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Open Science (OS) aims, in part, to drive greater societal impact of academic research. Government,
funder and institutional policies state that it should further democratise research and increase learning
and awareness, evidence-based policy-making, the relevance of research to society’s problems, and
public trust in research. Yet, measuring societal impact of OS has proven challenging and synthesised
evidence of it is lacking. This study fills this gap by systematically scoping the existing evidence of
societal impact driven by OS and its various aspects, including Citizen Science (CS), Open Access (OA),
Open/FAIR Data (OFD), Open Code/Software, and others. Using the PRISMA Extension for Scoping
Reviews and searches conducted in Web of Science, Scopus, and relevant grey literature, we identified
196 studies that contain evidence of societal impact. The majority concern CS, with some focused on
OA, and only a few addressing other aspects. Key areas of impact found are education and awareness,
climate and environment, and social engagement. We found no literature documenting evidence of the
societal impact of OFD and limited evidence of societal impact in terms of policy, health, and trust in
academic research. Our findings demonstrate a critical need for additional evidence and suggest
practical and policy implications.
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1. Introduction

Recent decades have seen increased efforts, on the part of research funders, institutions and
governmental organisations to foster, monitor and demonstrate the impacts of funded research beyond
the academy (1-3). Within Europe, both the United Kingdom (UK) (4) and the Netherlands assess the
societal impact of research alongside other quality criteria (1), and the European Commission (EC) has
placed considerable focus on societal impact in recent funding Framework Programmes (1). The
Horizon Europe (HE) Framework Programme includes a focus on ensuring that funded research
addresses European Union (EU) policy priorities and global challenges, delivers benefits and impact
through research and innovation missions, and strengthens the uptake of research and innovation in
society (5). Beyond Europe, societal impact of research is monitored by the Australian government (1),
and in the USA, federal legislation urges higher education institutions (HEIs) and funders to create
“broader impacts” of research, including “societal benefits” (6) and the US Office of Science and
Technology Policy (OSTP) includes a dedicated Science and Society team that aims to “ensur[e] all of
America can participate in, contribute to, and benefit from science and technology” (7).

The adoption of Open Science (OS) policies by research institutions and funders globally aligns with the
aim of fostering societal impact. OS is both a set of practices and a research reform movement that aims
to make academic research (henceforth, ‘research’) more transparent, inclusive and accessible (8). It
includes diverse practices like Open Access (OA) to research publications and Open and FAIR Data; the
creation and use of Open Code and Software; practising process transparency through pre-registration
and Open Methods; and evaluation transparency through Open Evaluation (e.g., Open Peer Review);
and Citizen Science (CS), co-creation, participatory research, and collaboration (9,10). Collectively,
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through these practices, OS aims to make research and the knowledge it generates freely accessible and
useful outside of academia, to make research processes more collaborative and efficient, to create an
open infrastructure system to support and enable open practices and free access, and to create new ways
of assessing the value of research which break with traditional metrics (11).

Implicit in these aims is the belief that OS can yield greater societal impact as compared with “closed”
research. UNESCO’s definition of OS includes the concept of benefitting society, and in its
Recommendation on Open Science, it asserts that increasing openness should “enhanc[e] the social
impact of science and increas[e] the capacity of society as a whole to solve complex interconnected
problems” (9). The European Commission’s (EC) policy on OS includes the assertion that OS makes
research “more responsive to society’s needs” (12). This open approach to research and innovation is
intended to best support the pursuit of solutions to “societal challenges”, or in other words, achieve
maximum societal benefit. Yet, to date, there is limited evidence as to whether OS policies and practices
are achieving this goal.

While ‘research impact’ is a vague concept that lacks a coherent and consistent definition (13), some
attempts have been made to define societal impact through literature reviews on the topic (1,4). As
stated in a literature review from Ludwig Boltzmann Gesellschaft (LBG), “Societal impact [...] focuses
on the effects and changes that research activities unfold beyond academia in other areas of life such as
society, culture, public services, health or the environment,” and can include changes in practice, policy
and legislation, and to awareness, understanding and individual knowledge and skills (1). A review by
Bornmann does not result in a concise definition, but lists similar aspects to the LBG review and includes
economic impacts (4). Critical to the LBG definition of societal impact is that it is demonstrable; e.g.
there is evidence that research outputs are used in policy-making or that they inform the improvement
of healthcare delivery, among others. Adding nuance, the authors assert that societal impact may be
instrumental, like the examples listed in the prior sentence, conceptual (e.g. changes to awareness,
understanding or perspective), or attitudinal or cultural (e.g. behavioural changes). It can also take the
form of capacity building, such as long-term impacts that manifest through knowledge, skills gain, or
the development of relationships between diverse stakeholders (1). Additionally, Bornmann notes that
societal impact “is not a short-term phenomenon”, but rather “only becomes apparent in the distant
future” (4). Other “hallmarks” of it include that it can be either anticipated or unanticipated, within or
outside of the intended area, geographically limited or global (4).

Extending this prior work within the PathOS project!, for which this review was conducted, we define
impact (generally) as “long-lasting, elementary and wide-spread change” and understand that it can be
“direct or indirect, intended or unintended, [and] relate to behavioural and/or systemic changes” (14).
Further, we conceptualise societal impact as a composite of multiple things. This includes and is not
limited to 1) social impact (contribution to community welfare, quality of life, behaviour, practices and
activities of and relationships among and between people and groups), 2) cultural impact (contribution
to understanding of ideas and reality, values and beliefs), 3) political impact (contribution to how policy
makers act and how policies are constructed, and to governance and administration of society), 4)
environmental impact (contribution to the management of the environment, for example, natural
resources, environmental pollution, climate and meteorology), and 5) health impact (contribution to
public health, life expectancy, prevention of illnesses and disease, community safety) (14). We consider
economic impact from OS separate from societal impact, and note that our colleagues investigated it,
and academic impact, through separate scoping reviews (15).

We recognise that measuring societal impact is difficult, primarily because of challenges related to
causality, but also due to a host of other issues (2). We envision the impact process as a sequence of

! pathos (Open Science Impact Pathways) is a Horizon Europe project aiming to collect concrete evidence of Open Science
effects and study the pathways of Open Science practices, from input to output, outcome and impact. https://pathos-
project.eu/
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events: from inputs to a given system (e.g., more OS practices within academia) to immediate outputs
(more OA literature, more CS projects), to further impacts beyond the initial system (e.g., increased trust
in research or use of research outputs in policy) (14). The fundamental problem when trying to identify
a causal effect of OS on societal impact is that one must compare two situations and study how impacts
change: one where the increase in OS practices takes place, and one where it does not. Unfortunately,
only in rare circumstances is it possible to observe both situations (e.g., in carefully controlled
experiments). Methods to estimate causal effects absent of controlled experiments exist, but require
careful reasoning and sometimes strong assumptions. For this reason, we sometimes need to
acknowledge that a causal effect cannot be identified, and restrain ourselves from drawing too strong
conclusions for policy or advice.

While lots of work has been done by institutions, funders and even publishers to measure progress in
the uptake or implementation of OS, much less exists to systematically monitor its societal impact, likely
due in part to the difficult nature of establishing causality. In a review focused on broad impacts of OA
(academic, economic and societal) by Tennant et al. (16), the discussion of societal impact is largely
speculative in nature, centring the argument that OA results in increased public engagement with
research outputs, absent any evidence to support this claim. Much research exists based on altmetrics,
which are designed to measure the presence of published research outside of academia and are taken
as an indicator of societal impact (17-19). Some studies measure the difference in altmetrics (a composite
of citations in policy documents, mentions in news or blog posts, social media attention, references in
Wikipedia, and readership) between closed and OA publications to indicate the societal impact of OA
specifically. We consider these later in this paper. However, altmetrics are questioned as indicators of
societal impact for various aspects, e.g., for not giving information on who is engaging or limited
coverage (20). There are reviews that demonstrate the societal impact of CS broadly (21) or in focused
ways (22-24), but these are limited to CS, and do not demonstrate the societal impact of OS as a whole.

Responding to this gap in the literature, we follow the PRISMA Extension for Scoping Reviews
methodology (PRISMA-Scr) (25) to systematically scope, critically appraise, consolidate and valorise
evidence from the existing literature that demonstrates societal impact of OS generally and its various
aspects, including OA, Open and FAIR/Data, Open Methods, Open Code/Software, Open Evaluation,
and CS. We pose the primary research question (RQ1): What evidence exists in the literature regarding the
effect of OS on the societal impact of research? In addition, we pose the following secondary research
questions:

SRQ1: What types of positive or negative, direct or indirect societal impact are observed?
SRQ2: What kinds of mechanisms produce them?
SRQ3: What specific enabling and/or inhibiting factors (drivers and barriers) are associated with
these impacts?

e SRQ4: What knowledge gaps emerge from this analysis?

2. Methods

Following identification of the above research questions, the study proceeded in four steps: identify
relevant studies, select eligible studies, extract data from relevant studies, and summarise and report
the results. The study protocol was pre-registered on 31st October 2022 (26) and an addendum detailing
the grey literature and snowball search procedures was published on 29th June 2023 (27), both of which
provide deeper methodological detail and are published on the Open Science Framework (OSF)
platform. For any changes to what was set out in these documents, see Supplement 1.



2.1. Identifying relevant studies

A search was first conducted for published peer-reviewed literature in the general cross-disciplinary
databases Web of Science (WoS) (all databases) and Scopus published between January 2000 and 8th
November 2022 (the date of both searches). Search strings were constructed iteratively via
keyword/synonym identification and pilot testing. The keywords ultimately used to compose the
following search strings, beyond OS terms, include:

Societal impact

Trust

Education/understanding
Engagement

Government policy

Sustainable Development Goals
Environment/climate

Health

COVID

Participation

Search in both databases took place on 8th Nov 2022 using the following query details:

Web of Science (All Databases) — 6478 results

(TI= ("open scien*" OR "science 2.0" OR "open data" OR "FAIR data" OR "open access" OR ("open
code" OR "open software” OR "open tool*") OR “open method*” OR "citizen science” OR "open peer
review" OR "open metric*" ) OR AB= ("open scien*" OR "science 2.0" OR "open data” OR "FAIR data"
OR ("open code" OR "open software" OR "open tool*") OR “open method*” OR 'citizen science" OR
"open peer review" OR "open metric*" OR “open access publ*” OR “open access paper*” OR “open
access journal*” OR “open access book*”) ) AND TS =((impact* OR effect* OR outcome*) AND (engag*
OR educat* OR trust OR polic* OR (sdg OR "sustainable development goal*") OR (gender* OR diversit*)

OR participat* OR health* OR (environment* OR climat*) OR (covid* OR coronavirus®)))
Timespan: 2000-2022. Databases: WOS, BCI, BIOSIS, CCC, DIIDW, KJD, MEDLINE, RSCI, SCIELO

Search language = English

Scopus — 6793 results

TITLE-ABS ("open scien*" OR "science 2.0" OR "open data" OR "FAIR data" OR ("open access" W/1 publ*
OR paper* OR journal* OR book*) OR ("open code" OR "open software” OR "open tool*") OR “open
method*” OR "citizen science" OR "open peer review" OR "open metric*") OR TITLE ("open access")
AND TITLE-ABS-KEY ((impact* OR effect* OR outcome*) AND (engag* OR educat* OR trust OR
polic* OR (sdg OR "sustainable development goal*") OR (gender* OR diversit*) OR participat* OR
health* OR (environment* OR climat*) OR (covid* OR coronavirus*))) AND (PUBYEAR > 1999) AND (
LIMIT-TO ( LANGUAGE,"English" ) )

In the second phase of this study, we used “snowball search” to analyse citations to and from included
studies, as well as a systematic grey literature search of websites of relevant OS stakeholders (e.g., EC,
OECD, UNESCO, etc.), to identify a further 1742 potentially relevant studies. Detailed documentation
for both searches, code for the snowball search, and data are included in the data package shared with
this paper (28).



2.2. Selection of eligible studies
The searches of WoS and Scopus yielded 13,271 total results.

Title and abstract screening were guided by the PRISMA-ScR checklist (see Supplement 2) and mapped
using the PRISMA-P chart (Figure 1). The following inclusion criteria were used:

e Articles on the societal impact of OS (including OA?2, Open/FAIR Data? Open Methods,
Open Code/Software, CS, Open Evaluation)

Conducted internationally or nationally

Published from 1 January 2000 until the date of search

Text in English

Full-text available

Study is either a research article, review article, conference paper, or other peer-reviewed
output, or a grey literature study from a recognised stakeholder

Study reports evidence of OS societal impact
All methodologies (quantitative, qualitative, mixed, etc.) are eligible

These criteria were applied in both title/abstract and full-text screening phases. Following an initial
screening pass of titles to remove obvious false positives, followed by merging and de-duplication, 4,514
records remained from the original search of peer-reviewed literature. Two researchers then conducted
title/abstract screening, with the first researcher coding either ‘yes’, ‘no’ or “unsure’ for inclusion, and
the second researcher then reviewing all entries judged ‘“unsure’ to decide inclusion. At this stage, we
also recorded the aspects of Open Science (OA, OFD, etc.) to which the included studies were most
relevant.

After this, 453 of 472 studies sought were retrieved for full-text screening. All reasonable efforts were
made to obtain full-texts, including inter-library loan and emailing authors. Full-texts were imported
into a shared Zotero folder. Following full-text screening by one researcher, 153 total studies remained
for inclusion from the initial search.

In the snowballing and grey literature phase, 265 studies remained after title/abstract screening, and 43
after full-text screening. Hence, a total of 196 relevant studies were identified for inclusion in this
Scoping Review.

2.3. Extracting the data

Data extraction for studies included from the initial search was conducted using a collaborative Excel
file shared via Microsoft Teams and carried out according to the data extraction form illustrated in Table
1. The studies were assigned to individual co-authors for extraction based on the provisional assignment
to which aspect of OS they were primarily relevant. Intermittent checks on data extraction quality were
performed by the lead author and feedback discussed within the team. Later, screening and data
extraction for the snowballed and grey literature were conducted using the same inclusion criteria and
extraction form, but carried out in the Systematic Review Facility (SyRF) online platform (29).

2 We did not explicitly include preprints as part of our definition of Open Access published materials, nor did we specifically
include them as a separate category. However, some of the evidence that met our inclusion criteria included discussion of
preprints, which we include in the OA subsection of our results.

3 We excluded Open Government Data (OGD) from this study because our focus is on the societal impact of OS practices
within academic research. We understand OGD to be data made open by government ministries and offices. In contrast,
Open/FAIR Data as we use it refers to data made open by academic researchers. We include here academic research
conducted at government funded organisations, like NASA and CERN.

5



Table 1. Categories extracted from included studies in the data charting process.

Heading Description

Author Name of author/s

Date Date article sourced

Title of study Title of the article or study

Publication year

Year that the article was published

Publication type Journal, website, conference, etc.

DOI/URL Unique identifier

Exclusion Out of scope, non-English, duplicate

Justification If a study was deemed to be out of scope, a justification had to be

provided.

Study details and design (if
applicable)

Type of study, empirical or review, etc. Notes on methods used in study
(whether qualitative or quantitative, which population demographics
studied, etc.)

Types of data sources
included

Detail the data sources

Study aims

Overview of the main objectives of the study

Relevance to which aspect of
Open Science

Open Access, Open/FAIR Data, Open Methods, Citizen Science, Open
Evaluation, Open Science General

Relevance to which aspect(s)
of societal impact

Engagement, participation, education, trust, policy, sustainable
development goals, gender, diversity, health, climate/environment,
COVID-194

Key findings

Noteworthy results of the study that contribute to the scoping review
question(s)

4 Societal impact categories were amended throughout the initial data extraction process as it became clear that
they did not adequately capture what we were seeing in the literature. Engagement was amended to ‘social
engagement’, participation was removed for redundancy with engagement, education was changed to ‘education
and awareness’, and equity, empowerment and privacy/ethics were added as additional categories. The full list
of categories used in data charting and data analysis is available as Supplement 3 to this paper.
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Coverage

Optional field to note any relevant information about the level of
coverage of the study, e.g., only specific countries, disciplines,
demographics covered

Confidence assessment

Optional field to note any concerns about reliability/generalisability of
findings (e.g., conflict of interest, potential biases, small sample sizes, or
other methodological issues) within the study




Figure 1. PRISMA-P flow diagram.
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deduplication with n = 40).
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2.4.  Summarising and reporting the results

Data extraction results were collated within two Excel files shared on the Microsoft Teams platform and
categorised by aspect(s) of OS (one for the initial database search, one for grey literature and snowballed
sources). Co-authors were then assigned to summarise and report results narratively in a shared Google
document. For aspects of OS that had many papers, co-authors also summarised the data by societal
impact aspect. The team then collaborated to refine this initial narrative and to present it in the form of
this paper.

3. Results

3.1. Overview

We found 196 papers to be in scope (153 from the original academic literature search, and 43 from grey
literature and the academic snowball search). Of these, the vast majority provided evidence of the
societal impact of CS (163 papers, 83.2% of OS type instances (Figure 2)), across a wide variety of types
of societal impact (see Figure 3). Twenty-eight papers demonstrated the societal impact of OA, with
impacts including public engagement with scientific literature, use in policy-making, and health-related
outcomes. Beyond OA, our search revealed limited evidence of the societal impact of OS. We identified
three papers that speak to the impacts of OS in general and two that demonstrate the public health
impacts of Open Code/Software. We found no literature with evidence of societal impact from Open
Methods, Open Evaluation, or Open/FAIR Data, despite several papers suggesting to do so (see the
discussion section).

Figure 2. Number of papers by type of OS (% of all papers).

Citizen Science * 163 (83.2%)
Open Access —= 28 (14.3%)
Open Science general < 3 (1.5%)

Open Code * 2 (1.0%)



Figure 3. Number of papers by type of impact (% of all papers).

