BBS i‘V’ COPENHAGEN BUSINESS SCHOOL

HANDELSHAJSKOLEN

Multi-disciplinary Perspectives on Citizen Science
Synthesizing Five Paradigms of Citizen Involvement

Beck, Susanne; Fraisl, Dilek; Poetz, Marion; Sauermann, Henry

Document Version
Final published version

Published in:
Citizen Science: Theory and Practice

DOI:
10.5334/cstp.691

Publication date:
2024

License
CC BY

Citation for published version (APA):

Beck, S., Fraisl, D., Poetz, M., & Sauermann, H. (2024). Multi-disciplinary Perspectives on Citizen Science:
Synthesizing Five Paradigms of Citizen Involvement. Citizen Science: Theory and Practice, 9(1), Article 8.
https://doi.org/10.5334/cstp.691

Link to publication in CBS Research Portal

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

Take down policy
If you believe that this document breaches copyright please contact us (research.lib@cbs.dk) providing details, and we will remove access to
the work immediately and investigate your claim.

Download date: 04. Jul. 2025

C)CEMS P M

ACCREDITED [y e

A
<5
o



https://doi.org/10.5334/cstp.691
https://doi.org/10.5334/cstp.691
https://research.cbs.dk/en/publications/a006906a-aaab-4e1f-a86f-f37bf202a554

Multi-disciplinary

Perspectives on Citizen
Science—Synthesizing
Five Paradigms of Citizen
Involvement

SUSANNE BECK ®
DILEK FRAISL ®
MARION POETZ ®
HENRY SAUERMANN ®

*Author affiliations can be found in the back matter of this article

ABSTRACT

Research on Open Innovation in Science (OIS) investigates how open and collaborative
practices influence the scientific and societal impact of research. Since 2019, the OIS
Research Conference has brought together scholars and practitioners from diverse
backgrounds to discuss OIS research and case examples. In this meeting report, we
describe four session formats that have allowed our multi-disciplinary community to have
productive discussions around opportunities and challenges related to citizen involvement
in research. However, these sessions also highlight the need for a better understanding
of the underlying rationales of citizen involvement in an increasingly diverse project
landscape. Building on the discussions at the 2023 and prior editions of the conference,
we outline a conceptual framework of five crowd paradigms and present an associated
tool that can aid in understanding how citizen involvement in particular projects can help
advance science. We illustrate this tool using cases presented at the 2023 conference,
and discuss how it can facilitate discussions at future conferences as well as guide future
research and practice in citizen science.
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THE OPEN INNOVATION IN SCIENCE
RESEARCH CONFERENCE AND CITIZEN
SCIENCE AS AN OPEN INNOVATION IN
SCIENCE PRACTICE

The annual Open Innovation in Science (OIS) Research
Conference is co-organized by a group of international
scholars. Past conferences were held in 2019 (Vienna; in-
person), 2021 (online), 2022 (CERN Geneva; hybrid), and
2023 (Vienna; hybrid).! The OIS concept covers a broad
range of open and collaborative practices such as open data
sharing and reusing, industry-academia collaborations,
as well as the involvement of citizens and crowds (Beck
et al. 2022a). The conference fosters discussions across
disciplinary boundaries (e.g., social sciences and natural
sciences) and brings together scholars as well as OIS
practitioners.

Citizen science is an important specific OIS practice and
features prominently at the conference because it entails
two types of openness (Franzoni and Sauermann 2014).
First, it opens up the boundaries of scientific institutions
by enabling non-professionals to participate actively in
research activities (Bonney et al. 2009; Haklay et al. 2021,
Wiggins and Crowston 2011). Second, many citizen science
projects strive to make their data as well as intermediate
and final results openly accessible (Fraisl et al. 2022q;
Chiaravalloti et al. 2022). The OIS conference has developed
into a vibrant place to discuss the benefits as well as
challenges resulting from this high degree of openness, and
to derive implications for future research and practice.

