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This article investigates the role of digital technologies and data

innovations, such as big data and citizen-generated data, to

enable transformations to sustainability. We reviewed recent

literature in this area and identified that the most prevailing

assumption of work is related to the capacity of data to inform

decision-making and support transformations. However, there

is a lack of critical investigation on the concrete pathways for

this to happen. We present a framework that identifies scales

and potential pathways on how data generation, circulation and

usage can enable transformations to sustainability. This

framework expands the perspective on the role and functions

of data, and it is used to outline a critical research agenda for

future work that fully considers the socio-cultural contexts and

practices through which data may effectively support

transformative pathways to sustainable development.
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Introduction
The slow pace of progress of nations around the globe to

improve sustainability and tackle the United Nations’

Sustainable Development Goals (SDGs) launched in

2015 has sparked calls for substantial transformations that

go beyond incremental changes. The idea of transforma-

tions to sustainability has thus acquired central impor-

tance in both research [1,2] and policy discourses [3]. The

devastating impacts of the COVID-19 global pandemic to

economies, livelihoods and societies worldwide has given

greater impetus to ‘forge the transformative pathways

needed to create a more livable world’ [4, p. 3].

The crisis resulting from the COVID-19 pandemic has

also brought about an accelerated adoption of digital

technologies in many parts of the world, which have

enabled many people to carry on social, economic and

education activities amidst restrictions of physical con-

tact. This positive contribution of digital technologies to

strengthen the resilience of societies in face of the pan-

demic disruption has given rise to a renewed attention to

the crucial need of ‘data innovations’ to support sustain-

ability goals [4,5], echoing earlier calls for a data revolu-

tion for sustainable development [6] and the more recent

emphasis on the crucial role of a ‘digital revolution’ to

support transformations to sustainability [2,7,8�].

However, despite the acknowledged importance of digi-

tal technologies and data innovations for progress towards

sustainability, there is a generalised lack of clarity on the

specific transformation pathways which are to be enabled

by these technological innovations, and how they are

related to socio-cultural aspects, governance and politics.

For instance, the investment in data innovations such as

‘big data’ [9,10] and citizen-generated data [11,12] is

frequently justified by the need to close gaps in the data

for monitoring and reporting on the SDG targets and

indicators [2,4]. Although such digital innovations and

emerging data sources are rightly seen as necessary for
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tracking and assessing progress towards the SDGs, there

is an overly optimistic underlying assumption that

increased data availability will automatically lead to

improved decision-making and propel transformations

to more sustainable futures. Recent examples such as

the deforestation of the Amazon, biodiversity loss, climate

change and COVID-19 clearly show that data are impor-

tant but not sufficient to compel action to change; for this,

data must be presented in adequate formats for stake-

holders and embedded as information into social deci-

sion-making processes with clear pathways to enable

transformations.

As the critical scholarship on sustainability transformations

has argued [1,13,14], there is a need to be clearer about

‘what should be transformed, by and for whom, and through

what processes’ [14, p. 65] so as to fully account for the

crucial socio-economic, governance and political aspects

involvedinsustainability transformations. Inparallel,wider

implications of datafication processes have been explored

in the fields of critical data studies [15,16] and data justice

[17], such as data privacy, surveillance, ownership, accessi-

bility and inclusivity. However, such critical data issues

have not been fully addressed in the sustainability dis-

course, in which the role of digital technologies, and data

innovations in particular, have received scant attention so

far in analyses of sustainability transformations.

This article attempts to fill this knowledge gap by inves-

tigating the following overarching research question:

What is the role of data innovations in transformations to
sustainability? For doing this, we first present a review of

the recent literature on data-enabled transformations to

sustainability, unfolding the main research question into a

set of subquestions to investigate the underlying assump-

tions, specific roles and transformative processes enabled

by data mentioned in the literature (Section ‘Literature

review’). The results of our review point out to crucial

limitations in the way data has been conceptualised in the

extant literature. In response, we introduce in Section

‘Conceptual framework: transformation pathways and

functions of data’ a synthesis framework which provides

an expanded perspective on the relationship between

data and transformations to sustainability. Finally, Sec-

tion ‘Research agenda: exploring tensions to rethink the

role of data for transformations to sustainability’ presents

directions for future work in this area, and Section

‘Conclusion’ closes the article with final remarks.