Education and awareness * 112 (57.1%)
Climate and environment * 96 (49.0%)
Social engagement * 63 (32.1%)
Policy and governance * 50 (25.5%)

Equity and empowerment ———— 36 (18.4%)
Health ——— 33 (16.8%)
Trust and attitudes towards science — 14 (7.1%)

Privacy/ethics ® 1 (0.5%)

Education and awareness (112 or 57.1% of papers) and climate and environment (96 or 49.0% of papers)
were by far the most commonly evidenced types of impact within our data. Other common types of
impact evidenced by our study include social engagement (between citizens and scientists/other
stakeholders, with scientific/project outcomes, and with the broader community) (63 or 32.1% of
papers), and policy and governance (50 or 25.5% of papers). Less common but also present in the
literature are evidence of impacts in terms of equity and empowerment (36 or 18.4% of papers), health
(33 or 16.8% of papers), trust in and attitudes toward research (14 or 7.1% of papers), and privacy/ethics
(1 or 0.5% of papers).

Looking at the trends within OS aspects (see Table 2), we found that the majority of papers within CS
demonstrate impact in terms of education and awareness (112 or 68.7% of papers), and climate and
environment (96 or 58.9% of papers). Frequently, these impacts overlap, with studies demonstrating
impacts in education and awareness that pertain to climate and environmental topics. The literature
shows that CS also creates impact through fostering social engagement (40 or 24.5% of papers), in the
realms of policy and governance (45 or 27.6% of papers) and health (29 or 17.8% of papers), fostering
equity and empowerment (36 or 22.1% of papers), and by creating trust in research and impacting
attitudes to it (12 or 7.4% of papers). We found no literature with rigorous evidence of societal impact
in terms of diversity or gender.

Papers that demonstrate the societal impact of OA publishing primarily show this in terms of
engagement (with OA texts) (22 or 78.6% of papers), but also through policy and governance (5 or 17.9%
of papers), and health (2 or 7.1% of papers). One paper provides evidence in terms of privacy/ethics and
we found no papers with evidence of OA impact on climate and environment, or education and
awareness.

In what follows, we present detailed findings within the OS aspects of CS, OA, Open Code/Software,
and OS General.
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Table 2. Type of impact by OS type, with number of papers coded per intersection (N) and % of papers within the OS type category.

general

OS type Climate and Education and | Equity and Health Policy and Privacy/ethics | Social Trust and attitudes
environment | awareness empowerment governance engagement | towards research

Citizen 58.9% (96) 68.7% (112) 22.1% (36) 17.8% (29) | 27.6% (45) 0.0% (0) 24.5% (40) 7.4% (12)

Science

Open Access | 0.0% (0) 0.0% (0) 0.0% (0) 7.1% (2) 17.9% (5) 3.6% (1) 78.6% (22) 0.0% (0)

Open Code 0.0% (0) 0.0% (0) 0.0% (0) 100.0% (2) | 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0)

Open Science | 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) 33.3% (1) 66.7% (2)
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3.2. Societal impact of Citizen Science
1. Education and awareness

As shown in Table 2, the greatest number of papers within CS provide evidence of impact in terms of
education and awareness. These impacts were studied across a range of CS projects and programs, from
those in educational settings (from primary school through university) to crowd-sourcing, to
community-based initiatives, and across the globe. Most studies in this category used a pre- and post-
test methodology (typically surveys, but sometimes also interviews) to evaluate changes to participants’
level of subject knowledge, understanding of science and the scientific process, scientific thinking,
and/or scientific skills.?

Figure 4. Number and percentage of studies by type of educational impact.

Subject knowledge & skills * 79 (70.5%)

Scientific knowledge & skills * 33 (29.5%)
Interest in science — 13 (11.6%)
Community knowledge or awareness —= 10 (8.9%)

Communication and organising skills - 2 (1.8%)

The majority of these papers demonstrate societal impact by documenting changes in CS participants’
subject knowledge and skills associated with the topic of the program or project in question (79 papers,
see Table 3). Others demonstrated changes in participants’ general scientific knowledge and skills (33
papers), changes in participants’ interest in studying science or pursuing a scientific career (13
papers), changes in community knowledge and/or awareness where the project or program was
situated (10 papers), and changes in communication and organising skills (2 papers). Nearly all of this
evidence indicates positive changes (see Table 3), though a rare few show no impact or mixed results.
Shinbrot et al. (30) found a limited impact on knowledge development in an environmental CS program
in Mexico. While Vitone et al. (31) established a positive relationship between participation and interest
in science and the project subject matter, they found no correlation between participation and subject
matter learning. Raddick et al. (32) and Meschini et al. (33) found no learning gain when CS participation
was brief and limited in the nature of participation (in an online galaxy classification project and a
tourism-based CS program, respectively). Though Meschini et al. (33) found higher levels of
environmental awareness three years after participating in a tourism-based CS program, they did not
find evidence of specific knowledge retention. And, while Jordan et al. (34) found increases in subject
learning, they did not find a gain in scientific knowledge. Further, both Derrien et al. (35) and Stewart et
al. (36) found no impact of participation on interest in pursuing a scientific career.

The findings of some studies indicate elements of CS initiatives that lead to positive impacts. Mady et
al. (37) found that higher degrees of participation in an ornithological CS program led to greater
increases in knowledge, and that these were highest when participants were involved in data collection.
Similarly, both Phillips (38) and Ballard et al. (39) found that hands-on experience in the research process

5 In this section we present summarised results due to the high volume of literature discussed. Table 3 details all literature described herein
with references.

6 Throughout this paper we use the term ‘research’ to refer to academic research rather than ‘science’ to be inclusive of academic disciplines
and research fields that may not be considered ‘scientific’. In this section, we use the term ‘science’ because we are reporting trends in the
literature, and ‘science’ is the term used in this literature.

12



and interaction with project materials fostered learning, while sustained, long-term participation was
found by Bedessem et al. (40) to result in increased scientific skills and by Kloetzer et al. (41), to positive
subject learning outcomes. Dickinson et al. (42) observed that community-based projects, specifically,
led to gains in scientific capacity, while Von Gonner et al. (21) found “different forms of social learning,
such as systematic feedback or personal mentoring” to be essential to producing learning gains.
Additionally, Frigerio et al. (43) found a “multiplying effect” of knowledge gain, wherein knowledge
gains by child participants were “multiplied” within the broader community (with definitive post-test
results focused on the specific knowledge topic area of the project).
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Table 3. Literature with evidence of the impact of CS on education and awareness.

Positive impact

No impact

Negative impact

Total studies

Changes in
subject
knowledge
and/or related
skills

Adamou et al. 2021 (44); Aivelo and Houvelin 2020 (45); Allen 2018 (46); Araujo et al.
2022 (47); Aristeidou and Herodotou 2020 (22); Asingizwe et al. 2020 (48); Ballard et al.
2017 (49); Ballard et al. 2017 (39); Branchini et al. 2015 (50); Bremer et al. 2019 (51);
Brossard et al. 2005 (52); Carson et al. 2021 (53); Chase and Levine 2018 (54); Christoffel
2020 (55); Cronje et al. 2011 (56); Damman et al. 2019 (57); Dem et al. 2018 (58); Derrien
2020 (35); Diprose et al. 2022 (59); Ekman 2019 (60); English et al. 2018 (61); Forrester et
al. 2017 (62); Greving et al. 2022 (63); Groulx et al. 2017 (64); Hadjichambi et al. 2023
(65); Haywood et al. 2016 (66); Hiller and Kitsantas 2014 (67); Hollow et al. 2015 (68);
Hoover 2016 (69); Hsu et al. 2019 (70); Isley et al. 2022 (71); Johnson et al. 2014 (72);
Jordan et al. 2011 (34); Kelly et al. 2020 (73); Kermish-Allen et al. 2019 (74); Kerr 2022
(75); Kleitou et al. 2021 (76); Kloetzer et al. 2021 (41); Kobori et al. 2016 (77); Lakomy et
al. 2019 (78); Land-Zandstra et al. 2016 (79); Locritani et al. 2019 (80); Luesse et al. 2022
(81); Lynch-O’Brien et al. 2021 (82); Mady et al. 2023 (37); Marchante and Marchante
2016 (83); Marks et al. 2022 (84); Meixner et al. 2021 (85); Merenlender et al. 2016 (86);
Meschini et al. 2021 (33); Nursey-Bray et al. 2018 (87); Peter et al. 2019 (88); Peter et al.
2021 (89); Peter et al. 2021 (90); Peters et al. 2015 (91); Phillips et al. 2019 (38); Popa et al.
2022 (92); Santori et al. 2021 (93); Schaefer et al. 2020 (94); Schlaeppy et al. 2017 (95);
Schneiderhan-Opel and Bogner 2020 (96); Schuttler et al. 2018 (97); Seamans 2018 (98);
Seifert et al. 2016 (99); Shaw 2017 (100); Silva et al. 2016 (101); Stepenuck and Green
2015 (102); Turrini et al. 2018 (103); Van Haeften et al. 2021 (104); Varaden et al. 2021
(105); Von Gonner et al. 2023 (21); Walker et al. 2021 (106); Walker et al. 2021 (23);
Williams et al. 2021 (107); Zarybnicka et al. 2017 (108); Zhang et al. 2023 (109)

Meschini et al.

2021 (33);
Raddick et al.
2019 (32);

Shinbrot et al.
2022 (30); Vitone
et al. 2016 (31)

none

79
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Change in Anderson et al. 2020 (110); Aivelo and Huovelin 2020 (45); Ballard et al. 2017 (49); | Jordan et al. 2011 | none 33
general scientific | Ballard et al. 2017 (39); Bedessem et al. 2022 (40); Carson et al. 2021 (53); Cho et al. 2021 | (34)
knowledge and | (111); Christoffel 2020 (55); Conrad and Hilchey 2011 (112); Cronje et al. 2011 (56); da
skills Silva and Heaton 2017 (113); Dickinson et al. 2012 (42); English et al. 2018 (61);
Grossberndt et al. 2021 (114); Haywood et al. 2016 (66); Hiller and Kitsantas 2015 (115);
Hoekstra et al. 2020 (116); Isley et al. 2022 (71); Johnson et al. 2014 (72); Kloetzer et al.
2021 (41); Lewis and Carson 2021 (117); Luesse et al. 2022 (81); Mady et al. 2023 (37);
Merenlender et al. 2016 (86); Peter et al. 2021 (90); Phillips et al. 2019 (38); Price and Lee
2013 (118); Ross-Hellauer et al. 2022 (119); Trumbull et al. 2000 (120); Walker et al. 2021
(106); Walker et al. 2021 (23); Zarybnicka et al. 2017 (108)
Change in Ballard et al. 2017 (39); Cho et al. 2021 (111); Hiller and Kitsantas 2014 (67); Johnson et | Derrien et al. [ none 13
interest in al. 2014 (72); Koomen et al. 2019 (121); Luesse et al. 2022 (81); Mahajan et al. 2021 (122); | 2020 (35);
Smdying. science | Rosas et al. 2022 (123); Seifert et al. 2016 (99); Vitone et al. 2016 (31); Wallace and Bodzin | Stewart et al.
or pursting 2019 (124) 2020 (36)
career in science
Change in Asingizwe et al. 2020 (48); Ballard et al. 2017 (39); Costa et al. 2022 (125); Frigerio et al. | none none 10
community 2019 (43); Johnson et al. 2014 (72); Mahajan et al. 2022 (126); Schaefer et al. 2020 (94);
knowledge or | ghinprot et al. 2022 (30); Stepenuck and Green 2015 (102); Walker et al. (2021) (23)
awareness
Change in Bonney et al. 2016 (24); Kloetzer et al. 2021 (41) none none 2
communication

and organising
skills
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2. Climate and environment

We identified 96 studies that demonstrate the societal impact of CS on climate and environment. The
greatest proportion demonstrates positive impacts on awareness of, attitudes toward and values related
to climate and environmental issues (37 papers; ~38.5% of this subset of papers). Less than a third (28
papers) demonstrate changes to behaviour as a result of CS activities, and a small selection (9 papers)
demonstrate community development around related issues and/or activism stemming from CS
activities. Additionally, some studies demonstrate positive impacts on conservation (20 papers),
biodiversity (19 papers), counter-measures to pollution (18 papers) and resource management (13

papers).

Figure 5. Number and percentage of studies by type of environmental impact.

Awareness, attitudes & values * 37 (38.5%)
Behaviour change * 28 (29.2%)
Conservation * 20 (20.8%)
Biodiversity * 19 (19.8%)
Pollution * 18 (18.8%)
Resource management * 13 (13.5%)

Cmty. development & activism ————= 9 (9.4%)

Studies that demonstrate positive impacts in terms of changes to awareness, attitudes and values have
shown increases in awareness of, for example, human behavioural impacts on the environment and
climate (66,127), development of environmental stewardship values and attitudes (128), changes in
attitudes toward particular resources or the environment in general (54), and the development of a
‘green identity’ (30). In cases where a lesser degree of change or no change was found, authors report
that this was a result of participants having pre-existing high levels of awareness and/or already holding
strong pro-environmental attitudes (54,62).

Studies that demonstrate pro-environmental behaviour change include evidence like changes to
personal behaviour that support biodiversity, like gardening in ways that support rather than harm
biodiversity (129), changes to farming practices that support ‘climate resilience’ (130), a greater
engagement in conservation efforts (131), noticing biodiversity issues and communicating with others
about them (34), and changes in decision-making regarding things like waste management, personal
consumption, and participating in environmental clean-up efforts (54). Locritani et al. (80) established
a causal relationship between increases in knowledge and awareness that result from participation in a
CS project or program and the intention to change one’s behaviour. According to a review by Popa et
al. (92), there is some evidence that certain traits among CS participants predispose them to change their
behaviour as a result of participation: namely, these are pre-existing ‘strong environmental attitudes’,
and involvement in other conservation or research efforts. They also provide evidence that most
behaviour changes are private or personal, rather than public-facing, and can be classed as lifestyle
changes (92), which suggests that such impact might be limited in scope. Expressing a similar sentiment,
Jordan et al. (34) classified the behaviour changes they documented as “passive” rather than active
(noticing and talking about invasive plants but nothing further). And, in some studies reviewed by Popa
et al. (92), “no significant changes” were documented in terms of pro-environmental behaviour.
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Evidence for impacts to conservation, biodiversity, pollution and resource management have some
overlap with the two areas of impact discussed above, as there is evidence of positive impacts to
awareness, attitude, values (58,70,93,108) (for example) and behaviour (93,132,133) (for example) that
are relevant to these areas. However, more concrete positive impacts are documented within this
evidence, including the use of CS data to inform management decisions and actions
(61,73,102,123,126,134-136) (for example), to drive the creation of protected areas and the monitoring of
them (and protected species) (76,135,137-140) (for example), the monitoring of and response to pollution
incidents (122,141-143) (for example), and to inform relevant policies (126,139,142,144) (for example)
though evidence of impact on policies is limited (126). Further, there is not just evidence that CS data
serves to create these impacts, but that projects and programs themselves create community-based
monitoring capacity that fills gaps in government monitoring (112,135,137,140,141,143) (for example).

Providing evidence of the limited impact of CS data, Conrad and Hilchey (112) reported in a review
published in 2011 that “Many groups find their data is not used in the decision-making process (or
published in scientific peer-reviewed journals), either due to data collection concerns or difficulty
getting their data to the appropriate decision-maker or journal.” They added, “Although there is much
anecdotal discussion and website documentation of the environmental benefits of citizen science, more
peer-reviewed studies must actually show a relationship between CBM [community-based monitoring]
group efforts and environmental improvements to substantiate these claims.” The evidence reported
above and included in Table 4, published after these findings, suggests that the tide has turned
regarding the environmental impacts of CS data (and projects/programs).

A minority of studies (eight) provide evidence that CS can result in community development (109,145
147) and/or activism around the issue in focus (30,92,123,145,148,149).
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Table 4. Literature with evidence of the impact of CS on climate and environment.

