as a theoret-

ical background. In this ecosystem, there are three spheres that are interrelated and that 

influence the implementation of SDGs in cities [32]: the sustainable sphere, the political 

sphere, and the administrative sphere. In the sustainable sphere, stakeholders, across mul-

tiple levels and sectors, seek to define sustainability and set targets by focusing on the 
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most pressing concerns. The political sphere represents the place where debates related to 

SDGs take place to set new policies/priorities/rules. Finally, the administrative sphere fo-

cuses on the execution of the decisions taken in the political sphere. This paper will focus 

on the sustainability sphere. In this context, cities need to have the capacities to capture 

what the stakeholders are discussing in the sustainability sphere to highlight the most 

pressing concerns. 

 

Figure 2. Model of an integrated information ecosystem for smart sustainable cities [12]. 

2.3. Social Media as a Valuable Mean of Implementation and Monitoring 

Saner et al. in [33] suggest that the SDGs “concrete attainment” remains unclear, in-

complete, and requires micro and macro dimensions for monitoring. They state that the 

monitoring should be participation-based and inclusive and has to be considered as an 

integral part for managing the SDGs implementation process to bring transparency and 

accountability to the process. In addition, the United Nations Development Group recog-

nizes that to ensure accountability and tackle inequalities “more, better and new types of 

data are needed”, with a focus that should no longer be limited to national aggregates, 

but also on disaggregated data that consider the “user concerns” [34]. As a result, there is 

an important need to engage citizens and non-profit organizations for a “citizen-driven” 

policy making [35]. 

Recently, with the evolution of IT tools and social media specifically, new and inno-

vative ways of participation, co-design, and monitoring are emerging [36–38]. This emerg-

ing involvement is referred to as electronic participation (e-Participation), online civic en-

gagement or digital coproduction [39–41]. Boudjelida et al. in [42] found that social media 

platforms are the most used tools for IT based citizen engagement. The key factor is the 

“democratizing power” of social media that allows citizens and government to raise the 

profile of their work and to clarify their societal contributions in a way that is unfiltered 

by the editorial decisions of traditional media [43]. It provides large channels of commu-

nication with significant affordances that embed deep interaction between users [44]. 

Hence, social media platforms can be considered a link between the sustainability sphere 

and the political sphere and are a valuable source of information to policymakers in the 

context of SDGs. 

2.4. Exploring the SDG 11 Insights from Twitter Data 

Citizens use social media platforms, like Twitter, to express their concerns about sev-

eral issues. With the inherent strong dissemination capacity of social media, citizens can 

influence public opinion [45,46]. Many users are specifically interested in topics that refer 
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to the challenges cited in the SDG 11. Our research focuses on the Twitter platform as a 

mean to collect what is being said about issues related to SDG 11. Twitter is a massive 

social networking site and microblogging platform on which registered users post and 

interact with messages known as “tweets” [47]. The impact of Twitter has been demon-

strated in several contexts such as political communication [48], crisis and disaster detec-

tion and management [49], brand communication and marketing [50], and healthcare [51]. 

By extracting and analyzing the SDG 11 related data posted in Twitter, we examine 

the trends of the public discourse and provide insights and actionable research model that 

could help cities policymakers implement and monitor the SDG 11 considering its topics, 

targets, and indicators. 

3. Methodology 

In general, social media data, including Twitter data, can be classified into structured 

and unstructured data [48,52]. The structured data (i.e., identified also as metadata) com-

promise the user's information (e.g., name, description, spatial, temporal, etc.) and the 

content information (e.g., number of likes, retweets, mentions, etc.). The unstructured data 

is related to the “user-generated” textual content that are tweets, replies and comments. 

The structured data is mainly quantitative (i.e., descriptive) and related to the users-

activity. Hence, it could be used mostly to measure the degree of engagement of users. 

We identify this approach as the “engagement analysis”. The unstructured data allows 

exploring “qualitatively” the user-generated content to monitor and detect trends [48,53]. 

The trends can be combined with the structured data, in particular the temporal data (i.e., 

the date of creation of tweets) to investigate the evolution of these trends over time. The 

evolution of topics and trends over time is called “trends analysis”. Finally, we can make 

an in-depth view on the data to see the links that may exist between pieces of data [54]. 

