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Discourses surrounding sustainability and
digitalization in Europe on Twitter over time

Digitalization and sustainability transformations are contested change processes, accompanied by wide public discourse. But what
concerns the public? Our analysis of the social media discourse on Twitter in the last decade reveals key discursive hubs such as

smart cities and climate change, as well as blind spots such as sufficiency strategies. It also points to differences between societal and
academic discourse, and where increased engagement of researchers and sustainability professionals would be needed to move forward.
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Abstract

This study analyzes the discourses surrounding the interrelation between
digitalization and sustainability in Europe on Twitter between 2010 and
2021. We identify 34,802 tweets related to the interrelation between
digitalization and sustainability among 634,017 tweets discussing
sustainability issues with explicit mentions of Europe. Based on a
qualitative analysis of tweets, we identify the main domains discussed
(and not discussed). We then sketch the development of the identified
domains, as well as their relationship to each other over time, based on
a quantitative analysis of their (co-)occurrences. We find that smart city
and mobility were two of the most dominant and interrelated domains,
particularly in the middle of the decade. In parallel, the domain of
climate change has gained ever more attention since 2017 and has
emerged as a discursive hub. We further develop hypotheses for how
external factors and events (especially EU-level programs) likely led to
increases in attention to some domains. Finally, we find that the Twitter
discourse across domains mirrors common blind spots regarding
sustainable digitalization discourses in its uncritical stance toward
economic growth and its overreliance on efficiency in comparison to
sufficiency concerns.
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C oncerning their discursive power, sustainability and digi-
talization have become two of the most dominant “mega-
trends” of our time (Lichtenthaler 2021, p. 64). Particularly since
the COVID-19 crisis, public attention to the interrelation be-
tween sustainability transformations and digitalization has fur-
ther intensified, following governments (e.g., European Green
Deal), intergovernmental associations (e.g., United Nation Sus-
tainable Development Goals), and companies promoting sustain-
ability and digitalization as joint strategic goals (cf. Del Rio Cas-
tro et al. 2021, Lichtenthaler 2021).

However, research in the past has focused primarily on the
theoretical and conceptual relationship between digitalization
and sustainability transformations (e.g., Lichtenthaler 2021, See-
le and Lock 2017). Yet, both refer to socio-technical processes that
are driven and accompanied by societal discourses. This is espe-
cially relevant to sustainability transformations, which are inher-
ently negotiated in reference to the goal of sustainability as a nor-
mative concept. Beyond the normative and empirical discussion
of how the potential for sustainability transformations co-evolves
with digitalization, it becomes equally relevant to study the inter-
relation between the discourses of sustainability and digitaliza-
tion in the public domain over time (e. g., Andersen et al. 2021,
Galaz et al. 2021). Analyzing and understanding the public dis-
courses concerning these two processes are of crucial importance
to determine the feasibility and direction of transformations and
to identify future pathways, main drivers, and dominating or
(under)represented discourses.

Societal discourses take place in different forms and in differ-
ent fora and environments. We take one of various possible ap-
proaches and analyze the social media discourse surrounding
digitalization and sustainability on the platform Twitter, a widely
researched social medium that has been identified to reflect pub-
lic discourse on a variety of topics (e.g., politics: Ott 2017). In the
context of this special issue, we also conducted our analysis with
a specific focus on the European discourse: how has the social
media discourse on the interplay between sustainability and dig-
italization in the European context been structured on Twitter
between 2010 and 2021, and what were likely causes of changes
to the structure of the discourse during this time?
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Conceptual framework

Sustainability transformations and digitalization:

Two interrelated processes

We view sustainability as a normative concept of intra- and in-
tergenerational justice and human flourishing within planetary
boundaries (Steffen et al. 2015, Raworth 2017). As such, sustain-
ability transformations are socio-technical change processes ori-
ented toward sustainability (Schneidewind 2018), and they occur
next to and interact with other socio-technical change process-
es, one of which is digitalization. Following Bockshecker et al.
(2018, p. 8), we define digitalization as “the state of an organiza-
tion or a society referring to its current digital development and
usage of ICT innovations. Digitalization takes into account so-
cial as well as technical elements”.

