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A presente investigacao explora o potencial da
computacao criativa para enriquecer a investigacao
qgualitativa em ciéncia cidada, centrando-se no
envolvimento dos participantes. A principal questao de
investigacao e ‘Pode a computacao criativa ser utilizada
para criar ou melhorar ferramentas para a investigacao
qualitativa em ciéncia cidada, dando prioridade ao
envolvimento dos participantes?” A hipotese sugerida
e que metodos de computacao criativa podem criar
envolvimento por meio da interatividade, impactando
a qualidade dos dados coletados em processos de
pesquisa qualitativa. Foi realizado um conjunto de
experiéncias para avaliar o efeito das generative data
representations nas respostas abertas a inqueritos em
linha e para compreender a interacao dos participantes
com elas, e a possvel in uéncia nas respostas. Os
resultados con rmaram que esta abordagem pode, de
facto, aumentar o envolvimento dos participantes, e
melhorar o conteudo das respostas. Este trabalho
ilustra o potencial da aplicacao da computacao criativa
aos metodos de investigacao em ciéncia cidada,
proporcionando uma abordagem unica a recolha de
dados qualitativos. Estabelece uma plataforma para
investigacao futura e potenciais aplicacees no ambito

de iniciativas de ciéncia cidada.
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This research explores the potential of creative
computing to enrich qualitative research in citizen
science. The main research question is ‘Can creative
computing be used to create or improve tools
for qualitative citizen science research, prioritizing
participant engagement?’ The hypothesis suggested is
that creative computing methods can create engagement
through interactivity, impacting the quality of data
collected in qualitative research processes. A set
of experiments was carried out to evaluate the
e ect of generative data representations on open-
ended responses to online surveys and to understand
participants’ interaction with them, and the possible
in uence on responses.

The results con rmed that this approach can indeed
increase participant engagement and improve the
content of responses. This work illustrates the potential
of applying creative computing to citizen science
research methods, providing a unique approach to
collecting qualitative data. It establishes a platform for
future research and potential applications within citizen

science initiatives.
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1 Introduction

As the world faces complex scienti ¢ challenges, from climate change to pandemics, the
traditional boundaries of who participates in the creation of scientic knowledge are
increasingly challenged. Citizen Science is revolutionizing how people and communities
relate to science, serving as means for democratizing the scientic eld, as it expands
its reach to non-scientist citizens. However, several challenges arise from this change of
paradigm, such as engaging participants throughout the whole research process and the
communication of ndings to the involved communities. Therefore, it is key to develop
tools to support the expansion of citizen science, so that its scope can be extended to
virtually all scienti c areas.

This thesis undertakes a novel exploration at the intersection between creative com-
puting and citizen science, a junction full of unexplored potential. This introductory
chapter discusses the emerging importance of citizen science, highlighting its potential in
democratizing science and facilitating community engagement. The focus then is narrowed
down to the role that creative computing can play in this context, setting the stage for the

research questions and objectives. Finally, a document structure overview is provided.

1.1 Citizen Science

Citizen science is an increasingly in uential method for conducting and democratizing
science, while promoting universal and equitable access to scienti ¢ data and information
(de Sherbinin et al., 2021). It has become a powerful driver of contemporary scienti ¢
research. By integrating citizens into the processes of scienti ¢ investigation, citizen
science brings science closer to the community, fostering active dialogue and engagement in
decision-making processes (Constant & Roberts, 2017). This approach not only augments
the body of scienti c knowledge, but also empowers non-professional researchers and
communities (Amirrudin et al., 2021), o ering them opportunities for learning about
policies, stimulating debates, and facilitating collaborative knowledge sharing (Williams,
2020).

The inuence of citizen science research has been growing over the recent years,
with thousands of individuals across various countries increasingly participating in these

initiatives (Tauginien e et al., 2020). A testament to this rising trend is the European



Union Prize for Citizen Science, an initiative designed to support citizen science initiatives
from a diverse range that contribute to Open Science (Ars Electronica, 2023). This prize,
funded by the European Commission and awarded annually by Ars Electronica, signals
the rising recognition of citizen science within the wider scienti c community.

These growing e orts to cultivate citizen science projects are due to the multiple
advantages o ered by this approach. Grounded in the principles of participation, citizen
science encourages volunteers to become engaged in solving scienti ¢ challenges (Haklay,
2013), fostering learning about the issue at hand and the scienti c process at large.
Furthermore, the data generated by citizen science initiatives are gaining recognition as
invaluable resources for scientists, governmental bodies, and organizations, highlighting

the immense potential of the approach (de Sherbinin et al., 2021).

1.1.1 The Value of Data

Citizen science holds substantial value in its capacity to generate data, the scale of which
would be largely unattainable for individual researchers or research teams (Bonney et al.,
2014). Enabled by the power of crowdsourcing, it provides scientists, governments, and
organizations with a source of mass acquisition of data (Lee et al., 2020).

Citizen science is increasingly fueling scienti ¢ research and the pursuit of the 2030
Sustainable Development Agenda, particularly in biodiversity and pollution studies. Its
crowdsourced data is not only employed in humanitarian activities by United Nations
(UN) agencies but also in monitoring Sustainable Development Goals (SDGs) (de Sherbinin
et al., 2021).

Moreover, the data generated in citizen science projects can facilitate active dialogue
around issues relevant for a community, and engender engagement in decision-making
processes (Constant & Roberts, 2017). Community-based research frameworks, in certain
citizen science projects, serve to unite scientists and communities in addressing complex
social issues (Lorenz, 2020). These projects can spotlight community concerns and serve
as a tool for lobbying for better policies, potentially inspiring sustained and consistent data
collection by government agencies on issues of importance to communities (de Sherbinin
et al., 2021).

Although citizen science has been predominantly pursued within the natural sciences

(Crain et al., 2014), citizen social science initiatives represent a signi cant opportunity



to incorporate citizens into knowledge production, linking them with the policymaking
processes and rede ning the relationships between citizens, knowledge generation, and
the state (Purdam, 2014). The facilitation of qualitative research processes can expand

the impact of citizen science beyond the realm of natural sciences.

