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Abstract

Citizen science (CS), that is, the involvement of citizens in data collection or analysis

for research projects, is becoming more widespread. This is due to the increasing digi-

talization of the general public and due to the increasing number of grand challenges

that society is facing. Thanks to the contributions of common citizens in data collec-

tion and data analysis conducted through technology-mediated interactions, CS can

produce a number of benefits for researchers, public organizations, policymakers, citi-

zens, and society as a whole. Given the high density of socio-economic activities in

cities, CS can be implemented in a particularly effective way in urban environments

to help tackle many “grand challenges”, namely, the pressing environmental and

social issues that societies are facing at present. However, CS still has untapped

potential to be explored. Indeed, we contend that even though CS involves citizens

for precisely defined scientific objectives, the interaction that occurs can also be lev-

eraged to collect data beyond the original aim, thereby producing big data (BD).

Through a multiple case studies analysis, we highlight how CS can be used to collect

BD as well, which can be a valuable resource for researchers, public organizations,

and policymakers. With this aim in mind, this study proposes the definition of a citi-

zen-sourcing framework that jointly employs CS and BD, and it highlights which pro-

cesses can be implemented to favor the sustainable development of urban

environments. Moreover, we also discuss the looming dangers associated with citi-

zen-sourcing as a result of technology-mediated interactions and the use of digital

technologies, and we highlight possible future developments.
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1 | INTRODUCTION

Citizen science (CS), that is, the involvement of citizens in data collec-

tion or analysis for research projects, is a phenomenon that dates back

to the early 19th century, although in recent years it has spread

quickly thanks to advancements in information technology

(IT) (Sauermann et al., 2020; Young et al., 2019). CS involves crowds

from outside organizational boundaries in the creation of new knowl-

edge (Franzoni & Sauermann, 2014). CS has become popular thanks

to the ease with which organizations can involve external individuals,

that is, common citizens, through web-based platforms, and thanks to

a growing focus on environmental and social sustainability (Cappa
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et al., 2018). In particular, CS involves common citizens without a spe-

cific background requirement in data collection or analysis to advance

research projects and improve decision-making processes at the orga-

nizational level. Examples are monitoring birds, preventing deforesta-

tion, and planning a better alignment of energy production and

consumption (Arcanjo et al., 2015; Cappa et al., 2020; Land-Zandstra

et al., 2015; Pocock et al., 2017; Wildschut, 2017).

Research bodies and public organizations are looking for methods

to gather large amounts of data in order to tackle “grand challenges,”
that is, the pressing environmental and social issues that we are facing

at present (Guida & Carpentieri, 2021; Sauermann et al., 2020) and CS

is a promising way to achieve these goals thanks to the involvement

of citizen volunteers through technology-mediated interactions

(Riesch et al., 2013; Rowbotham et al., 2019). Indeed, CS makes it is

possible to collect and analyze data for socially and environmentally

oriented projects in a rapid and convenient way. At the same time, CS

increases the literacy of citizens, and thus, it fulfills social and educa-

tional purposes as well. Through CS, all three pillars of sustainability

can benefit. Indeed, thanks to CS, research projects are conducted

faster and cheaper (economic pillar), the well-being and literacy of citi-

zens can improve (social pillar), and environmental impacts can be mit-

igated (environmental pillar) (Cappa et al., 2020; Hansmann

et al., 2012). Due to its inclusive nature, as no special previous knowl-

edge is required, CS is particularly useful in urban contexts, where

most of the world population lives (United Nations, 2018). These city

dwellers are conceivably more eager to contribute to problems affect-

ing their immediate surroundings. Cities are also the places where the

majority of social, economic, and environmental issues are concen-

trated (Acuto et al., 2018; Bai et al., 2018; Hallin et al., 2021).

Given the numerous benefits generated by CS, there is increasing

scientific, managerial, and policymaking attention towards this phe-

nomenon. Previous studies have thus far focused on how to involve

higher numbers of citizens in order to collect a greater quantity of

contributions during CS campaigns, thus increasing the quality of the

outcomes, and on highlighting the benefits of CS in terms of scientific

results and sustainability achievements (Aristeidou et al., 2017; Cappa

et al., 2018; Mueller et al., 2018; Roman et al., 2017; Tinati

et al., 2017). However, beyond the data collected or analyzed for

other scientific aims, there are additional potential benefits that CS

can bring to organizations that have often been overlooked. In this

study, we argue that while organizations collect data for CS projects,

they could ask for additional information from these citizens, since

they have already become engaged, and this could yield a valuable

resource to use in the sustainable development of urban areas.

In this manner, CS can function as a source of big data (BD),

which is another recent phenomenon. Indeed, CS has expanded in

recent years thanks to the increasing digitalization of the general pub-

lic and the emergence of new digital technologies (Ardito et al., 2019;

Bohnsack et al., 2019; Cappa et al., 2021; Elia et al., 2019; Hanelt

et al., 2020; Visconti & Morea, 2019). These digital advancements led

to the creation of 41 zettabytes of data every day in 2019, that is, bil-

lions of terabytes, and it is estimated that society will create 175 zetta-

byte of data by the end of 2021 (Wang & Wang, 2020). In fact, BD is

increasingly being recognized as “the new oil”—which demonstrates

the great potential it can have for organizations (Oyer, 2019).

There has been much debate through the years regarding a defi-

nition for BD. It is sometimes incorrectly related to simply having high

volumes of data. Recently, instead, there has been increasing scholarly

consensus that BD can be identified as information characterized not

only by high volume but also by high levels of variety, high velocity,

high veracity, and high value (the so-called 5 Vs) (Jin et al., 2015).

Recent studies have shown how BD can be crucial in nurturing inno-

vations, making better decisions, and delivering better outcomes

(Batistič & van der Laken, 2019; Cappa et al., 2021; Huang

et al., 2018; Jin et al., 2015; Johnson et al., 2017; Marshall

et al., 2015; Müller et al., 2018). BD has also proven beneficial for

urban environments, transport management, and planning

(Boeing, 2021; Creutzig et al., 2019). In fact, BD may assist sustainable

development by exploiting predictive analysis that can solve social

and environmental problems (Dubey et al., 2019). However, since col-

lecting and handling BD is not an easy task due to the difficulties of

reaching a broad audience willing to provide information (Philip

Chen & Zhang, 2014), CS can contribute to solving this challenge by

facilitating contact with a broad audience of citizens in a trusted way,

thanks to the scientific community leading activities.

Nevertheless, the benefits of CS and of BD for urban areas have

mainly been analyzed individually. Previous research has highlighted

the benefits that urban environments can gain from properly

implementing CS strategies, such as better urban planning, improved

environmental monitoring, and an enhanced quality of life (Craglia &

Eds, 2014; Mueller et al., 2018; Paulos et al., 2008) while other

scholars have discussed the role of BD in such contexts (Ahvenniemi

et al., 2017). However, further consideration is needed regarding the

possible benefits that may arise from the simultaneous implementa-

tion of CS and BD. In particular, the research question we address is

the following: How can CS and BD be jointly implemented for the sus-

tainable development of the urban environment?