Information and communication technologies (ICT) has be-
come a constant in the new “digital age” (Schmidt and Cohen
2013). However, while digitalization offers new opportunities to
save resources, engage citizens, and limit carbon emissions,
scholars have also argued that the way new technologies are em-
ployed can be counter-productive to achieving sustainability goals.
Some even advocate for a general “digital reset” to re-calibrate the
relationship between digitalization and sustainability, arguing
that fundamental developments in how digitalization plays out
in societies in its orientation toward economic growth, its sin-
gle-minded focus on efficiency, and its lack of participation must
be reset to achieve societal transformation toward sustainability
(D4S 2022). Regarding resource use, for example, digital infra-
structures and technological devices (e.g., smartphones, batter-
ies) have been shown to require large amounts of energy and
natural resources, and their resource efficiency potentials are of-
ten dwarfed by rebound effects (Hilty and Aebischer 2015). Dig-
italization is also reshaping resource and power distributions
within societies, with ambiguous results in terms of inter- and
intragenerational justice, which is a core tenet of sustainability
as a normative goal. Despite a plethora of research concerning
sustainability transformations and digitalization separately, schol-
ars have also pointed out that research investigating both socie-
tal change processes jointly is still limited (Del Rio Castro et al.
2021, Lichtenthaler 2021) and often lacks interdisciplinary per-
spectives and approaches.

Sustainability and digitalization discourses

Sustainability transformations and digitalization are not only two
interrelated socio-technical change processes, but they are also
accompanied and driven by societal discourses. This is especial-
ly relevant to sustainability transformations, which are broadly
discussed in reference to sustainability as a normative concept,
but also interpreted, contested, and translated constantly by a va-
riety of actors. This is also true for digitalization—which is not
an entirely self-referential technical process—without reference
to the normative stances of the actors involved in shaping it. In-
deed, the course that digitalization follows in society is largely
dependent on how it is framed and perceived in public discours-
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es, which is additionally affected by institutions and power struc-
tures (Marenco and Seidl 2021).

However, few empirical studies have investigated the inter-
play between digitalization and sustainability in the public dis-
course, and this is especially true for mediated societal discours-
es. Following Brenner and Hartl (2021, p. 4), the news media are
central to “creating and reproducing discourses about how dig-
italization and sustainability interact”. Based on the agenda-set-
ting theory (McCombs and Shaw 1972), it is argued that the news
media, including social media, have the power to influence what
concerns the public. In effect, much research in the field of com-
munication studies has found that the issues being discussed
prominently in the news media transfer to the minds of the pub-
lic, thus ranking highly on the public agenda (e. g., Kiousis and
McCombs 2004). In this study, we equally assert (but do not aim
to prove empirically) that in combination with the relative atten-
tion given to various aspects of the discourse on digitalization
and sustainability, their presentation on media platforms (e.g.,
Twitter) ultimately contributes to the conditions under which pro-
cesses play out in societies, particularly in terms of regulation or
policymaking (cf. Soroka 2002).

While scholars have extensively studied the coverage of cli-
mate change (Hase et al. 2021) and, to a smaller degree, the rep-
resentation of new, digitalization-adjacent technologies (e.g.,
nanotechnology: Metag and Marcinkowski 2013, digitalization in
agriculture: Mohr and Hohler 2021) in the news media, the inter-
relation between the two discourses of digitalization and sustain-
ability has received little scholarly attention thus far. Lenz (2021)
offers the first qualitative account of three common narratives
being used in the public discourse to describe the connection be-
tween sustainability and digitalization. On a general level, they
distinguish digital technologies as problem solvers, digital tools
as opportunities for participation and inclusion, and technolog-
ical innovations as solutions to ecological disasters. In a similar
vein, Brenner and Hartl (2021) qualitatively analyzed news me-
dia coverage of sustainability and digitalization in Austrian news
from 1990 until 2019 and identified four frames, presenting the
relationship between the two processes as a stand-alone chal-
lenge (frame 1), a result of the impact of digitalization on sus-
tainability (frame 2), not leading to a sustainable solution (frame
3), and asserting digitalization as a positive catalyst for sustain-
ability (frame 4).

