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Abstract

Context

The concept of citizen science (CS) is currently referred to by many actors inside and out-

side science and research. Several descriptions of this purportedly new approach of sci-

ence are often heard in connection with large datasets and the possibilities of mobilizing

crowds outside science to assists with observations and classifications. However, other

accounts refer to CS as a way of democratizing science, aiding concerned communities in

creating data to influence policy and as a way of promoting political decision processes

involving environment and health.

Objective

In this study we analyse two datasets (N = 1935, N = 633) retrieved from theWeb of Science

(WoS) with the aim of giving a scientometric description of what the concept of CS entails.

We account for its development over time, and what strands of research that has adopted

CS and give an assessment of what scientific output has been achieved in CS-related proj-

ects. To attain this, scientometric methods have been combined with qualitative approaches

to render more precise search terms.

Results

Results indicate that there are three main focal points of CS. The largest is composed of

research on biology, conservation and ecology, and utilizes CS mainly as a methodology of

collecting and classifying data. A second strand of research has emerged through geo-

graphic information research, where citizens participate in the collection of geographic data.

Thirdly, there is a line of research relating to the social sciences and epidemiology, which

studies and facilitates public participation in relation to environmental issues and health. In

terms of scientific output, the largest body of articles are to be found in biology and conser-

vation research. In absolute numbers, the amount of publications generated by CS is low (N

= 1935), but over the past decade a new and very productive line of CS based on digital plat-

forms has emerged for the collection and classification of data.
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Introduction
During the past decade “citizen science” (CS) has engaged an increasing number of
academic researchers. The lion’s share of these well-circulated accounts tell a very favourable
story of the successful involvement of non-scientists in research [1–6], even though concerns
have been raised over data quality and the possibility of conflicts of interest among volun-
teers [7].

However, there are numerous instances in which volunteer contributors have remained
invisible. In a recent study by Cooper et al. [8], the authors show that in research on climate
change based on observations of avian migration, the contribution of data by citizen scientists
amounted to almost 50 per cent in performed studies, even though proper credit was, in
many cases, absent. Along similar lines, Silvertown claims that “hundreds” of scientific
papers have relied on volunteer contributions in the past, without satisfactory recognition
[1,9]. Cooper et al. conclude that one solution to such a problem of invisibility would be to
adhere to a common usage of the keyword “citizen science” for each article based on data
generated by non-scientists. But this suggestion is confronted with another problem, which is
related to the diverse terminology describing volunteer contributions to science. The mean-
ing of “citizen science” is in fact not very clear, particularly when formulated on a science pol-
icy level, where it is often defined too broadly without making the distinctions that scientists
work with. A recent study by Follett and Strezov used an European Union policy definition
for narrowing down their search result from using the term “citizen science” in the Scopus
and Web of Science databases, while stressing that the term does not encompass the full
breadth of projects involving volunteers from the general public [10]. Hence, the problem
discussed by Cooper et al. is not only a historical problem for identifying CS literature, it is
also a contemporary problem, which urgently needs to be worked around to get the richest
possible description of research performed in this vein. In this article we use both qualitative
and quantitative (scientometric) approaches in an attempt to remedy this potential source of
confusion and limitation, to create a more useful map based on scientists’ own accounts of
what CS entails. Consequently, we will have to go beyond the term CS to include also research
found outside this narrow terminology.

Objectives
Given the multiple descriptions of CS, the purpose of this article is to provide an insight into
what CS is, with regards to the following questions:

RQ 1. How has CS and related terms developed over time?

RQ 2. What strands of research have adopted CS?

RQ 3. Which CS projects have a scientific output?

These questions will be answered with two datasets retrieved from the WoS Core Collection.
One is based on a qualitative survey of relevant CS-related terminology combined with a set of
recursive searches to find more and relevant search terms, and one is based on the names of
individual citizen science projects, which have been retrieved from previous studies. This way,
we create a dual approach for describing the phenomenon of CS. The paper then concludes
with a discussion of the different strands of research that we have mapped out and a reflection
upon the limitations of the scientometric method.
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Materials and Methods

Identifying search terms related to “citizen science”
Perhaps the most elusive problem in describing CS originates from the multiple meanings of
the concept itself. On a qualitative level this is evident by observing how two distinct meanings
have developed in the natural- and social sciences respectively since the early to mid-1990s.

The most common conception of the meaning of CS, which in recent years has gained sig-
nificant momentum in the natural sciences, originates in the type of research described by Bon-
ney et al. who attest that “[i]n the past two decades, CLO’s [Cornell Laboratory of
Ornithology] projects have engaged thousands of individuals in collecting and submitting data
on bird observations” (p. 977). This practice, however, goes back at least to the 1960s and is
sometimes even extended to include the National Audubon Society’s annual Christmas Bird
Count, beginning in the year 1900, even if the name “citizen science” was not used until the
1990s [4]. In this line of research, the focal point for volunteer contributions consists of partici-
pation in observations, classification and collection of data, which in turn are used by scientists.
There are important synonyms to the concept of CS in this case, including ‘community-based
monitoring’ [3], ‘volunteer monitoring’ [11] and ‘participatory science’ [12], all designating the
contribution of non-scientists to (primarily natural-) science.

On the other hand we find a very influential notion originating in the social sciences, as
expressed in the account of Irwin’s 1995 book “Citizen Science: A Study of People, Expertise and
Sustainable Development” where CS is defined as “/. . ./ a science which assists the needs and
concerns of citizens /. . ./ a form of science developed and enacted by citizens themselves”[13].
This vision and approach has been widely adopted in the social sciences and by policy-makers,
but it also describes and envisions research on health, such as in “popular epidemiology” [14].
In practice this conception of CS is understood largely as the roles of citizens as stakeholders in
processes of scientifically informed decision-making.