The diversity of conference participants, however,
sometimes results in confusion around terminology: While
participants coming from fields of the natural sciences or
science and technology studies usually refer to “citizen
science,” scholars from the fields of management and
economics often use “crowd science.” Interestingly, the
projects studied by these two communities are largely the
same, including cases such as eBird, Zooniverse, iNaturalist,
and Foldit. As such, these communities do not primarily
cover different phenomena but see the same phenomenon
through different lenses (Franzoni et al. 2022): On the one
hand, scholars in the citizen science tradition focus on the
fact that many project participants are not professional
scientists, which has important implications for the
knowledge participants bring to bear, the motivations
that drive their efforts, or the organizational mechanisms
required to coordinate the collaboration between
professional scientists and citizens (Bonney et al. 2009;
Haklay et al. 2021; Fraisl et al. 2022a).

Scholars using the crowd science lens, on the other
hand, focus on the fact that projects typically recruit

participants via open calls for participation.” This open
recruiting has implications for the breadth and diversity of
contributions but also for the organizational mechanisms
needed to broadcast calls for contributions, to coordinate
distributed work, and to integrate individuals’ contributions
(Dahlander et al. 2019; Sauermann and Franzoni 2015).
Scholars using the crowd science lens often draw on the
well-established literature on crowdsourcing within the
field of management (Dahlander et al. 2019; Tucci et al.
2018,). Note that the term crowdsourcing has also been
used in the citizen science literature to describe projects
involving micro tasks (Haklay, 2013); the management
literature studies crowdsourcing as a much more general
mechanism that can also help solve complex challenges
such as developing new drug compounds or methods to
clean up oceans after an oil spill (Tucci et al. 2018).2

Here, we report on four session formats that covered
citizen science and crowd science at the 2023 OIS Research
Conference and that highlighted the increasing diversity of
projects. Moreover, we present a conceptual framework
of crowd paradigms and an associated tool that were
developed in response to discussions (and confusions) at
the 2023 and prior conferences. This tool leverages insights
from crowdsourcing and related literatures to better
understand how citizen involvement in specific projects
can advance science. We illustrate the tool using cases
presented at the 2023 conference and include a template
readers can use to analyze other existing or planned citizen
science projects. Given our focus on how insights from the
crowd science literature can inform research and practice
on citizen science, we primarily use the term citizen science
when discussing projects. We acknowledge important
discussions regarding the suitability of the term citizen
science (Cooper et al. 2021); we use it in an inclusive sense
regardless of participants’ legal citizenship.

FOUR SESSION FORMATS COVERING
CITIZEN SCIENCE AT THE 2023
CONFERENCE

The 2023 conference had 179 participants (66 in
person; 113 online) and included four session formats
covering citizen science: a panel debate, case sessions
showcasing leading-edge applications of citizen science,
an OIS experiment, and a session with research paper
presentations. A guiding question for 2023 was whether
OIS approaches such as citizen involvement can foster both
scientific and societal impact, or whether achieving greater
societal impact may compromise rigorous research. Next,
we outline the different sessions and the citizen science
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cases discussed in each. We then describe a confusion that
arose as participants reflected on the increasing diversity
of projects.

PANEL DEBATE
Every OIS Research Conference includes a panel debate.
The 2023 debate challenged participants to think about
whether and how various OIS practices may create —or
resolve—tensions between scientific impact and broader
societal benefits of research. Four panelists discussed a
range of practices including open data and citizen science.”
One panelist described an initiative where citizen
science beach litter data have been integrated into the
official statistics of Ghana, enabling the tracking of the
related Sustainable Development Goals (SDGs) indicator on
plastic debris density (Fraisl et al. 2023). According to the
panelist, these data are useful for both research and policy
makers, illustrating that citizen science can simultaneously
foster both scientific and societal impact. Yet, other
panelists and audience members raised concerns about
conflicting standards of data quality required for scientific
publications versus practical applications. The lively
discussion showed that more research is needed on how
to design projects to generate synergies between different
goals, and on integrating citizen science practices and data
into the broader scientific system, official statistics, and
policymaking.