These first analyses offer a qualitative overview of the narra-
tives and frames being used in the discourse surrounding digi-
talization and sustainability, mainly based on print news. How-
ever, a more encompassing assay of how the discourse has evolved
on a broader scale, on more timely platforms for public discours-
es (e.g., social media), and over time is currently lacking. In fact,
previous research has suggested expanding the analysis of the
discourse on digitalization and sustainability from the news me-
dia to social media (Brenner and Hartl 2021). Thus, we contrib-
ute to filling this gap by analyzing social media discourse, spe-
cifically on the microblogging service Twitter, with a specific fo-
cus on Europe.
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Methods

We empirically analyze the occurrence, relative weight, and, to
some extent, framing and likely drivers of different aspects of the
English-language discourse on the interplay between sustaina-
bility and digitalization in Europe over time on the social media
platform Twitter between 2010 and 2021. To answer our research
questions concerning the structure of the Twitter discourse over
time and the external factors likely to explain them, we focus on
three key aspects. First, we inductively identify distinct discourse
domains. Second, we then analyze the occurrence and co-occur-
rence of these discourse domains over time and explore likely
drivers of trends and patterns. Finally, we investigate the pres-
ence or absence of two key transversal discourse topics, which
are core components of critical academic and policy discussions
surrounding digitalization and sustainability (D4S 2022): fram-
ing of sustainability and digitalization regarding economic growth
and the reliance on a narrative of resource use efficiency gains
regarding digitalization, as well as considerations of sufficiency
strategies.!

At the time of our analysis (spring 2022), Twitter was a pri-
vately owned social media platform, which at its core allowed
users to formulate short statements restricted to 280 characters
(so-called tweets, a form of microblogging), optionally accom-
panied by images, videos, or web links. Authors of tweets were
able to share these with other platform users. In addition, users
could interact in various ways with tweets, including resharing
and liking them. While widely used, Twitter data are by no means
a representative or unbiased source for analyzing societal dis-
course. There are clear limitations fundamentally linked to the
fact that data are gathered on a platform not designed for research
purposes and set up by a private company. In our case, an anal-
ysis of tweets is likely skewed toward aspects of the discourse
specifically relevant to elite actors. This is because professional
entities or representations (Sloan 2017) and higher socioeconom-
ic classes (Yates and Lockley 2018) have been found to be likely
over-represented among Twitter users, including academics,
journalists, or politicians.

Analysis pipeline

Our analysis proceeds in three steps. First, we obtain a dataset
of tweets relating to the overall discourse on sustainability and
digitalization between 2010% and 2021 in Europe by querying the
Twitter application programming interface (API) with a set of
keywords and then training a binary text classifier on the data
obtained to arrive at a subset of relevant tweets. Second, we in-
ductively identify a set of domains prevalent in the overall Twit-
ter discourse and assign one or more discourse domains to tweets
using pattern matches. Third, we proceed to classify tweets re-
garding the occurrence of transversal (cross-domain) discourse
dimensions, which are (stances toward) economic growth and
mentions of efficiency and sufficiency. To do so technically, we
build on recent work using zero-shot learning approaches (Gam-
bini et al. 2022).
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Step 1a: Querying the Twitter APl

We query the Twitter Academic API (full archive search) with two
queries to gather two datasets. First, we gather a starting set of
English-language tweets using a relatively narrow search query
based on terms used in Andersen (2021)—with a European fo-
cus added—and adapted to the requirements of the Twitter API
endpoint (figure 1). This yields the dataset sus_digi_eu, compris-
ing 15,592 unique tweets.