By performing a qualitative, multiple case studies analysis, we

provide evidence that even though CS involves citizens in a precisely

defined manner for a specific scientific aim, the online interaction that

takes place during CS can also be leveraged to collect additional data

that provide BD to be used later. Our analysis focuses on two extreme

cases (Pratt, 2009) that illustrate examples of the joint application of

CS and BD: “New York Street Tree Map” in New York City, USA

(“New York City Street Tree Map,”, 2021) and “B.E. (Building Energy)

Smart” in Rome, Italy (“B.E. Smart,”, 2021). These two projects are

very relevant case studies, as further detailed in the Methodology sec-

tion, primarily because they were set in two globally renowned but

heterogeneous urban contexts and thus they contribute external

validity to the study (Flick et al., 2004).

Based on the insights gathered from the above-mentioned cases,

using both primary and secondary data, we define the boundaries of a

new framework that is at the intersection of CS and BD, that is, citi-

zen-sourcing, which can give researchers and policymakers the means

to further involve citizens and favor sustainable urban development.

While organizations have so far been focused on one aspect at a time,
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that is, CS or BD collection, citizen-sourcing provides a framework

through which organizations can collect additional personal informa-

tion from citizens, producing BD for future initiatives, while they con-

tribute to the scientific purpose at hand, by collecting or analyzing

data that can sustain CS projects.

In addition, we identify the main processes that characterize this

framework, that is, citizen profiling, involvement of technological capabil-

ities, and data protection. We thereby advance scientific knowledge of

the CS and BD phenomena by laying the foundations for citizen-sourc-

ing and by highlighting the processes through which it is possible to

simultaneously implement them. The joint implementation of CS and

BD may favor sustainable urban development, that is, leading cities to

become more responsive to citizen needs and promoting higher

quality of life by nurturing economic development, social well-being,

and environmental protection (Angelidou et al., 2018; Guzmán

et al., 2017; Simwanda & Murayama, 2018). We also provide empirical

evidence for researchers and policymakers on how to collect valuable

information from citizen scientists to better manage upcoming CS

projects and to implement future target actions. Moreover, we also

address some perils of citizen-sourcing as a result of technology-

mediated interaction and the use of digital technologies, and we high-

light possible future developments.

2 | THEORETICAL BACKGROUND

In this section we provide a literature review of the CS and BD phe-

nomena, with particular focus on their application in the urban con-

text, and we outline the reasoning and theoretical foundation for our

citizen-sourcing framework.

2.1 | CS in the urban context

The past decade has been characterized by a rapid evolution in the

extent to which people outside of organization boundaries have been

involved in the generation and dissemination of new knowledge.

Indeed, the digitalization of the business environment and the emer-

gence of new digital technologies make it easier for organizations to

reach dispersed individuals (Acciarini et al., 2021). This increases the

popularity of different forms of crowd involvement, like

crowdsourcing and crowdfunding; the former involves dispersed indi-

viduals in the collection of innovative ideas and in the latter individ-

uals contribute funds towards knowledge creation thanks to new

ventures (e.g., Block et al., 2018; Messeni Petruzzelli et al., 2019;

Natalicchio et al., 2017). Moreover, the way in which research pro-

jects are conducted has also changed thanks to the inclusion of

crowds in data collection and analysis, which has led to the consolida-

tion of CS (Arcanjo et al., 2015; Franzoni & Sauermann, 2014;

Wildschut, 2017). CS is the term commonly used for technology-

mediated collaboration between citizens, or members of the public,

and scientific organizations in order to produce or analyze scientific

data (Haklay, 2013). In order to be effective, however, a pressing need

in CS is to get motivated participants involved, since CS projects often

fail due to low participation (Cappa et al., 2016; Druschke &

Seltze, 2012). Moreover, there is a close link between the quantity of

the contributions collected and the quality of the scientific outcomes,

and this also applies to the increased literacy of the population as a

whole (Cappa et al., 2018, 2020; Nov et al., 2014). For example,

higher participation in the Brooklyn Atlantis CS project resulted in

more precise and reliable mapping of water quality (Cappa et al.,

2018). Furthermore, thanks to participation in CS projects, citizens

increase their technological and environmental awareness (Cappa

et al., 2020). Thus, understanding how to motivate citizens to

participate has been the focus of the majority of studies on CS so far

(Cappa et al., 2018, 2020; Laut et al., 2017).

Currently, there are numerous collaborations between well-

known research institutes and common citizens, such as the CS pro-

jects carried out by NASA (NASA, 2021). Thanks to CS, it is indeed

possible to conduct research that would not otherwise have been

possible if relying solely on researchers' resources. The benefits gen-

erated by CS projects are numerous. For researchers, having a greater

number of people available to collect and analyze data reduces costs

and the time to complete scientific projects (Haklay, 2013; Nov

et al., 2014). Moreover, citizens may increase their scientific knowl-

edge, while being socially useful and thus intrinsically satisfied, and

they also connect with the scientific world that had previously been

distant from their problems (Paul et al., 2014). Finally, society as a

whole benefits from CS as well, thanks to better and faster scientific

outcomes, which are mainly environmental and social in content, and

thanks to the increased literacy gained by citizens (Cappa et al., 2020).

In particular, CS may contribute to addressing the “grand challenges”
that society is currently facing (Foray et al., 2012; Kuhlmann, 2014).

Such pressing environmental and social issues have a profound effect

on urban areas, where population density is high (Cappa et al., 2020;

Centobelli et al., 2020; Pinkse & Dommisse, 2009; Sakshi et al., 2020),

and CS projects can help address these issues at lower cost, and

faster, thanks to the voluntary involvement of a large number of citi-

zens already locally available in the urban area.

McCaffrey (2005) was among the first researchers to show the

benefits that CS can bring to the ecosystems of cities by describing

how CS enabled extensive data collection for bird-monitoring pro-

jects, providing scientific outcomes that might otherwise have been

impossible to achieve. Later, other studies showed that CS could help

reduce electricity consumption (Cappa et al., 2020), clean bodies of

water (Cappa et al., 2018), find clean water spots in the urban envi-

ronment (Young et al., 2019), monitor air pollution (Sauermann

et al., 2020; Silvertown, 2009; Young et al., 2019), prevent deforesta-

tion (Arcanjo et al., 2015), map invasive plant species (Luigi Nimis

et al., 2019), and enhance the well-being of citizens (Ferster

et al., 2017). In these situations, volunteers can help solve pressing

environmental or social problems by either providing data or analyzing

data on a scale that would have otherwise been impossible for

researchers to achieve. In fact, thanks to technology-mediated inter-

actions and digital technologies, citizens can connect from all over the

world and contribute during their spare time. Moreover, previous
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research has shown how urban administrations can engender effec-

tive actions that integrate citizen contributions in a participatory

decision-making process (Åström, 2020; Mueller et al., 2018; Paulos

et al., 2008) and simultaneously increase the literacy of citizens by

raising their awareness of significant issues affecting the socio-

economic context where they live. Indeed, CS leads to “raising aware-

ness, building capacity, and strengthening communities” (Craglia &

Eds, 2014, p. 48), rather than merely collecting data.

Table 1 summarizes the main findings of the above-mentioned

studies, tracing the environmental, social, and economic benefits that

CS produces for the sustainable development of urban areas.