Literature review
In this paper, we understand transformations as

‘fundamental shifts in human and environmental interac-

tions and feedback’ [18]. They are distinct from similar

concepts widely utilised in sustainable development such

as transition or change [19] due to their longer-term orienta-

tion and the gradual mainstreaming of behaviours, cultures

and practices they induce [20,21]. In order to gain an
Current Opinion in Environmental Sustainability 2021, 49:1–11 
understanding on the role of data innovations in such

transformation processes, we took inspiration in Scoones

et al. [14] to unfold our overarching research question into

the following three sub-questions: (a) what is being trans-
formed with the support of data innovations? (b) are data
innovations enabling sustainability transformations for whom
and by whom? (c) through which processes are data innovations
supporting sustainability transformations? We then undertook

a focused systematic literature review of articles published

on transformations to sustainability in the past few years

(2018–2020), broadly oriented by the methodological

guidelines proposed by Kitchenham and Charters [22].

In order to select our primary studies, we applied the

search string (‘sustainability’ and ‘data’ and

‘transformation’) to the electronic database SCOPUS8

to search for studies published between January

2018 and July 2020. The choice of the relative short

period of time was due to our goal of obtaining a snapshot

of the recent developments in the field, whilst SCOPUS

was chosen due to ease of handling and its relatively broad

coverage of many scientific journals and conferences. We

are conscious that the choice of keywords, timeframe and

database will inevitably exclude many studies that are

related to data and sustainability transformations but use

other terms and indexes; however, we see the coverage of

our review as a practical and meaningful sample of the

most recent relevant research.

The selection of key studies was based on three inclusion

criteria: (i) the article matches the keywords, (ii) the

article discusses a type of transformation to sustainability

and (iii) the article discusses how data supports transfor-

mation. As exclusion criteria, articles were discarded if

they only mentioned primary/secondary data used for the

study itself, but did not refer to data as part of sustain-

ability transformation processes.

The keyword search in the Scopus database resulted in

436 primary studies. Four researchers analysed the titles

and abstracts and applied the inclusion/exclusion criteria.

If the purpose of the article was not clear in the abstract,

three of them read it and discussed it afterwards. After

this stage, 21 studies were selected for full-text reading

and analysis. In the final stage of the review, each study

was independently analysed in full by two members of

the research team, who extracted information about our

research questions.

The following three sub sections presents the findings of

our review for each of our three subquestions in turn.
www.sciencedirect.com
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Table 1

Data-enabled sustainability transformations of the reviewed studies

References Transformations enabled by data

Angeler et al. [23�] Time series data concerning agricultural sector degradation (inundations, rainfall) are transformed into musical sounds (a

‘lament’) in a learning process that combines feelings and cognition (sonification), with an aspiration to induce changes in

behaviours, perspectives and aims related to environmental protection.

Bibri [24�] Simulation models based on big data analytics can be used to support decisions pertaining to optimisation, control,

management, design, and planning of modern cities in an attempt to advance the contribution of smart sustainable cities to

the goals of sustainable development.

Bostancı [59] Data is being used as a means to support the application of concepts of thermodynamics in urban design through the

different types of energy efficiency assessment, in an attempt to support transformations towards increasing quality of life

in cities.

Cheema and Khan [25�] ICT and IoT technologies, through the quick access to large amounts of data they provide, can support data-driven

agriculture and transform existing methods, while also reducing production costs, increasing yield and profitability of

farmers and improving food security, particularly in the Global South.