1.1.2 The Role of Qualitative Research

Qualitative research plays a fundamental role in improving our understanding of the
context underlying numerical data. This approach seeks to generate data that is rich,
nuanced, and comprehensive, allowing patterns and discoveries to surface through rigorous
analysis (Barrett & Twycross, 2018). Unfortunately, it is frequently assumed that this
approach competes with quantitative research, whereas in fact, both approaches comple-
ment each other (Silverman, 2021). Certain qualitative sensibilities combined with quanti-
tative approaches result in more reliable, thorough, and ethical research processes and
outcomes (Tanweer et al., 2021).

Quialitative research is particularly valuable when a complex, detailed understanding
of an issue is required. This level of depth can only be achieved by studying individuals
directly in their context, allowing their narratives to surface without being in uenced by
researchers' preconceptions (Creswell, 2017). By investigating why and how a phenomenon
takes place, and understanding the meanings of concepts and features, qualitative research

o ers a rich exploration of the phenomena at hand (Longo, 2020).

1.1.3 Challenges in Ensuring Data Quality

In citizen science projects, ensuring data quality often presents a signi cant concern. The
diversity of projects makes it challenging to assess whether the collected data meet the
criteria for scienti ¢ research. Furthermore, the stakeholders involved can signi cantly
in uence the protocols' design and purpose (Bahzs et al., 2021). Even within projects
from the same scienti c domain, diverse approaches and protocols exist, each establishing
its own standards for data quality, and if the results are then generalized to the lowest
common granularity, the resulting data might not meet the original quality thresholds
(Bahzs et al., 2021).

The issue of data quality becomes increasingly complex within the context of qualitative

research. The use of qualitative methods|such as participant observations, in-depth



interviews, and focus groups|demands a particular set of skills, including a well-developed
ability to facilitate discussions and a nuanced understanding of data collection processes
(Longo, 2020). The necessity of these skills points to an underlying com-plexity: the
human element inherent in qualitative research can introduce variability and bias, making
the task of maintaining data quality more challenging (Hanson & Marks, 1958).

The complexity of data quality in qualitative research extends to the process of data
analysis. After data has been collected, it needs to be processed and understood. This
typically involves methods such as coding or thematic analysis to identify and distill
common themes (Vaughn & Turner, 2016). This step is not only time-consuming but
also introduces another layer of potential subjectivity, as it requires researchers to make
interpretive decisions about the data. Furthermore, the process of reducing qualitative
data to identi able themes or codes can, if not handled carefully, risk oversimpli cation,
possibly diluting the richness and depth that qualitative data can o er (Guetterman et
al., 2018). This poses yet another challenge to ensuring data quality in citizen science

projects employing qualitative research methods.

1.1.4 The Power of Tools

In citizen science, tools such as apps and devices often serve as the principal interface
between participants and the research process, enabling citizens to contribute to the
scienti c endeavor. The design of these tools and platforms has a considerable impact on
various aspects of a project. For instance, it can in uence participant motivation (Land-
Zandstra et al., 2021), the frequency of contributions (Sauermann & Franzoni, 2015), and
even the overall scope and impact of the project (Williams, 2020).

Mobile applications play a crucial role in many of these projects, serving as an extended
sensor for users in quantitative research (Lemmens et al., 2021). These apps typically
prioritize structured data input and precision due to the numerical, rigid nature of
guantitative research. However, the demands of qualitative research are considerably
di erent. As qualitative research seeks to explore meanings, interpretations, symbols,
and relational processes, apps suited for qualitative research should support exible, open-
ended inputs and rich interactions among participants and researchers.

The citizen science research design process, which encompasses everything from formula-

ting the research questions to producing evidence-based collective results, should be



inclusive, exible, and adaptive (Senabre Hidalgo et al., 2021). When developing tools to
support these processes, usability, user interaction, and interoperability must be considered
(Lemmens et al.,, 2021). However, it is essential to note that merely adapting existing
guantitative solutions may not fully address the unique requirements of qualitative research.
The mediating role of technology in qualitative research adds an additional layer of
complexity. As qualitative research relies on human interactions and interpretations, the
design of digital tools must be sensitive to how technology can impact data collection
processes. In addition, ethical and privacy considerations become even more important
when personal stories and experiences form the core of the data. Creating e ective tools
for qualitative research in citizen science calls for thoughtful interaction design, tailored

to the unique requirements and challenges of this research approach.

1.2 Research Background

The use of citizen science for public participation in knowledge creation has largely found
its stronghold within the natural sciences. These domains often utilize quantitative
methodologies that produce structured and numerically precise data, aligning well with
conventional scienti ¢ research approaches. However, the necessity to expand the reach of
citizen science, particularly into the realms of social sciences, prompts the incorporation
of qualitative research methodologies and instruments.

Quialitative approaches, marked by their exible, open-ended queries and deep, interac-
tive engagements, present unique challenges when applied within a citizen science context.
These challenges mainly manifest in data collection, participant engagement, and data
analysis, where the demands dier considerably from those of conventional scientic
research or even quantitative citizen science projects. Additionally, the digital tools
typically employed in citizen science projects, designed predominantly with a quantitative

approach, do not adequately cater to the needs of qualitative research.

1.2.1 Problem Statement

The challenges of the incorporation of qualitative research in citizen science are core of this
study, as its main objective is to explore the potential of creative computing to generate
or enhance tools for qualitative research in citizen science, thereby boosting participant

engagement and enriching data collection and analysis.



Thus, the primary problem this study aims to address is how can the eld of citizen
science, traditionally skewed towards quantitative methodologies, e ectively integrate
and harness qualitative research approaches, especially via the application of creative
computing? To address this issue, an exploration into the transformative potential of
creative computing in citizen science is required, including the formulation and expe-

rimentation of innovative approaches to qualitative data collection and analysis.

1.2.2 Motivation

The driving force behind this study arises from the challenge and opportunity to harness
the interdisciplinary potential of creative computing, linking elds such as software deve-
lopment, interaction design, and social sciences within the context of citizen science. This
Is rooted in the personal conviction that a creative computing approach can foster a
convergence of disciplines that can fuel innovation and foster empowerment.