We identify this analysis as “data insights”. So, our data analysis is based on these three 

types of analysis: engagement analysis, trends analysis, and data insights. 

3.1. Data Preparation 

Before analyzing the data, we first need to prepare it. Data preparation is conducted 

in two steps that we present hereafter: data collection and data pre-processing. 

3.1.1. Data Collection 

One of the major advantages of Twitter is that it provides Application Programming 

Interfaces (APIs) that allow third-party applications to connect to their servers and extract 

tweets data and meta-data. One of these applications is the Representational State Trans-

fer (REST) API, used to retrieve past tweets matching established criteria such as topics, 

keywords, and users, within a search window [52]. Depending on the purposes, the data 

tracking approaches through the Twitter API could be (1) self-involvement approach, 

where individuals and institutions can have all tweets collected that contain their name 

(i.e., either as simple keyword or hashtag); (2) Keyword/topic-based approach where the 

collection of tweets is based on keywords or hashtags or topics to catch the opinions 

and/or the feedbacks about certain topics; and (3) actor-based approach where the col-

lected tweets refer to specific users [48,55]. 

We will focus in our study on the keyword/topic- based approach, where the data 

related to the SDGs is collected iteratively (i.e., since 2015), as we are interested in explor-

ing what people are discussing about the SDG 11. So, we first collected tweets about the 

SDGs in general and then extracted the subset of tweets about SDG 11. The tweets related 

to SDGs have been collected iteratively, using the keyword “SDGS” in the window time 

between September 2015 and December 2020. We collected 2,486,639 tweets. Once these 

tweets collected, we pre-processed them to identify the tweets related to SDG 11. 
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3.1.2. Data Pre-Processing 

Once the data is collected, it needs to be pre-processed before extracting the tweets 

related to SDG 11. In the pre-processing phase, we went through two steps: data stand-

ardization and tweets filtering. 

Data Standardization 

First, we considered only unique and distinct tweets. Doing so, our new dataset is 

composed of 877,381 tweets out of 2,486,639 tweets. Second, we standardized the 877,381 

tweets. In fact, a tweet is a combination of alphanumeric text combined with symbols with 

a maximum length of 280 characters [56]. A tweet can contain abbreviations, slang terms, 

acronyms, links to external users or hashtags. Hence, the content can be noisy, unstruc-

tured and may contain unnecessary tokens that do not have necessarily a semantic signif-

icance [57]. In our case, we focused on four elements that need to be tackled to standardize 

our dataset: emojis, retweets symbols, @ mentions, and links. We decided to delete Emojis, 

the retweet symbols (i.e., RT), mentions (@) and links since these symbols will not bring 

any additional information in our analysis. Moreover, we converted all the tweets to low-

ercase to avoid duplication and to bring the tweets in a consistent form [58]. Third, we 

classified tweets by language. We notice that most of the tweets are written in English. As 

a result, we keep only the tweets that are written in English to have 719,299 tweets out of 

877,381 tweets as a final initial dataset for this study. 

Data Filtering 

Once the tweets are pre-processed, we extracted the tweets related to SDG 11. To this 

end, we build a set of relevant hashtags related to SDG 11 that will be used to filter our 

dataset. These hashtags have been identified using three sources. The first source is the 

website “best-hashtags.com”. The second source is the literature [59]. The third source is 

a set of potential hashtags that we build from the description of SDG 11, including the 

general description of SDG 11, the descriptions of the topics and the description of the 

targets, as provided by the UN. To this end, we used two algorithms: Rapid Automatic 

Keyword Extraction (RAKE) [60] and TopicRank [61]. We used the two algorithms be-

cause they don’t provide the same result. So, to be exhaustive, we combined the two sets 

of keywords provided by the two algorithms. A keyword can be a single word or a com-

bination of words. If a keyword is a combination of words, we generated all potential 

possible hashtags to refer to this keyword. For example, if we have air pollution as a key-

word, we generate two hashtags: airpollution or pollutionair. Doing so, we have a new 

list composed of the keywords having only one word and all the combination of key-

words. As a result, we got an overall list of 99 hashtags from the three sources that refer 

to SDG 11 and that we used to filter the initial dataset. Based on this list (see Appendix 

A), we found that there are 31,157 tweets from the initial dataset that refer to SDG 11. 