Query 1:

(digital OR digitalization OR digitalisation OR ict)
AND (sustainable OR sustainability OR SDG)
AND (europe OR european OR eu))

English language, no retweets

between 2010 and 2021

FIGURE 1: Twitter APl query 1.

Second, we query the Twitter API with a second query (figure 2)
designed to gather a much broader dataset of tweets relating to
sustainability in Europe. This resulted in the dataset sus_eu, com-
prising 634,017 unique tweets, which is a superset of sus_digi_eu.

Query 2:

(sustainable OR sustainability OR SDG)
AND (europe OR european OR eu)
English language, no retweets

between 2010 and 2021

FIGURE 2: Twitter API query 2.

Step 1b: Classification of discourse-related tweets

Even a brief inspection of the sus_eu dataset resulting from the
keyword-based query to the Twitter API reveals it contains many
tweets unrelated to the discourse on the interplay between dig-
italization and sustainability and, to a lesser degree, tweets that
address issues outside the European context. Thus, we trained a
binary text classifier using the natural language processing frame-
work spacy, implemented in Python, to filter relevant tweets
(Montani et al. 2022). The classifier makes use of the pretrained
transformer model distilroberta (Liu et al. 2021).

To train the classifier, a team of three coders first manually
annotated a gold standard evaluation set of 600 randomly sam-
pled tweets (400 from sus_digi_eu, 200 from sus_eu), based on an
initial codebook. By comparing and resolving differences among
coders, we then created a final codebook and a test set, which
was held back from training. A further 586 randomly sampled
tweets from sus_eu were additionally added to this test set based

1 Computer code and access to tweet IDs to reproduce the analysis
presented here is available at a public repository at
https://doi.org/10.5281/zenodo.7555375.

The access to tweet IDs is in accordance with Twitter’s developer policy
regarding content redistribution at
https: //developertwitter.com Jen /developer-terms /policy (as of 26 April 2022).

2 2010 can be seen as the start of a phase for Twitter in which the micro-

blogging platform added several crucial functions raising its popularity.
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on the final codebook. Adding more samples from sus_eu en-
sured a robust evaluation set that is more representative of the
sus_eu target set.

In the final codebook, we chose to be relatively inclusive by
treating the co-occurrence of explicit sustainability and digital-
ization mentions as necessary and sufficient for accepting a
tweet. At the same time, we specified two explicit exclusion cri-
teria: first, the tweet could not use “sustainable” explicitly in the
sense of “long-term” or “enduring.” Without an explicit qualifi-
cation, we considered the mere use of “sustainable” to be suffi-
cient, as we judged this to give the actors participating in the
discourse the benefit of the doubt regarding their use of the sus-
tainability terminology, preventing us from imposing our own
ontological stances about sustainability concepts. Second, a tweet
could not refer explicitly and solely to an issue outside the Euro-
pean context and without European involvement. If no geograph-
ical location was mentioned explicitly, we accepted the tweet.

Based on the final codebook, we coded a training set of 3,841
tweets from the sus_eu dataset to train the classifier. Classes in
the large sus_eu dataset were highly imbalanced, which led us
to emphasize precision over recall in training the classifier, be-
cause in the presence of a large imbalance in our dataset, low
precision would quickly result in a significantly high number of
false positives. Currently, the classifier achieves a precision of
0.85 on the evaluation set and a recall of 0.69, leading to an F1
score of 0.76. Applying the classifier to the sus_eu dataset yield-
ed a dataset of 34,802 tweets. Given our relatively low recall on
the test set, the true total number of tweets relevant to the dis-
course is likely higher, while we can be relatively more confident
—given our emphasis on precision—that the tweets we identify
are truly relevant.