Dewi et al. [26] Local knowledge and individual experiences have the potential to transform local communities and lead them towards a

more resilient and sustainable future.

Dlugosch et al. [27�] By combining data collected by different sources (sensors, IoT systems, social media) with other available authoritative

data sources and through a variety of analytics and simulation methods, the potential of Shared Autonomous Electric

Vehicles to minimise carbon emissions and improve urban mobility in the city of Berlin, Germany is discussed.

Dong et al. [28] Big Earth data acquired through remote sensing techniques can provide invaluable information to support the search for

optimal trajectories, to determine corrections and support transformations to a more sustainable future.

Dornhofer et al. [29] ICT innovations, such as the green Knowledge Management Cube (KMC) architecture, are in the centre of the smart city

concept and can support transformations to a more environmentally sustainable future.

Guo et al. [30�] Through the establishment of a ‘system of systems’ for sharing environmental data and information between smaller data

systems across several countries, monitoring of the state of the Earth will be enhanced.

Juneja et al. [31] Big Data from various sources (i.e. sensors, smartphones) can support the process of transformation of contemporary

metropolitan urban areas to smart cities.

Ketter et al. [32�] Big Data can be used to build predictive models and contribute in balancing energy demand and supply, inevitably leading

to transformations in energy grid management and (inter)national energy policies.

Kritzer [33�] High quality, accurate and continuously updated data is used to enhance the management of fishery systems, with a future

aspiration of improving levels of satisfaction and transforming attitudes and actions among the fishing fleets.

Pappas et al. [8�] Although the application of big data analytics in businesses can improve their organisational capabilities (innovation,

performance and so on) and enable digital transformations towards sustainability, the identification of different societal

actors as well as the level of trust and collaboration among them needs to be thoroughly examined and analysed.

Pecora and Lins [34�] Monitoring and management of water resources is enhanced through the introduction of an integrated Hydrological

Observing System that provides a suite of visualisation tools and services to support hydrological data usage and sharing

across scientific and operational communities.

Penicaud et al. [35] Access to a variety of heterogeneous datasets is not enough to guarantee high quality of dairy products. A transformation

in the process of organisation and editing of data from different sources and of different consistency (qualitative/

quantitative) is required in order to make such data compatible to provide dairy products of higher quality.

Ratter et al. [36�] Citizen perceptions collected through surveys can induce governance transformations to enhance coastal management

and environmental protection in the context of climate change, as the example of Maldives demonstrate.

Romanska-Zapala et al.

[37�]
Using the modular structure of a proposed new database capable of processing very large amounts of data, energy use is

minimised while concurrently the thermal comfort of the occupants is maximised, with a potential to establish a long-term

transformation in energy habits.

Saied et al. [38] Big Data and other smart city applications, such as smart phones and intelligent systems, can assist in improving services

provided to displaced communities and support transformation of post-war urban conglomerations to smart and

sustainable cities in the long run.

Tumusiime et al. [39�] By providing a diagnostic on the sources of technical and data acquisition problems for the generation of renewable energy

through biogas, pathways for policy and research incentives to foster energy consumption transformation in the country

are discussed.

Villegas-Ch et al. [60] Big data architecture computational approach is capable of transforming not only university campus into a smart campus

but also modern cities into smart cities.

Weiand et al. [40�] Attitudinal data of citizens regarding their mobility patterns can inform transformation policy and improve decision-making

processes.
What is being transformed with the support of data

innovations?

Table 1 presents a summary of the transformations

enabled by data which are reported in each of the articles

included in our review. As this summary shows, data

innovations are being used to support transformations
www.sciencedirect.com 
to sustainability in relation to a wide range of application

areas, such as marine ecosystems, energy efficiency, water

management, urban mobility, smart cities, climate change

and food production.
Current Opinion in Environmental Sustainability 2021, 49:1–11
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Table 2

Types of transformation identified in the literature review

SDG transformations [2] Number

of

studies

References

Education and gender

equality

0 N/A

Health, wellbeing and

demography

1 Penicaud et al. [35]

Energy decarbonisation

and sustainable

industry

7 Romanska-Zapala et al. [37�],
Cheema and Khan [25�],
Patterson et al. [1], Tumusiime

et al. [39�], Dlugosch et al. [27�],
Weiand et al. [40�], Ketter et al.