In CS, it is crucial to reach the greatest number of individuals to

maximize benefits for organizations. This provides a chance to also

collect BD, which is another emerging phenomenon that has

benefited from the digitalization of the general public and advance-

ments in digital technologies. In the next subsection we explore the

TABLE 1 Previous studies on CS benefits for sustainable urban development

Benefits for urban

development Authors Main findings

Geographical

context Methodology Case

Environmental McCaffrey (2005) and

Young et al. (2019)

CS enhances the ecology of

cities and bird preservation

in urban centers

USA; USA

and

Canada

Qualitative;

quantitative

Bird monitoring; natural

heritage protection

Silvertown (2009) and

Sauermann et al. (2020)

CS helps monitor the quality

of air, soil, and water

Global; global Conceptual;

conceptual

Ecology; multiple cases

Arcanjo et al. (2015) CS improves the

effectiveness of

monitoring green areas

Brazil Quantitative Deforestation

Cappa et al. (2018) Social and monetary rewards

may help CS in cleaning up

bodies of waters

USA Quantitative Water monitoring

Luigi Nimis et al. (2019) CS helps map invasive

species in the city

Italy Qualitative Invasive plants

monitoring

Cappa et al. (2020) CS reduces energy

consumptions and related

emissions

Italy Quantitative Energy management

Social Paulos et al. (2008) CS leads to the

empowerment of citizens

in directing policymakers'

decisions

Global Conceptual Participatory urbanism

Silvertown (2009) CS raises people's awareness

of social and

environmental issues

Global Conceptual Citizen awareness

Craglia and Eds (2014) CS helps cities raise

awareness of social

problems among citizens

and strengthen

communities

European

Union

Qualitative Smart cities

Ferster et al. (2017) CS allows citizens to report

insights on bike accidents

and cycling behaviors

Canada Qualitative Cycling safety

Mueller et al. (2018) CS is a strategy for cities to

integrate citizen ideas and

wishes in the urban

planning process

Global Qualitative Urban design

Åström (2020) Interactions between citizens

and administrations lead to

the design of participatory

urban plans

Sweden Quantitative Participatory urban

planning

Economic Haklay (2013), Nov

et al. (2014), and Cappa

et al. (2020)

CS reduces costs and

timelines in the collection

of data from a multitude of

citizens

Global; USA;

Italy

Conceptual;

quantitative;

quantitative

Geographic information;

citizen participation;

nudging

Abbreviation: CS, citizen science.
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phenomenon of BD and develop our reasoning regarding the joint

application of CS and BD, based on their similarities.

2.2 | BD in the urban context

The proliferation of new technologies and the digitalization of the

general public have contributed significantly to the generation of

enormous quantities of data available in real time on product–

customer interactions, market needs, product life cycles, opinions,

preferences, and consumer attitudes (Ardito et al., 2018; Bharadwaj &

Noble, 2017; Trabucchi et al., 2018). The unprecedented growth in

the volume, variety, and velocity with which data are generated and

transferred over the past decade has led to the birth of the concept of

BD. Hashem et al. (2015, p. 100) define BD as “a set of techniques and

technologies that require new forms of integration to discover great

values hidden within different, complex and large data sets.” There is a

growing general consensus on identifying BD as data characterized by

high values of volume, velocity, variety, veracity and value, constitut-

ing the so called 5 Vs (Cappa et al., 2021; Jin et al., 2015).

Recent studies have highlighted the positive impact that the use

of BD can have on organizations in different sectors (Cappa

et al., 2021; Corte-Real et al., 2017). For example, BD analysis in the

healthcare sector can reduce costs and improve the quality of services

provided (Tiwari et al., 2018), and in the social sphere the large

amount of information contained in BD is useful in various political

and economic contexts (Jin et al., 2015). More generally, BD, thanks

to the insights collected, can lead to better decisions, increase effi-

ciency by improving the services and support provided, improve cus-

tomer retention rates, and facilitate product and service innovation

(Batistič & van der Laken, 2019; Henke et al., 2016; Marshall

et al., 2015; McAfee & Brynjolfsson, 2012). Whereas in CS informa-

tion is collected through voluntary contributions for a current scien-

tific aim, in BD information is collected both through voluntary and

automatized ways, for example, cookies from websites and data from

mobile applications, to be later analyzed for any further insights.

Examples include the data collected by Amazon and Target through

browsing histories, which was revealed to be helpful in improving

dynamic pricing strategy and which is also then used to forecast buy-

ing trends in the long run (Gandomi & Haider, 2015; Wamba

et al., 2017). Other examples have come from Alibaba, which uses

data collected to build a credit scoring system and deliver a loan busi-

ness (Nonninger, 2018), and Ford, which has exploited the data on

customer vehicle use to direct product innovation practices (Erevelles

et al., 2016).

However, recently, it has also been argued that there are several

drawbacks associated with BD. These problems are mainly related to

high costs for database management and analysis (CoolaData, 2014),

reputational risks in case of data breaches (Brook, 2019), and privacy

issues, which need to be considered carefully (Choe et al., 2013;

Thurm & Kane, 2010). Nevertheless, it has been contended that, if

properly managed, the benefits of BD for organizations can outweigh

the costs associated with it (Cappa et al., 2021).

Depending on the way BD is owned and managed, it could be

public BD, private BD, or open BD. Public BD refers to data generated

by individuals and used for research purposes by public entities, while

open BD offers accessibility to everyone interested (George

et al., 2014; Pantelis & Aija, 2013). Private BD is, in contrast, created

and owned by a private firm that tries to extract value from this dis-

tinctive resource to gain entrepreneurial rents. This taxonomy makes

it clear that BD can be collected both by public and private organiza-

tions and be made partially or totally available to the general public. In

this study we focus on the type termed public BD, which we refer to

as simply BD in the rest of the manuscript.

BD can be extremely useful for public organizations, researchers,

and policymakers. The increasing focus on BD is shown by the numer-

ous grants that have recently been launched in the USA and China to

encourage the use of BD for public organizations (Weiss &

Zgorski, 2012; Wu et al., 2014). The benefits of BD have been also

studied in the urban environment (Athey, 2017). An example is pro-

vided by the European ESPON project in Estonia (European Regional

Development Fund, 2020), where citizens' GPS positions, collected by

mobile devices, provide precise, rich, and quick information that

allows policymakers to make better transportation plans compared

with conventional methods. In addition, there is increasing evidence

that cities can benefit from the collection of BD, e.g. in mitigating cli-

mate change, improving air quality, reducing traffic, and implementing

shared mobility programs (Allam & Dhunny, 2019; Bai et al., 2018;

Creutzig et al., 2019; Ford et al., 2016; Rathore et al., 2018). Further-

more, BD has been shown to contribute to increasing citizens' quality

of life by providing insights that help tackle environmental and social

issues such as industrial production and waste management, health

systems, and mobility (Hashem et al., 2016). Other examples of the

impact that BD may have on citizen health is using restaurant reviews

to guide inspections and reduce food related health risks and costs

(Glaeser et al., 2018). More generally, BD is starting to be at the core

of city administration and planning because it makes it possible to

simulate, evaluate, and monitor interventions in the urban environ-

ment (Hao et al., 2015).

Table 2 shows the main findings of the above-mentioned studies,

tracing the benefits that BD can contribute to the environmentally,

socially, and economically sustainable development of urban areas.