Step 2: Inductive identification and rule-based classification
of domains in tweets

To identify inductively the discourse domains after initial filter-
ing, we follow an approach inspired by what Carlsen and Ralund
(2022) call computer-assisted text analysis, a variant of compu-
tational grounded theory. Following the workflow terminology
of Carlsen and Ralund (2022), in a qualitative discovery step, we
utilized our immersion into the corpus gained by annotating the
first binary classifier to derive inductively a set of domains and
to assign non-overlapping, single-, and multi-word search terms
to them. We then extended these search terms by incorporating
suggestions of similar single- and multi-word terms based on
sense2vec (Trask et al. 2015). A common practice on Twitter is the
use of so-called hashtags, which often combine multiple words
into one string (e.g., “smart city” becomes “#smartcity”). We ac-
counted for this by combining all our multi-word searches into
single words, in addition to multi-word patterns.

In a grounding step, we then applied the search terms and
explored them in context, updating them along the way and re-
fining the domain set. We iterated in this way over five main
rounds, arriving at a final set of 29 discourse domains and as-
sociated search terms. In a classification step, we then assigned
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domain labels to tweets using a rule-based model based on our
search terms.

Step 3: Zero-shot classification of transversal discourse
dimensions economic growth and efficiency

We evaluated tweets related to the discourse concerning wheth-
er they referred to two broader transversal discourse dimensions
(i.e., spanning domains). We focused on the following two di-
mensions: reference to economic growth, which we also further
qualitatively assessed concerning stances taken in tweets (a sup-
portive or critical stance towards economic growth) and refer-
ences to (resource) efficiency and sufficiency considerations. To
classify these transversal dimensions, we relied on a zero-shot
classifier trained on the MultiNLI dataset (Williams et al. 2018),
and tweets were preprocessed for the zero-shot classifier follow-
ing Gambini et al. (2022). We evaluated the performance of each
classification against test sets of tweets annotated by a team of
four annotators®.

Contextualization of domain presence

To move beyond the description of domain occurrence and co-
occurrence over time, we were interested in identifying poten-
tial causes of the spikes in certain domains during the period of
analysis. To do so, we followed a qualitative explorative approach
in conducting desk research. First, we used a search engine,
Google, with the keywords related to the key domains within
the period in which they were mostly present and with the qual-
ifier “Europe”. Relevant hits were scrutinized and screened as to
whether they dealt with the respective domains and Europe in
the given timeframe. Second, because actors related to the Eu-
ropean Union (EU) were behind a predominant number of ac-
counts in the tweets analyzed, we also searched the website of the
EU with the respective keywords to identify events, programs,
or other external factors related to the domains. Our findings are
presented as hypothetical explanations of the presence of dom-
inant domains in our dataset over time.

Results

Domains over time: Dominant domains and developments

Table 1 (p. 14) lists the 29 domains we inductively identified and
around which the discourse on Twitter revolved, including the
labels assigned to them, which were used in visualizations in this
article. Figure 3 (p. 15) shows the relative presence of domains in
the discourse between 2010 and 2021. Some domains are stable
components of the discourse over the decade in our analysis.
Smart city concepts (SMC) and mobility (MOB) are present in
the top 5 in every year, and discussions of them in terms of their
relative weight in the discourse peaked mid-decade. The joint

3 Economic growth classifier: Matthew’s correlation coefficient (MCC) 0.67,
balanced accuracy (BA) 0.85. Economic growth support: MCC 0.54, BA 0.79.
Efficiency: MCC 0.58, BA 0.79.
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TABLE 1: Domains identified in the English-language discourse on
sustainability and digitalization in Europe on the social media platform
Twitter between 2010 and 2021.