Positive impact

No impact

Negative impact

Total studies

Awareness,
attitudes and
values

Adamou et al. 2021 (44); Ballard et al. 2017 (39); Branchini et al. 2015 (50); Bremer et al.
2019 (51); Carson et al. 2021 (53); Chase and Levine 2018 (54); Cronje et al. 2011 (56);
English et al. 2018 (61); Evans et al. 2005 (150); Fernandez-Gimenez et al. 2008 (146);
Grossberndt et al. 2021 (114); Groulx et al. 2017 (64); Haywood et al. 2016 (66); Hsu et al.
2019 (70); Johnson et al. 2014 (72); Kelemen-Finan et al. 2018 (151); Kerr 2022 (75); Kleitou
et al. 2021 (76); Kloetzer et al. 2021 (41); Lynch-O’Brien et al. 2021 (82); Mahajan et al.
2021 (122); Mahajan et al. 2022 (126); Marchante and Marchante 2016 (83); Meschini et al.
2021 (33); Ostermann-Miyashita et al. 2021 (128); Popa et al. 2022 (92); Sandhaus et al.
2018 (147); Schneiderhan-Opel and Bogner 2020 (96); Schuttler et al. 2018 (97); Shinbrot
et al. 2022 (30); Stepenuck and Green 2015 (102); Toomey and Domroese 2013 (152);
Torres et al. 2023 (153); Walker et al. 2021 (106); Walker et al. 2021 (23); West et al. 2020
(149)

Forrester et al.
2017 (62)

none

37

Behaviour
change

Adamou et al. 2021 (44); Day et al. 2022 (132); Deguines et al. 2020 (129); Evans et al. 2005
(150); Fulton et al. 2019 (137); Gotor et al. 2021 (130); Grossberndt et al. 2021 (114); Groulx
et al. 2017 (64); Hadjichambi et al. 2023 (65); Haywood et al. 2016 (66); Hodgkinson et al.
2022 (154); Lewandowski and Oberhauser 2017 (131); Lynch-O’Brien et al. 2021 (82);
Mahajan et al. 2021 (122); Mahajan et al. 2022 (126); Marchante and Marchante 2016 (83);
Peter et al. 2019 (88); Popa et al. 2022 (92); Rodriguez et al. 2019 (133); Sandhaus et al.
2018 (147); Santori 2021 (93); Spellman et al. 2021 (155); Stepenuck and Green 2015 (102);
Toomey and Domroese 2013 (152); Vasiliades et al. 2021 (156); Walker et al. 2021 (106);
Walker et al. 2021 (23)

Jordan et al. 2011
(34); Popa et al.
2022 (92)

none

28
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Conservation

Aceves-Bueno et al. 2015 (134); Ballard et al. 2017 (49); Ballard et al. 2017 (39);
Chiaravalloti et al. 2022 (135); Crow et al. 2020 (157); Day et al. 2022 (132); Earp and
Liconti 2020 (142); Fulton et al. 2019 (137); Haywood et al. 2022 (66); Hsu et al. 2019 (70);
Hyder et al. 2015 (144); Johnson et al. 2014 (72); Mwango'mbe et al. 2021 (138); Pecorelli
et al. 2019 (158); Sandhaus et al. 2018 (147); Santori et al. 2021 (93); Schlaeppy et al. 2017
(95); Skrbinsek et al. 2019 (159); Soroye et al. 2022 (139); Zhang et al. 2023 (109)

none

none

20

Biodiversity

Branchini et al. 2015 (50); Carson et al. 2021 (53); Deguines et al. 2020 (129); Dem et al.
2018 (58); Earp and Liconti 2022 (142); Fraisl et al. 2020 (160); Hyder et al. 2015 (144);
Jordan et al. 2011 (34); Kelemen-Finan et al. 2018 (151); Kleitou et al. 2021 (76); Lee et al.
2021 (161); Lynch-O’Brien et al. 2021 (82); Marchante and Marchante 2016 (83); Peter et
al. 2021 (89); Peter et al. 2021 (90); Schlaeppy et al. 2017 (95); Shaw 2017 (100); Soroye et
al. 2022 (139); Zarybnicka et al. 2017 (108)

none

none

19

Pollution

Ballard et al. 2017 (49); Brooks et al. 2019 (141); Dhillon 2017 (145); Earp and Liconti 2020
(142); English et al. 2018 (61); Gray et al. 2017 (143); Grossberndt et al. 2021 (114);
Hodgkinson et al. 2022 (154); Hyder et al. 2015 (144); Land-Zandstra et al. 2016 (79);
Mabhajan et al. 2021 (122); Mahajan et al. 2022 (126); Popa et al. 2022 (92); Rodriguez et al.
2019 (133); Ruppen and Brugger 2022 (148); Segev et al. 2021 (140); West et al. 2020 (149);
Zettler 2017 (162)

none

none

18

Resource
management

Ballard et al. 2017 (39); English et al. 2018 (61); Fernandez-Gimenez et al. 2008 (146);
Hyder et al. 2015 (144); Kelly et al. 2020 (73); Kobori et al. 2016 (77); Meixner et al. 2021
(85); Merenlender et al. 2016 (86); Njue et al. 2019 (136); Shinbrot et al. 2022 (30);
Stepenuck and Green 2015 (102); Walker and Smigaj et al. 2021 (23)

Conrad
Hilchey
(112)

and
2011

none

13

19




Community
development
and activism

Dhillon 2017 (145); Fernandez-Gimenez et al. 2008 (146); Rosas et al. 2022 (123); Sandhaus
et al. 2018 (147); Popa et al. 2022 (92); Ruppen and Brugger 2022 (148); Shinbrot et al. 2022
(30); West et al. 2020 (149); Zhang et al. 2023 (109)

none

none
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3. Policy and governance

Of the 45 papers that demonstrate policy and governance impacts (27.6% CS papers), the majority relate
to impacts realised at local and regional levels, with fewer related to national or international policy and
governance arenas. Most of these papers reported on projects within the domain of climate/environment
(33 papers) (Table 5), with a few others focused on health (46,61,84,123,140,163-165) and infrastructure
(123,163,165). We found evidence for a range of impacts, but the majority reported on the use of CS data
by government agencies to monitor or manage natural resources, environmental and health risks, and
the built environment (32 papers). Of these, two papers provided evidence that CS data are in use in
monitoring SDG indicators specifically (139,160). In addition, some found evidence of CS leading to the
development of new management techniques (98,100). Yet, there are challenges to integrating CS data
into monitoring and management due to a lack of “official recognition” of it (137) and a “lack of systems
in place within [...] agencies for integrating community data into environmental reporting” (91).

Fewer papers reported results in terms of policy development (22) and among these, just three
documented CS impact in the creation of or changes to legislation (61,162,166). While 18 papers
demonstrated CS projects, participants and/or findings having an impact on policy development,
including positive impacts on education and awareness among policy-makers (162), according to
reviews conducted by Mahajan et al. (126) and Stepenuck and Green (102), evidence of policy impact is
limited and reports suggest that it is difficult to achieve. Reporting on a study conducted on water
quality in rural Maine, USA, Segev et al. (140) found that policy impact may be hindered by political
and corporate interests that conflict with CS findings. Von Goenner et al. (21) reported that participants
believe that their data are under-utilised in policy-making and Fulton et al. (137) found that getting
official recognition of CS fisheries data at the national policy level in Mexico can be difficult, though it
is impactful at the local level by informing the creation of “no take zones” and setting catch limits.
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Table 5. Literature with evidence of the impact of CS on policy and governance.

Positive impact

No impact

Negative impact

Total studies

Climate/envi
ronment

Aceves-Bueno et al. 2015 (134); Ballard et al. 2017 (49); Barnard et al. 2017 (167); Bremer
et al. 2019 (51); Brooks et al. 2019 (141); Chandler et al. 2017 (168); Chiaravalloti et al.
2022 (135); Couvet et al. 2008 (169); Crow and de Groot 2020 (157); Dhillon 2017 (145);
English et al. 2018 (61); Friedman and Rosen 2021 (170); Fulton et al. 2019 (137); Hollow
et al. 2015 (68); Hyder et al. 2015 (144); lerodiaconou et al. 2022 (171); Kobori et al. 2016
(77); Mahajan et al. 2022 (126); Mwango’mbe et al. 2021 (138); Newman et al. 2017 (172);
Njue et al. 2019 (136); Pecorelli et al. 2019 (158); Peters et al. 2015 (91); Ruppen and
Brugger 2022 (148); Seamans 2018 (98); Segev et al. 2021 (140); Shaw 2017 (100);
Skrbinsek et al. 2019 (159); Soroye et al. 2022 (139); Stepenuck and Green 2015 (102);
Stepenuck and Genskow 2019 (173); Walker et al. 2021 (23); Walker et al. 2021 (106);
Zettler et al. 2017 (162)

33

Monitoring
and
management
of resources

Aceves-Bueno et al. 2015 (134); Allen 2018 (46); Ballard et al. 2017 (49); Brooks et al.
2019 (141); Chandler et al. 2017 (168); Chiaravalloti et al. 2022 (135); Couvet et al. 2008
(169); Crow and de Groot 2020 (157); English et al. 2018 (61); Fulton et al. 2019 (137);
Hyder et al. 2015 (144); lerodiaconou et al. 2022 (171); Kelly et al. 2020 (73); King et al.
2020 (163); Kobori et al. 2016 (77); Mahajan et al. 2022 (126); Mwango’mbe et al. 2021
(138); Newman et al. 2017 (172); Njue et al. 2019 (136); Pecorelli et al. 2019 (158); Peters
et al. 2015 (91); Rosas et al. 2022 (123); Ruppen and Brugger 2022 (148); Seamans 2018
(98); Segev et al. 2021 (140); Shaw 2017 (100); Skrbinsek et al. 2019 (159); Stepenuck and
Green 2015 (102); Stepenuck and Genskow 2019 (173); Tuckett et al. 2018 (174); Walker
et al. 2021 (23); Zha et al. 2022 (165)

Fulton et al. 2019
(137); Peters et
al. 2015 (91)

32

Policy

Ballard et al. 2017 (49); Barnard et al. 2017 (167); Bonney et al. 2016 (24); Bremer et al.
2019 (51); Chandler et al. 2017 (168); Dhillon 2017 (145); English et al. 2018 (61);

Fulton et al. 2019
(137); Segev et al.
2021 (140); Von
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Friedman and Rosen 2021 (170); Hollow et al. 2015 (68); Hyder et al. 2015 (144); Kobori | Goenner et al.
et al. 2016 (77); Mahajan et al. 2022 (126); Marks et al. 2022 (84); McGreavy et al. 2016 | 2023 (21)

(166); Mwango’'mbe et al. 2021 (138); Rubio et al. 2021 (164); Soroye et al. 2022 (139);
Stepenuck and Green 2015 (102); Zettler et al. 2017 (162)
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4. Social engagement

About a quarter of papers (40) within CS demonstrate impact in terms of social engagement. These
include the fostering of engagement between CS participants and other stakeholders either within the
research context or as a result of it (14 papers), and project and participant engagement with the broader
community (29 papers). To the first point, there is evidence that participation in CS strengthens
relationships between project stakeholders (60,75,91,125,149,164,166,175), increases trust among them
(146), allows for the creation of “peer-to-peer networks” (42), fosters interpersonal relationships
between participants (153) and new relationships and collaborations between stakeholder organisations
(104,109).

More evidence demonstrates that CS promotes engagement with the broader community in a variety of
impactful ways. There is considerable evidence that participants of CS share their knowledge, project
results and practical skills with their families, networks and communities, communicating about the
project or program itself, or its scientific findings (43,46,62,66,71,72,82,105,150,155,161,164). Studies also
show that CS fosters engagement of the broader community in the programme or project and its
outcomes (66,95,133,147,149,155,164,176). Evidence also demonstrates that CS fosters and strengthens
social ties and community. Participation in CS leads to further community engagement on the part of
participants (59,133,149,155,163,176), stronger ties to place and connection with community
(41,66,109,147,150,163), and has been shown to increase social capital (23,34,42,55,112,173,177).

There is also evidence that CS can result in the weakening of social ties between participants and the
weakening of community. In some cases, engagement may result in conflict (when findings pit the
interest of one group against another (23,106) or when resources are at stake (175), for example), the
erosion of social capital (e.g., when the local knowledge of participants is not valued by researchers)
(23), and the over-burdening of the public with responsibilities that should lie with governments
(23,106).

5. Empowerment and equity

Evidence exists that CS can empower participants and communities and foster equity (36 papers, 22.1%
of CS papers). CS data and/or project results can empower participants and community members to
advocate for their interests in interaction with decision-makers
(42,46,78,84,106,119,145,148,164,173,178), contribute to decision-making processes (102), monitor the
state of their environment (23,137,140,173), and to pursue and implement solutions to problems
(155,179).

Evidence also shows that participation in CS can lead to participants developing leadership capacity
and taking on leadership positions within projects and their communities (23,61,140,166) and increases
in self-efficacy among adult and student participants (a person’s belief in their ability to do certain
things in order to achieve certain goals) (30,37,48,66,67,72,81,89,99,121,147,151,176,180-182).
Additionally, in a case documented by Hoover (69), project training empowered participants through
career development.

In terms of equity, evidence shows that CS can achieve environmental justice in the context of
environmental inequality, e.g., by returning rights over traditional fishing territories to communities
(135) or improving neighbourhood infrastructures (123,145,163). Yet, Tubridy et al. (183) observed that
CS can in some cases “compound inequalities by transferring responsibility and blame for air pollution
to those who have limited resources to address it”, and Walker et al. (23) documented similar evidence
in their review paper. Additionally, some studies have documented that CS participant demographics
overall point to inequitable participation opportunities, with wealthier and more privileged people
more often targeted and better able to participate (in terms of time and resources) (23,119,156).
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6. Health

We identified 29 papers that provide evidence regarding the health impacts of CS (27.8% of CS papers).
These papers are related primarily to environmental health risks (air quality, pollution, pests, etc.) but
also to physical health (fitness, food and gardening, chronic disease prevention, etc.). The largest
number of papers (9) illustrate positive impacts of the CS program/project itself on the health and safety
of participants and their communities (23,123,133,141,154,163,164,178,184). Evidence also shows that CS
participation leads to changes in behaviour that benefit health (69,71,84,126,185), including using
project-generated air quality data to determine when to engage in outdoor activity (122) (Mahajan et al.,
2021) or choosing to cycle or walk rather than drive to improve air quality (154). Yet, van der Feltz et al.
(186) found no evidence of impact but cited the low-intensity of the program in question as the likely
reason for this. Additional evidence demonstrates that CS effectively spreads awareness of health risks
and ways to avoid them (48,71,79,99,122,187) and that it can lead to changes in the lived environment
that support improved health and safety (140,148,163,165).

Two papers demonstrated negative health impacts. In a review paper, Walker et al. (23) reported
evidence that participation in some CS activities poses health and safety risks to participants (e.g.,
conservation monitoring in remote and/or dangerous locations), while Simmons et al. (184) documented
a risk of burnout and “secondary trauma” to participants in an online crowd crisis-mapping project that
was used to provide real-time emergency response in the aftermath of a disaster.

7. Trust and attitudes toward research

Several papers (12) demonstrated the impact of CS in terms of trust between scientists and others, and
attitudes toward research in general. Bruckermann et al. (188), Christoffel (55) and Price and Lee (118)
provide evidence that participation in CS leads to more positive attitudes toward research. Other studies
have demonstrated that CS establishes trust between researchers and other stakeholders
(55,87,112,137,146,175,187,189), and that it increases trust in research (106) and in local knowledge (23).
Yet, as Walker et al. (23) point out in their review paper, there is also evidence that trust between
researchers and other stakeholders can be damaged through CS when problems amongst stakeholders
or with the project outcomes arise.

3.3. Societal impact of Open Access

Investigating the impact of OA in terms of social engagement, multiple studies demonstrate a general
altmetric advantage for OA journal articles by investigating the composite “Altmetric Attention Score”
(AAS). In their systematic review, Araujo et al. (190) reported on two studies showing a general “Open
Access Altmetrics Advantage” (OAAA) (191). Additionally, Clayson et al. (192), Long et al. (193), and
Yu etal. (194) reported an OAAA in their respective fields of research. These studies demonstrate overall
greater attention to OA publications on a variety of (non-academic) platforms and outlets (not further
differentiated by platform or audience (see discussion)). Other studies regarded only certain aspects of
altmetrics. OA articles have been found to receive more attention on social media (especially on Twitter
(now X), but also Facebook) and more mentions in blog posts (195-202). They are also more present in
news outlets (197,202-204), are engaged with more on Mendeley (195,198,200), and are more often
referenced on Wikipedia (205) compared to closed-access articles. Similar patterns are observed for
books across the same platforms and outlets (206-208).

The breadth of coverage varies greatly with studies investigating the relationship of OA status and
altmetrics either globally (e.g., 205), for a specific field (e.g., 192), or in comparison between different
areas of research. Hadad and Aharony (201), for instance, reported a field-specific advantage for
captures, mentions and social media attention for science, technology, engineering and mathematics
(STEM), but not social science and humanities (SSH), journal articles. Multiple studies also
distinguished between different types of OA. While Long et al. (193) found an altmetrics advantage only
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for gold OA (not green OA), Clayson et al. (192) reported a smaller but still significant effect for Green
OA. Maleki (200) reported increased attention on Mendeley only for preprints, and more Twitter
mentions only for Gold OA, compared to closed access. The reviewed literature indicates that societal
impact investigated through altmetrics might be specific to certain platforms/outlets, disciplines or
types of OA.

Three studies in our set investigate topics related to those of altmetrics research, i.e., also focus on
outreach of research or engagement of the broader public. In a matched case-control analysis, links to
articles on a journal’s social media page were clicked more often if they were indicated as OA compared
to paid content (209).” When scholarly books are published OA, they generally have a larger and
geographically more diverse readership than closed-access books and are accessed more frequently in
low- and middle-income countries (210). However, with both these studies, further demographics of
readers remain unclear. Fleerackers et al. (211) focused in their literature review specifically on
journalists” use of OA publications and preprints. They concluded that journalists rely more on other
criteria to evaluate the quality of sources (e.g., impact factor) and are concerned about the
trustworthiness of OA publications, therefore only making limited use of them. This appears to be in
contrast with findings on OA publications being more present in mass media (see above).

Evidence of policy impact stemming from OA is mainly explored in studies framed as altmetrics
investigations. Policy impact is thereby measured through citations of OA literature within policy
documents. Comparing citations of journal articles by policy documents, Tai and Robinson (202),
Vilkins and Grant (212), and Zong et al. (213) found an advantage for OA over closed access. This
indicates that OA publications were consulted more often as a reference by policymakers. Besancon et
al. (214) report that some preprints on COVID-19 had already been included in policy documents before
being retracted due to quality concerns. This finding demonstrates a potential negative societal impact
of preprints, a form of open publishing.

Evidence on the further societal impact of OA publishing is thin and often only anecdotal. Regarding
the impact on health or healthcare, one randomised experimental study found that mental health
professionals gained more knowledge when an article they were asked to read was freely accessible
(215). There were some indications that treatment recommendations within the study were impacted
more when access to the resource was free. In their literature review, Davis and Walters (216) reported
in 2011 that they found no additional studies on the impact of OA on clinical decision-making and that
no study had yet investigated the use of OA biomedical literature by the broader public. One single
study found medical images of transgender patients to be openly available on Google Images more
often when they were published within an OA article compared to a non-OA article, showing
potentially greater negative impact in the area of privacy and ethics if appropriate participant consent
was not established (217).