CASE APPLICATION SESSIONS

The conference includes parallel sessions in which citizen
science practitioners showcase OIS applications. These
cases make abstract concepts tangible, challenge scholars
to apply theories in practice, and allow practitioners
to help shape future research. The cases presented in
2023 included four citizen science projects. First, leaders
of the Tiny Forests project discussed how enhanced
organizational infrastructure expanded data collection
to more than 150 Miyawaki forests across the UK.> As a
result, the project can generate better data on ecosystem
service provisions in different regions while also creating
learning effects for citizens. The second case, Co-creation
with Vulnerable Groups, engaged the elderly and people
with disabilities in the development of eHealth solutions
for aging in place. This process enabled the solution
to address needs overlooked by prior research and to
increase the subsequent uptake of the solutions.® Third,
organizers of the Care for ME/CFS project discussed how
they engaged patients suffering from Chronic Fatigue
Syndrome (CFS) to develop an online questionnaire-based
tool that enables a faster diagnosis and better medical
care.’” This project also increased public awareness of CFS

and generated data for future scientific research. Finally,
the Picture Pile Platform addresses societal challenges
through a combination of citizen science and Earth
Observation approaches. The platform allows citizens to
classify images from, among others, satellites and drones
to generate data related to issues such as deforestation,
post-disaster damage assessment, and poverty mapping
(Fraisl et al. 2022b).

These examples helped conference participants
discover new opportunities and challenges related to
citizen involvement. Perhaps more importantly, these
cases illustrate the growing diversity of the citizen science
landscape with respect to participants’ contributions and
to the scientific and societal impacts projects seek to
generate.

OPEN INNOVATION IN SCIENCE EXPERIMENT
Every year, the conference organizers challenge participants
to “walk the talk” by experimenting with different OIS
practices. In 2023, the organizers selected abstracts of
pairs of published research articles that covered the same
topic but were produced either with or without the use of
OIS practices. The organizers then assigned these articles
to different groups of in-person participants, including both
OIS scholars and practitioners. These groups of roughly
eight participants each were asked to do background
research on the scientific and societal impact of these
articles and to discuss potential linkages between OIS
practices and different types of impact.?

Two pairs of articles were related to citizen science. One
focused on RNA design, whereby one study was performed
by a traditional academic lab and the other by a large-
scale citizen science project (EteRNA).° The second pair
of articles studied children’s health. One article used a
traditional cross-sectional survey design to understand the
relationship between screen time, behavior, and health-
related quality of life in children. The other article studied
the relationship between screen use and children’s mental
health symptoms in a longitudinal study design that
was co-created by the TARGetKids! Parent and Clinician
Team (PACT)."® This team engaged patients and families
throughout the entire research process, from setting
research priorities to the interpretation and use of findings.

In a subsequent plenary discussion, the groups studying
these articles reconvened and presented their conclusions.
Most groups saw greater benefits of citizen involvement
for societal rather than scientific impact, although there
was an engaging debate on defining and measuring such
impacts. Participants also concluded that the impacts
depend on the breadth and depth of citizen involvement
(e.g., only in data collection versus also in method design)
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and that such involvement, in turn, hinges on the initial
goals set by project organizers.

SCHOLARLY SESSION

The final format was a scholarly session with presentations
of four research papers that the organizers had selected
through a formal review process. The following summaries
highlight the diversity of citizen science practices studied
by these papers.

Paper 1

Crowdfunding platforms such as Experiment.com enable
citizens to shape the direction of research by funding
projects that they find important (Sauermann et al. 2019;
Vachelard et al. 2016). A paper by Hesselbein and Franzoni
(2023) highlights that crowdfunding platforms also allow
citizens to propose new research studies, including projects
that may differ in both topic and methods from those
typically proposed by professional scientists.'! The authors
analyze proposals submitted to Experiment.com to better
understand what they call “grassroots science,” finding
that projects can be very novel—but also at the fringe of
what professionals would consider legitimate science.

Paper 2

Most discussions of Zooniverse projects focus on micro-
tasks performed by crowd members who help classify
images and other digital objects (Barbosu and Gans
2022; Sauermann and Franzoni 2015). However, some
participants also engage in discussion forums to make
sense of unexpected data or to support each other. A
paper by Sun (2023) uses text analysis techniques to
study forum discussions in more than 100 Zooniverse
projects. The author identifies several different clusters
such as questions, facts, conflicting situations, and new
ideas brought up by participants, and also finds interesting
differences in forum discussions across fields. This paper
highlights that discussion boards can enable Zooniverse
participants to interact and make scientific contributions
beyond image classification.

