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Abstract

:

By using text mining techniques, this study identifies the topics of sustainable consumption that are important during the COVID-19 pandemic. An Application Programming Interface (API) streaming method was used to extract the data from Twitter. A total of 14,591 tweets were collected using Twitter streaming API. However, after data cleaning, 13,635 tweets were considered for analysis. The objectives of the study are to identify (1) the topics users tweet about sustainable consumption and (2) to detect the emotion-based sentiments in the tweets. The study used Latent Dirichlet Allocation (LDA) algorithm for topic modeling and the Louvain algorithm for semantic network clustering. NRC emotion lexicon was used for sentiment analysis. The LDA model discovers six topics: organic food consumption, food waste, vegan food, sustainable tourism, sustainable transport, and sustainable energy consumption. While the Louvain algorithm detects four clusters—lifestyle and climate change, responsible consumption, energy consumption, and renewable energy, sentiment analysis results show more positive emotions among the users than the negative ones. The study contributes to existing literature by providing a fresh perspective on various interconnected topics of sustainable consumption that bring global consumption to a sustainable level.
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1. Introduction


Pandemics (infectious disease outbreaks of a worldwide reach) have struck humankind many times in recent years. When considering only the last 20 years, pandemics such as SARS (2003), MERS (2012-present), Swine flu (2009–2010), Ebola (2014–2016), Zika (2015–2016), and COVID-19 (2019-present) can be mentioned. Compared to other major pandemics, both the scale and economic and social consequences of COVID-19 are significantly greater. The COVID-19 pandemic has influenced 220 countries with more than 195 million confirmed cases and over 4.1 million deaths worldwide to date [1]. The pandemic has impacted many areas of life, including healthcare systems, economic and financial security, wellbeing, work, trade, travel and tourism, transportation, agriculture, and food security across the world [2,3,4,5,6]. According to World Health Organization [2], as a result of the pandemic, tens of millions of people are at risk of losing their livelihoods and falling into extreme poverty; the number of undernourished people has increased considerably; and border closures and other restrictions have been preventing businesses from accessing markets. It has also been confirmed that the COVID-19 pandemic has led to changes in human behavior, including consumer behavior and consumption patterns; it has influenced lifestyles, buying intentions and behaviors, wants, and the way goods and services are consumed [7,8,9,10].



During the coronavirus pandemic, changes in consumer behavior may affect different aspects of such behavior, including food purchasing, spending patterns, consumption habits, shift to online purchasing etc. [11,12,13,14,15,16,17]. Although it is impossible to identify all of them, due to the growing interest in health issues during the pandemic, consumer behavior is evolving towards healthier and more sustainable patterns [3,18]. Among these publications, studies on the impact of the pandemic on sustainable consumption have a large share [19,20,21,22,23]. In various publications, different aspects of such behavior are analyzed in the context of the COVID-19 pandemic, for example: eating a healthier diet [18,24], buying local [18], environmental awareness [20,25], or negative emotions [21].



Thus, most of the publications on sustainable consumption during coronavirus pandemic have been devoted to the analysis of individual issues in this area. In contrast, still, publications in which a more holistic and integrating approach is used, showing which topics (aspects) of sustainable consumption remain important for consumers, are few [23,26]. Meanwhile, knowledge about sustainable consumption behavior is a key element in implementing the concept of sustainable development, which involves departing from traditional consumption patterns towards a more sustainable model [19,27]. Understanding which topics in the field of sustainable consumption are relevant to consumers during COVID-19 seems extremely important, both for businesses and various institutions involved in achieving sustainable development goals. Companies can use such knowledge not only to meet customer needs better but also to do so in a sustainable manner.



Similarly, different institutions can use knowledge in this field, e.g., to shape more responsible consumption patterns in society. Moreover, to our knowledge, this article is one of the first publications to deal with the topic modeling technique to understand and extract such hidden aspects of sustainable consumption from Twitter data. Moreover, the use of big data in the study of consumer behavior is not frequent, while processing and analysis of big data are precious because it enables to obtain new, beneficial information [28]. In order to fill this gap, we pose the following research question in the article: What topics of sustainable consumption are of importance to Twitter users in the time of the COVID-19 pandemic?



The aim of this article is to identify which topics in the area of sustainable consumption are most important to consumers in the time of COVID-19. This study used Twitter data and sophisticated machine learning algorithms for topic extraction, semantic network clustering, and LDA-based topic modeling implemented in the R package “topicmodels”. The results confirm the presence of six topics in our corpus. Furthermore, the Louvain algorithm was applied to detect semantic clusters. The network graph shows the presence of four clusters in our text data. Finally, emotion-based sentiments in tweets are analyzed using the NRC lexicon.