[32�]
Sustainable food, land,

water and oceans

6 Kritzer [33�], Pecora and Lins

[34�], Ratter et al. [36�], Dong

et al. [28], Angeler et al. [23�],
Penicaud et al. [35]

Sustainable cities and

communities

9 Pecora and Lins [34�],
Dornhofer et al. [29], Saied et al.

[38], Dlugosch et al. [27�], Dewi

et al. [26], Juneja et al. [31],

Villegas-Ch et al. (2019),

Pappas et al. [8�], Bibri [24�]
Digital revolution for

sustainable

development

4 Guo et al. [30�], Cheema and

Khan [25�], Villegas-Ch et al.

(2019), Pappas et al. [8�]
In order to cluster the types of transformations found in

the reviewed papers and present an overview of what is

being transformed through data innovations, Table 2

associates the reviewed studies with the six Sustainable

Development Goal (SDG) Transformations proposed by

Sachs et al. [2]. Whilst we have found a good coverage of

four SDG Transformations, there is a noticeable lack of

studies addressing transformations on ‘education and

gender equality’ and ‘health, wellbeing and demography’.

Are data innovations enabling sustainability

transformations for whom and by whom?

Our analysis has shown that the vast majority of research

lays emphasis on data acquisition through different types

of sensors, with most of data utilised to support top-down

decision-making [29,37�]. However, a number of urban

and social research on data studies, mostly apparent in the

‘Sustainable Cities and Communities’ transformation

group, also acknowledge the importance of including

citizens in decision-making processes, with data being

seen as a means for citizen engagement [24�,25�].

Another group of publications emphasises that structural

transformations in public policy and governance can be

achieved through improved data flows across a wider array

of stakeholders in different operational scales [8�,32�,34�].
This highlights the need for an increased attention from

practitioners and decision-makers on improving commu-

nication channels among different groups of stakeholders:
Current Opinion in Environmental Sustainability 2021, 49:1–11 
communities (micro-level) [36�,40�]; local authorities and

city governments (meso-level) [26]; and national and

international organisations (macro-level) [25�,30�].

Figure 1 presents an overview of these findings by visua-

lising the connections between the socio-spatial scales

and SDG Transformations which we have found in our

reviewed studies. It is noticeable that the digital revolu-

tion transformations are never mentioned at the micro

level, which indicates a mostly top-down view of the

potential of these technologies. The largest group of

studies we identified is focused on the ‘sustainable cities

and communities’ transformation and their vast majority

is situated at the meso level, which could be expected

given their focus on city governance. Whilst all five SDG

transformations were observed at the macro level, the

micro level has received least attention in our reviewed

studies.

Through which processes are data innovations

supporting sustainability transformations?

Some studies we reviewed are focused on portraying the

emerging capabilities presented by novel digital technol-

ogies and by the abundance of data, emphasising their

potential for enabling transformations (e.g. Ref. [24�]), but

without providing details on how this transformation

potential can be realised in specific settings and contexts.

In contrast, another group of studies describes effective
transformations achieved through data innovations by

presenting real-life applications of data innovations in

different domains such as the monitoring of SDGs [30�],
energy use [37�], food security and sustainable agriculture

[25�,35] and smart cities [24�,31].

However, in most of the reviewed publications, the

processes by which data innovations would engender

sustainability transformations are not clearly described.

In several studies, the impacts of data innovations for

wider social transformation are mostly taken for granted,

whilst the specific pathways with which data could enable

change are not discussed. We thus conclude that a clear

distinction of the pathways and roles of data to enable

transformations to sustainability is an important research

gap that arises from our literature review.