Paper 3

There is a growing literature on crowd involvement in
solving scientific and technological problems (Dahlander
et al. 2019; Tucci et al. 2018). The conventional wisdom
is that organizers need a clearly defined problem that
can then be solved by individual crowd members working
independently. A paper by Vrolijk and Szajnfarber (2023)
challenges this wisdom by describing a new project
design implemented by NASA. Rather than relying on the
traditional contest setup, NASA organized a forum that

engaged citizens to both define and solve an open-ended
problem. This design generated information flows among
participants that enabled better problem identification and
the development of creative solutions.

Paper 4

While most citizen science projects focus on data
collection, data analysis, and problem solving, there are
also efforts to involve citizens in evaluating research
proposals (Den Oudendammer et al. 2019; Franzoni et al.
2021). Beck et al. (2023) argue that such contributions
matter little if professional scientists—who are often the
final gatekeepers—do not listen to crowd evaluations. As
such, these authors study whether and when professional
scientists incorporate crowd opinions into their funding
decisions. Preliminary results suggest that scientists’
openness to crowd opinions depends on both the type
of input provided by the crowd (substantive knowledge
versus preference judgments) and the way in which crowd
opinions are collected (representative versus self-selected
sample of citizens).

CONFUSION ARISING FROM PROJECT DIVERSITY
Although participants in the scholarly session appreciated
hearing about the four research studies, the subsequent
discussion surfaced confusion that was already in the
air during the earlier case presentations and the OIS
experiment: The citizen science projects discussed at the
conference all involve citizens in one way or another, but
they seem to do so for very different reasons and using
different organizational mechanisms. How are they even
comparable? Can we identify clusters of projects that help
us understand why and how exactly citizen involvement
helped projects do better science?

Triggered by this confusion, participants discussed
during and after this session a number of existing project
taxonomies, including distinctions by the field of science
(e.g., biology versus astronomy), the stage of the research
process (e.g., problem definition versus data collection), and
the overall project goals (e.g., environmental monitoring
versus education) (Haklay 2013; Shirk et al. 2012; Suess-
Reyes et al. 2022; Wiggins and Crowston 2011). Although
useful from a descriptive perspective, none of these
taxonomies seemed to get at the heart of the issue: What
is the underlying logic for why involving citizens helps
projects produce more or better research?

A potential answer emerged when a participant
pointed out five paradigms initially proposed at the 2019
OIS conference and then further developed by Beck et al.
(2022b). These paradigms synthesize different rationales of
involving crowds that have been suggested by management
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scholars and that also became apparent in discussions of
projects presented at the OIS conference. Building on Beck
et al. (2022b), we now briefly outline the five paradigms
and use case examples from the conference to illustrate
how the paradigms can help us to better understand the
nature and benefits of citizen involvement.*? Given that the
paradigms draw heavily on ideas from crowdsourcing and
related literatures, we follow Beck et al. in using the term
crowds.

FIVE PARADIGMS OF CROWD
INVOLVEMENT APPLIED TO SELECTED
CITIZEN SCIENCE PROJECTS PRESENTED
AT THE CONFERENCE

DESCRIBING THE PARADIGMS AND LINKING
THEM TO EXAMPLE PROJECTS

Crowd volume

One rationale for crowd involvement is that large numbers
of participants can provide a high volume of effort that
can be distributed in space and time (Lyons and Zhang
2019; Theobald et al. 2015). In projects focused on crowd
volume, tasks tend to be standardized and require only
common cognitive skills, which enables broad participation
(Franzoni and Sauermann 2014).

The crowd volume paradigm helps us understand several
of the projects discussed at the conference. It is central in
Zooniverse projects (discussed at the scholarly session),
among others, where participants contribute thousands
of hours of time and make millions of classifications
(Sauermann and Franzoni 2015). Crowd volume is also
relevant for the marine litter project discussed at the OIS
debate: The participation of many citizens enabled this
project to collect large amounts of litter and data across
various locations in Ghana. As these examples illustrate,
crowd volume seems particularly relevant for projects
involving crowds in data collection and processing.

Broadcast search

Other projects do not need a large volume of inputs per se,
but rather highly specialized or rare knowledge, resources,
or pre-existing solutions to a problem. These projects
broadcast (i.e., make known) the problem or need to a large
and diverse crowd such that individuals who have what is
needed can self-select and offer their unique contributions
(Afuah and Tucci 2012; Jeppesen and Lakhani 2010).
The broadcast search paradigm is useful when thinking
about crowd involvement in problem solving, where a few
individuals often have particularly creative or valuable
ideas (Lifshitz-Assaf, 2018).