3.2. Engagement Analysis 

The engagement analysis is applied on the metadata. We establish the following met-

rics to measure the engagement: 

 the frequency of tweets over time: depending on the type of the posted tweet, as a 

tweet can be “organic” (original for its holder) or “retweet” (retweeted by other user) 

or “reply” (the replies appear at the user timelines); 

 the most active users: to explore the users that are the most interested in SDG 11 in 

terms of characteristics and involvement. As a result, it is possible to monitor the 

influencers or the potential influencers regarding the frequency and the quality of the 

content that they generate [48,55]. 
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3.3. Trends and Topics-Based Analysis 

We aim through this analysis to monitor the trends and the topics from the collected 

data. 

3.3.1. Trends Analysis 

Trends analysis provides an overview on how the discourse evolved over time. To 

inform about this discourse, we based our analysis on the hashtags that were used in the 

tweets. In the dataset, we distinguish two types of hashtags: predefined hashtags and 

combined hashtags. The predefined hashtags are the hashtags in the list of the 99 hashtags 

used to filter the dataset (resulting from the Data filtering step). 

The combined hashtags are those used in the dataset and that are not in the list of the 

99 hashtags. Since we aim to provide a better understanding about how SDG 11 discourse 

evolved over time, the predefined hashtags were not used in this analysis since we know 

that they are used in the 31,157 tweets. So, to detect new and trending “insights” about 

the SD11, we based our analysis on the “combined hashtags”. For example, as depicted in 

Figure 3, “#cities” is a predefined hashtag and “#neighbourhoods” is a combined hashtag. 

 

Figure 3. Example of predefined and combined hashtags. 

Indeed, the combined hashtag provides new information to understand that the 

tweet is associated with communities and could be interpreted to show the importance of 

the involvement of neighborhoods in the growth of cities. 

3.3.2. Topics Analysis 

Topics analysis will be based on the topics of SDG 11. Doing so, we can inform how 

the discussion about each topic has evolved over time since policymakers might be inter-

ested to know the topics or issues that were discussed and how such discussions took 

place [48]. When we conducted our analysis, SDG 11 has five topics that are: disaster risk 

reduction, sustainable transport, voluntary local reviews, sustainable cities and human 

settlements, and national sustainable development strategies. As of May 2021, there are 

only four topics; the topic “voluntary local reviews” has been removed. Even though this 

change has occurred, it doesn’t impact our methodology or our results interpretation. 

The aim of the topics analysis is to identify the tweets that are related to the topics. 

To classify the tweets regarding to the five topics, we used a three-step approach: 

1. First, for each tweet, we extracted its hashtags and then removed the # symbol. 

2. Second, for each topic, we looked at its description as provided in the UN website. 

To enrich the description of each topic, we looked also at the description of each tar-

get related to the topic as provided in the UN web site 

(http://metadata.un.org/sdg/11?lang=en; accessed on 28 March 2021). From the com-

bination of descriptions (topic and topic’s targets), we extracted the keywords that 

describe the topic as we exactly did in the data filtering step but applied to each 

topic’s enriched description. In doing so, we have a new list composed of the key-

words having only one word and all the combination of words. This list is a sub-list 

of the predefined hashtags since the descriptions of the topics and the targets have 

been used to develop the predefined hashtags. Table 1 provides the list of related 

hashtags to each topic. 
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3. Third, we classified each tweet with regard to the topics. To this end, we based our 

classification on the predefined hashtags of each tweet since each tweet has at the 

minimum a predefined hashtag (filtering step), and that the list of hashtags related 

to the topics is a subset of the predefined hashtags. Doing so, we were able to associ-

ate the hashtags with the topics. Consequently, we’ve been able to associate the 

tweets having these hashtags with the topics. We mention that there are tweets that 

have hashtags that don’t match the list of topics’ hashtags. These tweets have not 

been classified in one of the topics. 