The rest of this paper is organized as follows: Section 2 provides a review of pertinent literature on consumer behavior and sustainable consumption. Following that, Section 3 discusses the materials and methods. Then, in Section 4, the results of the analysis are presented. In Section 5, the findings are discussed. Section 6 concludes the study with its implications, limitations, and future research directions.




2. Theoretical Background


2.1. Nature of Consumer Behavior


Consumer behavior consists of the activities and experiences of people involved in buying, using, and disposal of goods and services [27]. The classic model of consumer behavior consists of three elements: stimuli (marketing and non-marketing), consumer awareness, and purchase decisions [29]. The basic marketing stimuli that companies use to influence consumer awareness consist of product, price, place, and promotion. The decision to buy (or not) is additionally shaped by two elements that constitute consumer’s awareness: the buyer’s characteristics and the buying decision process. The consumer decision process is composed of problem recognition, information search, alternative evaluation, purchase, and post-purchase behavior [29].



Nowadays, an increasing number of consumers recognize that their buying behavior has a negative impact on both the environment and society [30,31,32]. The main repercussions of such impact include depletion of natural resources, climate change, increased environmental pollution, and depletion of flora and fauna [30,33]. Depending on the spectrum of issues motivating their buying behavior, this specific group of consumers is called green, ethical, socially responsible, or sustainable consumers [34]. A green consumer is defined as a person who, when meeting needs, considers the effect on the ecosystem [35]. Green consumers are also referred to as eco-consumers [36], eco-conscious consumers [37], environmentally conscious consumers [38], eco-friendly consumers [39], and environmentally responsible consumers [40]. An ethical consumer is defined as a person whose consumption behavior is determined by moral values and norms [41]. A socially responsible consumer can be defined as one whose decisions are simultaneously economically, ecologically, and socially responsible [42]. Similarly, a sustainable consumer can be defined as a person who expresses concerns about sustainability issues and reflects those concerns in their consumption choices and behaviors [43].



When making decisions about meeting needs and wants, sustainable consumers consider what to buy and whether to purchase it or not [44]. Contrary to consumers with low environmental and social awareness, they avoid buying products on impulse, which can be unnecessary, burden the environment, and negatively impact society [31,45]. Sustainable consumers consider the consequences of their individual choices in their purchasing decisions, choosing environmentally and socially effective products [46].



A variety of factors determine sustainable consumer behavior. These factors can be analyzed at micro, meso, and macro levels, depending on the purpose of the analysis [47]. Various researchers have analyzed the influence of multiple factors on sustainable consumer behavior, including, among others: economic, technological, political, cultural, social, personal, and psychological factors [30,31,48,49,50,51,52].



Sustainable consumer behavior is concerned with understanding both how buying decisions are made and how products are consumed. Consumption is not only a social process but also a physical activity in which resources are consumed. What people eat, how they heat their homes, and how they travel have serious social and environmental consequences for individuals, countries, and the planet as a whole [43].




2.2. Various Facets of Sustainable Consumption


From a marketing perspective, consumption is a mechanism that benefits the individual consumer [53,54,55]. Although consumption is indispensable for human life, some of its patterns may harm the ecosystem and society. In the era of climate change, resource depletion, excessive water and air pollution, and problems with hazardous waste, it is necessary to change the consumption model to a more sustainable one [43,46,56,57].



Despite the large number of definitions of sustainable consumption presented in the literature, they often differ significantly, both regarding the level of analysis of this phenomenon and terminology. One of the most frequently cited definitions is the one proposed by the Norwegian Ministry of Environment at the Oslo Roundtable on Sustainable Production and Consumption held in 1994. According to it, sustainable consumption is “the use of goods and services that respond to basic needs and bring a better quality of life, while minimizing the use of natural resources, toxic materials, and emissions of waste and pollutants over the life cycle, so as not to jeopardize the needs of future generations” [58] (p. 11). Other definitions of sustainable consumption most often refer to the above mentioned proposition. For example, The United Nations Environment Programme (UNEP) states that sustainable consumption is “a holistic approach to minimizing the negative environmental impacts from consumption and production systems while promoting quality of life for all” [59] (p. 10). Sustainable consumption is an important element of ‘The 2030 Agenda for Sustainable Development’, outlined by the UN in 2015, in which goal 12 is devoted to the issue of responsible consumption and production [60]. The UN explains that “sustainable consumption and production is about doing more and better with less. It is also about decoupling economic growth from environmental degradation, increasing resource efficiency and promoting sustainable lifestyles. Sustainable consumption and production can also contribute substantially to poverty alleviation and the transition towards low-carbon and green economies” [61].