The broadcast search paradigm is very relevant to the
project EteRNA (which was presented in the experiment
session). The primary goal of this project is not to generate
a large volume of RNA structures, but to find particularly
novel and valuable outlier solutions that significantly
improve upon existing structures (Lee et al. 2014). Even
though this project has many participants that contribute
many structures, the goal is to find a few particularly
valuable needles in the haystack. Broadcast search also
helps us understand the value of allowing crowd members
to propose new projects (rather than just funding projects
proposed by professional scientists) on the platform
Experiment.com (introduced in the scholarly session): Most
people visiting Experiment.com have no project ideas, or
their ideas likely have little potential. Yet, some people may
have project ideas that are particularly creative and may
push the frontier in particular research areas.

User crowd

This paradigm highlights the distinction between the
scientific knowledge relevant to a particular problem that
is typically held by professional researchers (e.g., scientists
who understand the neurological basis of Alzheimer’s) and
the experiential knowledge held by potential users who
have direct experience in the problem domain (patients
who live with Alzheimer’s). Experiential knowledge may
enable users to identify novel problems that may not be
salient to professional researchers, to better understand
potential applications of existing scientific findings, or
to recombine experiential knowledge with scientific
knowledge to generate novel solutions (Poetz and Schreier
2012; Von Hippel and Katz 2002).

There are several potentially relevant groups of users
in science. They include end-users such as patients who
can benefit from treatments based on medical research,
farmers who implement insights from agricultural
research, and companies whose operations are informed
by research in the social sciences. But users may include
scientists in other fields (e.g., biologists who use or need
tools developed by statisticians) as well as professionals
who apply research results to help others (e.g., doctors
treating patients).

The user crowd paradigm helps us understand several
cases presented at the conference. For example, accessing
the experiential knowledge of the elderly and people with
disabilities allowed the project Co-creation with Vulnerable
Groups to develop eHealth solutions that better meet the
needs of the target groups (case session). Similarly, access
to patient knowledge enabled the Care for ME/CFS project
to develop an effective questionnaire-based diagnostic tool
(case session).
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Community production

The crowd volume, broadcast search, and user crowd
paradigms focus on the contributions of individual crowd
members. The community production paradigm highlights
the value of interactions and collaboration among
contributors.’* Exchange and collaboration can generate
superior joint outcomes when relevant knowledge
components are held by different individuals and when
problems are complex (Majchrzak and Malhotra 2020;
Singh and Fleming 2010). Moreover, discussions among
participants can help clarify preferences and trade-offs
that are sometimes required when making decisions about
which problems to investigate, what methods to use,
or how to evaluate potential negative consequences of
solutions (Sauermann et al. 2020; Van Brussel and Huyse
2018).

Several of the projects discussed at the conference rely
on the community production paradigm. This includes,
for example, the NASA project that engaged citizens to
both define and solve an open-ended problem (scholarly
session), the TARGet Kids! PACT (case sessions), and also
EteRNA, where participants often interact to come up with
better solutions (experiment session).

Crowd wisdom

A fifth paradigm focuses on the advantages that crowds
have in making predictions or estimating values. For
example, the average guess of people regarding things
such as the weight of an ox can be surprisingly accurate
(Galton 1907; Surowiecki 2005). The reason is that if
judgments are at least somewhat independent, then
individuals’ biases and errors tend to cancel out in larger
crowds. Going beyond benefits from averaging estimates,
this paradigm also captures more broadly that organizers
reach out to many individuals to obtain statistical measures
of crowd opinions. In the project Tell Us! about Mental
Health, for example, clustering crowd-generated research
questions by general problem area gave organizers a good
idea of which areas of research citizens found particularly
important to address.'

The crowd wisdom paradigm helps us understand
several of the projects and studies discussed at the OIS
conference. In the scholarly session, for example, Beck
et al. (2023) examined when professional scientists
follow crowd recommendations in project selection. The
authors’ prediction that scientists are more likely to follow
preference inputs provided by a random and representative
sample of individuals builds directly on the crowd paradigm,
which suggests that aggregating independent judgements
from a random sample of individuals helps overcome
individual errors and biases. Crowd wisdom also comes
into play in Zooniverse projects, which typically ask multiple

participants to classify the same image and then aggregate
classifications to reduce the influence of individual errors
(Franzoni and Sauermann 2014).