However, the value of BD also depends on the number of differ-

ent sources integrated into database construction (Blazquez &

Domenech, 2018; George et al., 2014). As a result, volunteer citizen

scientists may be considered an additional and effective source of BD

that can be exploited, as argued in detail in the following subsection.

2.3 | Joint implementation of CS and BD in urban
contexts

In the previous sections we reported the benefits of CS and BD,

which have so far been viewed as independent phenomena, whereas

their simultaneous implementation has been overlooked. More specif-

ically, a critical analysis of previous studies and cases of
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implementation suggests a number of reasons why it is worth consid-

ering a joint application of CS and BD: (1) both CS and BD can be

tools for sustainable development in cities; (2) in order for CS to work

properly, large amounts of data need to be collected; (3) BD needs to

integrate numerous different sources in order to be effective, and CS

can contribute to this; (4) CS offers a fast and trusted means of col-

lecting BD from citizens; and (5) by leveraging CS it is possible to col-

lect BD from citizen volunteers in an inexpensive way.

Based on the above, we argue that by collecting further data from

citizen scientists, it is possible to benefit sustainable urban develop-

ment to a greater extent. Specifically, considering the fact that any

given project focuses on collecting a certain quantity of scientific data

for a precise scientific aim, we contend that, through CS, it may also

be possible to collect BD from citizens. In particular, it should be possi-

ble to further exploit this interaction with citizens for targeted actions

that can be used in the long term. In this sense, CS is an under-

estimated opportunity to collect BD that allows specific clusters of cit-

izens to be identified so that targeted actions can be implemented to

better involve them. Indeed, through the lens of a resource-based

view (Barney, 1991; Wernerfelt, 1984), BD collected via CS may con-

stitute a valuable resource that can be stored and later used to sup-

port sustainability-oriented studies and urban planning decisions.

This study argues that CS constitutes an opportunity to collect

additional information from citizens, in the form of BD, which can fur-

ther aid in the sustainable development of urban areas. Indeed, citi-

zens that voluntarily participate in CS projects are highly engaged and

motivated and more likely to allow the collection of BD for such aims.

If we consider the numerous privacy concerns that individuals increas-

ingly have regarding mobile devices (Acquier et al., 2017; Hayes

et al., 2020; Moreno et al., 2016), citizens are more likely to provide

information if asked by recognized institutions and researchers with a

scientific aim. In this case citizens know that the information collected

will be protected properly and that it will be used solely for scientific

and public interest purposes, in order to increase sustainability. How-

ever, privacy can still be one of the perils in the joint implementation

of CS and BD, and specific attention should be devoted to managing

this personal information and avoiding dangerous data breaches. In

addition to efforts to properly secure data collected from citizens, it

might also be useful to consider recently developed insurance policies

to protect against any such data breaches (Brook, 2019). Other dan-

gers associated with both CS and BD, and in general with all processes

based on digital technologies and technology-mediated interactions,

are those related to the obsolescence of data and the risk of job

losses. Regarding the timeliness of data, organizations should seek to

TABLE 2 Previous studies on BD benefits for sustainable urban development

Benefits for urban

development Authors Main findings

Geographical

context Methodology Case

Environmental Ford et al. (2016) BD can help to manage risks of

climate change

USA Conceptual Early warning and monitoring

climate change

Bai et al. (2018) BD used to connect and control

water, power, communication,

and transport systems

Global Conceptual Reduce carbon emissions and

support digital transformation

Allam and

Dhunny (2019)

BD used to reduce pollution in

urban environment

Global Conceptual Artificial intelligence and smart

city.

Creutzig

et al. (2019)

BD can generate environmental

benefits in urban transport

Global Conceptual Sustainable urban transport

Social Hao et al. (2015) BD used to simulate, evaluate and

monitor interventions in the

urban environment

China Review Planning practices

Hashem

et al. (2016)

BD used in monitoring waste

management, health systems,

traffic and mobility

European

Union

Qualitative Smart city

Athey (2017) BD may aid in directing policy

interventions

USA Conceptual Planning practices

Rathore

et al. (2018)

BD collected from sensors may

improve quality of life, for

example, by providing traffic

alerts

Global Qualitative Smart city

Economic Hashem

et al. (2016)

BD may boost industry

productivity and the economic

development of cities

European

Union

Qualitative Smart city

Glaeser

et al. (2018)

BD can result in the ability to

augment city government

functions by lowering the costs

of government services

USA Quantitative Quality of city services

Abbreviation: BD, big data.
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use recent data and continuously collect new data. Both updated and

older contributions from citizens might be useful for the current scien-

tific aim as well as for future insights, but strategies for setting aside

outdated data should be studied. Nonetheless, the fear of job loss due

to digital transformation (Balsmeier & Woerter, 2019; Krutova

et al., 2021) is not relevant in this instance. Indeed, data collected for

a CS project aim would not have been collected in other ways, and so

digitalization would not be taking anyone's job. On the contrary, the

data collected as BD will require additional human resources to be

effectively processed for future insights.

Notwithstanding the perils associated with CS and BD, which call

for further scrutiny in future studies, the above considerations show

that the way organizations can benefit from the simultaneous applica-

tion of BD and CS has so far been overlooked, even though it is worth

investigating. A qualitative approach to comprehend how public

organizations can benefit from the joint adoption of CS and BD, by

focusing on relevant case studies, has been adopted in this study. In

the following section we specify the methodology and empirical

outcomes of the case studies considered.

3 | METHODOLOGY

Due to the novelty of the phenomenon under investigation, that is,

the joint application of CS and BD, we performed a qualitative

analysis of multiple case studies. This method allowed us to explore

in-depth and provide substantial support for the development

of preliminary theoretical concepts (Eisenhardt, 1989; Leonard-

Barton, 1990). To this end, we considered two relevant case studies

(Esteves et al., 2021; Hallin et al., 2021) pertaining to highly populated

and iconic urban environments in North America and Europe, that is

New York and Rome. We selected these two cases for three main rea-

sons: (i) they are among the few cases that show initial evidence of

the joint applications of CS and BD, (ii) they are representative of

different geographical and cultural contexts, and (iii) they provide a

number of differentiated data sources, which is crucial for data trian-

gulation and for the external validity of results (Flick et al., 2004).

Consequently, the nature of these cases is consistent with the aim of

analyzing and discussing the phenomenon under investigation

(Siggelkow, 2007). We therefore employed maximum variation

sampling (Soutaris & Zerbinati, 2014) and analyzed cases that

cover a spectrum of lenses regarding the phenomenon investigated

(Eisenhardt & Graebner, 2007; Miles & Huberman, 1984).

3.1 | Data collection

The data collected comprised both primary and secondary data and

included the following sources: archival material, documentary infor-

mation, surveys, and a semistructured interview. Table 3 illustrates

the different data sources we used for each case.

For both cases, we collected data between February and April

2021, totaling 135 pages of transcribed data. By collecting a differen-

tiated set of data sources, we were able to reach triangulation with

both primary and secondary data covering different perspectives

(i.e., citizens, organizations, managers, and media), which allowed us to

garner a comprehensive viewpoint on CS and BD phenomena

(Denzin, 2012; Jick, 1979).