The concept of sustainable consumption connects a number of topics, such as needs and wants, wellbeing, efficiency, waste management, and life cycle perspective [62]. From a macro perspective, sustainable consumption requires a radical change of the current model of using resources, reducing waste and pollution, as well as redefining the quality of life concept. Whereas from a business perspective, sustainable consumption demands taking sustainable actions at all stages of the life cycle of goods and services, which in the literature is often reflected in “cradle-to-cradle” or “cradle-to-grave” approaches [63].



Departure from unsustainable consumption will not succeed without collaboration in this area at global, national, regional and local levels. Sustainable consumption needs collaboration between international institutions, governments, as well as companies and customers [46,64,65,66]. Achieving more sustainable consumption requires structural changes involving both consumer behavior and business performance [67,68]. According to the UN, “innovative, concerted efforts to decouple economic growth from natural resource depletion and environmental degradation are needed, which will require social and technological innovation, new policies and policy reforms, public and private investments, multi-stakeholder cooperation, and improved private-sector management practices. Re-orienting consumer choices and lifestyles will also have a crucial role to play” [64] (p. 9). Thus, the implementation of sustainable consumption patterns is not possible without the simultaneous effort of various actors and changing the functioning of entire structures, including society, business, and public institutions.



Sustainable consumption is an umbrella term that encompasses a number of different topics. A report generated from the Scopus database for the term “sustainable consumption” [TITLE-ABS-KEY (“sustainable consumption”)] contains as many as 2892 publications (as of 20 July 2021) that meet the above criteria. The retrieved publications discuss various topics related to sustainable consumption. Only in 2021 these topics included, among others: using electric vehicles [69], energy consumption [70], water consumption [71], food consumption [72], reducing wastes [73], sustainable fashion [74], using product packaging [75], sharing economy [76], sustainable tourism [77], sustainable housing [78], and sustainable cities [79].



Table 1 presents the 10 most frequently cited articles with the term “sustainable consumption” in the title, abstract, or keywords.



The most cited article [80] uses a systematic review approach to formalize a categorization of business model innovations to deliver sustainability. Most of the business models identified by the authors of the paper have the potential to reduce resource consumption or consumption patterns. The second article [81] focuses on the gap between favorable attitude towards sustainable behavior and behavioral intention to purchase sustainable food products. The third article [82] quantifies and maps the water footprint of humanity (per country) from both a production and consumption viewpoint. The fourth paper [83] explores the buying process for eco-friendly consumers in relation to consumer technology products in the United Kingdom. The fifth paper [84] discusses product-service systems encapsulating the analysis conducted in the book ‘New Business for Old Europe’, diverse EU sponsored projects, and the theoretical attitude chosen in a research network on Sustainable Consumption and Production. The sixth article [85] discusses the water footprint of animal products, taking into account various production systems and feed composition per livestock category and nation. The seventh article [86] focuses on food waste factors and presents a framework to determine the most suitable alternatives for prevention and management of food waste. The eighth article [87] examines personal and contextual barriers to consumers’ purchases of green food in Switzerland. The ninth article [88] investigates determinants of sustainable food consumer behavior in Belgium. The less cited article [89] applies social practice theory to the study of green behavior change using ethnographic research.





3. Materials and Methods


This section introduces the integrated framework for data collection method, data cleaning/pre-processing, and text mining approaches for analysis. The schematic framework (Figure 1) presents the methodological architecture of the study.



As shown in Figure 1, the first stage involved the acquisition of data. Twitter was chosen as a data source for this study. Tweets were collected using the streaming API method. In the second stage, the text data (tweets) obtained in the first stage was pre-processed for the final analysis (please refer to the “Data collection and pre-processing” section for more detail). The third stage involved data analysis. A number of different text mining techniques were used for the analysis, such as topic modeling for identifying the latent topics in the text data; semantic network analysis for visualizing the semantic relationships between words in the corpus; and sentiment analysis for identifying emotions and sentiments.



3.1. Data Collection and Pre-Processing


Over the past years, social networking sites (SNS) such as Facebook, Twitter, MySpace, FriendFeed, and GooglePlus have revolutionized the way people communicate with each other across the world. Moreover, these SNS platforms leave massive real-time data for researchers from different fields such as linguistics, sociology, behavioral sciences, health, and psychology. Twitter is one of the most popular social media today, connecting over 650 million registered users [90]. The conversations on Twitter are publicly available and easily accessible through Twitter’s Application Programming Interface (API). Therefore, Twitter was chosen as the data source for this study.