Conceptual framework: transformation
pathways and functions of data
In response to the reviewed literature, this section intro-

duces a synthesis framework for conceptualising the role

of data innovations in transformations to sustainability.

This framework attempts to systematise a set of potential

pathways and functions acquired by data for enabling

sustainability transformations, based both on the

reviewed literature and on other related studies.

The main tenet underpinning our framework is an under-

standing of data not only as artefacts (i.e. binary encodings
www.sciencedirect.com
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Figure 1

Health, wellbeing and demography

Digital revolution for sustainable development

Energy decarbonisation and sustainable industry

Sustainable cities and communities

Sustainable food, land, water and oceans
Micro level

Meso level

Macro level 11
11

4

4
1

6
9

6

Current Opinion in Environmental Sustainability

Distribution of reviewed articles per SDG Transformation type (coloured boxes on the left-hand side) and socio-spatial scale (grey boxes on the

right-hand side) of communities (micro-level); local authorities and city governments (meso-level); and national and international organisations

(macro-level). The numbers of reviewed articles that fall in each category are presented inside the boxes. The line thickness is scaled to the

number of reviewed articles and their trajectory relate the transformation type to the corresponding socio-spatial scale. (Source: the authors).
inscribed in digital media) but also as part of socio-

material processes. We thus take a broader perspective

that looks at the data practices through which digital

artefacts are generated, transmitted, changed and used

in practice, in dialogue with a growing literature on critical

data studies [15,16] and data justice [17].

The first component of our framework is based on the

identification of the different scales, actors and types of

data which can be mobilised in transformation processes,

which are depicted in Figure 2. This diagram enables the

recognition that actors in different scales should be con-

sidered when thinking about data-enabled sustainability

transformations: (a) international/national centres of

expertise in the macro level; (b) city governments and

regional organisations in the meso level; (c) communities,

local NGOs and other grassroots organisations in the

micro level. Furthermore, it draws attention to the fact

that data innovations should consider not only more

traditional ‘top-down’ narratives (including the so-called

‘big data’ from centres of expertise) but also the bottom-

up narratives in the form of ‘thick data’ generated through

citizen participation processes. The diagram also draws

attention to the importance of the flows between these

different scales and types of data, as a means to create

more robust data-enabled sustainability pathways.

Our framework also identifies three main data-enabled

transformation pathways to sustainability transforma-

tions, synthesized in Table 3: usage, circulation and

generation. Within these three pathways, the role of data
www.sciencedirect.com 
is modulated by what we call ‘functions of data’, which we

identified by drawing on the classic distinction of six

functions of language as proposed by the linguist Roman

Jakobson [41�]: referential, metalingual, phatic, conative,

expressive (also called emotive) and poetic (see Table 3).

These functions were proposed to provide a broader view

on the different functions acquired by language in the

pragmatics of actual speech events. Analogously, we

employ the functions of data within our framework to

enable more specific accounts on the role acquired by data

in actual practices of production, circulation and usage of

digital artefacts in data innovations. Table 3 provides

examples of studies in our literature review in which

we could identify a main reference to each pathway

and function of data. However, it is important to notice

that these pathways and functions are not mutually exclu-

sive; several research studies and practical projects will

address a combination of the pathways and functions of

the proposed framework.

We explain each of the data-enabled transformation path-

ways and functions of data of our framework in the next

sections.