Table 1. SDG 11 topics and their main hashtags. 

Topic Related Hashtags 

Disaster risk reduction (https://sdgs.un.org/topics/dis-

aster-risk-reduction; accessed on 28 March 2021) 

#ecodesign 

#urbanenvironment 

#airpollution 

Sustainable transport 

(https://sdgs.un.org/topics/sustainable-transport; 

accessed on 28 March 2021) 

#urbanmobility 

#roadtransport 

#publictransportation 

Voluntary local reviews * 

#localgovernance 

#localgov 

#municipality 

Sustainable cities and human settlements 

(https://sdgs.un.org/topics/sustainable-cities-and-

human-settlements; accessed on 28 March 2021) 

#urbandesign 

#affordablehousing 

#urbanpopulation 

National sustainable development strategies 

(https://sdgs.un.org/topics/national-sustainable-devel-

opment-strategies; accessed on 28 March 2021)  

Hashtags non retrieved 

* At the time of the data collection and analysis, this topic existed. However, it was deleted by 

May 2021  

3.4. Data Insights 

There are different methods to visualize data for analysis and interpretation purposes 

such as word-clouds, histograms and matrices [48,52,62]. In addition to these techniques, 

there are also bigrams [62]. Bigrams are techniques to visualize links between words and 

to what extent the words have been used together. Bigrams will provide a semantic view 

and a better understanding of the data. Policymakers will have a deeper understanding 

of people’s opinions and interests about the SDG 11 related topics. 

Bigrams can be represented as a network where the vertices represent the words and 

the edges represent the weight of the co-occurrence [48,52]. We build the bigram based on 

all the data in the tweets. To do so, we removed the stop words and kept all the other 

words including the predefined and combined hashtags. In our bigrams, after several 

tests, we found that a word has to be in the bigram if it has occurred more than 150 times. 

All the other words that occurred less than 150 times are not included in the bigram. 

4. Results 

In the following section, we present and emphasize the results of our research. 

4.1. Engagement Analysis 

In the engagement analysis, we provide the frequency of tweets over time and the 

list of active users. 
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4.1.1. Tweets Frequency 

As we mentioned previously, our dataset is composed of 31,157 tweets related to 

SDG 11. As can be observed in Figure 4, the public discourse about SDG 11 started in 29 

September 2015. 

 

Figure 4. Frequency of tweets related to SDG 11 between September 2015 and December 2020. 

Figure 4 shows that the peak of tweets was reached in 2019. However, it has experi-

enced a significant drop since the beginning of 2020. This could be explained by the global 

health crisis of COVID –19, which dramatically caught the interest of Internet users, in-

cluding tweeters. This result confirms the theoretical and the empirical studies suggesting 

that since the beginning of 2020, COVID-19 has gained significant attention and has been 

on the top of social media trends including Twitter [63,64]. Figures 5 and 6 show the rate 

of tweets, retweets, and replies and their evolution over time. We can observe that 54.2% 

of tweets are organic, 41.57% are retweets, and only 4.21% are replies. A high number of 

retweets indicates that the information about this subject is circulating rapidly on social 

media. A low number of replies may indicate that there are not well-developed interac-

tions between the users on twitter for SDG 11. We observe that there is a high interest for 

the organic tweets with a ratio of 41.57% of retweets. This shows a high interest of people 

to tweets related to SDGs, which is aligned with the literature that states that Twitter is 

one of the main channels where people express this interest in the environment, society, 

and health [21,65]. 

 

Figure 5. Ratio of organic tweets, replies and retweets related to SDG 11 of our dataset. 
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Figure 6. Frequency of organic tweets, replies and retweets by year. 

4.1.2. Active Users 

Figure 7 represents the top 10 most active users (or accounts) in terms of tweets, re-

tweets, and replies. From this figure, we can see that the 10 most active accounts in terms 

of organic tweets each produced between 370 and 65 tweets over the 6 years. In terms of 

retweets, the top 10 retweeting accounts each produced between 648 and 73. 