The R programming language was used for streaming data and analysis. Twitter posts were extracted using the Twitter Streaming API, where 14,591 tweets were extracted using the search key term “sustainable consumption” from a period between 1 July 2021 and 15 July 2021. After removing the duplicates, 13,635 tweets remained. Twitter data is usually unstructured and noisy; therefore, it was pre-processed before the main analyses. The “tm” package, a framework for text mining applications within R for managing text documents, was used for this purpose. Using the “tm” package, we improved the content of our corpus. The stuff in the corpus that did not serve any meaning was removed first, such as numbers, URLs, punctuations, and stop words, followed by whitespace removal.




3.2. Text Mining Approaches


3.2.1. Topic Modeling


Latent Dirichlet Allocation (LDA)-based topic modeling is used in the present study. It is a generative probabilistic model based on a three-level hierarchical Bayesian model [91]. The method has been used in a wide range of fields and has the highest performance among several topic modeling algorithms with proven reliability [92]. For the implementation of LDA, ‘topicmodels’, a package for topic modeling, is utilized.



LDA is an unsupervised learning algorithm that discovers latent topics based on patterns of cooccurrences of words in the corpus. The basic underlying idea behind LDA modeling is that each of D documents is a mixture over K latent topics. Furthermore, each topic is a multinomial distribution of W words vocabulary.    φ k    (  ∀ k = 1 , … , K )   is the probabilistic distribution over words of each latent topic,    φ k     θ d    (∀d = 1, …, M) is per-document topic distribution, M is number of documents, and N is number of words in the vocabulary. α and β are Dirichlet, where α represents per-document topic distributions, and β represents per-topic word distribution. For each document d in the corpus, the words are generated in a two-stage process. A distribution over topics is randomly chosen in the first stage. Based on this distribution, a topic from the distribution over topics is randomly chosen for each word of the document.



LDA assumes that each document exhibits the topics in a different proportion; each word in each document is drawn from one of the topics, where the selected topic is chosen from the per-document distribution over topics. In the second stage, the unobserved variables    φ k    and    θ d    are generated through Gibbs sampling probability distribution   p  (   D |  α , β  )   . Thus, the generative process of the LDA model for a corpus can be obtained by taking the product of the marginal probabilities of single documents.


  p  (   D |  α , β  )  =   ∏   d = 1  M   ∫    P  (     θ d   |  α  )   (    ∏   n = 1    N d     ∑   z   d n      P  (     z   d n     |   θ d   )  P  (     w   d n     |   z   d n    , β  )   )  d  θ d   



(1)








3.2.2. Semantic Network Analysis


Semantic analysis is a subfield of Natural Language Processing (NLP) and Machine Learning that performs the task of building structures that approximate concepts in the corpus of a large set of documents. Semantic network analysis is an interactive visual analysis system that describes semantic networks of words in a corpus. The network structure consists of nodes and edges, each word is represented by a node, and the edges represent semantic ties between words.



We applied the Louvain Community Detection Algorithm (LCDA) to detect semantic clusters. This approach maximizes a modularity score for each cluster, where the modularity quantifies the quality of an assignment of nodes to clusters. The method evaluates how much more densely connected nodes are within a cluster as compared to connections in a random network. The inspiration for the Louvain algorithm of clustering is to optimize the modularity. Modularity is a scale that measures the strength of the relative density of edges inside the network. The value lies in the range [−0.5, 1]. The modularity function measures the strength of dividing a network into clusters. For every node in a network, the modularity value ΔQ is computed for all neighboring clusters:


  Δ Q =  [     Σ  i n   + 2  k  i , i n     2 m   −    (     Σ  t o t   +  k i    2 m    )   2   ]  −  [     Σ  i n     2 m   −    (     Σ  t o t     2 m    )   2  −    (     k i    2 m    )   2   ]   



(2)




where    Σ  i n     is the sum of all the weights within the cluster to which the node  i  is assigned,    Σ  t o t       is the sum of all the weights of the links associated with the nodes moving into cluster  i ,    k  i , i n     is the sum of the weights of the links from node  i  to other nodes in the cluster that  i  is moving into,    k i      is the sum of the weights of the links incident to node  i , and m is the sum of the link’s weights in the network.