Data usage

The first and most evident pathway for data to enable

transformations to sustainability is focused on data usage:

making sense of data can inform decisions and actions

supporting transformations to sustainability. Here the

most important function of data (similarly to language)

is to establish a reference to the context of
Current Opinion in Environmental Sustainability 2021, 49:1–11
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Figure 2
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Scales, actors and types of data which can be mobilised in sustainability transformations (Source: the authors).
transformations, that is, data acquires a referential function

by indexing or measuring a particular contextual element,

which thus serves as evidence to inform decision-making

related to transformations to sustainability (e.g. Refs. [43–

45,58]). The prevalence of this function is confirmed by

our analysis of the reviewed studies, all of which do

include a referential function in one way or another:

for instance, data has been used as indicators to monitor

the Sustainable Development Goals [30�], to track energy
Table 3

Pathways and functions of data in transformations to sustainability

Data-enabled transformation pathways Functions 

Data usage: the interpretation of data provides

evidence to support decision-making, informs

desired/intended transformations and enables

monitoring and tracking progress.

Referential: data offers i

contextual elements to su

transformations.

Poetic: the form and aes

data can be explored as a

Data circulation: the flow of data between

different actors and scales can enable

recognition and coordination, facilitating

change in governance arrangements and

opening up new communication channels.

Phatic: data exchange c

communication channels

recognition of actors.

Conative: circulation of d

receptor/stakeholder by a

explicitly and building tru

Data generation: creating new data is a

transformative opportunity in itself as a

catalyst for mutual social learning,

development of critical consciousness and

change of perspectives and behaviours.

Metalingual: data enable

issues represented, socia

standards and worldview

Expressive: data produc

expressive medium to giv

invisible personal and em

social and environmental

Current Opinion in Environmental Sustainability 2021, 49:1–11 
usage [37�]; to quantify environmental impacts of food

systems [25�,39�] and to represent socio-ecological-tech-

nological systems in support of future planning for sus-

tainability transformations [61]. The data usage transfor-

mation pathway is also the most widely referred to in

policy discourses around data innovations mentioned in

the introduction [2,4].
of data Example studies

ndexical access to

pport

Guo et al. [30�], Cheema and Khan [25�],
Romanska-Zapala et al. [37�], Dlugosch et al.

[27�], Tumusiime et al. [39�], Dong et al [28],

Dornhofer et al. [29], Kritzer [33�], Penicaud et al.

[35], Bibri [24�], Juneja et al. [31]

thetic affordances of

 poetic manifestation.

Angeler et al. [23�]

reates and maintains

 by allowing

Pappas et al. [8�], Dewi et al. [26], Weiand et al.

[40�]

ata engages a

ddressing them

st.

Ratter et al. [36�]

s reflection about the

l processes, formats/

s.

Pecora and Lins [34�]

tion can be an

e voice to hitherto

otive connections to

 phenomena.

Garde-Hansen et al. [42�]
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Nevertheless, data may have additional functions in

practice which are concomitant to its main referential

role. Data, for instance, can enact a poetic function when

its aesthetic affordances are brought to the fore by means

of creative data visualisations [46] or by ‘reading’ data

through physical devices to provoke embodied sensations

in what Calvillo and Garnett [47] call ‘data intimacies’.

Among our reviewed studies, Angeler et al. [23�] present a

good example of a poetic data function: a ‘sonification’

method converts a data time series about inundation and

rainfall into musical sounds. The resulting music (called a

‘lament’) is used to testify environmental degradation,

thus opening up opportunities to transform community

behaviours through engagement and action [23�].

Data circulation

The flow of data between different actors and systems

offers an additional transformation pathway for data,

which can enable coordination and communication

between hitherto disconnected actors. Independent of

the references codified in data, the mere act of exchang-

ing data may have a phatic function, that is, it can serve as a

platform for actors to create and maintain communication

channels, engendering new understandings and perspec-

tives on sustainability issues and enabling changes in

governance arrangements and organisational structures

[8�,26,40�,57].

Furthermore, in analogy to the use of imperatives in

language, data can be used with a conative function to

address and engage specific groups of actors with a

request which may in turn support transformations. For

instance, the process of circulating data from citizens to

government (and vice-versa) can support transformative

governance not only by increasing the diversity of per-

ceptions taken into account into decision-making (i.e.

having a referential function) but also as a result of

stronger engagement of hitherto excluded interest

groups, leading to trust building, broader consensus

and wider support for a climate-resilient sustainable

development pathway [36�].