Fundamentally, this research is motivated by the principle that technologies should
be created to serve the needs of our envisioned solutions, rather than constraining our
solutions within the bounds of existing technologies. This resonates with the old proverb:
“If you want to go fast, go alone. If you want to go far, go together'; to achieve meaningful
change and empowerment|an often overlooked byproduct of e ective design decisions]it
Is essential to adopt an integrated, interdisciplinary perspective.

The design and development of the right tools can empower communities and organiza-
tions to take action toward more equitable and sustainable futures. This potential is
exempli ed in many citizen science projects that involve participants throughout the entire
research process, returning the knowledge generated to the communities where it is most
relevant. Hence, the motivation for this study lies in exploring how creative computing can
contribute to such empowerment and change within citizen science, particularly through

the integration of qualitative research methodologies.

1.2.3 Research Question and Objectives

The primary research question guiding this study is:"Can creative computing be
utilized to generate or augment tools for qualitative research in citizen science,
prioritizing participant engagement?' . Based on this question, the main hypothesis

is that creative computing methods can enhance engagement throughout the qualitative



research process, thus allowing for the creation of tools focus on participant's motivation,
resulting in improved data collection processes.
To test this hypothesis and to answer the primary research question, the following

objectives were set:

1. Design and develop creative computing tools speci cally designed for qualitative

data collection within citizen science projects.

2. Conduct experiments to evaluate the developed tools to assess the inuence on

participants' responses within an online survey.

3. Analyze and determine the e ectiveness of the tools in improving the quality and

guantity of collecting qualitative data, through key variables.

4. Evaluate the overall e ectiveness of the developed tools in enhancing qualitative

research in citizen science, from a user experience perspective.

1.3 Document Structure

The rest of this document is structured as follows:

Chapter 2: Theoretical Framework delves into the intricate elements of data-driven
innovation, citizen science, online surveys, online interactivity, free text as data,
and the representation of free text. The aim of this chapter is to establish a robust

theoretical foundation for the subsequent empirical study.

Chapter 3: Related Work  critically examines the current landscape of citizen science
research, online surveys, creative computing, and alternative methods of data co-
llection. This chapter illuminates advances in these areas, setting the stage for the

proposed methodology.

Chapter 4: Methodology  details the research approach, establishing why creative com-
puting can be leveraged for this study. Generative data representations are introduced
and analyzed in detail, to understand how are they generated, and their features.

Finally, the research design for this study is presented.

Chapter 5: Experiments  details the use case for this research, and the developed

interfaces for it. This chapter explains in detail each experiment design, the data
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analysis approach, ethical considerations, and nally, how the experiments were

implemented.

Chapter 6: Results presents the outcomes of the experiments conducted. Both quan-
titative and qualitative results are discussed, with data visualizations used to facilitate
a comprehensive understanding. Furthermore, an in-depth interpretation of the
results obtained is presented. This chapter includes the evaluation of the hypothesis,

and contextualization of the results within the broader research framework.

Chapter 7: Conclusions wraps up the study by highlighting its principal ndings and
their implications. The research question and objective are addressed, and a discussion
of potential directions for future research is included, building on the insights

obtained from this study.



2 Theoretical Framework

Having outlined the overall context, detailed components of the problem, emerging challen-
ges, and project objectives, this chapter aims to provide a comprehensive review of the
relevant literature. The goal here is to establish a foundation for understanding the

interplay between the various areas under study, such as data-driven innovation, citizen

science, online surveys, and online interactivity.

2.1 Data-driven innovation

We currently live in an age characterized by an unprecedented abundance of data. The
term Big Data is widely used across various sectors, from meteorology, complex physics
simulations, environmental research, nance and business, to healthcare (Yin & Kaynak,
2015). It denotes an extensive volume of data featuring diverse and intricate structures
that conventional data management methods and procedures cannot handle e ciently
(Rabhi et al., 2019). The concept is often considered broad, and thus, it lacks conceptual
clarity (Kitchin & McArdle, 2016). In essence, Big Data refers to the handling and
analysis of massive datasets and is now becoming integral to modern science and business
(Diebold, 2012).

The digital information constituting Big Data originates from multiple sources. Data
can be automated|continuously recorded at high speeds across multiple sources|or
human-mediated, with individuals creating records (i.e., administrative records in public
services). While human-mediated data also ensures a steady stream, its volume and
velocity are considerably lower than automated systems (Kitchin & McArdle, 2016).

Data-driven innovation depends on the quantity and quality of available data. Although
it can be conducted without Big Data, the latter undoubtedly brings additional dimensions
to the process by expanding the available resources. Access to relevant and accurate
data can streamline decision-making processes. In business, Big Data introduces new
data sources to business process management (BPM) and presents opportunities for more
profound analysis and potential improvements (Rabhi et al., 2019).

The use of Big Data requires a shift in analysts' work ows from isolated “pools' of
data to “fast- owing streams', it mandates a more continuous strategy for data collection,

analysis, and action (H. Davenport, 2014). This permeates virtually all business sectors,



from human resource management, encompassing recruitment processes, training, and
career management (Rabhi et al., 2019), to sports organizations aiming to enhance player
performance (Yin & Kaynak, 2015).

However, data abundance does not equate to an abundance of knowledge. One
of the challenges associated with using Big Data to generate knowledge is the risk of
misinterpretation. Since the datasets are often voluminous, they ful Il the sample size
requirements of many statistical procedures, which can confer a false sense of certainty.
However, these datasets should not be employed uncritically, as they often carry signi cant
biases (McFarland & McFarland, 2015).

Traditional data challenges, such as noise, outliers, incomplete, and inconsistent data,
are magni ed in the realm of Big Data (Tsai et al., 2015). These issues can pose
considerable risks, particularly when coupled with data from online sources, which are
typically not derived from statistically rigorous experiments. Additionally, these sources
often contain various forms of biases, potentially leading analysts towards “precisely
inaccurate' results (McFarland & McFarland, 2015).