3.2.3. Sentiment Analysis


Sentiment analysis (SA) is a technique of identifying and extracting the sentiment associated with a piece of text data. It is an area of computational linguistics and NLP that analyses subjective information such as opinions and emotions expressed in the text [93]. Two primary methods (lexicon-based and corpus-based) are available for conducting SA. The lexicon-based method of sentiment analysis was adopted in this study. To date, several lexicons are available to perform sentiment analyses, such as the SentiWordNet, General Inquirer, the Q-WordNet, the lexicon of Subjectivity Clues, the LIWC dictionary, and the Sentiment-based Lexicon [94]. We preferred to use NRC lexicon over other available lexicons as it is capable of classifying emotions into eight basic categories: anger, fear, sadness, anticipation, disgust, joy, surprise, and trust, apart from identifying positive and negative sentiments in the data.






4. Results


4.1. LDA Model


Before LDA topic modeling, we conducted perplexity and coherence tests to evaluate our model. Perplexity is a measure of the quality of the entire model [91]. It measures how well a model describes a document according to a generative process based on the learned set of topics. In contrast, topic coherence captures the optimal number of topics based on the degree of semantic similarity between high scoring words within the topic; thereby giving the human interpretable topics. Table 2 presents perplexity scores from topics 1–15. A low perplexity indicates that the probability distribution is good at predicting the document. An optimal number of topics is obtained based on perplexity validation, where the score hits bottom before rising. The model with six topics has the lowest perplexity score (see Table 2). Thus, a model with six topics is identified as the most reliable model compared to any other in our data.



Figure 2 describes the coherence scores for different numbers of topics. Under the coherence test, as opposed to the perplexity validation test, a model with a higher coherence score before the sharp decline is identified as the best model. This test also indicates that a model with six topics would be an ideal model in our text corpus.



Thus, based on model evaluation results, an LDA topic modeling algorithm was applied for six topics with seven terms/words and is displayed in Table 3. As a result of LDA, each topic contains several words. The quality of a topic model depends not only on its performance in statistical metrics but also on its reasonability and the interpretability of each topic [95]. LDA allows words to be present in multiple topics. For example, food appears in Topic 1, Topic 2, and Topic 3. Similarly, consumption appears in Topic 1, Topic 2, and Topic 6. Results in Table 3 show that Topic 1 contains the words describing the organic foods, such as food, organic, local, and consumption. Thus, we name Topic 1 as Organic Food Consumption. Topic 2 consists of words describing food wastage with reference to the concern for climate change, such as food, product, and waste. So, we refer to Topic 2 as Food Waste. Topic 3 consists of the words vegan, food, ecological, and healthy, which describe vegan foods. Therefore, we name Topic 3 as Vegan Food. Topic 4 consists of the words describing tourism and sustainability, such as sustainable, tourism, responsible, and future. Thus, we refer to Topic 4 as Sustainable Tourism. Topic 5 discusses Sustainable Transport as it covers the words like transport, fuel, green, and energy. Topic 6 consists of words describing energy consumption, such as energy, consumption, bitcoin, green, and reduce. Therefore, we name Topic 6 Sustainable Energy Consumption.



LDAvis provides the visualization of topic distribution. Our LDAvis visualization result shows semantical distinct topics, which is an indication of the quality of topics (see Figure 3). The distance between bubbles (topics) shows semantic similarity (or dissimilarity). Topic 1 and Topic 2 slightly overlap as Topic 1, which is about organic food consumption, has a similar discussion frequency (keywords) with Topic 2. Topic 1, Topic 2, and Topic 3 are close to each other as these topics are in connection with food. The size of the bubble shows the prominence of the topic based on the frequencies of relevant words. As per Figure 3, Topic 1 and Topic 2 are the most prominent topics, followed by Topic 3.




4.2. Semantic Analysis


Visone software was used to visualize semantic networks. The semantic network contains 46 nodes (most frequent words from our corpus) and 186 edges (Figure 4). As per results, the central word consumption is connected with energy, environmental, lifestyle, electricity, responsible, reduce, data, and fashion, etc. while the other central term, sustainable, has associations with words such as carbon, energy, food, mining, bitcoin, blockchain, aviation, fuel, capitalism, etc.



As the objective of the study is to identify the themes/topics related to sustainable consumption, the Louvain algorithm was also implemented to identify semantic clusters of latent topics. Results in Figure 5 show the presence of four distinct clusters with two sub-clusters within. The four broad clusters give us a different perspective on sustainable consumption. The first large cluster is related to lifestyle and climate change. The second big cluster is about responsible consumption. The next cluster talks about energy consumption on high computations for recent technologies like bitcoin and blockchain. The last one discusses the application of renewable energy for the sectors like aviation.




