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Abstract

This study adopts a mixed-methods approach to systematically examine 127 citizen science
projects in Taiwan through content analysis. The analysis identifies each project’s core characteristics,
data collection methods, and data types, and evaluates their levels of data openness based on the
FAIR Principles (Findability, Accessibility, Interoperability, and Reusability). In addition, the Taiwan
Roadkill Observation Network (TaiRON) is used as a representative case, with qualitative interviews
conducted to explore its data quality management strategies and the gradual transition process
undertaken in response to evolving challenges.

The findings reveal that most citizen science projects in Taiwan demonstrate long-term continuity
and strong connections to policymaking. Data collection is primarily driven by web applications and
social media platforms, fostering diverse mechanisms for maintaining data quality. In the TaiRON
case, the project began by encouraging public reporting through social media to broaden participation,
and progressively evolved into a more systematic and standardized survey model as data volume and
community maturity increased. Furthermore, this study established open metadata for Taiwan’s citizen
science projects on Wikidata to enhance their discoverability and reusability. Overall, this research
provides a systematic overview of Taiwan’s citizen science landscape and proposes management
strategies that balance data quality with openness, thereby supporting research teams and policy

agencies in strengthening the contributions of citizen science to sustainable development.

Keywords: Citizen Science; Wikidata; Research Data; Data Quality Maintenance; FAIR Principles

Extended Abstract

1. Introduction

Scientific research has entered a data-intensive
era, necessitating new approaches to data
management and collaboration. Earlier models
of science communication placed experts above
the public, fostering attitudes that continue to
dismiss citizen-generated data as inferior (Collins
& Evans, 2002). By contrast, current coproduction

models value open data and shared authorship,

reframing citizen science as a legitimate and
collaborative mode of knowledge creation.
Citizen science exemplifies this third-wave
shift by engaging the public throughout the
research process, from data collection to analysis
and dissemination (Wiggins et al., 2018). This
collaboration expands research capacity, bridges
expertise gaps, and promotes mutual learning
(Dickinson et al., 2012; Silvertown, 2009). This
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collaboration also introduces tensions regarding
the balance of inclusiveness and rigor. Because
volunteers vary in training and consistency,
professionals often question the accuracy
or completeness of citizen-generated data
(Lewandowski & Specht, 2015). Such criticism
reflects lingering expert bias rooted in earlier
paradigms rather than objective evidence. When
managed systematically, citizen-generated data
can be both credible and socially meaningful.
Achieving this balance is crucial for establishing
the legitimacy of citizen science and advancing
the broader ideals of open, participatory research.
Taiwan’s rich biodiversity and vibrant civil
society, where social engagement is highly valued
(Silver et al., 2021), have fostered extensive
collaboration among government agencies,
research institutes, and nonprofit organizations.
Nevertheless, despite two decades of practice,
few comprehensive studies have investigated
how Taiwanese citizen-science projects manage
research data, ensure good data quality, and
align with international frameworks such as the
Findable, Accessible, Interoperable, and Reusable
(FAIR) principles and Sustainable Development
Goals. The present study adopted a data-intensive
perspective to analyze 127 citizen-science projects
in Taiwan and investigated how project teams plan
their data collection methodologies, manage their
data, and ensure good data quality. By combining
a national-level content analysis with a detailed
case study of the Taiwan Roadkill Observation
Network, the study demonstrates how citizen
science in Taiwan balances openness, quality,
expertise, and participation and contributes to the

democratization of scientific knowledge.

Extended Abstract

2. Research Design

This study adopted a sequential mixed-
methods design comprising two interrelated
components: a broad quantitative survey and
an in-depth qualitative case study. In the first
phase, we systematically reviewed 127 citizen-
science projects in Taiwan. We identified the
projects by searching online portals and academic
and governmental databases and by performing
supplementary keyword searches. Each project
was coded using a structured schema derived from
prior typologies of citizen science participation
(Bonney et al., 2009; Wiggins & Crowston,
2011) and research data frameworks emphasizing
openness and stewardship (de Sherbinin et
al., 2021; Wilkinson et al., 2016). The coding
encompassed nine dimensions at administrative
and operational levels—for example, project
objectives, initiating institutions, participant
support, data collection channels, data types, and
data sharing policies. This large-scale mapping
provided a national overview of the structural
characteristics of citizen-science projects and
their approaches to data management and
dissemination.

The second phase involved a qualitative
case study of the Taiwan Roadkill Observation
Network (also known as the Roadkill Society), one
of Taiwan’s earliest and most sustained citizen-
science projects. Established in 2011, the Roadkill
Society mobilizes volunteers to document wildlife
roadkills nationwide. The project was selected
for its longevity, extensive spatial coverage, and
advanced data management system, which make
it exemplary for evaluating strategies aimed at

ensuring data quality. Semi-structured interviews
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were conducted with three core team members in
managerial and operational roles. Interviews were
recorded and transcribed, and transcriptions were
analyzed using open and axial coding to identify

recurring themes.

3. Nationwide Content Analysis
Findings
3.1 Project development and policy linkages

Our analysis of 127 citizen-science projects in
Taiwan revealed long-term continuity and strong
policy alignment. Since the early 2000s, most
initiatives have persisted for years after launch,
steadily accumulating data and participants.
Project growth peaked around 2016, primarily
in ecology and environmental monitoring.
Government agencies, nonprofit organizations,
and academic institutions perceive citizen
science as an innovative approach for
environmental management and thus are the
main sponsors of relevant projects. More than
half of all projects have explicit connections
to government policies, effectively serving as

extensions of government programs.