Finally, the top 10 repliers show that there is mainly one account very active to en-

gage in discussion and replies to other tweets. This reflects the low number of replies 

compared to the organic tweets and retweets. We observe that the creators of tweets are 

individuals or non-UN representatives than UN bodies and representatives. It may be 

positive if the UN and the official government representatives are more active to tweet 

about SDG 11 to create a momentum of discussion around this goal for education and 

awareness purposes. This recommendation is supported by Domínguez et al. in [66] who 

studied the extent to which Twitter could be a tool to raise the awareness and educate 

people to improve cities' living conditions towards more active and sustainable post-covid 

cities. The authors identified the top ten influential and active accounts, and show that 

there is a “new conscious audience” that could be more aware about social, economic, and 

environmental issues and concerns through Twitter active users. The study also shows 

that educational institutions, local organizations, NGOs, neighborhood associations, and 

individual accounts could raise the public awareness about local issues when they are 

more active. This observation of Dominguez et al., supports our recommendation that UN 

bodies and governmental institutions need to be more active on Twitter regarding SDGs. 
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Figure 7. Most active Twitting users. 

4.2. Trends and Topic Analysis 

4.2.1. Trends Analysis 

For the trends analysis, we conducted two analyses: a global analysis and a time-

based analysis. Figure 8 presents the global evolution of the trends combining all the 

tweets of the last 6 years. We can see that the two most cited combined hashtags in these 

6 years are related to the climate action (climateaction) and health (CSR). 
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Figure 8. Distribution of the combined hashtags. 

Figure 9 investigates the evolution of the trends over time to observe how the dis-

course evolved over time around SDG 11. We observe that there are specific hashtags that 

we can find each year such as #CSR, #climatereaction, or #innovation. However, we ob-

serve other hashtags that were used only for a specific year such as the hashtag #cop21 in 

2015 since it was the year when the Paris Conference on Climate Change took place. We 

also observe the importance of hashtags related to artificial intelligence, IoT, or innovation 

that have been attracting more and more attention when talking about cities. For example, 

the hashtag AI, which ranked 15th in 2018, continued to grow to take the 8th place in 2020. 

Pilař et al. in [65] analyzed the discourse related to sustainability published in Twitter 

with the aim to identify the main topics through hashtags significations. The key hashtags 

that they identified refer to innovation, climate change, corporate social responsibility, 

technology and energy. These findings fit almost with our results, as the key hashtags that 

we identified in our dataset are related also to climate change, csr, technology and energy. 

However, we identified other key hashtags that refer to health and food security. Regard-

ing the list of the most frequent hashtags retrieved in [65], there are numerous hashtags 

that we eliminated from our dataset, as we consider them as general and could be useful 

for filtering and classification purpose, such as #sustainability, #sdgs and #globalgoals. In 

addition, our study considers the sustainable development goals with a focus on SDG 11, 

so it could be understood that we have key hashtags (i.e., like health, education, leader-

ship, etc.) which refer mainly to public services or local issues in cities that could be not 

identified in more general studies. Moreover, Kumar et al. in [67] suggest that cities are 

playing an important role in the environmental development and that they could have a 

major contribution on climate change. In our study, as the hashtag “#climate action” is the 

most frequent, we believe that more local consideration toward climate change is needed 

in urban planning to ensure the sustainability of cities which could contribute on the 

global sustainability [17,30]. 
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Figure 9. Frequency of Most used combined hashtags per year from 2015 to 2020. 

4.2.2. Topics Frequency 

We classified the tweets regarding the SDG 11 topics: Disaster risk reduction, sus-

tainable transport, voluntary local reviews, sustainable cities and human settlements, and 

national sustainable development strategies. Figure 10 represents the evolution of SDG 11 

topics over the last 6 years. We observe that the most discussed topics are disaster risk 

reduction, sustainable cities, and human settlements. However, we observed that little has 

been discussed about sustainable transport or voluntary local reviews, and that there is 

no discussion about the topic of national sustainable development strategies. 

When looking to the literature, we haven’t found any study that classified tweets, as 

we did, regarding the five topics related to SDG 11 as published by the UN. However, we 

found several studies in the literature that depicted key trends of SDG 11 or sustainable 

cities discussed on Twitter. First, we observed that some of these studies referred to cli-

mate change and energy issues that refer to the topic “Disaster risk reduction” [65,66,68]. 