4.3. Sentiment Analysis


We used the “syuzhet” package for sentiment analysis. We load the text data (tweets), split each word to form a character vector, and use the function get_nrc_sentiment() from the “syuzhet” library. This function takes words and compares them with the NRC emotion lexicon to return the score. As per our sentiment results (Figure 6), people have mixed sentiments (i.e., positive and negative) on sustainable consumption. However, positivity is prominent in our results due to the presence of high positive emotions (anticipation, joy, and trust). Some words having positive sentiments are abundance, healthy, opportunity, mindful, delicious, confident, prefer, recovery, protect, etc. Similarly, some words having negative sentiments are toxic, junk, waste, degradable, irresponsible, guilty, loss, etc.





5. Discussion


Based on the LDA algorithm, we identified six main topics from the area of sustainable consumption that are of importance to Twitter users during COVID-19. The first topic emerging from the analysis concerns organic food consumption, i.e., food that is produced through environmentally friendly agricultural methods, without fertilizers and synthetic chemicals [96]. This result is not surprising given that the concern for health, including healthy eating, is gaining importance among consumers during the COVID-19 pandemic [18,24]. It is confirmed that if consumers are health-conscious, organic food is their first choice [97,98,99]. What is more, in the time of coronavirus, health consciousness is the most relevant driver that boosts the positive attitude towards organic food [97,100]. It can be assumed that the second topic, i.e., food waste, has become the focus of consumers’ attention both due to the growing environmental and health consciousness of consumers, as well as some concerns about the economic crisis along with higher food prices caused by the COVID-19 pandemic [101]. These assumptions are confirmed, e.g., by the results of the study conducted in Italy, indicating that the amount of household food waste dropped during the coronavirus lockdown despite a rise in the amount of food purchased [102]. This may suggest that consumers are becoming more conscious of the necessity to reduce food waste during the pandemic for economic and environmental reasons [102,103]. Another topic, i.e., vegan food, is also related to food consumption. A vegan diet is rapidly gaining consumer acceptance [104]. Interest in this topic during the COVID-19 pandemic may be due to the results of some studies suggesting that a plant-based diet may help reduce the risk of severe COVID-19 [105,106]. Such diet results, among others, in lower obesity rates, diabetes, and dysbiosis, which could lead to lower and less serious infections, including COVID-19 disease [106]. The fourth topic is related to sustainable tourism, i.e., tourism that takes into consideration its present and future economic, social, and environmental impacts [107]. The COVID-19 pandemic has significantly affected the tourism industry [108,109,110,111,112]. Domestic and international traffic restrictions considerably influenced the growth of tourism demand [110]. On the one hand, the COVID-19 pandemic heavily hit the tourism industry, but on the other hand, the pandemic crisis led to the development of domestic and local tourism or electronic tourism (e-tourism), reducing emissions caused by decreasing travel [108,109,112]. Thus, the outbreak of the COVID-19 pandemic can also be considered a chance to make tourism more sustainable [113]. Taking into account the restrictions on mobility in the time of COVID-19, and growing interest in sustainable tourism [111], it is not surprising that many Twitter users have taken an interest in this topic during the COVID-19 pandemic. The fifth topic is related to sustainable transport, which is about moving in a way that not only meets the need for mobility, but is also safe, fast, accessible, and environmentally friendly [114]. The issue of sustainable transport during COVID-19 has been the subject of various research studies [115,116,117], proving its particular relevance during the pandemic. The restrictions related to mobility and the need for social distancing during the coronavirus pandemic resulted in lower demand for transport, reducing its negative environmental impact at the same time [118]. However, in a post-pandemic situation, the negative impact of transport can be even greater due to the possibility of avoiding public transport, where passengers are more likely to be infected with coronavirus, in favor of individual mobility solutions [119]. For this reason, sustainable transport challenges mainly relate to the post-COVID-19 period and include, above all, developing more responsible solutions required to transform mobility habits and decarbonize transport [116]. The sixth topic concerns sustainable energy consumption. Sustainable energy can be defined as a form of energy that is produced and used with regard to social and environmental requirements [120]. Taking into consideration the growing demand for energy around the world and the fact that energy production and consumption accounts for over two-thirds of global greenhouse gas emissions [121,122], in the time when the consequences of climate change are becoming more common [123], the topic of sustainable energy is extremely timely for discussion. It is worth noting the existence of a feedback loop between energy consumption and climate change. Just as increasing energy consumption influences climate change, increasingly noticeable weather changes (as a consequence of climate change) lead to a rapid increase in the use of air conditioning (on hot days) and heat pumps (on cold days), which is becoming one of the main factors in increasing demand for energy [124]. New challenges in the field of sustainable energy consumption have emerged with the outbreak of the coronavirus pandemic. Various studies confirm a serious drop in energy demand due to the pandemic [125,126,127]. While the decline in conventional energy consumption is positive from a sustainability perspective, COVID-19 has also led to a reduction in investment in renewable energy sources [126]. This state of affairs may also continue after the COVID-19 pandemic, as many countries see solutions to their economies hit by a pandemic recession by investing in industries that are not environmentally friendly [128]. It is also confirmed that during the COVID-19 pandemic, energy consumption strategies also shifted to more sustainable ones, especially in lower-income households where certain saving strategies were applied [129].