3.4. Societal impact of other aspects of OS

For some aspects of OS, far fewer relevant articles were found. Three articles were identified as relevant
to the societal impact of OS in general. One paper, by Zong et al. (218), indicated impact in terms of
social engagement. The authors analysed articles from “Psychological Science” between 2014 and 2021,
finding that Open Science badges were correlated with increased social media attention. Two papers
examined aspects of societal trust in scholarly work. Rosman et al. (219) examined OS's relationship to
public trust in research in two studies. In the first survey study (of participants from a German general
population sample), they found that OA and other OS practices are rated by the majority of participants

! This is the only paper that demonstrates a causal link between OA and social engagement as societal impact (as measured by social media

engagement). While taking this as a measure of societal impact is debatable (see discussion), we note that all other papers discussed in this
section are observational in nature and do not demonstrate causation.
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as important and as increasing their trust in the scientists. In a second experimental vignette study,
participants were presented with descriptions of research that signalled or did not signal the use of OS
practices. Effects on trust were not conclusive across the two conditions, although the authors did
interpret some indications of enhanced public trust when OS practices are employed. Similarly, Song et
al. (220) performed pre-registered experiments examining public perceptions of studies employing OS
practices. OS research and researchers were perceived as “more credible and trustworthy” than non-OS
counterparts by their cohort of members of the American general public.

Two relevant articles relating to Open Code and Software were identified, demonstrating health impact.
Bokonda et al. (221) performed a (non-systematic) literature review to synthesise findings regarding the
adoption of Open Data Kit (ODK), an Open Source suite of tools for data collection and sharing that is
free and does not require certification or a stable internet connection for usage and is hence of particular
use in developing countries. They found that this Open Source platform appeared to be most relevant
in health contexts, with 11 of the 15 included papers in this area, and the remaining from agriculture (n
=2), fisheries (n = 1), and the "social domain" (n =1). They concluded that ODK has been used in Kenya,
Mali, India, Nigeria, Ethiopia, Madagascar, Tanzania, Mozambique and the Dominican Republic, where
it has “helped to improve many health programs and systems.” Kobayashi et al. (222) performed a
narrative review of recent works related to the use of Open Source Software for the COVID-19
pandemic. They found that Open Source projects including GNU Health, OpenMRS, DHIS2 and LIFE
took actions enabling various activities (e.g., contact tracing, epidemiological reporting, and laboratory
test management, among others).

4. Discussion

The primary aim of this scoping review was to identify and synthesise the evidence of the societal
impact of OS (RQ1). Our findings show that OS generates societal impact in terms of education and
awareness, climate and environment, engagement, policy and governance, equity and empowerment,
health, and trust and attitudes toward research. These impacts are primarily direct, yet some indirect
impacts were also identified (see Table 6) (SRQ1). Here, by ‘direct impacts’, we refer to those that are
directly created by an OS practice, like how participation in a CS initiative leads to changes in behaviour
related to the issue in focus by the initiative. By ‘indirect impacts’, we refer to those that follow on from
a direct impact. For example, biodiversity or pollution in a community may be positively impacted by
changes to behaviour that directly stem from participating in a CS initiative.

Notably, our findings also show that the evidence presented in Table 6 is primarily attributed to the
impact of CS, specifically, with some evidence of impact from OA publishing and little evidence for
other aspects of OS (see Table 2). The evidence is also clustered within particular types of impact, with
most of it showing impact in education and awareness, climate and environment, and engagement
(Table 2). We emphasise that these findings indicate what is currently evidenced in the literature
surveyed here, and that it is likely that more and other societal impacts from OS exist, both direct and
indirect. It appears, though, that they have either not yet been studied and/or documented, or that we
did not find them with the methods we deployed.
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Table 6. Direct and indirect impacts evidenced in the literature and reported in the Results section, with
OS type indicated.

Direct impacts

Indirect impacts

Education and awareness

Increase in subject knowledge and skills (CS)

Increase in scientific knowledge and skills (CS)
Increase in interest in science (CS)

Increase in community-level knowledge and awareness
()

e Increase in knowledge and awareness within
social networks and families of participants
(€9

Climate and environment

Changes to awareness, attitudes and values (CS)
Changes to behaviour (CS)

Positive impacts on conservation (CS, direct
program/project action)

Positive impacts on biodiversity (CS, direct
program/project action)

Positive impacts on resource management (CS)
Community development and activism directly resulting
from the project/program (CS)

e Positive impacts on conservation (CS, indirect
impact of changes to behaviour)

e Positive impacts on biodiversity (CS, indirect
impact of changes to behaviour)

e  Community development and activism
indirectly following a project/program (CS)

Social engagement

Engagement/relationship building between CS
participants and other stakeholders (CS)
Engagement with the broader community about the
project/program, expert knowledge and results (CS)
Bringing more community members into the
program/project (CS)

Strengthens community (CS)

Increase in social capital (CS)

Greater societal engagement with research
outputs/knowledge (OA, OS general (badges))

No evidence found

Policy and governance

Enabling monitoring and management of natural
resources, environment, and health risks, including SDG
indicators (CS)

Creation of new management techniques (CS)

Creation or changes to legislation (CS)

Positive impact on knowledge and awareness among
policy-makers (CS)

Increased integration of research in policy-making (OA)

No evidence found

Health
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o Improvement to health and safety of participants and
communities (CS)
Beneficial behaviour change (CS)
Increased awareness of health risks and how to mitigate
them (CS) No evidence found
Increased knowledge among healthcare providers (OA)
Changes to healthcare treatment guidance (OA)
Improvement to healthcare delivery and public health
management (OCS)

Empowerment and equity

e Creation of skills and capacity to monitor e Career development (CS)
environment/issues (CS) e Taking on leadership roles in community
Development of leadership capacity and skills (CS) (CS)

Increase in self-efficacy (CS) e  Advocate for interests with decision-makers
Environmental justice through community improvements (CS)
(CS) e  Contribute to decision-making processes (CS)

e  More diverse readership (OA) e Return of land and resource rights (CS)

Trust in and attitudes toward research

e  Creation of trust between researchers and other
stakeholders (CS)
Greater trust in research (CS, OS general) No evidence found
More positive attitudes toward research (CS, OS general)
Greater trust in local/indigenous knowledge (CS)

We are able to identify particular mechanisms that are responsible for generating some of the impacts
identified (SRQ2). For impacts generated by CS, the evidence shows that public participation in
research, the collaborative creation of data, the uptake of this data, and stakeholder engagement within
such projects and programmes are mechanisms which lead to various types of societal impact. Further,
there is evidence that the participation of the public in research leads to every type of impact identified
by this review. In terms of CS data, evidence shows that its creation serves unmet data needs in a variety
of contexts and that its uptake is impactful in policy, governance, and the empowerment of citizens and
communities. Additionally, the mechanism of stakeholder engagement in CS projects is shown to lead
to strengthened social ties and communities, equity and empowerment.

There is also evidence that indications of OS practices, like OS badges, lead to greater trust in research.
Similarly, the results show that indications of OA for publications lead to greater engagement with
research. Yet, we note, as other critics of altmetrics have, that the studies included in this review are
unable to provide evidence of who is engaging with OA publications. The greater degree of engagement
is unquestioned, but whether it is evidence of societal impact remains an open question. If readers of OA
publications are primarily scientists, then societal impact via ‘public’ engagement with these texts is
limited.

Our findings also illuminate some enabling and inhibiting factors that influence the societal impact of
OS (SRQ3) (Table 7). The evidence pertaining to CS reveals that project or programme characteristics,
including the depth and duration of participation (37,38,40,41), the interactions between scientists and
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participants (and between participants) influence the extent of changes to education and awareness (21).
The environmental impact of CS is influenced by whether or not the project or programme responded
to a community need for data (76,122,135,137,138,140-143) and the extent to which policymakers and
administrators are willing to accept this data and have mechanisms in place for using it (21,137,140).
Cutting across impact types, a project or programme being driven by community need is an enabling
factor for impact (42,123,135,140,145,148,163,165). Evidence for other OS aspects is more limited, but
some findings pertaining to OA suggest that the type of OA (Green vs. Gold) (192,193), the specific
social media platform or website (e.g., 195,196,200), and clear signalling of OA status (209) are factors
which influence social engagement with OA outputs (possibly in interaction with research fields).

Table 7. Enabling and inhibiting factors for societal impact of OS.

Enabling factors Inhibiting factors

Education and awareness

CS Cs

Duration of participation e Shallow, inconsistent or short-term
Depth of participant engagement in the research process participation

Community-based or driven projects
Feedback to and mentoring of participants
Peer-to-peer learning

Integration of families and social networks

Climate and environment

CS CS

Creation of needed data e Shallow, inconsistent or short-term
Availability/interest of community/participants participation

Responding to community needs

Pre-existing pro-environmental attitudes among participants
Policy and administrative acceptance of CS data

Policy and administrative mechanisms for using CS data

Social engagement

CS OA

e  Stakeholder management e  Lack of trust in OA among journalists
e  Collaborative/power-sharing approach

OA

e  Research field (STEM vs SSH)

o Type of OA (Gold vs Green)

e Social media/web platform

e  C(learly signalling OA status in social media posts
o  Country-level economic status

Policy and governance

(@]
Lack of official recognition of CS data
Lack of systems in place to integrate CS
data
Political interest
Corporate interest/lobbying

No evidence found

Health
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Cs

e Responding to a problem/community need
e  Directly involving community in the project/program No evidence found
0ocCs

e Dissemination of open tools

Empowerment and equity

No evidence found No evidence found

Trust in and attitudes toward research

OS general
o  Awareness of OS among the general public No evidence found

While our findings demonstrate a wide variety of societal impacts derived from OS practices, they also
illuminate considerable knowledge gaps (SRQ4). Strikingly, the evidence we gathered is concentrated
around CS, and further, mostly focused on impacts derived from participation in CS, rather than those
derived from the research generated by CS (though some evidence of this does exist). And, as mentioned
above, our review returned limited evidence of the societal impact of OA and other OS aspects.

Also striking is the sheer absence of evidence of societal impact derived from Open/FAIR Data within
the surveyed literature. Throughout this study, we considered 250 texts focused on OFD (after title
screening) that represented a diversity of research areas and aims but found that any claims of societal
impact were speculative rather than based on observed and documented usage. It is important to note,
as stated in our Methods section, that we excluded Open Government Data (OGD) from our study. Our
study focused on OS practices within academic research, and therefore societal impact from OGD is out
of scope. We note, however, that there does appear to already be substantial literature focused on the
societal and economic impact of this type of open data (we caught much of it in our initial search of the
academic literature). Considering the methodologies deployed to study it may prove instructive for new
research into the societal impact of Open/FAIR (academic) data.

Overall, it appears that the evidence included in this study is concentrated in areas where establishing
evidence of OS societal impact is less challenging due to established methodologies or datasets. The
majority of our evidence is generated through CS projects and programmes and focused on learning
impacts because there are established methods for conducting pre- and post-test surveys with
participants and communities and these can be done with participants from any CS initiative.
Additionally, there is considerable evidence of climate and environmental impact from CS because CS
is an established approach to responding to problems that fall within these realms, by, for example,
generating needed but missing monitoring data or pushing back on community-level environmental
injustices. Similarly, there are established methods and workflows for tracing OA publication
references, online engagement with them, and online interactions about them; therefore, numerous
studies can harness and make use of altmetrics data (questionable though the veracity of societal impact
as measured by this indicator may be).

Much more challenging is tracing the usage and societal impact of Open/FAIR Data and Open
Code/Software. A lack of consistent referencing practices for these resources across academic disciplines
and research fields makes it extremely challenging to understand usage and impact within academia,
and the societal impact that may stem from research that uses these resources. And, while one might be
able to classify those who view and download open resources based on IP address or other user details,
this would still be several steps away from creating evidence of use and societal impact.
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Our study reveals that knowledge gaps also exist around causation. While some of the evidence
included here is causal, i.e., there is an established causal relationship between an OS practice and a
type of societal impact, the majority of the evidence included in this study is correlational. For example,
among all the included studies on the societal impact of OA, only two out of 28 used a research design
permitting causal claims, while all others were observational in nature. More research on causal
relationships between OS interventions, activities, outcomes and impact is therefore needed to meet the
institutional and governmental desire to monitor the impact of OS (see Klebel and Traag (223) on how
to incorporate causal thinking into empirical studies on science). The PathOS project, for which this
review was conducted, aims to fill this gap by establishing evidence-based, causal impact pathways for
OS through modelling and case study implementation.

We note that this study, while intended to be a wide-reaching synthesis of published evidence of societal
impact of OS, does have some limitations. Included studies are limited by language and (possibly)
publication venue (due to the use of exclusive academic databases for the initial search). The parameters
of our search did not overtly include other OS practices, like preprints, preregistration, open analysis,
and open collaboration, therefore we may have missed evidence of societal impact stemming from
these. We further note that both qualitative research and arts and humanities have low representation
within the corpus of literature included in this study, therefore evidence of societal impact stemming
from OS within these realms may have been missed. We recognize that publication bias toward positive
results is a known problem within scientific research, and therefore expect that we may be missing
evidence of null or negative societal impact. And importantly, we acknowledge our authorship team'’s
collective positionality as white Europeans has shaped our research process such that our
conceptualization of societal impact and evidence of it may not be as robust and nuanced as it could be.

5. Conclusion

In sum, there is considerable evidence within academic and grey literature of the societal impact of OS,
but it is almost entirely derived from studies focused on the impact of CS, and heavily concentrated on
providing evidence of impact in terms of education and awareness, climate and environment, and social
engagement. A few studies focused on OA, Open Code/Software, and OS general also show some
positive (and some negative) societal impacts, but the veracity of societal impact as measured by
altmetrics — the majority of the OA literature, is questionable. We are also able to conclude that certain
mechanisms and enabling factors lead to societal impact from OS, while certain inhibiting factors get in
the way of it.

The results of this study will prove instructive to academic research institutions, funders, publishers,
science policymakers, researchers, educators and the general public. There is clear evidence that CS
produces a wide variety of beneficial societal impacts, and evidence that signalling OS practices and
deploying Open Code/Software in response to societal needs also produces impact. Therefore, investing
in these practices is a wise choice for leaders and researchers who wish to foster the societal impact of
scientific research. For educators, the evidence that CS fosters learning outcomes and interest in science
suggests that integration of CS within educational settings across age groups is a productive practice.
For the general public, in particular people, groups and communities who wish to generate solutions to
problems they experience, our findings suggest that CS is a pathway to do so. CS projects and
programmes need not be top-down, created by researchers, but can originate at the grassroots and have
impact, as our evidence indicates (for example (145,148).

Our findings indicate that additional research is needed to study the societal impact of OS beyond CS,
and that more precise and in-depth research is needed to truly establish the societal impact of OA. To
date, to our knowledge, wide scale surveys of the use of OS resources by the general public in nations
around the world have not been conducted. Such an approach could provide missing foundational
knowledge of which societal actors are using OS resources in which ways and might identify disparities
in use that have implications in terms of equity. We also believe that building on large scale quantitative
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research with in-depth qualitative research with users of OS resources could prove instructive in
illuminating causal relationships in OS pathways to impact.

Acknowledgments
The authors gratefully thank Vincent Traag for his valuable comments on earlier drafts of this article. Any errors
remain entirely the authors” own.

Funding Statement

This work was supported by the project PathOS, funded by the European Commission under the Horizon Europe
programme (grant no. 101058728) The Know-Center is funded within COMET —Competence Centers for
Excellent Technologies —under the auspices of the Austrian Federal Ministry of Transport, Innovation and
Technology, the Austrian Federal Ministry for Digital and of Economic Affairs, the Austrian Research Promotion
Agency (FFG), and by the province of Styria. The COMET programme is managed by the FFG.

Data Accessibility
Datasets and additional materials supporting this article are published on Zenodo, doi:10.5281/zenodo.10559446
(http://doi.org/10.5281/zenod0.10559446).

Competing Interests
We have no competing interests.

Authors' Contributions

NLC: Data curation, formal analysis, investigation, methodology, project administration, supervision,
validation, visualisation, writing (original draft), writing (editing and review)

EK: Data curation, formal analysis, investigation, software, validation, visualisation, writing (original draft),
writing (editing and review)

TK: Conceptualization, data curation, formal analysis, investigation, methodology, project administration,
software, validation, visualisation, writing (editing and review)

SA: Formal analysis, investigation, writing (original draft), writing (editing and review)

TRH: Conceptualization, formal analysis, funding acquisition, investigation, methodology, supervision,
writing (original draft), writing (editing and review)

33


http://doi.org/10.5281/zenodo.10559446

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

What is societal impact of research? A literature review [Internet]. Vienna, Austria: Ludwig
Boltzmann Gesellschaft; 2021 Apr [cited 2023 Dec 14] p. 19. Available from:
https://ois.Ibg.ac.at/wp-content/uploads/sites/24/2022/01/Literature-Review_Societal-Research-
Impact.pdf

Bornmann L. Measuring the societal impact of research. EMBO Rep [Internet]. 2012 Aug [cited
2023 Dec 14];13(8):673—6. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3410397/

Biihrer S, Feidenheimer A, Walz R, Lindner R, Beckert B, Wallwaey E. Concepts and methods to
measure societal impacts — an overview. (74).