3.1.1 | Documentary information

These data consisted of information collected from official sources for

the two cases, that is, their websites and other materials directly

produced by the organizations in charge of developing the projects,

for example, YouTube videos. Collecting documentary information

allowed the authors to gather basic information that could explain the

main mechanisms behind the cases (Salvato & Corbetta, 2013), pro-

viding in-depth information and technicalities that codified the main

processes implemented.

TABLE 3 Data source for each case analyzed

Case
Primary versus secondary
data Data source Material

New York Street Tree Map (New York,

USA)

Secondary Documentary

information

• Official website

• YouTube videos

Archival records • Newspaper articles

• Magazine articles

• External reports

B.E. Smart (Rome, Italy) Primary Semi-structured

interview

B.E. Smart software engineer

Secondary Documentary

information

Official website

Archival records Magazine articles

Surveys Survey responses from citizens through the web-

based platform

Abbreviation: B.E., building energy.
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3.1.2 | Archival records

Archival materials consisted of a collection of external sources of data

like specialized newspaper and magazine articles and reports on the

cases, useful to confirm and verify the data gathered from official and

primary sources (Layder, 1993).

3.1.3 | Surveys

Surveys were collected through questionnaires administered to citi-

zens in the B.E. Smart project. These data also made it possible to

record respondents' characteristics, which enriched the information

provided by other sources of data with the perspective of the

respondents themselves (Groves et al., 2011).

3.1.4 | Semistructured interviews

We conducted a semistructured interview with a key informant from

the B.E. Smart project, that is, the software engineer (SE) Gianluca

Squarcia. The interview was conducted in March 2021. The authors

jointly interviewed him to provide an organizational perspective

(Eisenhardt & Graebner, 2007). The interview was presented by intro-

ducing the general aim of the study, without making any presumptions

on the topic, and it lasted 80 min.

3.2 | Data analysis

The analysis of data followed an inductive and iterative process

(Miles & Huberman, 1984; Strauss & Corbin, 1997). We conducted

within-case analysis for each case, extracting the main concepts from

the data. Then we conducted a benchmark study on the two cases in

order to find and compare possible differences and similarities. The first

step in the analysis was to read and select all relevant quotes while

focusing on the processes arising from each data source. After that,

each researcher coded each quote independently in order to identify

consistency between the data collected and the concepts found

(Yin, 1994) and to develop a comprehensive understanding of the cases.

After refining the concepts identified by merging the analyses of the

researchers involved, we started to compare codes found in the two

different cases. We found a great deal of consistency between them,

despite the different data sources used and the different contexts.

Through this procedure, we identified a set of codes for each

process. In some cases, recoding was needed because some of the

processes identified were in conflict with some data items. Finally, we

found patterns and relationships among concepts and built an analyti-

cal framework to address our research question. In the end, we con-

ducted a further series of iterations between our primary and

secondary data, and the literature on CS and BD, in order to refine

the emerging framework of citizen-sourcing and better identify the

theoretical foundations of our arguments.

4 | CASE STUDIES

In this section we will report the outcomes of our study for each one

of the cases considered, that is, New York City Street Tree Map, in

New York, USA, and B.E. Smart, in Rome, Italy. Then we will provide

results of the cross-case analysis. All the sources consulted for the

analyses of these case studies are reported in the Appendix.

4.1 | New York City Street Tree Map, New
York, USA

The New York City Street Tree Map (“New York City Street Tree

Map,”, 2021), which was organized by the New York City Depart-

ment of Parks and Recreation (NYC Parks) to conduct a census of all

the trees in NYC, is the continuation of the CS project

“TreesCount!”. TreesCount! was launched in 2015 and lasted until

2016. The tree census is now regularly updated by NYC Parks (NYC

Parks) and citizen volunteers can still provide updates on the condi-

tion of trees and take care of them by logging into the Tree Map

web tool and registering their activities. New York City Street Tree

Map made it possible to map 666,134 street trees and 2200 volun-

teer citizen scientists contributed their time and effort towards the

Street Tree Map (Figure 1), with 12,000 h of volunteer work, saving

the city about $100,112 in tax dollars. The data set comprises all the

boroughs of New York, and citizen scientists contribute with data on

tree species; state of health; trunk width, latitude, and longitude; and

GPS coordinates. As reported on the project website, trees can

indeed produce many benefits for their surrounding urban area, like

filtering air pollution, releasing oxygen, reducing mental stress, pro-

viding shade, supporting wildlife, managing the flow of rainwater,

and reducing traffic noise.

In her New York Times interview in 2019, the director of a New

York-based nongovernmental organization involved in natural areas

conservancy for New York, Ms. Charlop-Powers, said that over the

years the project allowed them to “collect data on native plants and the

soil.” This extensive collection process made it possible to identify

more than 200 hundred species of trees in New York City. In addition

to producing a census of trees in order to better plan their manage-

ment and care, it was also possible to recognize invaders, that is, trees

that are not native to the area and that are spreading in particular

areas of the city, threatening local biodiversity.

Such volunteer activities increase awareness of the trees present

in the urban environment, which otherwise would not generally be

known by citizens, and it also provides a way to inform citizens of

the benefits of urban trees, such as the energy conserved in them

and the amount of pollutant emission reduction and rainwater runoff

reduction. These details were provided to citizens on the website

and were publicly available to everyone, which could further increase

interest in greenery and its care. Moreover, the data on shading,

runoff, and CO2 reductions also allowed policymakers and urban

planners to implement future actions with greater awareness and

consideration of the green assets that already exist in the urban
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environment. In addition, as shown in Figure 2, the website shows

which groups of citizens and from which area of the city are the

most active in mapping trees.

The kind of information collected through CS allows administra-

tions to carry out targeted actions in specific areas of the city by pro-

filing clusters of citizens and designing granular plans and strategies

that take a number of additional data items into account. Indeed, the

Forest Service report on the New York City Street Tree Map project

states that: “The better we understand the composition of who's engaged

and who's not, the better we can serve those members of the public, we

can craft messages and recruitment strategies that could be more

effective in engaging more people.”
As the New York City Park Department's Assistant Commissioner

declared in an interview with Bloomberg, “We have got excellent data

at the core of this project” and this extremely fine-grained information

allowed them to better direct maintenance work in the city. This was

only possible through the implementation of adequate technology,

capable of collecting and managing such volumes of data. As the offi-

cial website for the project (“New York City Street Tree Map,”, 2021)
reports, there are three technological aspects to consider: “geospatial

data collection, methods for mapping trees, and techniques for mobilizing

volunteers and tracking progress.” Such complex technologies need to

be managed by specialized professionals: “The simple and intuitive

mapping method was designed by a local nonprofit, TreeKIT. The map-

ping technique leveraged a municipal geospatial dataset of curb edges to

solve urban locational accuracy issues. The data collection method was

integrated by the software company Azavea into a web application

featuring online training modules, event management and community

engagement tools to provide a seamless volunteer experience.” A third

aspect—mobilizing volunteers and tracking progress—regards the

engagement of citizens and is described by the official website in

these words: “The user experience was designed to scale for thousands

F IGURE 1 The web-based platform for the New York City Street Tree Map citizen science (CS) project [Colour figure can be viewed at
wileyonlinelibrary.com]

F IGURE 2 The New York City Street Tree Map's most active citizen groups [Colour figure can be viewed at wileyonlinelibrary.com]
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of nontechnical volunteers to collect standardized and consistent data

with minimal training. The platform supported individual volunteers as

well as local organizations who committed to recruiting volunteers and

hosting events to map specific sections of the City.” This excerpt

demonstrates how the project was able to collect large amounts of

data while pursuing its CS goals, thanks to the inclusion of specialized

professionals capable of managing the technologies needed to run

different parts of the project. In other words, one of the key aspects is

the need to extend the CS project to the general population through a

system of engagement that also makes it possible to collect BD.