On the grounds of the Louvain algorithm, we identified the four semantic clusters of latent topics on sustainable consumption. The first large cluster is related to lifestyle and climate change. This cluster was discussed in the context of the COVID-19 in many previous papers from different points of view. For example, [130] investigated the impact of coronavirus isolation on lifestyle behaviors in Spanish children, while [131] investigated how COVID-19 reshaped lifestyles across societies. Similarly, various researchers are trying to explore the relationship between COVID-19 and climate change [132,133,134]. The second cluster is about responsible consumption. This notion is used interchangeably with the concept of sustainable consumption [23]. In the growing number of publications, sustainable consumption is examined from the COVID-19 perspective [19,20,21,22,23]. The next cluster considers energy consumption on high computations for recent technologies like bitcoin and blockchain. The link between blockchain and energy is not surprising because, as various studies confirm, the cryptocurrency bitcoin, which is based on blockchain technology, consumes an enormous amount of energy [135,136]. As previously noted, energy consumption in the context of COVID-19 has been the theme of a vast number of studies [125,126,127]. The last cluster is related to the application of renewable energy for the sectors like “aviation”. For a long time, aviation has faced the challenges of decreasing the negative effect of aircraft on the ecosystem and energy consumption [137,138]. The researchers’ interest in aviation also stems from the fact that the outbreak of the coronavirus pandemic has largely affected both the supply and demand chain for the aviation market [139]. The transition to sustainable aviation fuel can be an important element in the recovery of the aviation industry after the COVID-19 pandemic [140].



Taking into account the results of the sentiment analysis, it can be concluded that people have mixed sentiments (i.e., positive and negative) about sustainable consumption. A significant body of research shows that emotions play a crucial role in consumer behavior, including behavioral consumption patterns [141,142,143,144]. Research has also been carried out on the specific emotions (e.g., fear, guilt, joy, and pride) that shape sustainable consumption [31,145,146], including the impact of emotions on sustainable consumption in the time of the COVID-19 pandemic [21,147,148]. In the above-mentioned publications, both the influence of the positive emotions, like sympathy, joy, and peacefulness [147], and negative emotions, e.g., consumers’ perceived threat [21] on sustainable consumption during the COVID-19 pandemic, were analyzed.




6. Conclusions


This paper analyzed recent tweets on sustainable consumption posted on Twitter. The main strength of this study lies in its novel findings, obtained through advanced text-mining approaches, such as LDA for topic modeling and Louvain Algorithm for semantic network analysis. One of the contributions of this work is the use of social media data as opposed to the conventional method of obtaining data from interviews and questionnaire-based surveys. Every day millions of tweets are posted on Twitter that contain unbiased and rich opinions. Therefore, Twitter is an excellent source of data for researchers to help better understand public behaviors, opinions, and sentiments. Interviews often pose a bias/subjectivity as the interviewer’s preconceived response or idea or opinion could affect the responses from the interviewees, while people freely express their unbiased views on social media platforms like Twitter.



This article contributes to the theory in the field of sustainable consumption by providing a fresh perspective on different interconnected sustainable consumption aspects that bring global consumption to a sustainable level. Specifically, it contributes to better understanding which topics of sustainable consumption are of importance to consumers during the COVID-19 pandemic. By applying big data and a number of text mining techniques, the present study implicates new opportunities for investigating issues related to sustainable consumption that would not be identifiable using other methods. The text mining techniques (such as LDA and semantic analysis) are emerging tools and have been recently used by researchers in behavioral sciences, but not in the context of sustainable consumption. In this sense, the present study contributes to existing knowledge of sustainable consumption using advanced computational methods. In particular, topic modeling was applied to discover latent topics, a semantic network was analyzed to describe semantic relations between concepts, and sentiment analysis was applied to extract sentiment on sustainable consumption. Apart from theoretical contribution, this research has industry and managerial implications. Most of all, managers and marketers of the restaurants & food service industry can attract public/customers’ attention positively through their strategic marketing communications on their food waste minimization and handling practices. Similarly, companies in the tourism industry can incorporate sustainability into their services and enjoy the benefits from the communications of their sustainability practices. Moreover, the considerations in this article, especially regarding the consumption of sustainable energy, may be useful for governments in creating an improved energy policy as well as for the energy sector, in facing the challenge of a sustainable transformation. In the field of government policy, this knowledge may serve as an inspiration for the transition of the current model of energy based on fossil fuels to a low-carbon energy system, and in the energy sector, for investment decisions for a sustainable transformation.