Big Data is not con ned to quantitative data; it also comprises qualitative data such
as social media posts, images, call center recordings, and product reviews, among other
forms. Tasks like sentiment analysis can be performed to extract qualitative insights from

these data sources, for instance, to determine public sentiment towards a brand over time.

2.1.1 Complementing with qualitative research

Qualitative research is particularly bene cial when nuanced insights are required. It's
important to note that qualitative research encompasses more than just the use of qualita-
tive data; it represents an entire research approach. In his bod@pualitative Inquiry and
Research DesignCreswell (2017) argues that qualitative research is used when theories
are partial or inadequate. Occasionally, quantitative measures and statistical analyses
fail to fully address or represent the complexity of the research subject. For instance,
guantitative methods may prove inadequate when exploring nuanced areas such as gender
inequalities, racial disparities, and individual di erences that may not be well represented
in the data.

Unfortunately, qualitative research is often associated with misleading assumptions,

such as the belief that it competes with quantitative research. In reality, it complements

10



guantitative research by delving into the "black box' of how social phenomena form in

real-time (Silverman, 2021). The focus of qualitative research is to investigate why and

how a phenomenon takes place, by understanding the meanings of concepts, de nitions,
and features, rather than measuring their occurrences or frequencies (Longo, 2020).

As stated, qualitative research is crucial when a complex and detailed understanding
of an issue is needed. This depth can only be achieved by studying individuals directly
in their contexts, allowing their stories to emerge independently from any preconceived
theories researchers might hold (Creswell, 2017). To yield these insights, qualitative
research requires data that is comprehensive, rich, and nuanced, facilitating the emergence
of patterns and discoveries through rigorous analysis (Barrett & Twycross, 2018). The
distinctions between qualitative and quantitative research approaches in terms of data

can be summarized as follows:

Data collection: Quantitative research typically involves the collection of numerical
data, whereas qualitative research involves the collection of non-numerical data,

such as observations and insights from interviews and focus groups.

Sampling: Quantitative research usually requires a larger sample size and tends to use
random sampling techniques, while qualitative research may use a smaller sample

size and is more likely to employ non-probability sampling techniques.

Data analysis: Quantitative data is generally analyzed using statistical methods, while
gualitative data is analyzed using methods such as content analysis, discourse analysis,

and thematic analysis.

Research questions: Quantitative research tends to pose questions that can be answered
with numerical data, while qualitative research is more likely to ask questions that

require non-numerical data for responses.

Results: Quantitative research typically results in numerical data and statistical analyses,
while qualitative research results in detailed descriptions and interpretations of the

data.
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2.1.2 Changes in qualitative data collection methods

In discussions about qualitative research methods, semi-structured methods are often
referred. Those include participant observations, in-depth interviews and focus groups
(Longo, 2020). However, these methods have evolved over time due to changes in the
digital landscape, such as the advent of the Internet and social media platforms. These
digital tools have enabled researchers to expand traditional methods (Twis et al., 2020).
For instance, video conferencing software has made remote interviews possible, eliminating
the need for the interviewer and participants to share the same physical location. While
online interviews are essentially an extension of traditional interview methods, they are
increasingly viewed as a new method (Thunberg & Arnell, 2022).

The adoption of digital tools extends beyond research interviews to include focus
group methods (Davies et al., 2020). Remote participation not only o ers cost savings
and improved accessibility, but it also facilitates discussions on sensitive topics. However,
researchers have noted that online responses are typically shorter and more concise, with
fewer opportunities for follow-up questions compared to in-person sessions (Davies et al.,
2020).

Online surveys are often criticized for their methodological limitations, because the
target population is variable and often not possible to characterize, thus possibly biased,
which can make ndings not generalizable and misleading (Andrade, 2020). Yet, they
are being used with increased frequency (Couper, 2011), and can be useful for qualitative
research, allowing to increase the outreach of qualitative in-person surveys.

In their simplest form, online qualitative surveys can consist of a series of open-ended
guestions on a specic topic. As respondents are encouraged to use their own words
rather than choosing from pre-determined answers, these surveys can yield richer and
more complex information (Clarke & Braun, 2013). However, there is no one-size- ts-all
solution for data collection. Di erent research contexts and objectives may need to use

di erent methods and implementation procedures (Stern et al., 2014).

2.1.3 A paradigm shift in data collection

The advent of the internet has broadened the scope of data collection methods, but
the most recent years have witnessed an even more signi cant paradigm shift with the

adoption of crowdsourcing techniques. Crowdsourcing is a method of generating informa-
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tion in which individuals or organizations obtain goods and services from a large, relatively
open, and often rapidly evolving group (Chanat & Kepka, 2021). As Brabham (2008)
de nes it, crowdsourcing is an online distributed problem-solving and production model
that meets speci ¢ organizational goals and shares power or agency between the crowd
and the organization.

This concept can also be considered a community research method, in which a large
group of people contribute data on a topic, either actively or through passive data
collection (English et al., 2018). It is often purposed, collaborative, and co-designed
to achieve a speci c outcome (Lee et al., 2020).

When crowdsourcing is employed as a research method, non-scientist citizens who
voluntarily participate are included in scienti ¢ research. This approach signi cantly
deviates from traditional in-lab research paradigms, as the scale achievable with citizen
participation is beyond the reach of individual researchers or research teams (Bonney
et al., 2014). In essence, crowdsourcing enables the mass acquisition of data (Lee et al.,

2020), opening up new opportunities for research.

2.2 Citizen science

The advent of new research methodologies o ers multiple bene ts to citizens, allowing
them not just to learn about science but also to participate in it actively. This innovative
approach also bene ts scientists by providing them with a di erent data collection and
analysis framework. Citizen science involves the active participation of non-scientists
who assist in collecting or analyzing data as part of a researcher-led project (Gura, 2013),
e ectively bridging the gap between society and scienti ¢ research. Citizen science is a
exible concept (Gold, 2022), with its de nitions varying across regions, scienti ¢ elds,
and types of engagement due to its widespread application in numerous research initiatives
(Campos et al., 2021).