Bornmann L. What is societal impact of research and how can it be assessed? a literature survey. J
Am Soc Inf Sci Technol [Internet]. 2013 [cited 2024 Feb 14];64(2):217-33. Available from:
https://onlinelibrary.wiley.com/doi/abs/10.1002/asi.22803

Directorate-General for Research and Innovation (European Commission), Nixon J. Study to
support the monitoring and evaluation of the framework programme for research and innovation
along key impact pathways: indicator methodology and metadata handbook [Internet]. LU:
Publications Office of the European Union; 2022 [cited 2023 Dec 14]. Available from:
https://data.europa.eu/doi/10.2777/44653

America COMPETES Reauthorization Act of 2010 [Internet]. 5116 Jan 4, 2011. Available from:
https://www.govinfo.gov/app/details/PLAW-111publ358

The White House [Internet]. [cited 2024 Feb 14]. Science and Society | OSTP. Available from:
https://www.whitehouse.gov/ostp/ostps-teams/science-and-society/

Field SM. Charting the Constellation of Science Reform [Internet]. [Groningen, Netherlands]:
University of Groningen; 2022 [cited 2024 Jan 17]. Available from: https://osf.io/udfw4

UNESCO. UNESCO Recommendation on Open Science [Internet]. Paris, France: UNESCO; 2021
Nov [cited 2022 Sep 19] p. 34. Available from:
https://unesdoc.unesco.org/ark:/48223/pf0000379949.1ocale=en

What is open science? [Internet]. [cited 2023 Dec 14]. Available from: https://www.cos.io/open-
science

Fecher B, Friesike S. Open Science: One Term, Five Schools of Thought. In: Bartling S, Friesike S,
editors. Opening Science [Internet]. Cham: Springer International Publishing; 2014 [cited 2020
May 14]. p. 17-47. Available from: http://link.springer.com/10.1007/978-3-319-00026-8_2
European Commission Fact Sheet on Open Science [Internet]. European Commission, Directorate-
General for Research and Innovation; 2019 [cited 2023 Dec 14] p. 3. Available from:
https://research-and-innovation.ec.europa.eu/system/files/2019-12/ec_rtd_factsheet-open-
science_2019.pdf

Reed MS, Ferré M, Martin-Ortega ], Blanche R, Lawford-Rolfe R, Dallimer M, et al. Evaluating
impact from research: A methodological framework. Res Policy [Internet]. 2021 May 1 [cited 2024
Jan 17];50(4):104147. Available from:
https://www.sciencedirect.com/science/article/pii/S0048733320302225

Dekker R, Karasz I, Stoy L. PathOS - D1.1 Open Science Intervention Logic [Internet]. Zenodo;
2023 Apr [cited 2023 Aug 24]. Available from: https://zenodo.org/record/7801286

Klebel T, Cole NL, Tsipouri L, Kormann E, Karasz I, Liarti S, et al. PathOS - D1.2 Scoping Review
of Open Science Impact [Internet]. Zenodo; 2023 May [cited 2023 Aug 24]. Available from:
https://zenodo.org/record/7883699

Tennant JP, Waldner F, Jacques DC, Masuzzo P, Collister LB, Hartgerink Chris HJ. The academic,
economic and societal impacts of Open Access: an evidence-based review. F1000Research
[Internet]. 2016 Apr 11 [cited 2023 Feb 5];5:632. Available from:
https://f1000research.com/articles/5-632/v1

Adie E, Roe W. Altmetric: enriching scholarly content with article-level discussion and metrics.
Learn Publ [Internet]. 2013 Jan [cited 2023 Dec 18];26(1):11-7. Available from:
https://onlinelibrary.wiley.com/doi/10.1087/20130103

34



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Priem J, Groth P, Taraborelli D. The Altmetrics Collection. Ouzounis CA, editor. PLoS ONE
[Internet]. 2012 Nov 1 [cited 2023 Dec 18];7(11):e48753. Available from:
https://dx.plos.org/10.1371/journal.pone.0048753

Holmberg K, Bowman S, Bowman T, Didegah F, Kortelainen T. What Is Societal Impact and
Where Do Altmetrics Fit into the Equation? ] Altmetrics [Internet]. 2019 Dec 18 [cited 2023 Aug
14];2(1):6. Available from: https://journalofaltmetrics.org/articles/10.29024/joa.21/

Thelwall M. The pros and cons of the use of altmetrics in research assessment. 2 [Internet]. 2020
May 12 [cited 2024 Jan 23]; Available from: https://wlv.openrepository.com/handle/2436/623132
Von Gonner J, Herrmann TM, Bruckermann T, Eichinger M, Hecker S, Klan F, et al. Citizen
science’s transformative impact on science, citizen empowerment and socio-political processes.
Socio-Ecol Pract Res [Internet]. 2023 Mar [cited 2023 Aug 14];5(1):11-33. Available from:
https://link.springer.com/10.1007/s42532-022-00136-4

Aristeidou M, Herodotou C. Online Citizen Science: A Systematic Review of Effects on Learning
and Scientific Literacy. Citiz Sci Theory Pract [Internet]. 2020 Apr 7 [cited 2023 Feb 23];5(1):11.
Available from: http://theoryandpractice.citizenscienceassociation.org/articles/10.5334/cstp.224/
Walker D, Smigaj M, Tani M. The benefits and negative impacts of citizen science applications to
water as experienced by participants and communities. WIREs Water [Internet]. 2021 Jan [cited
2023 Feb 23];8(1). Available from: https://onlinelibrary.wiley.com/doi/10.1002/wat2.1488

Bonney R, Phillips TB, Ballard HL, Enck JW. Can citizen science enhance public understanding of
science? Public Underst Sci [Internet]. 2016 Jan [cited 2023 Feb 23];25(1):2-16. Available from:
http://journals.sagepub.com/doi/10.1177/0963662515607406

Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for
Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Ann Intern Med [Internet]. 2018 Oct
2 [cited 2023 Apr 4];169(7):467-73. Available from: https://www.acpjournals.org/doi/10.7326/M18-
0850

Ross-Hellauer T, Klebel T, Pitelis A. Protocol for Scoping Reviews of (1) Academic, (2) Societal
and (3) Economic impacts of Open Science. 2022 Oct 31 [cited 2022 Nov 2]; Available from:
https://osf.io/gm57c

Cole NL, Klebel T, Ross-Hellauer T. Addendum to Protocol for Scoping Reviews of (1) Academic,
(2) Societal and (3) Economic impacts of Open Science: PROTOCOL FOR GREY LITERATURE
SEARCH AND INDEXING OF SOURCES, AND FOR SCREENING AND DATA CHARTING IN
THE SYRF PLATFORM [Internet]. Open Science Framework; 2023 [cited 2024 Jan 22]. Available
from: https://osf.io/https://osf.io/3b6X]

Kormann E, Cole NL, Klebel T, Apartis S, Ross-Hellauer T. Data from ‘The societal impact of
Open Science - a scoping review’ [Internet]. Zenodo; 2024 [cited 2024 Jan 24]. Available from:
https://zenodo.org/records/10559446

Bahor Z, Liao ], Currie G, Ayder C, Macleod M, McCann SK, et al. Development and uptake of an
online systematic review platform: the early years of the CAMARADES Systematic Review
Facility (SyRF). BM]J Open Sci [Internet]. 2021 Mar 31 [cited 2024 Feb 14];5(1) and the resource
identifier (RRID):SCR_018907. Available from: http://access.portico.org/stable?au=phzmqrt8kdx
Shinbrot XA, Jones KW, Solomon J, Escobedo MR. Examining the influence of citizen science
participation on individual volunteers in the global South: A case study of hydrologic monitors in
Veracruz, Mexico. ] Environ Educ [Internet]. 2022 Jan 2 [cited 2023 Feb 23];53(1):6-21. Available
from: https://www.tandfonline.com/doi/full/10.1080/00958964.2021.1984193

Vitone T, Stofer K, Steininger MS, Hulcr J, Dunn R, Lucky A. School of Ants goes to college:
integrating citizen science into the general education classroom increases engagement with
science. ] Sci Commun [Internet]. 2016 Jan 21 [cited 2023 Feb 23];15(01):A03. Available from:
https://jcom.sissa.it/archive/15/01/JCOM_1501_2016_A03

Raddick M]J, Prather EE, Wallace CS. Galaxy zoo: Science content knowledge of citizen scientists.
Public Underst Sci [Internet]. 2019 Aug [cited 2023 Feb 23];28(6):636-51. Available from:
http://journals.sagepub.com/d0i/10.1177/0963662519840222

Meschini M, Prati F, Simoncini GA, Airi V, Caroselli E, Prada F, et al. Environmental Awareness

35



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Gained During a Citizen Science Project in Touristic Resorts Is Maintained After 3 Years Since
Participation. Front Mar Sci [Internet]. 2021 Feb 19 [cited 2023 Feb 23];8:584644. Available from:
https://www.frontiersin.org/articles/10.3389/fmars.2021.584644/full

Jordan RC, Gray SA, Howe DV, Brooks WR, Ehrenfeld JG. Knowledge Gain and Behavioral
Change in Citizen-Science Programs: Citizen-Scientist Knowledge Gain. Conserv Biol [Internet].
2011 Dec [cited 2023 Feb 23];25(6):1148-54. Available from:
https://onlinelibrary.wiley.com/doi/10.1111/j.1523-1739.2011.01745.x

Derrien MM, Zuidema C, Jovan S, Bidwell A, Brinkley W, Lopez P, et al. Toward Environmental
Justice in Civic Science: Youth Performance and Experience Measuring Air Pollution Using Moss
as a Bio-Indicator in Industrial-Adjacent Neighborhoods. Int ] Environ Res Public Health
[Internet]. 2020 Oct 5 [cited 2023 Aug 14];17(19):7278. Available from:
https://www.mdpi.com/1660-4601/17/19/7278

Stewart K, Castaneda DI, Azadeh Bolhari PE. Work in Progress: Citizen scientists” description of
an engineer. In 2020.

Mady RP, Phillips TB, Bonter DN, Quimby C, Borland J, Eldermire C, et al. Engagement in the
Data Collection Phase of the Scientific Process is Key for Enhancing Learning Gains. Citiz Sci
Theory Pract [Internet]. 2023 Mar 29 [cited 2023 Aug 14];8(1):14. Available from:
https://theoryandpractice.citizenscienceassociation.org/article/10.5334/cstp.594/

Phillips TB, Ballard HL, Lewenstein BV, Bonney R. Engagement in science through citizen science:
Moving beyond data collection. Sci Educ [Internet]. 2019 May [cited 2023 Aug 14];103(3):665-90.
Available from: https://onlinelibrary.wiley.com/doi/10.1002/sce.21501

Ballard HL, Dixon CGH, Harris EM. Youth-focused citizen science: Examining the role of
environmental science learning and agency for conservation. Biol Conserv [Internet]. 2017 Apr
[cited 2023 Feb 23];208:65-75. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0006320716302051

Bedessem B, Torres AC, Fontaine C, Deguines N. Science learning in biodiversity citizen science:
Inputs from the analysis of online social interactions within a contributory project for pollinators’
monitoring. Biol Conserv [Internet]. 2022 Dec 1 [cited 2023 Aug 14];276:109807. Available from:
https://www.sciencedirect.com/science/article/pii/S0006320722003603

Kloetzer L, Lorke ], Roche ], Golumbic Y, Winter S, Jogeva A. Learning in Citizen Science. In:
Vohland K, Land-Zandstra A, Ceccaroni L, Lemmens R, Perell6 J, Ponti M, et al., editors. The
Science of Citizen Science [Internet]. Cham: Springer International Publishing; 2021 [cited 2023
Aug 14]. p. 283-308. Available from: https://link.springer.com/10.1007/978-3-030-58278-4_15
Dickinson JL, Shirk J, Bonter D, Bonney R, Crain RL, Martin ], et al. The current state of citizen
science as a tool for ecological research and public engagement. Front Ecol Environ [Internet].
2012 Aug [cited 2023 Feb 23];10(6):291-7. Available from: http://doi.wiley.com/10.1890/110236
Frigerio D, Puehringer-Sturmayr V, Neubdck-Hubinger B, Gegendorfer G, Kotrschal K,
Hirschenhauser K. Monitoring public awareness about the endangered northern bald ibis: a case
study involving primary school children as citizen scientists. Peer] [Internet]. 2019 Sep 11 [cited
2023 Feb 23];7:€7569. Available from: https://peerj.com/articles/7569

Adamou A, Georgiou Y, Paraskeva-Hadjichambi D, Hadjichambis ACh. Environmental Citizen
Science Initiatives as a Springboard towards the Education for Environmental Citizenship: A
Systematic Literature Review of Empirical Research. Sustainability [Internet]. 2021 Dec 11 [cited
2023 Feb 23];13(24):13692. Available from: https://www.mdpi.com/2071-1050/13/24/13692

Aivelo T, Huovelin S. Combining formal education and citizen science: a case study on students’
perceptions of learning and interest in an urban rat project. Environ Educ Res [Internet]. 2020 Mar
3 [cited 2023 Aug 14];26(3):324—40. Available from:
https://www.tandfonline.com/doi/full/10.1080/13504622.2020.1727860

Allen BL. Strongly Participatory Science and Knowledge Justice in an Environmentally Contested
Region. Sci Technol Hum Values [Internet]. 2018 Nov [cited 2023 Aug 14];43(6):947-71. Available
from: http://journals.sagepub.com/doi/10.1177/0162243918758380

Aratjo JL, Morais C, Paiva JC. Student participation in a coastal water quality citizen science

36



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

project and its contribution to the conceptual and procedural learning of chemistry. Chem Educ
Res Pract [Internet]. 2022 [cited 2023 Feb 23];23(1):100-12. Available from:
http://xlink.rsc.org/?DOI=D1RP00190F

Asingizwe D, Poortvliet PM, Van Vliet AJH, Koenraadt CJM, Ingabire CM, Mutesa L, et al. What
do people benefit from a citizen science programme? Evidence from a Rwandan citizen science
programme on malaria control. Malar J [Internet]. 2020 Dec [cited 2023 Aug 14];19(1):283.
Available from: https://malariajournal.biomedcentral.com/articles/10.1186/s12936-020-03349-8
Ballard HL, Robinson LD, Young AN, Pauly GB, Higgins LM, Johnson RF, et al. Contributions to
conservation outcomes by natural history museum-led citizen science: Examining evidence and
next steps. Biol Conserv [Internet]. 2017 Apr [cited 2023 Feb 6];208:87-97. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0006320716303512

Branchini S, Meschini M, Covi C, Piccinetti C, Zaccanti F, Goffredo S. Participating in a Citizen
Science Monitoring Program: Implications for Environmental Education. Bernardi G, editor. PLOS
ONE [Internet]. 2015 Jul 22 [cited 2023 Feb 23];10(7):e0131812. Available from:
https://dx.plos.org/10.1371/journal.pone.0131812

Bremer S, Haque MM, Aziz SB, Kvamme S. “‘My new routine’: Assessing the impact of citizen
science on climate adaptation in Bangladesh. Environ Sci Policy [Internet]. 2019 Apr [cited 2023
Feb 23];94:245-57. Available from: https://linkinghub.elsevier.com/retrieve/pii/51462901118309365
Brossard D, Lewenstein B, Bonney R. Scientific knowledge and attitude change: The impact of a
citizen science project. Int ] Sci Educ [Internet]. 2005 Jan [cited 2023 Feb 23];27(9):1099-121.
Available from: http://www .tandfonline.com/doi/abs/10.1080/09500690500069483

Carson S, Rock J, Smith J. Sediments and Seashores - A Case Study of Local Citizen Science
Contributing to Student Learning and Environmental Citizenship. Front Educ [Internet]. 2021 Jun
14 [cited 2023 Feb 23];6:674883. Available from:
https://www.frontiersin.org/articles/10.3389/feduc.2021.674883/full

Chase SK, Levine A. Citizen Science: Exploring the Potential of Natural Resource Monitoring
Programs to Influence Environmental Attitudes and Behaviors. Conserv Lett [Internet]. 2018
[cited 2023 Aug 14];11(2):e12382. Available from:
https://onlinelibrary.wiley.com/doi/abs/10.1111/conl.12382

Christoffel R. How Participation in Citizen Science Projects Impacts Individuals. In: THIRTEEN
How Participation in Citizen Science Projects Impacts Individuals [Internet]. University of
California Press; 2020 [cited 2023 Feb 23]. p. 185-8. Available from:
https://www.degruyter.com/document/doi/10.1525/9780520960473-017/html

Cronje R, Rohlinger S, Crall A, Greg N. Does Participation in Citizen Science Improve Scientific
Literacy? A Study to Compare Assessment Methods. Appl Environ Educ Commun. 2011 Jul
1;10:135-45.