Data generation

A third data-enabled transformation pathway can be

distinguished by regarding the data generation process

as a transformative moment in itself, in addition to the

potential transformations that the data contents can

inform in the future, or to the effects emerging from data

circulation. For instance, the process of generating data

with citizens can be leveraged as an opportunity for social

learning, empowering disenfranchised stakeholders and

enabling a new critical consciousness about the sustain-

ability issues which are intended to be captured with data

[48�,49�].

In our framework, data generation is associated with a

metalingual function, that is, data is able to refer not only
www.sciencedirect.com 
to an external context, but also to its own technical

formats, categories, coding schemes and supporting

media, thus working as meta-data. A practical example

of exploiting the metalingual function to enable trans-

formations is found in the work of Pecora and Lins [34�],
which describes how hydrological meta-data, the specifi-

cation of data formats and an ontology (i.e. a logical data

scheme) are able to help clarify the meanings of available

data for all involved. This process can support the creation

of a shared understanding about which data are useful for

supporting decisions and thereby it can stimulate the

generation of missing data.

Although we could not find any corresponding study in

our review, we added one last function of data to our

framework based on Jakobson [41�] and a related study

[42�]. The expressive or emotive function comes from the

fact that the informational capacities of data are not

restricted to its contents. The way with which a sentence

is uttered (including pauses, emphases, interjections) can

be varied to express different emotions and such expressive
function of language is an integral part of its informational

capacities. Analogously, data generation can be used as an

expressive medium to empower hitherto invisible social

groups to voice their personal and collective emotive

connections to social and environmental phenomena,

which could create a powerful pathway to change. For

instance, data generation can surface encounters with

environmental phenomena such as floods, so that the

production of such digital flood memories can be used

to enable change of perceptions and behaviours towards

improving community resilience [42�].

Research agenda: exploring tensions to
rethink the role of data for transformations to
sustainability
This section outlines a critical research agenda which

builds upon the literature review and conceptual frame-

work to propose a set of challenges and critical questions

to be investigated in future studies for advancing our

understanding on the role of data innovations in sustain-

ability transformations.

Table 4 presents the three data-enabled transformation

pathways of our conceptual framework, and acknowl-

edges that each of these pathways is related to corre-

sponding challenges and risks of ‘side effects’, which are

frequently overlooked in discourses around data. By

tensioning each potential data transformation pathway

against its corresponding risks and challenges, we thus

derived a set of critical questions which should be

reflected upon and addressed in future research and

practice, summarised as follows.

Data generation

Transformative pathways related to data generation are

the ones which received less attention in the literature so
Current Opinion in Environmental Sustainability 2021, 49:1–11
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Table 4

Critical research agenda for the role of data in transformations to sustainability

Data-enabled transformation pathways Challenges Critical research questions

Data generation as a catalyst of transformations on

perspectives and behaviours, empowering

communities and creating critical consciousness

Instrumentality of citizen

sensing

Who defines which data is being produced and how? Is

the data generation building new capacities and critical

consciousness or contributing to reduce inequalities?

Inability to challenge bias and

discrimination

Do the processes of data generation empower to

contest and challenge existing assumptions?

Data circulation facilitates changes in governance

arrangements

Data surveillance, data privacy What are the implications of being datafied for human

rights of individuals?

Power asymmetries, Sharing in

data’s benefits

How are the benefits of data circulation distributed by

the different actors involved? Who controls/defines the

flows and methods with which data are processed and

visualised? Who is being addressed by data and how?

Data usage informs decision-making for

transformations

Representation bias,

aggregation, ecological

fallacies, missing data

Who is represented in the data and who is left out? How

are missing data and uncertainties acknowledged,

communicated and interpreted?