When implementing technological capabilities for profiling citi-

zens, a major caveat may also emerge. As seen in the promotional

video of New York City Street Tree Map on YouTube, individuals can

contribute to the “urban forest” of New York from their “desktop com-

puter or from mobile applications” and they are encouraged to share

their activities on social media. It is evident that the information they

share can therefore be easily collected. As a result, protecting citizens'

privacy becomes fundamental for CS projects that aim to collect

BD. There is no immediately available information available for the

New York City Street Tree Map in this respect, as no privacy issues

were reported. In the different steps in the relationship between the

platform and citizens, no immediate information is given about data

protection or the use of any sensitive information collected. This is

relevant if we consider the different technologies, such as cookies and

backend data gathering, involved in the project, as they can collect

private data from users for citizen profiling (Dai et al., 2017;

Schermer, 2011).

4.2 | B.E. Smart, Rome, Italy

B.E. Smart (“B.E. Smart,” 2021), which stands for “Building Energy

Smart,” is a citizen science project that deals with electrical appliance

usage in the context of residential energy-demand management. It

suggests people “Be Smart,” as the project's aim is to implement inter-

ventions in electricity production and usage that can lead to savings in

pollutant emissions and costs. This project, run by an Italian university,

seeks to achieve a better alignment between energy production and

consumption, that is, energy-demand management. Typically, the

demand for electricity peaks in the middle of the day, which forces

carriers to switch on inefficient production plants for a few hours, like

those using oil and coal, which causes higher electricity costs and

increased emission of pollutants (Fagerberg, 2018). Better alignment

of electricity production and usage could contribute to diminishing

these drawbacks (Zhou et al., 2016). Citizen scientists are asked to

provide data concerning the time at which they use their appliances.

This information documenting their habits regarding appliance usage

can be used to better plan electricity production and usage levels.

This ongoing CS project runs on an in-house web-based platform

that is accessible on any device (Figure 3). Data collected from citizen

scientists consist of their appliance usage habits, that is, the hours of

their electricity usage for appliances, and the type and energy class of

the appliances themselves. In addition, the website also asks partici-

pants for additional information in an anonymized form. These data

include personal identification information, answers to surveys, and

optional feedback that may be requested.

F IGURE 3 The building energy (B.E.) Smart citizen science (CS) project's web-based platform [Colour figure can be viewed at
wileyonlinelibrary.com]
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For this case we collected documentary information provided by

the official website and archival materials retrieved from magazine

articles. In addition, we conducted a semistructured interview with

the project's SE and had access to the surveys conducted through the

website (Table 3).

An article published in the magazine Luiss Open reported that

“Through B.E. Smart it was possible to provide personalized feedback for

each citizen involved in the analysis to direct them towards more virtuous

energy behaviors and to motivate them to provide data on their con-

sumption habits.” As a matter of fact, one of the aims of the project

was to profile citizens by matching their demographic and motiva-

tional characteristics with their appliance usage. In addition to the

basic information collected, citizens could share other information on

the website. This BD included the age, gender, and level of education

of each participant; their level of engagement, enjoyment, and learn-

ing; as well as an open box for feedback and suggestions. Therefore, it

was possible, ex-post, to extract additional valuable insights regarding

the motivations of citizen scientists. Anonymized demographic data

items are also collected through the web-based survey box adminis-

tered online when users log onto the system.

Findings have shown that among citizen scientists, males are on

average less engaged and derive less enjoyment in such activities.

This may indicate that males could be motivated to engage in CS in

different ways, for example, through gamification, and it may also

provide evidence that females are the best target segment for

attempts to increase the number of participants. Moreover, level of

education has been found to have a positive effect on enjoyment

level and a negative one on learning. This evidence suggests that

individuals with higher levels of education might be those who

should be targeted in the initial phases of a project because they

may be more enthusiastic about CS. On the other hand, those with

lower education levels may be the ones who stand to learn the most

through direct experience with a CS project, and therefore CS would

be most advantageous to them. As concerns the effect of age, youn-

ger individuals experience a higher level of learning and higher levels

of enjoyment and engagement. In other words, elderly citizens

should be involved at the beginning to increase the numerosity of

the crowd, but younger citizens are those that learn the most

through this experience.

In addition, a considerable amount of feedback has been pro-

vided through the online “open box.” Citizen scientists suggested

extending the CS approach to educational programs, in order to fur-

ther motivate participants and expand its adoption (“I would like to

learn more about such research/learning projects”; “Traditional courses
should incorporate such practical applications”; “I suggest devoting

greater space in classes to such programs at university and in high

school”). This feedback is a valuable starting point for the

policymakers and the researchers managing the B.E. Smart project

when planning future actions to undertake. It is evident that, thanks

to the BD collected, it is possible to implement targeted interven-

tions to better leverage CS projects.

IT experts are needed to properly develop and maintain the

interfaces used to interact with citizens when collecting data, as well

as to manage the BD collected. Additionally, in the case of

B.E. Smart, the BD collected through the web platform need to be

stored and managed through advanced technological capabilities. As

the SE of the project said in his interview: “Our system allowed us to

collect a large quantity of significant additional data not merely related

to the project. At the beginning, we had some trouble managing this

amount of information, as you cannot do that without the right

technologies and people that know how to manage them.” Indeed,

although CS projects do not always require deep technological

competences to manage information, their joint implementation with

BD collection cannot be accomplished without the presence of

extensive technical know-how.

Finally, B.E. Smart clearly underscores the pertinence of privacy

protection by declaring it a major point on its official website. A dedi-

cated tab on the web-based platform (“B.E. Smart,”, 2021) states that:
“While data constitutes a precious form of help in the sustainable devel-

opment of our community, we respect citizen privacy and all the informa-

tion collected is anonymized since the initial collection. In addition, we

have personnel dedicated to the management of the data collected to

prevent data breaches” When collecting BD, in addition to the infor-

mation needed for the primary CS aim, the project must also clearly

emphasize attention to data protection issues. As previously

described, B.E. Smart does indeed collect a number of sensitive infor-

mation items in order to profile citizens and their appliance usage.

Collecting this information helps public and urban administrations

enhance their policy strategies on sustainable development, that is,

energy efficiency, while pursuing ethical goals. In the same ethical

vein, B.E. Smart stresses its commitment to data protection because it

is conscious of its importance in a mutually respectful relationship

between citizens and organizations (Hayes et al., 2020; Srinivasan,

2019). As also confirmed by the SE in our interview, “Citizen respect

and data protection are the keys to collecting BD. Not only to comply

with regulations. This reflects our social commitment.”