Damman S, Helness H, Grindvoll ILT, Sun C. Citizen science to enhance evaluation of local
wastewater treatment — a case study from Oslo. Water Sci Technol [Internet]. 2019 May 15 [cited
2023 Feb 23];79(10):1887-96. Available from:
https://iwaponline.com/wst/article/79/10/1887/67735/Citizen-science-to-enhance-evaluation-of-
local

Dem ES, Rodriguez-Labajos B, Wiemers M, Ott ], Hirneisen N, Bustamante JV, et al.
Understanding the relationship between volunteers” motivations and learning outcomes of
Citizen Science in rice ecosystems in the Northern Philippines. Paddy Water Environ [Internet].
2018 Oct [cited 2023 Feb 23];16(4):725-35. Available from: http://link.springer.com/10.1007/s10333-
018-0664-9

Diprose G, Greenaway A, Moorhouse B. Making Visible More Diverse Nature Futures through
Citizen Science. Citiz Sci Theory Pract [Internet]. 2022 Feb 24 [cited 2023 Feb 23];7(1):6. Available
from: http://theoryandpractice.citizenscienceassociation.org/articles/10.5334/cstp.442/

Ekman K. INFORMAL LEARNING IN AN ONLINE CITIZEN SCIENCE COMMUNITY.
EDULEARN19 Proc [Internet]. 2019 [cited 2023 Feb 23];5144-51. Available from:
https://library.iated.org/view/EKMAN2019INF

37



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

English PB, Richardson MJ, Garzén-Galvis C. From Crowdsourcing to Extreme Citizen Science:
Participatory Research for Environmental Health. Annu Rev Public Health [Internet]. 2018 Apr 1
[cited 2023 Feb 23];39(1):335-50. Available from:
https://www.annualreviews.org/doi/10.1146/annurev-publhealth-040617-013702

Forrester TD, Baker M, Costello R, Kays R, Parsons AW, McShea W]. Creating advocates for
mammal conservation through citizen science. Biol Conserv [Internet]. 2017 Apr [cited 2023 Aug
14];208:98-105. Available from: https://linkinghub.elsevier.com/retrieve/pii/S000632071630249X
Greving H, Bruckermann T, Schumann A, Straka TM, Lewanzik D, Voigt-Heucke SL, et al.
Improving attitudes and knowledge in a citizen science project about urban bat ecology. Ecol Soc
[Internet]. 2022 [cited 2023 Feb 23];27(2):art24. Available from:
https://www.ecologyandsociety.org/vol27/iss2/art24/

Groulx M, Brisbois MC, Lemieux CJ, Winegardner A, Fishback L. A Role for Nature-Based Citizen
Science in Promoting Individual and Collective Climate Change Action? A Systematic Review of
Learning Outcomes. Sci Commun [Internet]. 2017 Feb [cited 2023 Feb 23];39(1):45-76. Available
from: http://journals.sagepub.com/doi/10.1177/1075547016688324

Hadjichambi D, Hadjichambis ACh, Adamou A, Georgiou Y. A systematic literature review of K-
12 environmental Citizen Science (CS) initiatives: Unveiling the CS pedagogical and participatory
aspects contributing to students’ environmental citizenship. Educ Res Rev [Internet]. 2023 May 1
[cited 2023 Aug 14];39:100525. Available from:
https://www.sciencedirect.com/science/article/pii/S1747938X23000180

Haywood BK, Parrish JK, Dolliver J. Place-based and data-rich citizen science as a precursor for
conservation action: Citizen Science and Conservation Action. Conserv Biol [Internet]. 2016 Jun
[cited 2023 Feb 23];30(3):476-86. Available from:
https://onlinelibrary.wiley.com/doi/10.1111/cobi.12702

Hiller SE, Kitsantas A. The Effect of a Horseshoe Crab Citizen Science Program on Middle School
Student Science Performance and STEM Career Motivation: Citizen Science Career Motivation.
Sch Sci Math [Internet]. 2014 Oct [cited 2023 Aug 14];114(6):302-11. Available from:
https://onlinelibrary.wiley.com/doi/10.1111/ssm.12081

Hollow B, Roetman PEJ, Walter M, Daniels CB. Citizen science for policy development: The case
of koala management in South Australia. Environ Sci Policy [Internet]. 2015 Mar [cited 2023 Feb
23];47:126-36. Available from: https://linkinghub.elsevier.com/retrieve/pii/S1462901114001993
Hoover E. “We’re not going to be guinea pigs;” Citizen Science and Environmental Health in a
Native American Community. ] Sci Commun [Internet]. 2016 Jan 21 [cited 2023 Feb
23];15(01):A05. Available from: https://jcom.sissa.it/archive/15/01/JCOM_1501_2016_A05

Hsu CH, Chang YM, Liu CC. Can Short-Term Citizen Science Training Increase Knowledge,
Improve Attitudes, and Change Behavior to Protect Land Crabs? Sustainability [Internet]. 2019 Jul
18 [cited 2023 Feb 23];11(14):3918. Available from: https://www.mdpi.com/2071-1050/11/14/3918
Isley CF, Fry KL, Sharp EL, Taylor MP. Bringing citizen science to life: Evaluation of a national
citizen science program for public benefit. Environ Sci Policy [Internet]. 2022 Aug [cited 2023 Feb
23];134:23-33. Available from: https://linkinghub.elsevier.com/retrieve/pii/S1462901122001022
Johnson MF, Hannah C, Acton L, Popovici R, Karanth KK, Weinthal E. Network
environmentalism: Citizen scientists as agents for environmental advocacy. Glob Environ Change
[Internet]. 2014 Nov [cited 2023 Feb 23];29:235-45. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0959378014001733

Kelly R, Fleming A, Pecl GT, von Gonner J, Bonn A. Citizen science and marine conservation: a
global review. Philos Trans R Soc B Biol Sci [Internet]. 2020 Dec 21 [cited 2023 Feb
23];375(1814):20190461. Available from:
https://royalsocietypublishing.org/doi/10.1098/rstb.2019.0461

Kermish-Allen R, Peterman K, Bevc C. The utility of citizen science projects in K-5 schools:
measures of community engagement and student impacts. Cult Stud Sci Educ [Internet]. 2019 Sep
[cited 2023 Feb 23];14(3):627-41. Available from: http://link.springer.com/10.1007/s11422-017-9830-
4

38



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Kerr S. Citizen science and deep mapping for climate communication: A report on CHICC. ]
Community Archaeol Herit [Internet]. 2022 Mar 15 [cited 2023 Feb 23];1-8. Available from:
https://www.tandfonline.com/doi/full/10.1080/20518196.2022.2051139

Kleitou P, Rees S, Cecconi F, Kletou D, Savva I, Cai LL, et al. Regular monitoring and targeted
removals can control lionfish in Mediterranean Marine Protected Areas. Aquat Conserv Mar
Freshw Ecosyst [Internet]. 2021 Oct [cited 2023 Feb 23];31(10):2870-82. Available from:
https://onlinelibrary.wiley.com/doi/10.1002/aqc.3669

Kobori H, Dickinson JL, Washitani I, Sakurai R, Amano T, Komatsu N, et al. Citizen science: a
new approach to advance ecology, education, and conservation. Ecol Res [Internet]. 2016 Jan
[cited 2023 Aug 14];31(1):1-19. Available from: http://doi.wiley.com/10.1007/s11284-015-1314-y
Lakomy M, Hlavova R, Machackova H. Open Science and the Science-Society Relationship.
Society [Internet]. 2019 Jun 15 [cited 2023 Feb 6];56(3):246-55. Available from:
http://link.springer.com/10.1007/s12115-019-00361-w

Land-Zandstra AM, Devilee JLA, Snik F, Buurmeijer F, van den Broek JM. Citizen science on a
smartphone: Participants’ motivations and learning. Public Underst Sci [Internet]. 2016 Jan [cited
2023 Feb 23];25(1):45-60. Available from:
http://journals.sagepub.com/doi/10.1177/0963662515602406

Locritani M, Merlino S, Abbate M. Assessing the citizen science approach as tool to increase
awareness on the marine litter problem. Mar Pollut Bull [Internet]. 2019 Mar [cited 2023 Feb
23];140:320-9. Available from: https://linkinghub.elsevier.com/retrieve/pii/S0025326X19300335
Liisse M, Brockhage F, Beeken M, Pietzner V. Citizen science and its potential for science
education. Int J Sci Educ [Internet]. 2022 May 3 [cited 2023 Feb 23];44(7):1120—42. Available from:
https://doi.org/10.1080/09500693.2022.2067365

Lynch-O’Brien LI, Babchuk WA, Dauer JM, Heng-Moss T, Golick D. Transference of Citizen
Science Program Impacts: A Theory Grounded in Public Participation in Scientific Research.
Diversity [Internet]. 2021 Jul 25 [cited 2023 Feb 23];13(8):339. Available from:
https://www.mdpi.com/1424-2818/13/8/339

Marchante E, Marchante H. Engaging Society to Fight Invasive Alien Plants in Portugal —One of
the Main Threats to Biodiversity. In: Castro P, Azeiteiro UM, Bacelar-Nicolau P, Leal Filho W,
Azul AM, editors. Biodiversity and Education for Sustainable Development [Internet]. Cham:
Springer International Publishing; 2016 [cited 2023 Feb 23]. p. 107-22. (World Sustainability
Series). Available from: http://link.springer.com/10.1007/978-3-319-32318-3_8

Marks L, Laird Y, Trevena H, Smith BJ, Rowbotham S. A Scoping Review of Citizen Science
Approaches in Chronic Disease Prevention. Front Public Health [Internet]. 2022 May 9 [cited 2023
Feb 6];10:743348. Available from:
https://www.frontiersin.org/articles/10.3389/fpubh.2022.743348/full

Meixner T, Berkowitz AR, Downey AE, Pillich ], LeVea R, Smith BK, et al. Rapid Assessment and
Long-Term Monitoring of Green Stormwater Infrastructure with Citizen Scientists. Sustainability
[Internet]. 2021 Nov 12 [cited 2023 Feb 23];13(22):12520. Available from:
https://www.mdpi.com/2071-1050/13/22/12520

Merenlender AM, Crall AW, Drill S, Prysby M, Ballard H. Evaluating environmental education,
citizen science, and stewardship through naturalist programs. Conserv Biol [Internet]. 2016 Dec
[cited 2023 Aug 14];30(6):1255-65. Available from:
https://onlinelibrary.wiley.com/doi/10.1111/cobi.12737

Nursey-Bray M, Palmer R, Pecl G. Spot, log, map: Assessing a marine virtual citizen science
program against Reed’s best practice for stakeholder participation in environmental management.
Ocean Coast Manag [Internet]. 2018 Jan [cited 2023 Feb 23];151:1-9. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0964569117305665

Peter M, Diekétter T, Kremer K. Participant Outcomes of Biodiversity Citizen Science Projects: A
Systematic Literature Review. Sustainability [Internet]. 2019 May 15 [cited 2023 Feb
23];11(10):2780. Available from: https://www.mdpi.com/2071-1050/11/10/2780

Peter M, Diekotter T, Kremer K, Hoffler T. Citizen science project characteristics: Connection to

39



90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

participants” gains in knowledge and skills. Silva D de P, editor. PLOS ONE [Internet]. 2021 Jul 15
[cited 2023 Feb 23];16(7):e0253692. Available from:
https://dx.plos.org/10.1371/journal.pone.0253692

Peter M, Diekotter T, Hoffler T, Kremer K. Biodiversity citizen science: Outcomes for the
participating citizens. Mascarenhas A, editor. People Nat [Internet]. 2021 Apr [cited 2023 Feb
23];3(2):294-311. Available from: https://onlinelibrary.wiley.com/do0i/10.1002/pan3.10193

Peters M, Eames C, Hamilton D. The use and value of citizen science data in New Zealand. J R Soc
N Z [Internet]. 2015 Jul 3 [cited 2023 Feb 23];45(3):151-60. Available from:
http://www.tandfonline.com/doi/full/10.1080/03036758.2015.1051549

Popa CL, Dontu SI, Savastru D, Carstea EM. Role of Citizen Scientists in Environmental Plastic
Litter Research— A Systematic Review. Sustainability [Internet]. 2022 Oct 15 [cited 2023 Feb
23];14(20):13265. Available from: https://www.mdpi.com/2071-1050/14/20/13265

Santori C, Keith R], Whittington CM, Thompson MB, Van Dyke JU, Spencer R. Changes in
participant behaviour and attitudes are associated with knowledge and skills gained by using a
turtle conservation citizen science app. Wehi P, editor. People Nat [Internet]. 2021 Feb [cited 2023
Feb 23];3(1):66-76. Available from: https://onlinelibrary.wiley.com/doi/10.1002/pan3.10184
Schaefer T, Kieslinger B, Fabian CM. Citizen-Based Air Quality Monitoring: The Impact on
Individual Citizen Scientists and How to Leverage the Benefits to Affect Whole Regions. Citiz Sci
Theory Pract [Internet]. 2020 Mar 3 [cited 2023 Feb 23];5(1):6. Available from:
http://theoryandpractice.citizenscienceassociation.org/articles/10.5334/cstp.245/

Schlappy ML, Loder J, Salmond J, Lea A, Dean A]J, Roelfsema CM. Making Waves: Marine Citizen
Science for Impact. Front Mar Sci [Internet]. 2017 May 16 [cited 2023 Feb 6];4:146. Available from:
http://journal.frontiersin.org/article/10.3389/fmars.2017.00146/full

Schneiderhan-Opel ], Bogner FX. The Relation between Knowledge Acquisition and
Environmental Values within the Scope of a Biodiversity Learning Module. Sustainability
[Internet]. 2020 Mar 6 [cited 2023 Feb 23];12(5):2036. Available from: https://www.mdpi.com/2071-
1050/12/5/2036

Schuttler S, Sorensen A, Jordan R, Cooper C, Shwartz A. Bridging the nature gap: Can citizen
science reverse the extinction of experience? Front Ecol Environ. 2018 Jul 1;16.

Seamans GS. Grassroots citizen science in urban spontaneous vegetation. Arboric Urban For.
2018;44(2):116-28.

Seifert VA, Wilson S, Toivonen S, Clarke B, Prunuske A. Community Partnership Designed to
Promote Lyme Disease Prevention and Engagement in Citizen Science. ] Microbiol Biol Educ
[Internet]. 2016 Mar [cited 2023 Feb 23];17(1):63-9. Available from:
https://journals.asm.org/doi/10.1128/jmbe.v17i1.1014

100. Shaw BJ. Citizen Science — Harnessing the Expertise of Farmers to Monitor Biodiversity in

Austrian Meadows. In: Bieling C, Plieninger T, editors. The Science and Practice of Landscape
Stewardship [Internet]. 1st ed. Cambridge University Press; 2017 [cited 2023 Feb 23]. p. 99-100.
Available from: https://www.cambridge.org/core/product/identifier/9781316499016%23CT-bp-
9/type/book_part

101. Silva C, Monteiro AJ, Manahl C, Lostal E, Schéfer T, Andrade N, et al. Cell Spotting: educational

and motivational outcomes of cell biology citizen science project in the classroom. ] Sci Commun
[Internet]. 2016 Jan 21 [cited 2023 Feb 23];15(01):A02. Available from:
https://jcom.sissa.it/archive/15/01/JCOM_1501_2016_A02

102. Stepenuck KF, Green LT. Individual- and community-level impacts of volunteer environmental

monitoring: a synthesis of peer-reviewed literature. Ecol Soc [Internet]. 2015 [cited 2023 Aug
14];20(3):art19. Available from: http://www.ecologyandsociety.org/vol20/iss3/art19/

103. Turrini T, Dorler D, Richter A, Heigl F, Bonn A. The threefold potential of environmental citizen

science - Generating knowledge, creating learning opportunities and enabling civic participation.
Biol Conserv [Internet]. 2018 Sep [cited 2023 Feb 23];225:176-86. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S000632071731947X

104. Van Haeften S, Milic A, Addison-Smith B, Butcher C, Davies JM. Grass Gazers: Using citizen

40



science as a tool to facilitate practical and online science learning for secondary school students
during the COVID-19 lockdown. Ecol Evol [Internet]. 2021 Apr [cited 2023 Feb 23];11(8):3488-500.
Available from: https://onlinelibrary.wiley.com/doi/10.1002/ece3.6948

105. Varaden D, Leidland E, Lim S, Barratt B. “I am an air quality scientist”— Using citizen science to
characterise school children’s exposure to air pollution. Environ Res [Internet]. 2021 Oct [cited
2023 Feb 23];201:111536. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0013935121008306

106. Walker D, Tani M, Gyawali N, Chapagain P, Davids J, Ghimire A, et al. Citizen Science Water
Projects in Nepal: Participant Motivations And the Impacts of Involvement. Water Altern. 2021
Aug 3;14:664-89.

107. Williams KA, Hall TE, O’Connell K. Classroom-based citizen science: impacts on students’ science
identity, nature connectedness, and curricular knowledge. Environ Educ Res [Internet]. 2021 Jul 3
[cited 2023 Feb 23];27(7):1037-53. Available from:
https://www.tandfonline.com/doi/full/10.1080/13504622.2021.1927990

108. Zarybnicka M, Sklenicka P, Tryjanowski P. A Webcast of Bird Nesting as a State-of-the-Art
Citizen Science. PLOS Biol [Internet]. 2017 Jan 6 [cited 2023 Feb 23];15(1):€2001132. Available
from: https://dx.plos.org/10.1371/journal.pbio.2001132

109. Zhang J, Chen S, Cheng C, Liu Y, Jennerjahn TC. Citizen science to support coastal research and
management: Insights from a seagrass monitoring case study in Hainan, China. Ocean Coast
Manag [Internet]. 2023 Jan [cited 2023 Feb 23];231:106403. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0964569122003799

110. Anderson D, Buntting CM, Coton M, Luczak-Roesch M, Doyle C, Pierson C, et al. Using online
citizen science to develop students’ science capabilities. 2020 This is an author’s accepted version
of an article published in the Curriculum Matters. © NZCER [cited 2023 Feb 23];16:38-59.
Available from: https://researchcommons.waikato.ac.nz/handle/10289/15444

111. Cho H, Low RD, Fischer HA, Storksdieck M. The STEM Enhancement in Earth Science “Mosquito
Mappers” Virtual Internship: Outcomes of Place-Based Engagement with Citizen Science. Front
Environ Sci [Internet]. 2021 Aug 31 [cited 2023 Feb 23];9:682669. Available from:
https://www.frontiersin.org/articles/10.3389/fenvs.2021.682669/full

112. Conrad CC, Hilchey KG. A review of citizen science and community-based environmental
monitoring: issues and opportunities. Environ Monit Assess [Internet]. 2011 May 1 [cited 2023
Mar 7];176(1):273-91. Available from: https://doi.org/10.1007/s10661-010-1582-5

113. Dias da Silva P, Heaton L. Fostering digital and scientific literacy: Learning through practice. First
Monday [Internet]. 2017 Jun 1 [cited 2023 Feb 23]; Available from:
https://firstmonday.org/ojs/index.php/fm/article/view/7284

114. Grossberndt S, Passani A, Di Lisio G, Janssen A, Castell N. Transformative Potential and Learning
Outcomes of Air Quality Citizen Science Projects in High Schools Using Low-Cost Sensors.
Atmosphere [Internet]. 2021 Jun 8 [cited 2023 Feb 23];12(6):736. Available from:
https://www.mdpi.com/2073-4433/12/6/736

115. Hiller SE, Kitsantas A. Fostering Student Metacognition and Motivation in STEM through Citizen
Science Programs. In: Pena-Ayala A, editor. Metacognition: Fundaments, Applications, and
Trends [Internet]. Cham: Springer International Publishing; 2015 [cited 2023 Feb 23]. p. 193-221.
(Intelligent Systems Reference Library; vol. 76). Available from:
https://link.springer.com/10.1007/978-3-319-11062-2_8

116. Hoekstra F, Mrklas KJ, Khan M, McKay RC, Vis-Dunbar M, Sibley KM, et al. A review of reviews
on principles, strategies, outcomes and impacts of research partnerships approaches: a first step in
synthesising the research partnership literature. Health Res Policy Syst [Internet]. 2020 Dec [cited
2023 Feb 23];18(1):51. Available from: https://health-policy-
systems.biomedcentral.com/articles/10.1186/s12961-020-0544-9

117. Lewis R, Carson S. Measuring Science Skills Development in New Zealand High School Students
After Participation in Citizen Science Using a DEVISE Evaluation Scale. N Z ] Educ Stud
[Internet]. 2021 Jul [cited 2023 Feb 23];56(1):101-10. Available from:

41



https://link.springer.com/10.1007/s40841-021-00192-6

118. Price CA, Lee HS. Changes in participants’ scientific attitudes and epistemological beliefs during
an astronomical citizen science project: CITIZEN SCIENCE LITERACY. ] Res Sci Teach [Internet].
2013 Sep [cited 2023 Aug 14];50(7):773-801. Available from:
https://onlinelibrary.wiley.com/doi/10.1002/tea.21090

119.Ross-Hellauer T, Reichmann S, Cole NL, Fessl A, Klebel T, Pontika N. Dynamics of cumulative
advantage and threats to equity in open science: a scoping review. R Soc Open Sci [Internet]. 2022
Jan [cited 2023 Feb 5];9(1):211032. Available from:
https://royalsocietypublishing.org/doi/10.1098/rs0s.211032

120. Trumbull DJ, Bonney R, Bascom D, Cabral A. Thinking scientifically during participation in a
citizen-science project. Sci Educ [Internet]. 2000 Mar [cited 2023 Feb 23];84(2):265-75. Available
from: https://onlinelibrary.wiley.com/do0i/10.1002/(SICI)1098-237X(200003)84:2<265::AID-
SCE7>3.0.CO;2-5

121. Koomen MH, Hedenstrom MN, Moran M, Oberhauser KS. I didn’t know what real science was or
what it could be: Citizen science and interest in stem education and careers. In: Enhancing STEM
Motivation through Citizen Science Programs. 2019. p. 243-69.