DOMAIN LABEL

agriculture AGR
air travel AIR
biodiversity BIO
blockchain technology BLO
construction BUI
circular economy CIR
climate change CLIM
recovery/COVID cov
cultural heritage CuL
data center DAC
energy transition ENE
EU programs EUP
fashion FAS
finance/economy/investments FIN
fishing/ocean FIS
forestry FOR
health HEA
smart home HOM
green information and communication technologies ICT
manufacturing MAN
transport/mobility MOB
future of work OFF
pollution/waste POL
raw material use RES
smart city SMC
small and medium enterprises SME
smart village SMV
tourism TOU
water supply WAT

presence of mobility and smart city concepts is likely because
discussions of how to make cities “smart” often focus on sus-
tainable forms of mobility. As such, the mobility domain inter-
sects with the smart city concept domain to an extent. The pre-
dominant presence of smart city concepts and mobility between
2010 and 2021 could be explained by the European Smart Cities
Marketplace program, the first EU publication, dating to 2010.
Data centers (DAC) and sustainable ICT domains were much
more prominent at the beginning of the decade, when the us-
age of cloud data storage and computing became widespread.
Only in 2021 did data centers again gain prominence in the
discourse, which might have been guided by the European data
strategy, initiated in 2020.

In fact, energy (ENE) is another constant domain related to
the discourse that remained in the top 5 until 2020. Akin to the
other domains, energy has been a prominent theme discussed
in Europe, spearheaded by the introduction of the Energy Union
Strategy in 2015 (EC 2015), a key priority of the Juncker Commis-
sion (2014 to 2019). The most rapid increase in prominence in
the latter half of the decade relates to the discussion of climate
change (CLIM) since 2017/2018 and finance (FIN) since 2020. The
high prevalence of climate change since 2015 is likely related to
the accomplishment of the Paris Agreement in 2015, the more
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frequent releases of UN Intergovernmental Panel on Climate
Change (IPCC) reports since 2018, and the more general increase
in awareness of climate change in the wake of the Fridays for
Future protests in Europe since 2018. The fact that the finance
domain has been one of the main domains since 2019/2020
could be related to the EU-wide discussions of the EU taxonomy,
a framework for sustainable investments in Europe and parallel
developments in fintech (financial technology).

We can also analyze the stability and developments of domains
by comparing domain occurrences in each year in relation to the
previous year. Figure 4 (p. 16) shows such trend lines for every
domain, emphasizing dominant domains in the yearly discourse
using transparency and line width, as large swings in presence
are much more likely among domains with few mentions. Fur-
ther, this normalization regarding the relative weight of a domain
in the overall discourse each year adjusts for the overall increase
in tweets in general in our dataset over the analyzed period. Some
striking results include the introduction of blockchain technol-
ogies (BLO) in 2018, which can partly be explained by the explo-
sion of Bitcoin, Ethereum, and Litecoin transactions in the same
year. Further, the large upswing in the health domain (HEA) in
2016 could be related to the publication of the seminal biannu-
al report Health at a Glance by the Organisation for Economic
Co-operation and Development (OECD) and the EU the same
year, wherein the concept of sustainable health systems in Eu-
rope was mentioned for the first time.

Similarly, tourism (TOU) experienced an uptick in 2013 and
again in 2018, where the latest increase could be explained by
the European Capitals of Smart Tourism award, which was first
handed out in 2018 and which was prominently tweeted about in
our dataset. In 2017, we can identify the introduction of the agri-
culture domain (AGR), which is likely related to the strategic ap-
proach to EU agricultural research and innovation presented in
Brussels in 2016, highlighting the potential of technology for sus-
tainability in the farming sector and rural areas. In comparison,
we observed a large increase in the presence of the EU-level pro-
gram (EUP) domain in 2019 and 2020, which might be a result
of the announcement and implementation of the EU digital agen-
da, the European Green Deal, and the Covid recovery plan, all of
which emphasized exploiting the interplay between digitaliza-
tion and sustainability.