Despite the significant contributions, the study has some limitations. First, the data collection period was short. Second, this study drew only on Twitter as the social media data source. Thus, it might not be possible to generalize the findings to other social media platforms. Therefore, future studies may collect data from other social media platforms to validate the findings of this paper. Third, the present study used the streaming API method for data collection, which can retrieve tweets from the past 7 days. Further studies can use other methods to extract historical Twitter data to perform a temporal study to explore a broader view of sustainable consumption topics. Also, in future research, we recommend researchers focus on specific countries or continents to analyze what areas of sustainable consumption are essential to that country or continent. Fourth, the topics were labeled based on the authors’ interpretations of the key terms. Fifth, we used a lexicon-based approach for sentiment analysis, which may fail to identify some human expressions like sarcasm and irony.
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Figure 1. A schematic framework of text data analysis method. 
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Figure 2. Coherence score. 
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Figure 3. Visualization for topic distribution. 
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Figure 4. Semantic network analysis. 
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Figure 5. Semantic network analysis (with clusters). 
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Figure 6. Public sentiment towards sustainable consumption. 
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Table 1. Most cited papers with the term ‘sustainable consumption’.






Table 1. Most cited papers with the term ‘sustainable consumption’.





	Title
	Author(s) and Year of Publication
	Source Title
	Number of Citations





	A literature and practice review to develop sustainable business model archetypes
	Bocken et al., 2014
	Journal of Cleaner Production
	1175



	Sustainable food consumption: Exploring the consumer “attitude–Behavioral intention” gap
	Vermeir & Verbeke, 2006
	Journal of Agricultural and Environmental Ethics
	1116



	The water footprint of humanity
	Hoekstra & Mekonnen, 2012
	Proceedings of the National Academy of Sciences of the United States of America
	1086



	Sustainable consumption: Green consumer behaviour when purchasing products
	Young et al., 2010
	Sustainable Development
	675



	Product-services as a research field: past, present and future. Reflections from a decade of research
	Tukker & Tischner, 2006
	Journal of Cleaner Production
	577



	A global assessment of the water footprint of farm animal products
	Mekonnen & Hoekstra, 2012
	Ecosystems
	557



	The food waste hierarchy as a framework for the management of food surplus and food waste
	Papargyropoulou et al., 2014
	Journal of Cleaner Production
	505



	Promoting Sustainable Consumption: Determinants of Green Purchases by Swiss Consumers
	Tanner & Kast, 2003
	Psychology and Marketing
	502



	Sustainable food consumption among young adults in Belgium: Theory of planned behaviour and the role of confidence and values
	Vermeir & Verbeke, 2008
	Ecological Economics
	475



	Practice-ing behaviour change: Applying social practice theory to pro-environmental behaviour change
	Hargreaves, 2011
	Journal of Consumer Culture
	474
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Table 2. Perplexity values for different numbers of topics.
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	Number

of Topics
	Validation

Perplexity
	Number

of Topics
	Validation

Perplexity
	Number

of Topics
	Validation

Perplexity





	1
	271.2
	6
	230.9
	11
	266.2



	2
	269.2
	7
	238.2
	12
	270.9



	3
	266.3
	8
	245.5
	13
	274.6



	4
	255.5
	9
	254.4
	14
	271.8



	5
	245.8
	10
	258.9
	15
	277.1
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Table 3. Topics with key terms.






Table 3. Topics with key terms.





	Topic id
	Terms
	Label





	Topic 1
	food, organic, local, consumption, agriculture, healthy, product
	Organic Food Consumption



	Topic 2
	food, product, waste, consumption, global, resource, responsible
	Food Waste



	Topic 3
	vegan, food, eat, healthy, ecological, buy, delicious
	Vegan Food



	Topic 4
	sustainable, tourism, join, world, responsible, future, resource
	Sustainable Tourism



	Topic 5
	transport, fuel, climate, green, energy, public, emission
	Sustainable Transport



	Topic 6
	energy, consumption, bitcoin, green, reduce, industry, consumer
	Sustainable Energy Consumption
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