122.Mahajan S, Luo CH, Wu DY, Chen L]. From Do-It-Yourself (DIY) to Do-It-Together (DIT):
Reflections on designing a citizen-driven air quality monitoring framework in Taiwan. Sustain
Cities Soc [Internet]. 2021 Mar [cited 2023 Feb 23];66:102628. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S2210670720308453

123.Rosas LG, Rodriguez Espinosa P, Montes Jimenez F, King AC. The Role of Citizen Science in
Promoting Health Equity. Annu Rev Public Health [Internet]. 2022 [cited 2023 Feb 23];43(1):215-
34. Available from: https://doi.org/10.1146/annurev-publhealth-090419-102856

124. Wallace DE, Bodzin AM. Using mobile learning and authentic practice in citizen science contexts
to foster stem interest in high school students. In: Enhancing STEM Motivation through Citizen
Science Programs. 2019. p. 271-98.

125. Costa 1A, Morais C, Monteiro MJ. Citizen science through schools: the importance of interpersonal
relationships. Cuadernos.info [Internet]. 2022 May 20 [cited 2023 Feb 24];(52):113-35. Available
from: http://cuadernos.info/index.php/cdi/article/view/39405

126. Mahajan S, Chung MK, Martinez J, Olaya Y, Helbing D, Chen L]. Translating citizen-generated air
quality data into evidence for shaping policy. Humanit Soc Sci Commun [Internet]. 2022 Apr 7
[cited 2023 Feb 23];9(1):122. Available from: https://www.nature.com/articles/s41599-022-01135-2

127. Wichmann CS, Fischer D, Geiger SM, Honorato-Zimmer D, Knickmeier K, Kruse K, et al.
Promoting pro-environmental behavior through citizen science? A case study with Chilean
schoolchildren on marine plastic pollution. Mar Policy [Internet]. 2022 Jul [cited 2023 Feb
23];141:105035. Available from: https://linkinghub.elsevier.com/retrieve/pii/S0308597X22000823

128. Ostermann-Miyashita E, Pernat N, Konig HJ. Citizen science as a bottom-up approach to address
human-wildlife conflicts: From theories and methods to practical implications. Conserv Sci Pract
[Internet]. 2021 Mar [cited 2023 Feb 23];3(3). Available from:
https://onlinelibrary.wiley.com/doi/10.1111/csp2.385

129. Deguines N, Princé K, Prévot AC, Fontaine B. Assessing the emergence of pro-biodiversity
practices in citizen scientists of a backyard butterfly survey. Sci Total Environ [Internet]. 2020 May
[cited 2023 Feb 23];716:136842. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0048969720303521

130. Gotor E, Pagnani T, Paliwal A, Scafetti F, van Etten J, Caracciolo F. Smallholder Farmer
Engagement in Citizen Science for Varietal Diversification Enhances Adaptive Capacity and
Productivity in Bihar, India. Front Sustain Food Syst [Internet]. 2021 Oct 28 [cited 2023 Feb
23];5:726725. Available from: https://www frontiersin.org/articles/10.3389/fsufs.2021.726725/full

131. Lewandowski EJ, Oberhauser KS. Butterfly citizen scientists in the United States increase their
engagement in conservation. Biol Conserv [Internet]. 2017 Apr 1 [cited 2023 Aug 14];208:106-12.
Available from: https://www.sciencedirect.com/science/article/pii/S0006320715300367

132.Day G, Fuller RA, Nichols C, Dean AJ. Characteristics of immersive citizen science experiences

42



that drive conservation engagement. People Nat [Internet]. 2022 Aug [cited 2023 Feb 23];4(4):983—
95. Available from: https://onlinelibrary.wiley.com/do0i/10.1002/pan3.10332

133.Rodriguez NM, Arce A, Kawaguchi A, Hua J, Broderick B, Winter SJ, et al. Enhancing safe routes
to school programs through community-engaged citizen science: two pilot investigations in lower
density areas of Santa Clara County, California, USA. BMC Public Health [Internet]. 2019 Dec
[cited 2023 Feb 23];19(1):256. Available from:
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-6563-1

134. Aceves-Bueno E, Adeleye AS, Bradley D, Tyler Brandt W, Callery P, Feraud M, et al. Citizen
Science as an Approach for Overcoming Insufficient Monitoring and Inadequate Stakeholder Buy-
in in Adaptive Management: Criteria and Evidence. Ecosystems [Internet]. 2015 Apr [cited 2023
Feb 23];18(3):493-506. Available from: http://link.springer.com/10.1007/s10021-015-9842-4

135. Chiaravalloti RM, Skarlatidou A, Hoyte S, Badia MM, Haklay M, Lewis ]. Extreme citizen science:
Lessons learned from initiatives around the globe. Conserv Sci Pract [Internet]. 2022 Feb [cited
2023 Feb 23];4(2). Available from: https://onlinelibrary.wiley.com/d0i/10.1111/csp2.577

136. Njue N, Stenfert Kroese J, Grif ], Jacobs SR, Weeser B, Breuer L, et al. Citizen science in
hydrological monitoring and ecosystem services management: State of the art and future
prospects. Sci Total Environ [Internet]. 2019 Nov [cited 2023 Feb 6];693:133531. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0048969719334515

137.Fulton S, Lépez-Sagastegui C, Weaver AH, Fitzmaurice-Cahluni F, Galindo C, Fernandez-Rivera
Melo F, et al. Untapped Potential of Citizen Science in Mexican Small-Scale Fisheries. Front Mar
Sci [Internet]. 2019 Aug 21 [cited 2023 Feb 23];6:517. Available from:
https://www.frontiersin.org/article/10.3389/fmars.2019.00517/full

138. Mwango’mbe MG, Spilsbury ], Trott S, Nyunja J, Wambiji N, Collins T, et al. Cetacean Research
and Citizen Science in Kenya. Front Mar Sci [Internet]. 2021 Jun 16 [cited 2023 Feb 23];8:642399.
Available from: https://www .frontiersin.org/articles/10.3389/fmars.2021.642399/full

139. Soroye P, Edwards BPM, Buxton RT, Ethier JP, Frempong-Manso A, Keefe HE, et al. The risks and
rewards of community science for threatened species monitoring. Conserv Sci Pract [Internet].
2022 [cited 2023 Feb 8];4(9):e12788. Available from:
https://onlinelibrary.wiley.com/doi/abs/10.1111/csp2.12788

140.Segev T, Harvey AP, Ajmani A, Johnson C, Longfellow W, Vandiver KM, et al. A case study in
participatory science with mutual capacity building between university and tribal researchers to
investigate drinking water quality in rural Maine. Environ Res [Internet]. 2021 Jan [cited 2023 Feb
23];192:110460. Available from: https://linkinghub.elsevier.com/retrieve/pii/S0013935120313578

141. Brooks S, Fitch B, Davy-Bowker ], Codesal SA. Anglers’ Riverfly Monitoring Initiative (ARMI): A
UK-wide citizen science project for water quality assessment. Freshw Sci [Internet]. 2019 Jun
[cited 2023 Feb 23];38(2):270-80. Available from:
https://www journals.uchicago.edu/doi/10.1086/703397

142. Earp HS, Liconti A. Science for the Future: The Use of Citizen Science in Marine Research and
Conservation. In: Jungblut S, Liebich V, Bode-Dalby M, editors. YOUMARES 9 - The Oceans: Our
Research, Our Future [Internet]. Cham: Springer International Publishing; 2020 [cited 2023 Feb
23]. p. 1-19. Available from: http://link.springer.com/10.1007/978-3-030-20389-4_1

143.Gray S, Jordan R, Crall A, Newman G, Hmelo-Silver C, Huang J, et al. Combining participatory
modelling and citizen science to support volunteer conservation action. Biol Conserv [Internet].
2017 Apr [cited 2023 Feb 23];208:76-86. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0006320716303020

144. Hyder K, Townhill B, Anderson LG, Delany J, Pinnegar JK. Can citizen science contribute to the
evidence-base that underpins marine policy? Mar Policy [Internet]. 2015 Sep [cited 2023 Feb
23];59:112-20. Available from: https://linkinghub.elsevier.com/retrieve/pii/S0308597X15001049

145. Dhillon CM. Using citizen science in environmental justice: participation and decision-making in
a Southern California waste facility siting conflict. Local Environ [Internet]. 2017 Dec 2 [cited 2023
Feb 23];22(12):1479-96. Available from:
https://www.tandfonline.com/doi/full/10.1080/13549839.2017.1360263

43



146. Fernandez-Gimenez ME, Ballard HL, Sturtevant VE. Adaptive Management and Social Learning
in Collaborative and Community-Based Monitoring: a Study of Five Community-Based Forestry
Organizations in the western USA. Ecol Soc [Internet]. 2008 [cited 2023 Aug 14];13(2):art4.
Available from: http://www.ecologyandsociety.org/vol13/iss2/art4/

147.Sandhaus S, Ramirez-Andreotta MD, Kilungo A, Wolf AM, Sandoval F, Henriquez P. Combating
Climate Injustices: An Informal Science and Popular Education Approach to Addressing
Environmental Health Disparities. Pedagogy Health Promot [Internet]. 2018 Dec [cited 2023 Feb
23];4(4):260-9. Available from: http://journals.sagepub.com/doi/10.1177/2373379917751476

148. Ruppen D, Brugger F. “I will sample until things get better — or until I die.” Potential and limits of
citizen science to promote social accountability for environmental pollution. World Dev [Internet].
2022 Sep [cited 2023 Feb 23];157:105952. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0305750X22001425

149. West SE, Biiker P, Ashmore M, Njoroge G, Welden N, Muhoza C, et al. Particulate matter
pollution in an informal settlement in Nairobi: Using citizen science to make the invisible visible.
Appl Geogr [Internet]. 2020 Jan [cited 2023 Feb 23];114:102133. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0143622818307938

150. Evans C, Abrams E, Reitsma R, Roux K, Salmonsen L, Marra PP. The Neighborhood Nestwatch
Program: Participant Outcomes of a Citizen-Science Ecological Research Project. Conserv Biol
[Internet]. 2005 Jun [cited 2023 Feb 23];19(3):589-94. Available from:
https://onlinelibrary.wiley.com/doi/10.1111/j.1523-1739.2005.00s01.x

151. Kelemen-Finan J, Scheuch M, Winter S. Contributions from citizen science to science education: an
examination of a biodiversity citizen science project with schools in Central Europe. Int J Sci Educ
[Internet]. 2018 Nov 22 [cited 2023 Feb 23];40(17):2078-98. Available from:
https://www.tandfonline.com/doi/full/10.1080/09500693.2018.1520405

152. Toomey AH, Domroese MC. Can citizen science lead to positive conservation attitudes and
behaviors? Hum Ecol Rev [Internet]. 2013 [cited 2023 Feb 23];20(1):50-62. Available from:
https://www jstor.org/stable/24707571

153. Torres AC, Bedessem B, Deguines N, Fontaine C. Online data sharing with virtual social
interactions favor scientific and educational successes in a biodiversity citizen science project. ]
Responsible Innov [Internet]. 2023 Jan 2 [cited 2023 Aug 14];10(1):2019970. Available from:
https://www.tandfonline.com/doi/full/10.1080/23299460.2021.2019970

154. Hodgkinson IR, Mousavi S, Hughes P. New development: Citizen science —discovering (new)
solutions to wicked problems. Public Money Manag [Internet]. 2022 Feb 17 [cited 2023 Feb
23];42(2):133-6. Available from:
https://www.tandfonline.com/doi/full/10.1080/09540962.2021.1967630

155. Spellman KV, Cost D, Villano CP. Connecting Community and Citizen Science to Stewardship
Action Planning Through Scenarios Storytelling. Front Ecol Evol [Internet]. 2021 Sep 14 [cited
2023 Feb 23];9:695534. Available from:
https://www.frontiersin.org/articles/10.3389/fevo.2021.695534/full

156. Vasiliades MA, Hadjichambis ACh, Paraskeva-Hadjichambi D, Adamou A, Georgiou Y. A
Systematic Literature Review on the Participation Aspects of Environmental and Nature-Based
Citizen Science Initiatives. Sustainability [Internet]. 2021 Jul 3 [cited 2023 Feb 6];13(13):7457.
Available from: https://www.mdpi.com/2071-1050/13/13/7457

157. Crow P, de Groot M. Using Citizen Science to monitor the spread of tree pests and diseases:
outcomes of two projects in Slovenia and the UK. Manag Biol Invasions [Internet]. 2020 [cited
2023 Mar 20];11(4):703-19. Available from: https://www.reabic.net/journals/mbi/2020/Issue4.aspx

158. Pecorelli JP, Macphie KH, Hebditch C, Clifton-Dey DR], Thornhill I, Debney AJ. Using citizen
science to improve the conservation of the European Eel ( Anguilla anguilla ) in the Thames River
Basin District. Freshw Sci [Internet]. 2019 Jun [cited 2023 Feb 23];38(2):281-91. Available from:
https://www journals.uchicago.edu/doi/10.1086/703398

159. Skrbinsek T, Lustrik R, Maji¢-Skrbinsek A, Poto¢nik H, Kljun F, Jelenci¢ M, et al. From science to
practice: genetic estimate of brown bear population size in Slovenia and how it influenced bear

44



management. Eur ] Wildl Res [Internet]. 2019 Apr [cited 2023 Feb 23];65(2):29. Available from:
http://link.springer.com/10.1007/s10344-019-1265-7

160. Fraisl D, Campbell ], See L, Wehn U, Wardlaw ], Gold M, et al. Mapping citizen science
contributions to the UN sustainable development goals. Sustain Sci [Internet]. 2020 Nov [cited
2023 Feb 23];15(6):1735-51. Available from: https://link.springer.com/10.1007/s11625-020-00833-7

161.Lee TS, Kahal NL, Kinas HL, Randall LA, Baker TM, Carney VA, et al. Advancing Amphibian
Conservation through Citizen Science in Urban Municipalities. Diversity [Internet]. 2021 May 15
[cited 2023 Feb 23];13(5):211. Available from: https://www.mdpi.com/1424-2818/13/5/211

162. Zettler ER, Takada H, Monteleone B, Mallos N, Eriksen M, Amaral-Zettler LA. Incorporating
citizen science to study plastics in the environment. Anal Methods [Internet]. 2017 [cited 2023 Feb
23];9(9):1392-403. Available from: http://xlink.rsc.org/?DOI=C6AY02716D

163.King A, King D, Banchoff A, Solomonov S, Ben Natan O, Hua ], et al. Employing Participatory
Citizen Science Methods to Promote Age-Friendly Environments Worldwide. Int ] Environ Res
Public Health [Internet]. 2020 Feb 27 [cited 2023 Feb 23];17(5):1541. Available from:
https://www.mdpi.com/1660-4601/17/5/1541

164.Rubio MA, Triana C, King AC, Rosas LG, Banchoff AW, Rubiano O, et al. Engaging citizen
scientists to build healthy park environments in Colombia. Health Promot Int [Internet]. 2021 Mar
12 [cited 2023 Feb 23];36(1):223-34. Available from:
https://academic.oup.com/heapro/article/36/1/223/5828351

165. Zha CC, Jansen B, Banchoff A, Fernes P, Chong ], Castro V, et al. Integrating Photovoice and
Citizen Science: The Our Voice Initiative in Practice. Health Promot Pract [Internet]. 2022 Mar 1
[cited 2023 Feb 23];23(2):241-9. Available from: https://doi.org/10.1177/15248399211054784

166. McGreavy B, Calhoun AJK, Jansujwicz ], Levesque V. Citizen science and natural resource
governance: program design for vernal pool policy innovation. Ecol Soc [Internet]. 2016 [cited
2023 Feb 23];21(2):art48. Available from: http://www.ecologyandsociety.org/vol21/iss2/art48/

167.Barnard P, Altwegg R, Ebrahim I, Underhill LG. Early warning systems for biodiversity in
southern Africa — How much can citizen science mitigate imperfect data? Biol Conserv [Internet].
2017 Apr [cited 2023 Feb 23];208:183-8. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0006320716303809