In the same vein, there are other studies that refereed to habitation, health, food, security 

and other urban and social issues [69,70] that are related to the topic “Sustainable cities 

and human settlements”. Finally, the study of Pilař et al. in [65] highlighted hashtags re-

lated to “Sustainable transport “that are innovation and energy. For the fourth SDG 11 

topic, the voluntary local reviews, Haro-de-Rosario et al. in [71] showed that Twitter and 

Facebook are becoming major channels of online interactive participation and that local 
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governments are increasingly seizing this opportunity to enhance citizen engagement in 

political and social issues. They showed also that Twitter is less preferred in comparison 

to Facebook as a mean of citizens’ participation in local governance. This could confirm 

our finding in Figure 10, showing that the topic “voluntary local reviews” is less discussed 

than the other SDG 11 topics. In addition, our observation for the fourth SDG 11 topic is 

aligned with our observation for the most active users where UN agencies and govern-

ments are not very active. 

 

Figure 10. Evolution of the SDG 11 topics over time. 

On the other hand, we notice a considerable decrease in the level of the interaction 

on all the topics of the SDG 11 at the beginning of 2020. As mentioned above, this can be 

argued by the propagation of the global pandemic COVID-19 where people became more 

focused on the pandemic and its consequences around the world. This observation is well 

aligned with our observation at the tweets frequency that decreased in 2020. 

4.3. Insights Analysis 

As shown in Figure 11, we can see that the most used words in the bigram are related 

to the environment as the pollution and the climate change, which confirms our findings 

in Section 4.2 where the topic frequency of disaster reduction is considerable. The pollu-

tion and the air pollution in cities are caused mainly by public transportation means and 

cars. The network shows that there is a direct link between transport and air pollution in 

cities. 
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Figure 11. Bigram Network of SDG 11. 

The expression “electrical capsule” occurred several times. This could be interpreted 

as a potential solution to save the environment and reduce pollution and air pollution in 

cities. In addition, there is a significant suggestion to replace cars and use electric capsules 

to save energy and the environment. 

Our findings are consistent with previous research in the field. Domínguez et al. in 

[66] found that some Twitter influencers suggest the use of train instead of car, and pe-

destrianize the downtowns of cities in order to reduce gas emissions of cars. They sug-

gested also reducing the use of cars on short trips, promoting walking and running for 

these trips. In the same vein, Bagliani et al. in [72] reported that transport, gas emissions 

and non-renewable energies are the main causes of air pollution. They advocated that the 

use of renewable energies could be a significant opportunity to achieve sustainability. 

Furthermore, Labonte and Rowlands in [68] studied Twitter-based conversations regard-

ing energy issues and politics and showed, as we did in this study, that energy is linked 

with economic and environmental issues. Finally, Hamed and Zia in [73] used bigrams to 

analyze the climate change related discourse on Twitter and found that climate action and 

climate change are directly connected (as we depicted in Figure 11), and that pollution is 

linked to cities. 

5. Limitations of the Study 

This study has a set of limitations that we hereby present. First, there are limitations 

related to data. Our dataset is limited to Twitter, which may not reflect the overall public 

discourse related to SDGs in other social media platforms such as Facebook and Insta-

gram. In addition, we restricted our study to English twitter posts, which may also limit 

our finding given the diversity of Twitter users in terms of identity and location. 

Second, we have limitations related to Twitter API. For privacy issues, some users 

and tweets are deleted. When users delete tweets, they disappear from the APIs. In addi-

tion, due to Twitter API policy, the number of tweets requests is limited by time and by 

number. As a result, when collecting tweets, we are restricted to only the recent ones. 

Another limitation is that some user information such as the geolocation may be un-

available, so that we cannot use this information to cluster tweets by location. 

Third, there are limitations related to the hashtags through which we extracted the 

tweets which refer to sustainable cities and SDG 11. In fact, there are few hashtags avail-

able in the web and in the literature that ae related to SDG 11. Therefore, we built in our 
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research a list of hashtags using the description of SDG 11, including the general descrip-

tion of SDG 11 and the descriptions of topics and targets, as provided by the UN. 