Participants in citizen science can engage in various aspects of the research process,
from project design and hypothesis formation, to data collection, classication, and
analysis, to the communication of ndings (West & Pateman, 2016). Therefore, volun-
teerism is central to the understanding of citizen science (Haklay et al., 2021).

This eld is receiving increasing attention (Sauermann & Franzoni, 2015). In Europe,

the European Citizen Science Association (ECSA) was established in 2013 to encourage
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the growth of citizen science in Europe, and to support the general public's participation in
research processes { spanning science, social science, humanities, and the arts (European
Citizen Science Association (ECSA), n.d.). It operates as a community of practice that
supports these initiatives (Albert et al., 2021). Furthermore, last year, the Citizen Science
Global Partnership (GSP) was initiated to foster international collaboration for projects

and international organizations (Global Citizen Science Partnership, 2022).

2.2.1 Benets

Citizen science o ers a wealth of scienti c and societal opportunities across Europe and
beyond. On the one hand, individuals can engage in learning and personal development
through their contributions to scienti c knowledge. On the other hand, communities
can strengthen their collaboration networks (Albert et al., 2021), and actively engage in
dialogue and decision-making processes (Constant & Roberts, 2017). However, to ensure
equitable participation, it is imperative to address the uneven access to funding and
infrastructures (Albert et al., 2021).

Citizen involvement in research projects varies widely. Participants often perform tasks
such as data collection, image coding, or document transcription (Sauermann & Franzoni,
2015), but if they wish, they should be allowed to participate in multiple stages, from
developing the research question to communicating the results (Gold, 2022).

To classify participation levels, Bonney et al. (2014) proposed a widely used framework
consisting of three project categories: contributory, collaborative, and co-created. In
contributory projects, scientists design the project, and participants contribute to data
collection and analysis. Collaborative projects enable participants to adjust protocols,
draw conclusions, and even propose new research directions. Co-created projects are the
most inclusive, allowing participants to engage in all stages of the scienti ¢ process, as
these projects are collaboratively designed and developed.

While citizen science has primarily been implemented within the natural sciences
(Crain et al., 2014), its reach extends into the social sciences, contributing not only to
the enhancement of scienti ¢ knowledge but also to the empowerment of non-professional
researchers and communities (Amirrudin et al., 2021). Citizen social science oers a
platform for citizens to participate in knowledge production, thus fostering their engage-

ment in the policymaking process and reshaping the interactions between citizens, knowled-
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ge processes, and the state (Purdam, 2014). Essentially, citizen social science investigates
social issues as part of citizen science, using a community-based research framework to
unite social scientists and communities in addressing complex social issues (Lorenz, 2020).

As with citizen science, citizen social science constructs datasets through the participa-
tion of wider, interested, and self-selected communities. This approach often aims to
counterbalance data collected, controlled, presented, and sometimes overlooked by govern-
ments and institutions, as exempli ed by Participatory Action Research (PAR) in the mid-
1980s (Williams, 2020). Notably, citizen science and PAR share important similarities, as
both are umbrella terms encompassing various related but subtly distinct concepts such
as crowd science, participatory science, action science, and community-based research
(Lorenz, 2020).

In particular, citizen social science embraces the diversity of scienti ¢ disciplines and
human societies. Consequently, it strives to be both scienti cally rigorous and community
bene cial by integrating diverse academic and practical knowledge systems (Lorenz, 2020).
Balancing these objectives can be challenging, given that community-based research often
advocates for or against changes, whereas academic research primarily aims to produce

generalizable knowledge (Amirrudin et al., 2021).

2.2.2 Challenges

Throughout the literature reviewed, three main challenges arise: (i) participant motivation

and engagement, (ii) e ective participant learning, and (iii) data quality.

Motivation.  Participant motivation is critical to the success of citizen science projects
(Land-Zandstra et al., 2021). Understanding participant motivation can help engage
citizens e ectively by aligning projects with their interests and experiences. Studies
suggest participants are motivated by a mix of intrinsic factors, such as contributing
to scienti ¢ knowledge or personal interest in the topic, and extrinsic factors, such
as social interaction within a community of like-minded people (Hart et al., 2022;
Land-Zandstra et al., 2021; Williams, 2020). However, sustaining participation over
time remains a signi cant challenge, as engagement tends to decline after an initial

period of activity (Campos et al., 2021; Sauermann & Franzoni, 2015).

Learning. Citizen science projects are often educational and can improve data literacy

(Williams, 2020). Participants typically expect to learn more about the project
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topic, making learning opportunities and timely communication of project discoveries
essential (Celino et al.,, 2021; Land-Zandstra et al., 2021). Unfortunately, the
visibility of citizen science e orts is often limited, threatening their long-term viability
(Lee et al., 2020). To enhance project success, there should be a focus on showcasing

project achievements, impacts, and data accessibility (Druschke & Seltzer, 2012).

Data quality. The quality of data collected in citizen science projects can be a controver-
sial issue. The criteria for scienti c research may vary based on the project and
the stakeholders involved, who may have di erent perspectives on data reliability,
bias, and relevance (Bahzs et al., 2021). Some projects prioritize the act of data
collection as a learning tool over accuracy, using any inaccuracies as an opportunity
to teach participants critical data analysis (Williams, 2020). However, to ensure data
quality, a well-considered data collection and analysis plan should be established at

the beginning of the project (Bahzs et al., 2021).

2.3 Tools in Citizen Science

Citizen science projects use a variety of tools to facilitate data collection and enable
active participation. These tools range from conventional research approaches, such as
interviews, surveys, and focus groups, to novel digital technologies. In citizen science
projects, all of these tools should be tailored to the unique, decentralized and participatory

nature of it.

2.3.1 Qualitative Data Collection Tools

Quialitative data collection tools provide researchers with in-depth insights into the experien-
ces and perspectives of citizen scientists. These tools, which traditionally include semi-
structured methods, such as participant observations, in-depth interviews, and focus
groups, are often used in qualitative research (Longo, 2020), allowing researchers to gather
non-numerical data that can be analysed to reveal patterns, themes, and meanings.
In the realm of citizen science, interviews a ord a signi cant degree of exibility,

allowing researchers to adapt to the needs and preferences of individual participants. The
semi-structured, open-ended approach that is often favored in these interviews allows

researchers to delve deeply into participants' experiences, perceptions, and motivations.
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This approach, however, requires a high degree of skill and sensitivity on the part of the
interviewer, and it can be time-consuming.