Establishment of regimes of

perceptibility, power

asymmetries, epistemic justice

Who defines what counts as data and which data is

important? Whose voices and worldviews are shaping

the methods and tools used for data generation and

usage? What are the social and material processes for

building trust in data and how this shapes decision-

making in practice?
far. Most of the literature seems to consider the produc-

tion of data as a ‘means to end’, and this includes some

papers focusing on data generated by communities and

citizens. Building upon recent recognition of the signifi-

cance of citizen science [12,50,11], local and indigenous

knowledge [51] in the agenda of sustainability, future

research should investigate ways to leverage the potential

transformative pathways and functions of data generation

that we identified in our framework for achieving mutual

learning and empowerment. However, it will be crucial to

consider challenges arising from the way with which

citizens are engaged in these processes: in order to

overcome the risk of citizens being instrumentalised to

gather data which is only relevant for others [48�], critical

questions need to be asked, such as who defines which

data is collected, and whether the processes are truly open

to contestation and challenge of bias and discrimination

embedded in current digital platforms and tools [17].

Data circulation

A small number of studies we reviewed acknowledged

the potential of the circulation of data as a transformation

pathway, but we believe that future work can further

explore the transformative role of data through its capac-

ity to facilitate change in governance arrangements, to

create and maintain new communication channels among

stakeholders as well as to engage-specific social actors.

Nevertheless, important challenges also arise from the

flow of data: for instance, the ever-increasing usage of

digital means for communication makes it easy to gather

massive amounts of data for surveillance [52], raising

questions on what are the implications of ‘datafication’

for the basic human rights to privacy and freedom. It will

also be imperative to ask who benefits from data flows, as
Current Opinion in Environmental Sustainability 2021, 49:1–11 
existing structural power asymmetries may lead to what

has been called ‘technocolonialism’ [53]: an unequal

distribution of benefits arising from data which disfavour

marginalised groups.

Data usage

We found our reviewed studies to be apace with current

policy discourses in the acknowledgement of the poten-

tial transformation pathways opened up by data innova-

tions through the usage of data to inform decision-making

processes. We concur with these studies, but Table 4 also

draws attention to important challenges which are associ-

ated with the referential function of data, such as biases,

missing data, and privacy. This leads to important critical

questions on who is represented (or not) in the data, but

also on who defines what counts as data: data not only

makes some things visible, but also necessarily hides

other things [54�] thus defining what is called by Murphy

[62] ‘regimes of perceptibility’.

Furthermore, we emphasise the need for research to

capture a more detailed understanding of the ‘social life

of data’ [55], that is, to pay attention to the socio-material

practices with which data ‘intervene’ in the unfolding of

actual decision-making processes [56]. This is an impor-

tant point, since an overemphasis on generation of data

without fully considering their integration into social

processes of trust-building and decision-making, may

leave the putative transformative potential of data

completely unrealised. Even worse, as tragically illus-

trated by the recent trends of ‘fake news’ and the

‘post-truth’ related to data on climate change, rainforest

deforestation and the COVID-19 pandemic, not only

missing data, but also their systematic denial by decision
www.sciencedirect.com



The role of data in transformations to sustainability Porto de Albuquerque et al. 9
makers and misinformation campaigns can have tragic

consequences for the environment, human health and

wellbeing. Therefore, it is imperative for future research

to develop more nuanced understandings of the role of

data usage in practice.

Conclusion
The review, conceptual framework and critical research

agenda laid down in this article offer a starting point to

develop a deeper understanding of the relation between

data innovations and transformations to sustainability

which includes broader considerations of social, cultural

and political issues. Building upon our proposed frame-

work and critical agenda, future research should investi-

gate how specific projects on sustainability transforma-

tions are able to integrate the different data

transformation pathways and functions we identified,

whilst addressing the corresponding tensions and chal-

lenges. We thus hope this article can inspire future

research and practical projects to consciously reflect about

their assumptions and practices to be able to effectively

integrate data into sustainability transformation

processes.
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