VISUALIZING WHICH CROWD PARADIGMS ARE
RELEVANT IN A PROJECT
Although the mechanisms captured by the five paradigms
are conceptually distinct, many projects draw on multiple
paradigms at the same time. The project Care for ME/CFS, for
example, heavily relies on the user crowd and community
production paradigms but it also needs citizens to invest a
considerable amount of effort (crowd volume paradigm).
Zooniverse projects primarily benefit from crowd volume
and crowd wisdom (Sauermann and Franzoni 2015), but
the conference presentation by Sun (2023) shows that
participants also interact in forums to integrate their
knowledge (community production paradigm). EteRNA
relies on both broadcast search and community production
to generate novel RNA designs but also needs many
participants to invest significant time to come up with
solutions (crowd volume paradigm). Finally, the marine
litter project in Ghana (Fraisl et al. 2023) relies on many
participants to collect beach litter and data from various
locations (crowd volume paradigm) but also benefits from
the fact that user participants have a deep understanding
of the local context, allowing them to categorize litter more
accurately considering the local production and use (e.g.,
the same type of litter may contain plastic in one context
but not another) (user crowd paradigm) (Fraisl et al. 2023).
Building on Beck et al. (2022b) as well as on related
discussions at multiple OIS conferences, co-authors of this
report developed the “crowd paradigm diamond”*® as a
simple tool to visualize how important each paradigm is
in a particular project. The more important a particular
paradigm is in explaining how citizen involvement allows
a project to advance science, the darker the shade in
the respective area of the diamond. Figure 1 illustrates
this tool by comparing four of the projects discussed at
the 2023 OIS conference (selected by the authors to
illustrate diversity in relevant paradigms). Assessments of
the relevance of each paradigm for a given project were
first made by one co-author and then discussed and
agreed upon by the whole author team. In doing so, we
considered several guiding questions that helped us to
analyze whether and how a particular paradigm is relevant.
Figure 2 embeds these questions into the diamond shape
and may serve as a useful template for researchers and
practitioners who want to better understand whether and
how citizen involvement can help a (current or planned)
project accomplish its scientific goals. The following section
discusses why recognizing relevant paradigms also has
important implications for project design.
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Care for ME/CFS Zooniverse projects
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Figure 1 Crowd Paradigm Diamond showing the relevance of each of
2023 Open Innovation in Science Research Conference.

the five crowd paradigms for four selected cases discussed at the
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N (e.g., ExCiteS Kenya)
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ves Mo (€.9., patients in Tell us!)

Expected benefit: Involving users enables projects to access different types of
knowledge that are not available to professional scientists without

Guiding questions: Do or should participants contribute...
1 ... a practical understanding of a particular problem or problem area?

O - experience with using existing solutions and scientific findings?

Figure 2 Crowd Paradigm Diamond template with expected benefits and guiding questions to assess the relevance of each of the five

crowd paradigms.

IMPLICATIONS OF CROWD PARADIGMS
FOR CITIZEN SCIENCE PROJECT DESIGN

Understanding which crowd paradigms are relevant
can help organizers design projects to better achieve
their  scientific  goals  while also  considering
implications for other important outcomes such as skill

development or community building. In this section,
we illustrate this for two specific decisions that
are often particularly important and challenging.
Readers are encouraged to also consult other existing
resources for more comprehensive guidance on
project design (e.g., Fraisl et al. 2022a; US GSA 2022,
Wiggins et al. 2013).
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First, organizers should consider the paradigms
when deciding which kind of crowd they want to
engage, factoring in crowd size, skill levels, location,
and demographic diversity. Zooniverse projects, for
example, can attract a high volume of contributions
(crowd volume paradigm) by enabling participation
at varying commitment levels and without special
skill requirements. Projects that use crowd volume to
enable biodiversity monitoring need to recruit many
participants while also paying attention to diversity in
crowd members’ geographic locations. Projects that rely
on the community production and user crowd paradigms
(e.g., Care for ME/CFS) will typically work with fewer
participants who have access to specific knowledge
and resources and are willing to commit substantial
time to interact with others. Organizers who seek to
harness crowd wisdom to make better decisions in the
selection of proposals or problem solutions should focus
especially on diversity in preferences and other aspects
such as participant demographics (Franzoni et al. 2021).