Surveys and questionnaires, on the other hand, o er a more streamlined and e cient
approach to data collection. These tools, which can be distributed and completed digitally,
allow researchers to gather data from a large number of participants. The inclusion of
open-ended questions in these surveys and questionnaires provides an opportunity for
gualitative data collection. However, researchers must be mindful of potential biases that
can result from self-selection and self-reporting among participants (Andrade, 2020).

However, online data collection strategies are constantly expanding, resulting in many
variations of traditional research methods. Researchers are now resorting to online ques-
tionnaires, online forums, Facebook, websites, blogs, e-mail, online focus group, Twitter,

chats, and YouTube (De Oliveira Salvador et al., 2020).

2.3.2 Digital technologies

Digital technologies are revolutionizing citizen science by opening up new avenues for data
collection, participant engagement, and project dissemination. These technologies range
from mobile apps, facilitating on-the-spot data collection, to online platforms connecting
citizen scientists globally.

These technologies are not merely enhancing data transmission and accessibility, but
also fostering novel educational paradigms within citizen science. By engaging citizens
directly in comprehensive scienti ¢ processes such as data collection, analysis, interpre-
tation, and discussion, digital technologies democratize scienti ¢ discovery, thus fostering
an inclusive scienti ¢ culture (Bruckermann et al., 2022).

In this realm, Human-Computer Interaction (HCI), a eld dedicated to optimizing the
interaction between users and computer technology, emerges as highly relevant. HCI is
an essential element of computer science, it involves several disciplines (Grudin, 2005),
and its knowledge can guide the creation of more e ective, e cient, and engaging tools.

However, making appropriate technological decisions for a project can be a complex
process. Selecting or developing the right tools requires careful consideration of project
goals, intended users, type of data to be collected, and available resources. Moreover,
potential high costs of technological investments necessitate a cost-bene t analysis.

Though HCI has historically focused on micro-level issues like usability and user
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satisfaction, its scope has expanded to encompass macro-level concerns, such as social,
cultural, and ethical implications of technology use (Preece, 2016). This expansion
becomes particularly signi cant within the diverse and inclusive context of citizen science.

There exists no universal framework for integrating digital technologies into citizen
science projects; each project's unique needs may demand di erent toolsets and strategies.
However, fundamental principles of HCI design like user-centered design, accessibility, and
usability can inform tool selection and implementation.

Lastly, it is noteworthy that digital technologies can enhance traditional qualitative
research tools' capabilities. For instance, online surveys can reach more diverse samples,

and digital audio or video recordings can o er ease of storage, sharing, and analysis.

2.4 Online Surveys for Qualitative Research

While semi-structured methods such as participant observations, in-depth interviews, and
focus groups are often used in qualitative research (Longo, 2020), their application in
citizen science can be challenging due to the requirement of experienced researchers
for unbiased results (Creswell, 2017). An alternative and suitable method for such
contexts is the use of online surveys. Non-mediated and asynchronous, online surveys
0 er participants an avenue for qualitative data collection without necessitating extensive

training or overcoming participation barriers.

2.4.1 Benets and Limitations

Although online surveys are globally recognized for their role in quantitative research
(Wu et al., 2022), their e cacy in generating robust qualitative insights is often debated
among researchers. Critics argue that the data derived from online surveys may lack
su cient depth for producing strong, stand-alone insights (LaDonna et al., 2017), and
may potentially introduce biases that cannot be fully addressed or assessed (Andrade,
2020).

Nonetheless, online surveys are valuable for qualitative research due to their exibility,
breadth of applicable research questions (Braun et al., 2021), and potential to engage
a large, geographically dispersed sample (Braun et al., 2017; Menon & Muraleedharan,
2020). The inclusion of open-ended questions, or free-text responses, allows participants to

express themselves in a more authentic way, leading to the generation of rich and intricate
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data that can better represent their subjective experiences, narratives, and viewpoints
(Clarke & Braun, 2013). Even if individual responses are brief, the data accumulated
through these surveys can deepen the understanding of speci c issues (Braun et al., 2021).

In the context of citizen science projects, qualitative online surveys can o er valuable
insights during exploratory phases, with free-text response analysis providing a preliminary
understanding to direct further research (LaDonna et al., 2017). However, challenges such
as low response rates and poor response quality are notable. Compared to traditional
research methods (e.g., postal, telephone, face-to-face), web surveys often yield lower
response rates due to survey fatigue, competing demands, and privacy concerns (Daikeler
et al., 2020; Menon & Muraleedharan, 2020).

2.4.2 Survey Design

Response quality is in uenced by the device used to complete the survey, with responses
tending to be shorter on mobile surveys compared to desktop (Mavletova, 2013). This
discrepancy could be due to survey designs often replicating paper questionnaires, leading
to suboptimal user experiences on mobile devices (Toepoel et al., 2020). Additionally,
mobile surveys typically take longer to complete (Couper & Peterson, 2017), as respondents
may multitask more often, potentially a ecting data quality (Antoun et al., 2017). These
factors become signi cant in light of the increasing trend of online survey completion on
smartphones (Tourangeau et al., 2018).

Moreover, survey length is inversely related to response length and response rates.
Lengthier surveys may result in shorter responses and lower participation rates (Rolstad

et al., 2011), emphasizing the importance of careful and concise survey design.

2.5 Enhancing Engagement Through Online Interactivity

Online interactivity encapsulates a variety of user engagement forms within the digital
realm, from simple actions like clicking or lling forms to intricate activities like engaging

in online games or content creation. This concept is central to fostering e ective online
communication and enhancing user engagement, with far-reaching implications in diverse

elds like education, marketing, and research.
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2.5.1 Gami cation

Gami cation, the application of game-design elements in non-gaming contexts, is frequently
used to promote desired motivational, behavior and learning outcomes (Zainuddin, 2018).
It can enhance user engagement, stimulate participation, and enrich learning experiences
(Chou, 2015). This approach can be manifested through many mechanics and dynamics,
such as point systems, badges, leaderboards, or quests, that can integrated within educa-
tional platforms, business applications, or citizen science projects (Krath et al., 2021).