3.2 Data collected from participants

Across projects, volunteer-contributed
data included spatiotemporal information—
specifically, location and time, recorded by
approximately 90%-95% of all projects by using
GPS-enabled devices or photo metadata. Nearly
three-quarters of the projects collected some
form of personal identifier to enable follow-
up verification. Domain-specific data, such
as species or phenomenon details, photos or
videos, and quantitative counts, were collected

by approximately two-thirds to four-fifths of the

projects. Nearly half of the projects included
contextual environmental variables; a smaller
subset obtained physical samples (e.g., water
samples and biological specimens) or sensor
readings for analysis. These patterns indicate that
data used in Taiwanese citizen-science projects are
multifaceted: rich in contextual detail yet diverse
in format and rigor, reflecting varying project
objectives and resource capacities.

The Internet was the primary mode of
data submission by Taiwan’s citizen-science
projects. Submission channels varied by project.
Of the projects, approximately 41% used web
applications or online forms, 24% collected
data through social media, and 15% relied on
custom-made or international mobile apps such
as iNaturalist and eBird. A smaller subset of
projects used email or sensors. Notably, not all
data were submitted digitally. Approximately 28%
of the projects permitted offline submission—for
example, paper forms or logbooks, text messages
or faxes, and in person (e.g., delivery of samples
or records during workshops or events). Many
projects supported multiple submission channels
simultaneously to reduce barriers to participation.
The use of unstructured or informal platforms
often undermines consistency, complicating data

validation and standardization across projects.

3.3 Data openness and FAIR compliance

For 111 projects that disclosed data openness—
related information, we evaluated each project’s
stance on data openness and its alignment with the
FAIR principles. Only 24% of these projects fully
satisfied all four criteria; most projects satisfied
one or two criteria. Of the projects, nearly three-

quarters made results findable through public
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summaries, one-third provided downloadable
data, and even fewer specified clear reuse
licenses or standardized metadata. Consequently,
approximately 70% of the 111 projects fell short
of robust interoperability or reusability, meeting
no more than two FAIR criteria. These findings
highlight considerable room for improvement in
how citizen-science data in Taiwan are curated
for openness. In many cases, projects shared only
aggregated findings, visualizations, or summary
statistics, without releasing underlying raw data
sets or specifying how the data can be reused.
This approach limits opportunities for external
researchers and the public to verify results or

conduct new analyses.

4. Case Study: “Roadkill Society”
The Roadkill Society exemplifies how

a mature citizen-science project can evolve
from open participation to systematic data
stewardship. Established in 2011, the project
engages volunteers across Taiwan to document
wildlife roadkills through photographs, GPS
coordinates, and species identification. In its early
phase, submissions relied primarily on Facebook
posts, which expanded outreach but generated
inconsistent and error-prone data. Reports
lacked standardized formats, and duplicate or
unverifiable records were common. As the volume
of observations increased, these problems reduced
the data set’s analytical value and exposed the
limitations of relying on third-party social media
platforms. Acknowledging these challenges, the
team implemented a tiered data quality strategy.
The team introduced clearer reporting protocols,
standardized species and location categories,

and established a verification system integrating

Extended Abstract

automated filters with human review. Experienced
volunteers and biologists now cross-check
records, and uncertain entries are flagged for
follow-up. Technically, the project transitioned
from social media to a dedicated web and mobile
platform with required data fields and built-in
validation, substantially reducing inconsistencies
and improving traceability.

The Roadkill Society’s evolution reflects
the adaptive trajectory of Taiwan’s citizen
science—from an open, community-driven
model emphasizing user-friendly participation
to a framework emphasizing professionalized
data governance. The project demonstrates how
grassroots data collection can achieve scientific
reliability through iterative refinement. Its
experience highlights a broader lesson: without
robust data infrastructure, even extensive public
participation risks producing information abundant
in quantity but limited in analytical reliability.

5. Conclusion

From a data-intensive perspective, Taiwan’s
citizen-science projects have established stable
collaborations among government, academia,
and the public, yet fragmented reporting systems
continue to compromise data quality and reuse.
Most projects do not fully meet the FAIR
standards: their outputs are findable but rarely
accessible, interoperable, or reusable. This gap
between public enthusiasm and infrastructural
maturity highlights the need for continual
development strategies within citizen-science
projects. The Roadkill Society exemplifies a
constructive trajectory—from open, volunteer-
based reporting to structured data governance.

Through clear protocols, verification procedures,
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and technical integration, the project has
transformed dispersed reports into credible,
analyzable data sets. This evolution indicates
that citizen science can professionalize data
management while preserving participatory
ethos, reinforcing the legitimacy of citizen-
generated evidence in policy and research.
Nonetheless, the field remains situated between
top-down accountability and bottom-up
engagement. Sustainable progress will depend
on institutional mechanisms that value both
data stewardship and public inclusion. When
data quality and openness advance in parallel,
citizen science can evolve beyond fragmented
enthusiasm into a credible, durable, and

democratically grounded knowledge system.

6. Data Availability

All research materials are publicly available
on the Open Science Framework platform:
https://pse.is/8cchmw. These materials
include (a) the Taiwan Citizen-Science Project
Inventory (Appendix 1), (b) the coding book
and aggregated statistical results from the
content analysis (Appendix 2), (c) the interview
guide used for the Roadkill Society case
(Appendix 3), and (d) the Wikidata framework
for Taiwanese citizen-science projects
(Appendix 4). All data are stored anonymously
in accordance with review requirements and are
openly downloadable from the Open Science

Framework repository.
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