168. Chandler M, Rullman S, Cousins ], Esmail N, Begin E, Venicx G, et al. Contributions to
publications and management plans from 7 years of citizen science: Use of a novel evaluation tool
on Earthwatch-supported projects. Biol Conserv [Internet]. 2017 Apr [cited 2023 Feb 23];208:163—
73. Available from: https://linkinghub.elsevier.com/retrieve/pii/S0006320716304360

169. Couvet D, Jiguet F, Julliard R, Levrel H, Teyssedre A. Enhancing citizen contributions to
biodiversity science and public policy. Interdiscip Sci Rev [Internet]. 2008 Mar [cited 2023 Aug
14];33(1):95-103. Available from: http://www.tandfonline.com/doi/full/10.1179/030801808X260031

170. Friedman R, Rosen G. David vs. Goliath? Leveraging citizen science in Israel’s energy debates.
Energy Res Soc Sci [Internet]. 2021 Jan [cited 2023 Feb 23];71:101797. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S2214629620303728

171.lerodiaconou D, Kennedy DM, Pucino N, Allan BM, McCarroll R], Ferns LW, et al. Citizen science
unoccupied aerial vehicles: A technique for advancing coastal data acquisition for management
and research. Cont Shelf Res [Internet]. 2022 Jul [cited 2023 Feb 23];244:104800. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0278434322001534

172.Newman G, Chandler M, Clyde M, McGreavy B, Haklay M, Ballard H, et al. Leveraging the
power of place in citizen science for effective conservation decision making. Biol Conserv
[Internet]. 2017 Apr [cited 2023 Feb 23];208:55-64. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0006320716302841

173. Stepenuck KF, Genskow KD. Traits of Volunteer Water Monitoring Programs that Influence
Natural Resource Management and Policy Impacts. Soc Nat Resour [Internet]. 2019 Mar 4 [cited
2023 Feb 23];32(3):275-91. Available from:
https://www.tandfonline.com/doi/full/10.1080/08941920.2018.1511022

174. Tuckett A, Freeman A, Hetherington S, Gardiner P, King A, On behalf of Burnie Brae Citizen

45



Scientists. Older Adults Using Our Voice Citizen Science to Create Change in Their Neighborhood
Environment. Int ] Environ Res Public Health [Internet]. 2018 Nov 28 [cited 2023 Feb
23];15(12):2685. Available from: http://www.mdpi.com/1660-4601/15/12/2685

175. Metcalfe AN, Kennedy TA, Mendez GA, Muehlbauer JD. Applied citizen science in freshwater
research. WIREs Water [Internet]. 2022 [cited 2023 Feb 23];9(2):e1578. Available from:
https://onlinelibrary.wiley.com/doi/abs/10.1002/wat2.1578

176.King A, Odunitan-Wayas F, Chaudhury M, Rubio M, Baiocchi M, Kolbe-Alexander T, et al.
Community-Based Approaches to Reducing Health Inequities and Fostering Environmental
Justice through Global Youth-Engaged Citizen Science. Int ] Environ Res Public Health [Internet].
2021 Jan 21 [cited 2023 Feb 23];18(3):892. Available from: https://www.mdpi.com/1660-
4601/18/3/892

177. Grudens-Schuck N, Sirajuddin Z. Social impacts of citizen science water monitoring programs. J
Soil Water Conserv [Internet]. 2019 [cited 2023 Feb 23];74(3):49A-54A. Available from:
http://www .jswconline.org/lookup/doi/10.2489/jswc.74.3.49A

178. Shannon J, Skobba K, Durham J, Polak C. “Really Knowing” the Community: Citizen Science,
VGI, and Community Housing Assessments. ] Plan Educ Res [Internet]. 2020 Dec 7 [cited 2023
Feb 23];0739456X2097680. Available from:
http://journals.sagepub.com/doi/10.1177/0739456X20976807

179. Montes F, Guerra AM, Higuera-Mendieta D, De La Vega-Taboada E, King AC, Banchoff A, et al.
Our Voice in a rural community: empowering Colombian adolescents to advocate for school
community well-being through citizen science. BMC Public Health [Internet]. 2022 Dec 22 [cited
2023 Aug 14];22(1):2411. Available from:
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-022-14559-x

180. Spicer H, Nadolny D, Fraser E. Going Squirrelly: Evaluating Educational Outcomes of a
Curriculum-aligned Citizen Science Investigation of Non-native Squirrels. Citiz Sci Theory Pract
[Internet]. 2020 Jul 15 [cited 2023 Feb 23];5(1):14. Available from:
https://theoryandpractice.citizenscienceassociation.org/article/10.5334/cstp.275/

181. Lobel L, Cianciola E, Erichsen J. Citizen science in higher education: Evaluating collaborative
practices. In: Enhancing STEM Motivation through Citizen Science Programs. 2019. p. 299-322.

182. Hiller SE, Reybold LE. Naturalists’ perspectives of outdoor learning, adolescents as citizen
scientists, and stem career motivation. In: Enhancing STEM Motivation through Citizen Science
Programs. 2019. p. 131-63.

183. Tubridy F, Molter A, Lennon M, Pilla F. Citizen science and environmental justice: exploring
contradictory outcomes through a case study of air quality monitoring in Dublin. Local Environ
[Internet]. 2022 May 4 [cited 2023 Feb 23];27(5):622-38. Available from:
https://doi.org/10.1080/13549839.2022.2068143

184. Simmons BD, Lintott C, Reece S, Allen C, Miller GRM, Yore R, et al. Disaster, Infrastructure and
Participatory Knowledge: The Planetary Response Network. Citiz Sci Theory Pract [Internet].
2022 May 19 [cited 2023 Feb 23];7(1):21. Available from:
https://theoryandpractice.citizenscienceassociation.org/article/10.5334/cstp.392/

185. Taylor MP, Isley CF, Fry KL, Liu X, Gillings MM, Rouillon M, et al. A citizen science approach to
identifying trace metal contamination risks in urban gardens. Environ Int [Internet]. 2021 Oct
[cited 2023 Feb 23];155:106582. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0160412021002075

186. van der Feltz S, van der Molen HF, Lelie L, Hulshof CTJ, van der Beek A]J, Proper KI. Changes in
Fruit and Vegetable Consumption and Leisure Time Physical Exercise after a Citizen Science-
Based Worksite Health Promotion Program for Blue-Collar Workers. Int ] Environ Res Public
Health [Internet]. 2022 Oct 21 [cited 2023 Feb 23];19(20):13652. Available from:
https://www.mdpi.com/1660-4601/19/20/13652

187. Ramirez-Andreotta MD, Brusseau ML, Artiola ], Maier RM, Gandolfi AJ. Building a co-created
citizen science program with gardeners neighboring a superfund site: The Gardenroots case
study. Int Public Health J [Internet]. 2015 Jan [cited 2023 Feb 23];7(1):13. Available from:

46



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4420190/

188. Bruckermann T, Greving H, Schumann A, Stillfried M, Boérner K, Kimmig SE, et al. To know about
science is to love it? Unraveling cause—effect relationships between knowledge and attitudes
toward science in citizen science on urban wildlife ecology. ] Res Sci Teach [Internet]. 2021 Oct
[cited 2023 Feb 23];58(8):1179-202. Available from:
https://onlinelibrary.wiley.com/doi/10.1002/tea.21697

189.Jordan RC, Ballard HL, Phillips TB. Key issues and new approaches for evaluating citizen-science
learning outcomes. Front Ecol Environ [Internet]. 2012 Aug [cited 2023 Feb 23];10(6):307-9.
Available from: http://doi.wiley.com/10.1890/110280

190. Araujo AC, Vanin AA, Nascimento DP, Gonzalez GZ, Costa LOP. What are the variables
associated with Altmetric scores? Syst Rev [Internet]. 2021 Dec [cited 2023 Feb 6];10(1):193.
Available from: https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-021-
01735-0

191. Haneef R, Ravaud P, Baron G, Ghosn L, Boutron I. Factors associated with online media attention
to research: a cohort study of articles evaluating cancer treatments. Res Integr Peer Rev [Internet].
2017 Dec [cited 2023 Aug 14];2(1):9. Available from:
http://researchintegrityjournal.biomedcentral.com/articles/10.1186/s41073-017-0033-z

192. Clayson PE, Baldwin SA, Larson MJ. The open access advantage for studies of human
electrophysiology: Impact on citations and Altmetrics. Int ] Psychophysiol [Internet]. 2021 Jun 1
[cited 2023 Feb 6];164:103-11. Available from:
https://www.sciencedirect.com/science/article/pii/S016787602100101X

193.Long H, Drown L, Amin ME. The effect of open access on scholarly and societal metrics of impact
in the ASHA Journals [Internet]. OSF Preprints; 2022 [cited 2023 Jul 5]. Available from:
https://osf.io/2ufte/

194.Yu X, Meng Z, Qin D, Shen C, Hua F. The long-term influence of Open Access on the scientific
and social impact of dental journal articles: An updated analysis. ] Dent [Internet]. 2022 Apr [cited
2023 Feb 6];119:104067. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0300571222001245

195. Cho J. Altmetrics of Highly Cited Research Papers in Social Science. Ser Rev [Internet]. 2021 Jan 2
[cited 2023 Feb 6];47(1):17-27. Available from:
https://www.tandfonline.com/doi/full/10.1080/00987913.2021.1882652

196. Cho J. Altmetrics analysis of highly cited academic papers in the field of library and information
science. Scientometrics [Internet]. 2021 Sep 1 [cited 2023 Aug 14];126(9):7623-35. Available from:
https://doi.org/10.1007/s11192-021-04084-w

197. Dehdarirad T, Didegah F, Didegah A. Social media visibility of open access versus non-open
access articles: A case study of Life Sciences & Biomedicine. In: 17TH INTERNATIONAL
CONFERENCE ON SCIENTOMETRICS & INFORMETRICS (ISSI2019), VOL I [Internet]. 2019
[cited 2023 Feb 6]. p. 762-9. Available from: https://research.chalmers.se/en/publication/515327

198. McKiernan EC, Bourne PE, Brown CT, Buck S, Kenall A, Lin J, et al. How open science helps
researchers succeed. Rodgers P, editor. eLife [Internet]. 2016 Jul 7 [cited 2022 Nov 18];5:e16800.
Available from: https://doi.org/10.7554/eLife.16800

199. Wang X, Liu C, Mao W, Fang Z. The open access advantage considering citation, article usage and
social media attention. Scientometrics [Internet]. 2015 May [cited 2023 Feb 6];103(2):555-64.
Available from: http://link.springer.com/10.1007/s11192-015-1547-0

200. Maleki A. PubMed and ArXiv vs. Gold Open Access: Citation, Mendeley, and Twitter Uptake of
Academic Articles of Iran. In Istanbul; 2015 [cited 2023 Feb 6]. Available from:
https://www.semanticscholar.org/paper/PubMed-and-ArXiv-vs.-Gold-Open-Access%3A-
Citation%2C-of-Maleki/cd8c83a%eeb3abe88b2clcb5acc905cd2de85071

201.Hadad S, Aharony N. Open Access Advantages as a Function of the Discipline: Mixed-methods
Study. ] Acad Librariansh [Internet]. 2023 Jul [cited 2023 Aug 14];49(4):102746. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S009913332300085X

202. Tai TC, Robinson JPW. Enhancing Climate Change Research With Open Science. Front Environ

47



Sci [Internet]. 2018 Oct 11 [cited 2023 Feb 23];6:115. Available from:
https://www.frontiersin.org/article/10.3389/fenvs.2018.00115/full

203. Dehdarirad T, Karlsson K. News media attention in Climate Action: latent topics and open access.
Scientometrics [Internet]. 2021 Sep [cited 2023 Aug 14];126(9):8109-28. Available from:
https://link.springer.com/10.1007/s11192-021-04095-7

204. Schultz T. All the research that’s fit to print: Open access and the news media. Quant Sci Stud
[Internet]. 2021 Nov 5 [cited 2023 Aug 14];2(3):828—44. Available from:
https://direct. mit.edu/qss/article/2/3/828/102385/All-the-research-that-s-fit-to-print-Open-access

205. Teplitskiy M, Lu G, Duede E. Amplifying the impact of open access: Wikipedia and the diffusion
of science. ] Assoc Inf Sci Technol [Internet]. 2017 Sep [cited 2023 Feb 23];68(9):2116—27. Available
from: https://onlinelibrary.wiley.com/d0i/10.1002/asi.23687

206. Taylor M. An altmetric attention advantage for open access books in the humanities and social
sciences. Scientometrics [Internet]. 2020 Dec [cited 2023 Feb 23];125(3):2523—-43. Available from:
https://link.springer.com/10.1007/s11192-020-03735-8

207.Wei M, Noroozi Chakoli A. Evaluating the relationship between the academic and social impact
of open access books based on citation behaviors and social media attention. Scientometrics
[Internet]. 2020 Dec [cited 2023 Feb 6];125(3):2401-20. Available from:
https://link.springer.com/10.1007/s11192-020-03678-0

208. Snijder R. Revisiting an open access monograph experiment: measuring citations and tweets 5
years later. Scientometrics [Internet]. 2016 Dec [cited 2023 Feb 6];109(3):1855-75. Available from:
http://link.springer.com/10.1007/s11192-016-2160-6

209.Li H, Liu L, Wang X. The open access effect in social media exposure of scholarly articles: A
matched-pair analysis. ] Informetr [Internet]. 2021 Aug [cited 2023 Feb 6];15(3):101154. Available
from: https://linkinghub.elsevier.com/retrieve/pii/S1751157721000250

210.Ozaygen A, Montgomery L, Neylon C, Huang K, Pyne R, Emery C, et al. More Readers in More
Places: The benefits of open access for scholarly books [Internet]. Zenodo; 2020 [cited 2023 Oct 5].
Available from: https://zenodo.org/record/4014905

211. Fleerackers A, Chtena N, Pinfield S, Alperin JP, Barata G, Oliveira M, et al. Making science public:
a review of journalists’ use of Open Science research. F1000Research [Internet]. 2023 May 18 [cited
2023 Aug 14];12:512. Available from: https://f1000research.com/articles/12-512/v1

212.Vilkins S, Grant W]. Types of evidence cited in Australian Government publications.
Scientometrics [Internet]. 2017 Dec [cited 2023 Feb 23];113(3):1681-95. Available from:
http://link.springer.com/10.1007/s11192-017-2544-2

213. Zong Q, Huang Z, Huang J. Can open access increase LIS research’s policy impact? Using
regression analysis and causal inference. Scientometrics [Internet]. 2023 Aug 1 [cited 2023 Aug
14];128(8):4825-54. Available from: https://doi.org/10.1007/s11192-023-04750-1

214. Besangon L, Peiffer-Smadja N, Segalas C, Jiang H, Masuzzo P, Smout C, et al. Open science saves
lives: lessons from the COVID-19 pandemic. BMC Med Res Methodol [Internet]. 2021 Jun 5 [cited
2023 Feb 6];21(1):117. Available from:
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-021-01304-y

215. Hardisty DJ, Haaga DAF. Diffusion of treatment research: does open access matter? ] Clin Psychol
[Internet]. 2008 Jul [cited 2023 Feb 23];64(7):821-39. Available from:
https://onlinelibrary.wiley.com/doi/10.1002/jclp.20492

216. Davis PM, Walters WH. The impact of free access to the scientific literature: a review of recent
research. ] Med Libr Assoc JMLA [Internet]. 2011 Jul [cited 2023 Aug 14];99(3):208-17. Available
from: http://www .ncbi.nlm.nih.gov/pmc/articles/PMC3133904/

217.Marshall Z, Brunger F, Welch V, Asghari S, Kaposy C. Open Availability of Patient Medical
Photographs in Google Images Search Results: Cross-Sectional Study of Transgender Research. |
Med Internet Res [Internet]. 2018 Feb 26 [cited 2023 Feb 6];20(2):e70. Available from:
http://www .jmir.org/2018/2/e70/

218.Zong Q, Huang Z, Huang J. Do open science badges work? Estimating the effects of open science
badges on an article’s social media attention and research impacts. Scientometrics [Internet]. 2023

48



Jun 1 [cited 2023 Aug 14];128(6):3627-48. Available from: https://doi.org/10.1007/s11192-023-
04720-7

219. Rosman T, Bosnjak M, Silber H, Kofimann J, Heycke T. Open science and public trust in science:
Results from two studies. Public Underst Sci [Internet]. 2022 Nov [cited 2023 Feb 6];31(8):1046-62.
Available from: http://journals.sagepub.com/d0i/10.1177/09636625221100686

220.Song H, Markowitz DM, Taylor SH. Trusting on the shoulders of open giants? Open science
increases trust in science for the public and academics. ] Commun [Internet]. 2022 Aug 3 [cited
2023 Aug 14];72(4):497-510. Available from: https://academic.oup.com/joc/article/72/4/497/6623479

221.Bokonda PL, Ouazzani-Touhami K, Souissi N. Open Data Kit: Mobile Data Collection Framework
For Developing Countries. Int ] Innov Technol Explor Eng [Internet]. 2019 Oct 30 [cited 2023 Feb
23];8(12):4749-54. Available from: https://www ijitee.org/portfolio-item/L35831081219/

222.Kobayashi S, Falcdn L, Fraser H, Braa ], Amarakoon P, Marcelo A, et al. Using Open Source, Open
Data, and Civic Technology to Address the COVID-19 Pandemic and Infodemic. Yearb Med
Inform [Internet]. 2021 Aug [cited 2023 Feb 23];30(01):038—43. Available from: http://www.thieme-
connect.de/DOI/DOI?10.1055/s-0041-1726488

223. Klebel T, Traag V. Introduction to causality in science studies [Internet]. OSF; 2024 [cited 2024
Feb 19]. Available from: https://osf.io/4bw9e

49


http://www.thieme-connect.de/DOI/DOI?10.1055/s-0041-1726488
http://www.thieme-connect.de/DOI/DOI?10.1055/s-0041-1726488
https://osf.io/4bw9e