Transversal discourse dimensions

Results concerning the occurrence of our transversal discourse
dimensions differ substantially between dimensions. Of all tweets
labeled as dealing with economic growth (ca. 3%), 88 % were
labeled as taking a positive or supportive stance, while the re-
mainders were inconclusive. There are so few critical stances
toward economic growth that a meaningful analysis of its pres-
ence in the discourse was not possible (even though the few
labeled examples generally illustrate that the classifier could iden-
tify them, albeit with low precision). For efficiency considerations,
we find 4.6 % of tweets classified as containing efficiency con-
tent, which is a sizable proportion of the discourse, especially

GAIA 32/S1(2023):10-20



Mario Angst, Nadine Strauf3

1.00

0.75

0.50

0.25

proportion of total tweets containing domain

0.00 | 1 1 g :
2010 2011 2012 2013 2014

2015

SPECIAL ISSUE: SUSTAINABLE DIGITALIZATION | RESEARCH _

2019

2016 2017 2018 2020 2021

FIGURE 3: Top five domains per year (relative presence) in English-language tweets relating to the discourse on sustainability and digitalization in
Europe between 2010 and 2021. In 2011, domains MOB and CLIM share place 5, because they had exactly the same number of tweets. See table 1 for

domain label reference.

given that our classifier has relatively low recall on our test set
and, as such, likely underestimates the true number of efficien-
cy-related tweets. We also find about 0.05 % of tweets classified
as sufficiency related, which is, however, primarily due to the
presence of self-sufficiency considerations in the smart rural top-
ic. Thus, as with critical stances toward economic growth, suffi-
ciency in a broader sense is likely mostly absent from the broad-
er Twitter discourse.*

Interrelation among domains: The discursive landscape

Some discourse domains are discussed in relation to each other
more often than others. As such, the overall discourse on sus-
tainability and digitalization in Europe can be seen as a network
of interrelated domains, some of which cluster together to form
sub-discourses that go beyond single domains. Analyzing do-
main interrelations in this way provides a more high-level over-
view of the evolution of the discursive landscape or discourse
topology. We analyze domain interrelation by analyzing how
often domains co-occur in the same tweets. Figure 5 (p. 17) illus-
trates such co-occurrences in the empirical example of the sec-
ond- and fourth-most liked tweets in our datasets.

Figure 6 (pp. 181.) shows a network visualization of domain
co-occurrences over three phases. We assigned a phase each to
the years between 2011 and 2014, between 2015 and 2019 (pre-
pandemic), and between 2020 and 2021 (pandemic). We normal-
ize counts of co-occurrences for every domain in the symmet-
ric co-occurrence matrix, which accounts for the imbalance in
domain occurrences and treats variations in every domain inde-
pendently of its absolute occurrence. Figure 6 displays up to the
ten most frequent co-occurrences (top ten co-occurrences) a do-
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main has with other domains for every domain. This co-occur-
rence graph is an indication of a higher-level structure within the
overall discourse, and we clustered domains within the graph
using modularity® maximization (Brandes et al. 2008).

Discussion

In this study, we analyzed the public discourse on the interrela-
tionship between digitalization and sustainability on Twitter be-
tween 2010 and 2021. Our goal was to identify the main domains
discussed in the discourse, to sketch the development and driv-
ers of these domains and their interrelationship over time, and
to investigate the discourse for the presence of key transversal
elements highlighted in the fields of academia and policy. Some
domains were specifically prominent in certain years but were
not consistently discussed during the period under study. A like-
ly explanation for such punctuations in attention were external
factors, such as political issues or events, programs, or social
movements (cf. Downs 1972) as highlighted in the contextual-
ization of our results. Confirming previous research (Marenco
and Seidl 2021), the results of the contextualization of the do-
mains, as well as the dominance of EUPs as a discourse since

4 For similar findings in the research community see Santarius and Wagner
(2023, in this issue) and in the economy see Gotsch et al. (2023, in this issue).
5 Modularity is a quality measure for clusterings: by maximising modularity
a graph is subdivided in groups (clusters) that have a maximum number of
within-group interrelations and a minimum number of external relations.
For the calculation procedure see Brandes et al. (2008).
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2018, reinforce the impact of institutions, such as the EU, and
thus, the political and regulatory power that structures can exert
over public discourses on sustainability and digitalization.