Column 3 in Table 1 summarizes additional connections
between crowd paradigms and relevant crowd
characteristics.

Second, the paradigms also have implications for project
organization, for example, with respect to the coordination
of crowd members, the exchange of information, and the
integration of contributions. For example, most projects
relying on crowd volume or crowd wisdom will require
infrastructure that collects independent contributions from
participants, often integrating contributions afterwards
through pooling (e.g., of observational data) or statistical
transformations (e.g., clustering of topics, averaging of
opinions). Projects seeking to generate benefits from
the interaction between different participants (i.e.,
community production paradigm) need to provide spaces
or communication tools to enable such interactions.
Some projects accomplish this using digital infrastructure
(e.g., discussion forums in Zooniverse projects or EteRNA),
whereas others may opt for more traditional formats such
as face-to-face meetings. Column 4 in Table 1 summarizes

PARADIGM  PRIMARY RATIONALE FOR CROWD CHARACTERISTICS THAT FIT ORGANIZATIONAL MECHANISMS THAT
INVOLVING THE CROWD THE PARADIGM FIT THE PARADIGM

Crowd A large crowd of contributors can  ® Large number of contributors, potentially ¢ Mechanisms to enable large-scale

volume supply high volume of effort or with geographical diversity. participation (e.g., using digital platforms).
other inputs, potentially across * Broad range of skills and time * Independent inputs are often aggregated
different locations (e.g., for commitment. via pooling.
biodiversity monitoring).

Broadcast Broadcasting a problem or call for  * Large crowd that is diverse with respect * Translation of the scientific problem or call

search inputs to the crowd helps identify to knowledge, personal experience, or for solutions in general terms to enable
individual outlier solutions or other characteristics that may be related broad participation and self-selection.
other rare inputs. to high-value contributions. * QOutreach to diverse crowd members in

different substantive or geographic areas.
* Tools to screen and select outlier
solutions.

User crowd Users have experiential * Contributors with experience in a * Mechanisms that translate between
knowledge or other use-related particular problem area and knowledge of professional scientists and users without
inputs that professional scientists existing solutions. formal scientific training.
lack. . . * Infrastructure that enables interactions

* Usually smaller crowd, willing to commit
and knowledge exchange.
considerable time.

Community  Interactions among crowd ¢ Smaller number of contributors who * Infrastructure that enables rich

production members allow recombination possess complementary knowledge. interactions and knowledge exchange
of complementary knowledge, ¢ Contributors willing and able to commit (e.g., discussion forums, face-to-face
preferences, and other inputs to significant time. meetings).
address complex problems. * Diverse contributors with respect to * Mechanisms to govern collaboration and

relevant preferences. resolution of potential conflicts.

Crowd Aggregating independent * Large number of contributors with * Mechanisms to solicit inputs from diverse

wisdom knowledge and preference inputs relevant knowledge or preferences. participants while avoiding interactions

from many crowd members can
mitigate individual-level errors
and biases.

Diversity in relevant dimensions to
balance out individual biases and ensure
representative inputs.

and mutual influence to keep inputs
independent.

Tools to aggregate individual
contributions (e.g., averaging, clustering).

Table 1 Five crowd paradigms: key differences and implications for crowd characteristics and organizational mechanisms.
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additional connections between crowd paradigms and
relevant organizational mechanisms.

CONCLUDING REFLECTIONS ON THE
CONFERENCE AND CONFERENCE
RESULTS

The annual OIS Research Conference provides a unique
place to discuss citizen and crowd science. Different
session formats stimulate different types of discussions
and build an interdisciplinary community of scholars and
practitioners. These discussions often continue beyond the
event itself, as evidenced by this meeting report, which is
co-authored by conference organizers and participants
with different disciplinary backgrounds and citizen science
experiences.