4.3 | The processes for jointly implementing CS
and BD

After the description of each of the cases considered, we conducted a

cross-case analysis to compare and provide evidence of common pro-

cesses that emerge, through which it is possible to jointly implement

CS and BD. Following the coding scheme provided by the Gioia meth-

odology (Gioia et al., 2013), we generated a number of theoretical

themes from the data. The process was then refined, and from these

theoretical themes, we developed further coding that was validated

by comparing it with the first order concepts and the second-order

themes (Figure 4). We ended up finding three processes

(i.e. aggregate dimensions) that characterize the joint implementation

of CS and BD, that is, citizen profiling, data protection, and involvement

of technological capabilities.

We grouped the quotes, reported in detail in the previous subsec-

tions containing the case descriptions, according to the emerging

theoretical themes as second-order themes. The first theme is the
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citizens' granular information, as CS makes it possible to collect person-

alized information about citizens. In this way it is possible to gather

BD that may be used for future purposes. Another related theme is

citizen involvement through education. Indeed, thanks to its social and

environmental focus, CS can include the whole population in the

collection of data for immediate scientific purposes and personal

information for future usage, while also increasing scientific and envi-

ronmental knowledge. Therefore, citizens also voluntarily participate

through a willingness to improve their literacy. These two themes

drive the collection of BD in CS projects because they compel more

citizens to get involved, while collecting precise data. The dimension

aggregating these two themes, that is, a third-order category theme, is

called citizen profiling. Thanks to citizen profiling, it will be possible to

collect granular information, so that researchers and urban administra-

tions can understand how to better involve people, based on their

characteristics, in other CS projects or in other participatory activities.

This information could make it possible to implement tailored inter-

ventions that might increase the motivation level of groups of people

that seldom participate; they could be the targeted recipients of one

of the state-of-the-art techniques used to further motivate citizen sci-

entists. Interventions like face-to-face interactions with project man-

agers or social acknowledgement have been found to be effective in

motivating citizens, although they can be costly to organize and imple-

ment. Thus, identifying the most suitable target audience can be

extremely helpful in order to optimize costs and increase the effec-

tiveness of these interventions. Besides getting less active citizen

scientists more involved, knowledge of these data can also be useful

for urban developers who could organize focus groups with the most

active citizens in the neighborhood in order to implement better

decision-making processes.

Another emerging second-order theme is digital platform risk

awareness. It regards the fact that data from CS projects are collected

through digital technologies such as mobile applications and com-

puters that are subject to IT risks. These platforms provide access to

large amounts of sensitive data, thus representing a possible source of

power for digital hackers, including in public organizations. Entities

should thus be aware of such risks and take appropriate precautions.

Moreover, organizations are increasingly sensitive to respecting the

privacy of their contributors as evidence of their social commitment

to them. Respect for privacy is thus an additional second-order theme

that refers to efforts to protect contributors' privacy through, for

example, anonymization or encryption of data, as well as the techno-

logical infrastructure of defensive countermeasures to prevent data

breaches. These two second-order themes converge in the data pro-

tection aggregate third-order dimension. This process is needed to

guarantee proper functioning in terms of protection of personal infor-

mation, which is crucial for the joint implementation of CS and BD, as

citizens tend to consent to data collection for organizations that are

mindful of privacy issues.

Finally, three additional second-order themes have emerged. The

first one relates to BD collection. Under the circumstances described,

CS projects can collect large amounts of data thanks to the digital

platforms used by organizations. Proper mechanisms for collecting

personal information from citizens should be put in place. At the same

time, there is a need to properly store and administer the BD

collected, an aspect that should not be overlooked. Efforts in this

F IGURE 4 Data structure and coding scheme based on Gioia et al. (2013)
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direction reveal the second-order theme of BD management, as the

amount and nature of the information collected require complex

storage and management systems. Finally, to complement efforts in

BD collection and BD management, the need arises for technological

knowledge that can properly implement CS and BD simultaneously.

Such knowledge could be sourced both inside and outside the organi-

zation. In the New York case, for example, external parties are

involved in the management of BD, and in the Roman case, the tech-

nological knowledge is internalized. Therefore, in order to properly

satisfy the three themes just described and exploit the maximum

value of a CS project, involving technological capabilities is needed, and

this is our last aggregated dimension. Technology is indeed a funda-

mental aspect of CS and a conduit for the collection of BD.

In conclusion, citizen profiling, data protection, and the involvement

of technological capabilities emerge as the three processes that charac-

terize the joint implementation of CS and BD, as reported in Figure 4.

5 | DISCUSSION

CS is increasingly recognized as a valuable way to tackle the “grand
challenges” we face today and to nurture sustainable development,

thanks to the contributions made by numerous volunteer citizens to

research projects (Craglia & Eds, 2014). In this study, we focused on

the application of CS in urban environments due to the impact of

“grand challenges” in this context (Guida & Carpentieri, 2021;

Whiteman et al., 2011) and due to the opportunity cities offer to

reach a large number of individuals who directly encounter such prob-

lems in their everyday lives. As a result, there is a huge amount of sci-

entific and practical ferment around CS in urban areas, with studies

and projects growing continuously. However, we have highlighted the

fact that the benefits arising from CS are still far from having been

thoroughly tapped.

In this study, we have provided evidence of how CS projects

allow many kinds of data to be collected from volunteer citizens, in

addition to the information currently needed for scientific aims.

Indeed, the two projects considered in this study have provided evi-

dence of data collected from citizens regarding the area in which

they live, their gender, level of education, and interest in learning,

and this is collected in addition to the original CS objective. These

extra pieces of information allowed policymakers and researchers to

identify target audiences for whom similar kinds of interaction

requests could be better received in the future. At the same time,

they have also discovered which proportion of the population may

instead need targeted actions to increase their willingness to contrib-

ute to CS activities that improve the urban environment in which

they live. The collection of such information constitutes BD, that is, a

valuable resource that can be used for future purposes. Indeed, data

that meet the 5 Vs can generate valuable insights (Cappa

et al., 2021; Jin et al., 2015). In the context of urban environments

the availability of BD collected from citizens may help public adminis-

trators and researchers to better direct and manage sustainability

activities in future.

Based on the above, the possibility to jointly implement CS and

BD may be fundamental in tackling current issues while also building a

priceless resource that can produce valuable prospects in the future.

The outcomes of this research contribute to revealing of how public

organizations can do this in the urban context. In particular, our

explorative analysis has identified three processes through which the

joint implementation of CS and BD activities can be valuable and

effective for public organizations, as summarized in Table 4.

The first process, citizen profiling, highlights the value of the joint

implementation of CS and BD. Indeed, it may be possible to imple-

ment targeted actions in favor of sustainability with segments of pro-

filed citizens. Thanks to the analysis of BD collected through CS

projects, it is possible to profile citizens or clusters of citizens and

identify emerging needs for further CS projects that directly involve

the end users of these urban services, that is, citizens, in generating

fast and precise feedback from their experiences. In addition, the

information collected allows administrations to improve the quality of

public decisions and interventions, for example, by making decisions

that are better suited for specific neighborhoods or groups of citizens

(Åström, 2020).