In addition, the co-occurrence analysis of domains (figure
6) has allowed us to distinguish tentatively three phases in the
Twitter discourse on sustainability and digitalization in Europe
over time. The first phase of the discourse at the beginning of
the decade centered much more strongly on the life-cycle im-
pacts of digital technologies and was dominated by smart city
concepts, as compared to the later stages.

The second phase, in the second half of the decade until the
COVID-19 crisis, saw a second discursive hub emerge surround-
ing climate change. Two additional sub-discourses were identi-
fied, one connecting energy use both with digital infrastructure
and the potential of smart grid technologies and a second con-
cerning the potential for sustainability gains through digitaliza-
tion in manufacturing and circular economy concepts.

During the COVID-19 crisis years, the third phase, climate
change emerged as the dominant central discourse, being dis-
cussed based on a variety of domains. A distinct “smart rural”
cluster also emerged during this time, including smart agricul-
ture, forestry, and issues specific to digitalization in rural regions,
such as broadband connectivity. The life-cycle impacts of digi-
talization were also being discussed again, as data centers were
more frequently discussed in conjunction with energy use and
climate impacts, as well as pandemic-induced changes in work-
ing patterns.

Limitations

Our analyses of tweets from 2010 until 2021 are, of course, only
a snapshot of the public discussions of sustainability and digi-
talization. Furthermore, beyond domain identification, we did
not conduct an in-depth analysis of the presentation of the re-
spective domains in terms of valence or arguments brought for-
ward against or in favor of the current state of digitalization in
the domain. Another limitation of our approach might be that
we have missed possible additional domains that were not iden-
tified in the qualitative discovery step. Regarding our classifica-
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FIGURE 5:
Illustration of domain
identification and
domain co-occur-
rence in tweets.
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tion step, we are confident that our rule-based approach has a
relatively high precision in classifying domains, but it faces lim-
itations in recall that could potentially be resolved using a sta-
tistical model for classification, though at the cost of increased
complexity. Furthermore, we feel it is important to re-iterate that
Twitter is a biased and flawed data source for understanding so-
cietal discourses in many aspects. As such, to generate a more
encompassing map of the societal discourse, future work com-
plementing ours would need to consider other mediums and fora
in which discourse manifests, beyond elite discourses on specif-
ic social media platforms.

Conclusion

This study aids in our understanding of how the discourse sur-
rounding two of the most crucial socio-technical change pro-
cesses of our time in Europe (and globally) —that is, sustainabil-
ity transformations and digitalization —have evolved in the past
decade. We were able to chart the development of a multi-facet-
ed discourse using a multitude of domains over a decade, from
concerns about the life-cycle impacts of ICT technology, to the
rise in prominence of smart cities, to the establishment of cli-
mate change as a key discursive hub. Our results regarding do-
main clusters in the discourse point to potentials and the cru-
cial importance of nexus approaches—which do not consider do-
mains in isolation—in the research on and practices of digitali-
zation and sustainability.

What does appear in the discourse is as interesting as what
does not appear in our analysis, which comes upon the eve of
the recent Digital Reset report by Digitalization for Sustainabili-
ty (D4S 2022). We find the discursive structure very much in line
with some of the concerns about the direction of digitalization
raised in the report, namely, an over-reliance on efficiency justi-
fications to champion digitalization accompanied by little critical
reflection on economic growth or mention of sufficiency strate-
gies. We also find an almost total absence of discussions on the
structural impacts of digitalization on sustainability (Hilty and
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