One of the challenges—but also success factors—of
the annual conference is to enable productive discussions
among diverse participants, for example, those using
the citizen science versus crowd science lens. The five
paradigms and the diamond template presented here
can serve as a useful tool for such discussions by clarifying
different mechanisms through which involvement of
citizens and crowds can help advance science. The
paradigms also point towards best practices in areas
such as recruiting of participants or the organization of
projects. In addition, the paradigms may stimulate future
research. For instance, it would be interesting to map the
relevance of each paradigm in a broader representative
population of citizen science projects and to study what
project characteristics (e.g., nature of the task; scientific
field) predict which paradigm is most relevant. Similarly,
research is needed to further explore the linkages between
different organizational designs and project performance,
and how this depends on which paradigm organizers seek
to leverage (see Table 1).

An important limitation is that the crowd paradigms
focus on the benefits of crowd involvement for improving
scientific and practical outcomes, for example, through
better data for scientific articles or problem solutions that
better address the needs of users such as patients. The
paradigms seem less relevant for understanding projects
that focus onimportant nonscientific outcomes such as skill
development, community building, or advocacy. We look
forward to discussing at future OIS conferences whether
and how the paradigms can be extended or combined with
other tools to account for an even broader range of project
outcomes.

Another potential challenge is that it can be difficult
to judge exactly how important a paradigm is to a given

project. In our experience, however, even just thinking
about the relevance of each paradigm can generate
important insights, and it is typically easy to identify one
or two paradigms that are most relevant in a particular
project.

The OIS conference organizers plan to introduce the
diamond tool in the upcoming OIS Research Conference
2024 to stimulate deeper analyses of citizen science
projects that are presented in the various session formats
and to help practitioners explore additional opportunities
to benefit from citizen involvement. We will also offer this
tool for use in other events such as the European Citizen
Science Association (ECSA) or the Association for Advancing
Participatory Sciences (AAPS) conferences through our
networks with those organizations.

Openness and collaboration can make science more
productive and are central values of the OIS conference
and the community that has developed around it. In that
spirit, we invite scholars and practitioners to share feedback
on the ideas laid out in this report, and to join upcoming
conferences (see https://ois-research-conference.org/).

NOTES

1 The 2024 OIS Research Conference will take place in London. See
conference website: https://ois-research-conference.org/.

2 This open call could be global (e.g., Zooniverse projects) but also
within specific populations such as patients or a local community.

3 Franzoni et al. (2022) note that there are some projects that only
fit the citizen science lens (e.g., projects involving small numbers
of invited citizens) and some that only fit the crowd science lens
(e.g., projects openly recruiting crowds of professional scientists).
Such cases are much less common than the large number of cases
that fit both lenses. It is exactly because of this large overlap in the
projects studied using the different lenses that insights from crowd
science research may be useful for citizen science scholars and
practitioners.

4 Avideo of the debate is available at https://www.youtube.com/
watch?v=wR7pngY-QYo.

5 See https://tinyforest.earthwatch.org.uk/.

6 See the initiative from which they collected data from here: https://
www.th-rosenheim.de/en/research-innovation/research-projects/
deinhaus-40-oberbayern-yourhome40-upper-bavaria.

7 See https://www.meduniwien.ac.at/web/en/forschung/projekte/
computer-based-clustering-of-chronic-fatigue-syndrome-patients/
care-for-me/cfs/.

8 The total time allocated to this experiment was two hours. A
detailed discussion of the experiment and its results is available at
https://ois-research-conference.org/wp-content/uploads/2023/10/
OIS-Research-Conference-2023_Report.pdf.

9 See https://eternagame.org/.
10 See https://www.targetkids.ca/pact.
11 See all abstracts in the conference booklet: https://ois-research-

conference.org/wp-content/uploads/2023/10/01S-Research-
Conference-2023_Booklet.pdf.

12 We selected a few examples that seemed most suitable as
illustrations. We introduce below a tool that readers can use
to systematically analyze any given project with respect to the
relevance of the paradigms.
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13 The term “community” here is used in the specific context of
projects that involve direct interactions between participants.
Thus, it is not simply an alternative term for “citizen” (Cooper et al.
2021).

14 See https://ois.lbg.ac.at/wp-content/uploads/sites/24/2023/10/
Processdocumentation_CRIS_en.pdf.

15 Our use of the term diamond does not refer to the shape of a
rhombus but rather more generally to a (hopefully valuable) object
with multiple edges and corners.
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