While adopting CS has thus far mainly involved researchers and

policymakers, our analysis has demonstrated the need to involve tech-

nological capabilities, and therefore IT experts, as an additional process

required in the joint implementation of CS and BD. IT experts are

needed to craft interactions with the volunteers in the best possible

way, as well as to properly store, manage, and analyze the BD

TABLE 4 The processes characterizing the joint implementation
of CS and BD collection

Process
New York City Street
Tree Map B.E. Smart

Citizen profiling Identification of

clusters of active

citizens that can

drive granular

urban policies

Identification of

active citizens'

demographic

characteristics,

which can drive

targeted

interventions

Involvement of

technological

capabilities

Use of three different

technologies to

collect, analyze and

profile data

Need to manage a

huge quantity of

diverse data,

including personal

data from the CS

project team

collected by the

web-based

platform

Data protection Information collected

from users calls for

a clear and

immediate

indication on data

treatment and

protection

Explicit commitment

to protect citizen

privacy in

compliance with

regulations and for

ethical reasons

Abbreviations: B.E., building energy; BD, big data; CS, citizen science.
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collected. This aspect is of great importance because the various tech-

nologies involved in these projects constitute the exact point of con-

nection between citizens and public organizations.

Finally, data protection is the third process needed in joint CS-BD

implementation. Due to the vast amount of data collected, which

includes both general and sensitive information, even if anonymized,

regarding citizens, there is a growing need for organizations to protect

citizens' personal information (Dai et al., 2017; Hayes et al., 2020).

The case of the New York City Street Tree Map illustrates the fact

that some limitations still remain, at least in terms of immediately

communicating their commitment to protecting citizens' data and

privacy. In contrast, and as clearly implemented in the B.E. Smart pro-

ject, citizens' immediate awareness of virtuous practices in this

respect is fundamental in order to gain their trust in the project, thus

favoring their commitment and collaboration.

Our findings suggest that cities should rely on data from citi-

zens as important strategic resources to design and implement

urban development activities (Larty et al., 2017). We have argued

that the joint application of CS and BD constitutes an additional

valuable resource because it might allow both short-term and future

benefits to be generated. Based on the above, we have laid the

foundations for a new framework named citizen-sourcing, which

F IGURE 5 The joint implementation of citizen
science (CS) and big data (BD) in citizen-sourcing

F IGURE 6 How to implement the citizen-sourcing framework and the benefits that can arise for the urban environment
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makes it possible to collect additional personal information from

citizens for future use while they are contributing to a current

scientific purpose by collecting or analyzing primary data. Citizen-

sourcing, whose boundaries are reported in Figure 5, synthesizes the

joint implementation of CS and BD towards the goal of sustainable

urban development.

In citizen-sourcing, rather than collecting information that is only

instrumental to the precise aims of the CS project at hand, it would be

possible to use CS to collect other types of information that could

constitute BD. Having high volumes thanks to the numerous citizens

involved, high variety thanks to the additional information collected,

and high velocity thanks to the use of digital instruments for participa-

tion, it is possible to create extremely valuable and veracious

BD. These data may prove to be valuable not only for the current

needs of the CS project but also for future uses. Indeed, it may be

possible to acquire additional insights about individuals who have par-

ticipated in CS projects, in order to profile them and carry out

targeted actions to better involve citizens in urban sustainability. In

addition, researchers and policymakers may also collect feedback

based on suggestions that come directly from the community to

improve decision-making, as well as other information that can be

used in future activities related to participatory planning and policy

decisions. By outlining the benefits that can spring from the

simultaneous application of CS and BD, we aim to focus the attention

of researchers, policymakers, and citizens on this framework and

further stimulate consideration of the benefits generated by

citizen-sourcing.

The way a citizen-sourcing framework can be implemented in the

urban context and the outcomes that can be obtained are summarized

in Figure 6. In this manner it will be possible to achieve immediate

benefits for CS projects while simultaneously collecting BD that could

produce future benefits; both of these favor the sustainable develop-

ment of urban environments.

6 | CONCLUSIONS

In this research we provide a number of contributions for theory and

practice. First, while CS has already proven to be an effective tool for

promoting scientific research, we have argued that it is also possible

to add an additional step to common CS practices, that is, collecting

BD in addition to the information needed for the primary aim of the

scientific project. We have extended the resource-based view in this

context to show how the joint application of CS and BD, that is, the

citizen-sourcing framework, may be a valuable resource in the urban

context. In this fashion, citizen-sourcing can be implemented to further

benefit all the parties involved, that is, researchers, policymakers, and

citizens collectively. We contribute to this by defining the boundaries

of the new framework of citizen-sourcing and outlining the benefits

that may arise from its implementation. Moreover, we have also out-

lined the position that citizens-sourcing may make it be possible to

achieve both present and future benefits in sustainable urban

development.

In addition to advancing scientific knowledge of the joint imple-

mentation of CS and BD, we have also provided practical indications

on how to properly implement and benefit from citizen-sourcing.

Indeed, we identify the three processes that characterize the func-

tioning of citizen-sourcing: (1) citizen profiling, (2) involvement of tech-

nological capabilities, and (3) data protection. While citizen profiling

emphasizes the potential benefit of citizen-sourcing, the involvement

of technological capabilities and data protection highlights the way

public organizations should carefully manage citizen-sourcing to

achieve maximum benefits. In fact, the intended outcome of

introducing digital technologies was to facilitate interactions and

allow access to a broader set of data, as highlighted by the first

two processes indicated in this study. However, digital technologies

also produce unintended consequences, such as those connected to

privacy concerns, which is the third process identified in this

research and which indeed demands particular care from project

organizers.

Above all, this study aims to shed light on citizen-sourcing in order

to attract the attention of scholars, public organizations, and

policymakers to the usefulness of this framework in tackling grand

challenges in cities.

This research is not exempt from limitations, but these also pro-

vide directions for future development. First, while this study has illus-

trated the processes that need to be followed to better manage

current CS projects and the additional benefits that can derive from

BD collection through citizen-sourcing, the actual impact of the frame-

work may be further validated by empirical studies. Moreover, the

joint application of CS and BD has been explored in this study mainly

in relation to the sustainable development of the urban environment.

Indeed, the majority of grand challenges that can be addressed

through CS are concentrated in cities, and there are numerous individ-

uals that would be likely to participate voluntarily in addressing them.

This is conducive to the collection of BD from the surrounding audi-

ence, that is, citizens. However, considering the several benefits

brought about by citizen-sourcing, future studies could evaluate how

this framework can also be applied in other contexts where the match

between CS contributors and participants' data is not strictly limited

to a target audience. For example citizen-sourcing can be applied to

address other social and environmental issues like the discovery and

study of vaccines, which began in a promising way in the USA in 2021

(Dockser Marcus, 2021, January). In such cases, indeed, citizen scien-

tists and their data represent a broader geographical area compared

with CS projects focused on urban issues. The application of citizen-

sourcing in other contexts is promising but requires further refinement

and studies, which we encourage scholars to pursue. In addition, the

drawbacks associated with citizen-sourcing should be more clearly

addressed from a theoretical and empirical standpoint, and with a mul-

tidisciplinary perspective, in future studies. Indeed, considerations

regarding the perils of data protection, namely, data management and

privacy issues and of the obsolescence of data should be further

explored. Furthermore, the data considered in this study deal with

public BD but it may also be possible to implement open BD strate-

gies, rather than public BD alone; this would give citizens themselves

CAPPA ET AL. 15



the opportunity to fully consult the collected data, too, which may

improve transparency and knowledge sharing. Future studies may

consider this further development and enrich our understanding of

the benefits produced by citizen-sourcing.
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