Through its ability to tap into both intrinsic (i.e., mastery, curiosity, enjoyment)
and extrinsic (i.e., points, badges, recognition) rewards, gami cation can signi cantly
stimulate participation (Zichermann & Cunningham, 2011). It can further promote social
interactions and cooperative behavior within online communities.

However, the implementation of gami cation requires thoughtful planning and design
to ensure alignment with the intended users' motivations and the underlying objectives
of the project or platform. Misguided gami cation can have unintended side-e ects, such
as inadvertently promoting competition over collaboration, or placing undue focus on

rewards over the inherent value of the activity (Almeida et al., 2021).

2.5.2 Interaction Design

Interaction Design (IxD) is a specialized eld concentrating on the creation of meaningful
and engaging interactions between users and digital interfaces (Interaction Design Foundation,
n.d.). IXxD aims to understand user needs and behaviors, to create useful, desirable, and
accessible designs (Moggridge, 2003).

In the domain of online interactivity,IxD covers various elements, including user interface
design, usability, accessibility, and overall User Experience (UX). The expertise is of prime
signi cance in web design, application design, and any digital environment where user
interaction is fundamental.

Well-crafted interaction design can make digital platforms more user-friendly and
captivating, leading to greater user satisfaction and increased engagement levels (Goodman
et al., 2011). This requires a cyclical process of user research, prototyping, testing, and

iterative re nement (Preece, 2016).
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2.5.3 Creative Computing

Creative computing can be understood as the innovative use of computer technology and
coding to facilitate creative outcomes like art, music, interactive stories, or games. In
other words, the action of computing but promoting human creativity (Yang & Zhang,
2016). It provides a medium for creative expression, an innovative tool for learning
and teaching (especially in STEM education), or a methodology for engaging audiences
through interactive experiences.

In the frame of online interactivity, creative computing can enhance user engagement
through interactive visual and auditory elements, or interactive storytelling. Interactive
data visualizations, for instance, can simplify complex data representation, making it
more understandable and engaging. Likewise, interactive storytelling can o er immersive
experiences that stimulate active participation (Zhang et al., 2019).

Despite these bene ts, the application of creative computing requires mindful considera-
tion of usability and accessibility to ensure that the creative aspects augment, rather
than impair, the user experience. Moreover, acknowledging the diversity of users' skills,
experiences, and cultural backgrounds is imperative to designing inclusive and accessible

creative experiences

2.6 Summary

The theoretical framework presented in this chapter discussed the potential and challenges
of citizen science, along with its applications and tools. Citizen science o ers a pathway to
democratize science by involving non-specialists in data collection and analysis, providing
broader data collection and stimulating public scienti ¢ discourse.

Key challenges in citizen science include maintaining participant motivation, ensuring
e ective learning, and securing data quality. These are addressed by understanding
participants’ motivations, providing learning opportunities, and devising strategies to
facilitate data collection.

Tools in citizen science range from traditional data collection methods to innovative
digital technologies. These tools, customized to the participatory nature of citizen science,
can enhance data collection, boost engagement, and promote an inclusive scienti ¢ culture.

Online surveys o er a pragmatic and extensive method for data collection in citizen

science. Despite limitations such as low response rates and mobile device response
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constraints, well-designed online surveys can elicit valuable insights.

Strategies for online interactivity, like gami cation, interaction design, and creative
computing, play a signi cant role in enhancing user engagement. By aligning these
strategies with users' motivations and project objectives, participation can be stimulated,

user experience improved, and inclusive platforms created.
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3 Related Work

This chapter presents an examination of diverse advances in the elds of data collection
and citizen science. The exploration ranges from traditional techniques such as online
surveys, to the utilization of exhibitions as tools for data collection, and the innovative
domain of creative computing. The focus lies not only in understanding these advances
but also in discerning the challenges intrinsic to their implementation and the strategies
devised to navigate them. Drawing from a series of successful projects, the aim is to
illustrate their potential for citizen science research. The role and potential of creative

computing is scrutinized as a way to collect, engage, visualize, and disseminate information.

3.1 Online Surveys

As previously discussed, online surveys are a valuable tool in data collection across various
research elds. They o er a cost-e ective and e cient way of collecting information from a
large and geographically diverse sample. They are non-mediated and asynchronous, which
Is bene cial for citizen science. However, they present a set of challenges, particularly

regarding response rates, survey design, and participant engagement.

3.1.1 Response Rates

One of the long-standing issues with online surveys is the often low response rate. Numerous
strategies to improve this metric have been studied, including preliminary contact with
participants, shorter survey lengths, incentives, and reminder systems (Edwards et al.,
2009). Other tactics include personalizing survey materials and using quick response
(QR) codes on various communication channels for faster survey access (Harrison et al.,
2019). However, not all strategies have been successful in their attempts. For instance, a
study that incorporated tailored videos for participants, aiming to provide non-material
incentives as a way to increase response rates, but it led to a decrease in them (Kalleitner
et al., 2020).

3.1.2 Survey Design

In terms of survey design, there are many factors that can a ect the quantity and quality

of the gathered answers, such as the speci c device it was designed for (Couper, 2011),
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survey length, presentation and content (Fan & Yan, 2010), and even the way questions
are phrased. Along these lines, researchers have been working from di erent approaches on
these issues. For instance, a study assessed the impact of a web survey design modeled as a
messaging app, so it would mimic natural conversation (Toepoel et al., 2020). The study
found that while the messaging-style survey resulted in shorter responses and slightly
longer completion time, the quality of the data collected was comparable to the traditional
survey.