Finally, the context of the COVID-19 pandemic impacted the engagement of Twitter 

users to SDGs as the frequency of the tweets referring to SDG 11 decreased in 2020. 

6. Conclusions and Future Research Directions  

In this paper, we demonstrated how Twitter (as an Integrated Information Ecosys-

tem) could be used to help policy makers which are hosting debates and setting priorities 

(political sphere) in identifying challenges regarding parameters of global sustainability 

(the sustainability sphere). To this end, we analyzed a set of tweets related to SDG 11 

through three perspectives: Engagement analysis, Trends based analysis, and insights. 

Doing so, policy makers should be able to follow the evolution of the SDG 11 tweets over 

time to identify new emerging insights. 

Our results about the engagement analysis enabled us to track the frequency of 

tweets related to SDG 11 over time and to highlight the most active users (which we can 

call influencers) interested in SDG 11. We observed that the creators of tweets are individ-

uals or non-UN representatives than UN bodies and representatives. The trends-based 

analysis showed first that there are specific hashtags that we can find each year such as 

#CSR, #climateaction, or #innovation. However, we observe other hashtags that were used 

only for a specific year such as the hashtag #cop21 in 2015. We also observed the im-

portance of hashtags related to artificial intelligence, IoT, or innovation that have been 

attracting more and more attention when talking about cities. Second, the trends-based 

analysis showed that the most discussed topics over the last six years are disaster risk 

reduction, sustainable cities, and human settlements. The data insights analysis showed 

that citizens are mostly concerned with issues related to the environment such as pollution 

and climate change. 

For future research, we propose four directions. First, we can dig deeper into the data 

by doing a semantic analysis of the data by looking at the tweets contents and the hyper-

links in the tweets. Second, we propose conducting a field study to see how tweets data 

analysis can help them to build their SDGs policies for their cities. Third, it will be inter-

esting to analyze tweets by integrating geolocation information. We can provide detailed 

insights on the discourse evolution in different cities and regions of the World. This can 

be informative so that cities can learn from each other. Finally, we propose to develop a 

dedicated platform for policymakers to present different facets of data analysis. By doing 

so, we will better inform them in regards to decision-making processes. 
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Appendix A. List of Hashtags 

Hashtgas 

sustainablecities 

sustainability 

urbanplanning 

greencities 

sustainableliving 

urbandesign 

cities 

urbanism 

sustainabledesign 

architecture 

climatechange 

greenbuilding 

sustainablearchitecture 

placemaking 

greenliving 

greenarchitecture 

sustainablebuilding 

greenbuildings 

cityplanning 

publicspace 

savetheplanet 

greenbuildingconsultants 

greendesign 

ecodesign 

citiesforpeople 

urbanmobility 

greencertification 

bhfyp 

smartcities 

smartcity 

goal11 

sdg11 

urbancircularity 

city 

resilientcities 

urbanresilience 

urbanization 

municipal 

municipality 

municipalities 

urban 

urbanpopulation 

transport 

transportation 

roadtransport 

publictransportation 

railroad 

roadsafety 

teslasroad 

slum 

slums 

slumsinformal 

slumdevelopment 

affordablehousing 
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housing 

settlement 

settlements 

informalsettlements 

rehabilitation 

resettlement 

housingcrisis 

right2housing 

affhousing 

socialhousing 

sustainablehousing 

affhousingbill 

ecosystemservices 

financialservices 

bankingservices 

sustainablebanking 

fesklasservices 

accessibility 

inclusive 

inclusivegrowth 

inclusivedesign 

inclusivedevelopment 

buildingtheinclusivecity 

airpollution 

air 

airquality 

wastetobiogas 

organicwaste 

wastepickers 

wastemanagement 

zerowaste 

plasticwaste 

foodwaste 

reducewaste 

wastetoenergy 

environment 

environmental 

environmentalimpact 

environmentalrisks 

urbanenvironment 

sustainableenvironment 

localgovernance 

glocal 

localgov 

cyclingcities 
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