When comparing face-to-face surveys with online self-administered ones, the former
often generate higher response rates and richer data (Christensen et al., 2014; Daikeler et
al., 2020). This disparity can be attributed to the fact that online surveys are increasingly
answered on mobile devices, a potentially multitasking environment. This can translate
into higher cognitive loads involved in answering them and the likelihood of respondents
taking shortcuts to minimize these loads (Couper & Peterson, 2017; Heerwegh & Loosveldt,
2008).

3.1.3 Gami cation Strategies

E orts to engage participants through perceived fun and incentives have led to the
exploration of gami cation techniques in online surveys. In one study, researchers developed
a mini-game-based survey, where each type of question was attributed to a dierent

minigame. One of the mini-games proposed can be seen in Fig.1.

Figure 1. Interface from mini-game-based survey, displaying a closed-ended question.

Source: Harms et al. (2015).
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Their approach also included other gami cation elements such as an internal currency
that could be used to purchase game items. Their results showed an increase in participant
motivation and the perceived fun, but led to a lower overall response rate and possibly
reduced response quality (Harms et al., 2015).

Another study designed a template system for a gamied online survey based on
elements from the Bingo game, as displayed in Fig.2. The study reported increased
enjoyment and motivation, but without signi cant di erences in response quality (Kuwamura
et al., 2021).

Figure 2. Screens from Bingo survey. Source: Kuwamura et al. (2021).

Often, when using gami cation techniques a certain degree of increasement in motiva-
tion is achieved, but it is important to notice that these strategies can potentially discourage
intrinsically motivated participants, thus inadvertently reducing response rates and data
quality(Knowles & Brown, 2021). The results from these studies underscore the delicate
balance between engagement and e cacy in survey design, as sometimes there is a trade-
o . Participants may be more motivated by the overall game experience, but less focused

on answering questions thoroughly.

3.2 Data Collection in Citizen Science

Citizen science projects that crowdsource data need to engage the public in data collection
processes. In that eld, successful citizen science initiatives have leveraged technology,
creating devices and applications, to make processes more e cient and comprehensive.
Two examples of this, the Citizen Dialogue Kit Project and the Digital Matatus Project,

stand out due to their approaches, scalability, and impacts.
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3.2.1 The Citizen Dialogue Kit Project

The Citizen Dialogue Kit (2019) is a research project by the Research [x] Design team
at KU Leuven, aimed at enabling organizations and initiatives to collect data using
interactive public space devices. The devices were designed for polling, and they used

e-paper screen for displaying the aggregated data collected, as displayed in Fig. 3.

Figure 3. One of the polling devices in Citizen Dialogue Kit. The device displays the
guestion in the top, the visualization of collected data (graph) in the middle, and has

push-buttons in the bottom for each answer. Source: Cornelissen (2021).

These devices are designed for easy deployment, powered by rechargeable batteries,
and constructed with mainly o -the-shelf electronics. The kit's methodology includes
two workshops to determine topics, audience, data sources, and visualization concepts.
The initiative presents a novel loop in data collection, where displayed data serves for
co-mmunicating data but also for recruiting new participants, as it encourages passers-by
to participate (Coenen et al., 2021; Coenen et al., 2019; Research[x]Design - KU Leuven,
2022).

The project contributes an open-source tool for various contexts, focusing on presenting
locally relevant data within its physical and sociocultural context to engage passers-by
and spark community dialogue. However, current limitations of it include that the display
is rather small, mainly because of e-paper screens costs. Also, the devices only allow for

closed-ended questions.
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3.2.2 The Digital Matatus Project

The Digital Matatus (2015) project is a citizen science initiative to collect and standardize
transit data on matatus, which are privately owned minibuses used as shared taxis in
Kenya. Through this project, citizens contributed essential transit data using their mobile
phones (see Fig. 4), such as routes, infrastructure available ant the state of matatus, and
schedules. The collected data was freely distributed to promote innovation and service
improvement (Civic Data Design Lab MIT, n.d.; Digital Matatus, n.d.; Williams et al.,
2015).

Figure 4. The use of mobile devices for tracking matatus in Nairobi. Source: Digital

Matatus (n.d.).

The project's aim is was make public transit more visible, e cient, and open, utilizing
technology, local partnerships, and active engagement of the transit community. Crowd-
sourced data collection was achieved via mobile apps, resulting in the creation of Nairobi's
rst transit map and matatus database. Additionally, the project developed scalable data
collection tools, with an impact extending to the entire city. Recognized by the City of
Nairobi, this data now guides the development of Nairobi's Bus Rapid Transit system.
The project underscores the potential of mobile apps for crowdsourcing data collection
and demonstrates the importance of stakeholder involvement to achieve the envisioned

outcomes.

3.3 Exhibitions as Tools for Data Collection

Interactive exhibitions can be groundbreaking platforms for data collection in citizen

science. Despite their smaller scale, they can generate rich qualitative datasets, that if are
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then digitalized and made accessible, could contribute signi cantly to research. Although
they hardly ever used for this purpose, these exhibitions open up new opportunities for
exploring qualitative citizen science research. Two of such are discussed in the following

paragraphs.

3.3.1 The Fred Hutch Visitor Center Project

The Fred Hutch Visitor Center project is a compelling example of using exhibitions as
a medium for data collection. Commissioned by the Fred Hutchinson Cancer Research
Center and brought to life by Studio Matthews in 2017, it o ers visitors an opportunity

to share their personal experiences with cancer. The centerpiece of this e ort is a simple
yet e ective installation, consisting of a photo booth, made using an iPad, a ring light,
and a basic laser printer. Here, visitors can take a photo, print it, write their story, and
add it to a growing collection displayed on the walls.

While it is not a citizen science project, the Fred Hutch Visitor Center project provides
an illustrative case of qualitative data collection in a public setting. The 'Share Your Story'
section showcases hundreds of personal stories and testimonials, giving sta , researchers,
and visitors a tangible sense of the impact of the work being done at the Fred Hutchinson
Cancer Research Center (Adona, 2017; Studio Matthews, 2022).

(a) A general look of “share your story' (b) Shared stories

Figure 5. The “share your story' interactive piece displays collected qualitative data in a
format of printed black and white photographs and handwritten text. Source: Studio

Matthews (2022).
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