These two major understandings do not, however, exhaust all forms of CS that are of rele-
vance for researchers interested in this phenomenon. There is also a plethora of concepts that
have been coined to describe primarily local and activist-oriented forms of CS. These are more
difficult to trace via scientometric methods because the results are not published in peer-
reviewed literature. Instead the data from these studies are mainly used for direct interventions
in policy-making and litigations. However, such interventions are often made visible by social
scientists doing research on the phenomenon of CS. For example, there are cases of activist-ori-
ented CS were data are scientifically validated and used for legal action against polluting indus-
tries [15,16], Geographical Information Systems research for promoting the rights of indigenous
peoples [17] and ‘civic technoscience’ for developing affordable instruments that can be used for
monitoring oil spills and green urban areas [18]. Here we also find terms such as ‘community
based auditing’ [19], ‘civic science’ [20] and ‘community environmental policing’ [16], ‘street sci-
ence’ [21] and ‘popular epidemiology’ [14,22,23]. Finally, there are examples of organizational
studies of ‘crowd science’ [24] and policy documents describing CS as ‘Do It Yourself Science’
[25]. These, however, only make sporadic appearances in the scientific literature.

Recursive searches
A qualitative review of search terms for describing CS has clear limitations, the most obvious
one being that false negatives will appear if a term is unknown to the researcher when con-
structing the search string. While false positives can be easily omitted if they are not too
numerous, false negatives are much harder to detect. To minimize this problem we have con-
ducted triple recursive searches (3RS) as documented in S1 Appendix. We conducted an initial
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search on 2015-10-13 based on a search string derived from the concepts described above. This
resulted in 1281 records in the WoS Core Collection database. From these, we extracted all
author keywords occurring more than three times (the DE field in the WoS file format). Then
we applied the following inclusion- and exclusion criteria to generate a new recursive iteration
of relevant search terms. To qualify as a new search term each had to represent some form
active participation among non-scientists and had to be concerned with science, research or
science policy. Thus, we excluded keywords that were:

1. Not exclusive to science. For example “crowdsourcing” and “public participation”.

2. Overlapping with existing search terms. For example “PPGIS” and “participatory GIS”.

3. Already included in the second dataset based on individual project names. For example
“Ebird”.

4. Do not designate active participation of volunteers. For example “ranger-based monitoring”
and “volunteers in research” were excluded because in the former case research is conducted
by professionals and in the latter case volunteers are merely objects of study, not actively
participating in scientific work.

On 2015-12-15 we performed three “snowball searches” to recursively include more search
terms according to the above mentioned criteria. Thus we added “public engagement”, “partici-
patory monitoring”, “participatory sensing”, “public participation in scientific research”,
“locally based monitoring” and “volunteer based monitoring” to our original search string.
This produced an additional 654 records, making the total N = 1935. As comparison, we used
the same search string in the Scopus database, which returned 1954 records. Due to the com-
plexity in comparing these two databases (search engine configuration, search algorithms, etc.)
we decided to only use the WoS results in the present study.

Quantifying search terms
Based on the qualitative survey combined with recursive searches, we retrieved 1935 articles
from the Web of Science Core Collection using a search string composed of the terminology
from the qualitative survey (S1 Appendix). The search was conducted on 2015-12-17. The
search string was then manually checked against each article abstract in order to verify that the
content of the article was relevant for inclusion. For example, the term “Community-based
monitoring” is used to describe certain medical surveys that are unrelated to CS, thus being
excluded since they lack active participation from volunteers. Also, we used regular expressions
to search for semantic anomalies that appear in rare cases because of the inclusiveness of the
Web of Science search engine. For example, a number of false positives appear when “citizen:
science” or “citizen/science” are used in the abstracts or titles of the articles. A third source of
false positives are generated by the WoS Keyword Plus [26], which are computer-generated
keywords that are included in a Topic Search (TS). Because these are generated from the bibli-
ographies of the articles, they are not always consistent with the overall content of the article,
thus producing erroneous hits. Consequently, false positives generated both from technical rea-
sons and from conceptual inconsistencies were removed after manual inspection and the
search string was accordingly updated with a higher degree of precision (see excluded records
in S1 Appendix). In total 184 articles were excluded manually (Fig 1). However, even if reading
through the abstracts is an efficient way of excluding false positives, the problem of articles that
do not explicitly credit citizen scientists remains a methodological source of error also in the
present study, as Cooper et al. have noted [8]. If volunteer contributors are not mentioned in
the title, abstract or keywords, they cannot become part of the current dataset. One such
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example is the article “New Equidistribution Estimates of Zhang Type” by the author Polymath
[27]. Here there is no indication whatsoever of this article being the result of a CS project when
applying a Topic Search. The only way of detecting this article to conduct an Author Search
(AU = “Polymath”). This is also the case with the article by Khatib et al. [28] where the partici-
pants of the Foldit CS project are acknowledged as group authors (Foldit Contenders Grp and
Foldit Void Crushers Grp). This clearly marks the limit of the Topic Search methodology.

The second dataset attempts a different approach for mapping CS. By scanning a number of
review articles that included lists of CS projects as part of their analysis [1,2,8,24,29] it was pos-
sible to find 490 unique and valid names of CS projects, which could subsequently be used to
construct a search string for the Web of Science (S2 Appendix). This resulted in retrieving 633
articles. Linguistic errors and Keyword Plus false positives were filtered out manually by read-
ing through the abstracts.

Fig 1. Selection procedure. Exact search strings and excluded search terms are listed in S1 Appendix.

doi:10.1371/journal.pone.0147152.g001
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Results

RQ 1—How has CS developed over time?
The concept and practice of citizen science is barely visible in the WoS in the mid 1990s. Only
at the turn of the millennium there is a slow increase. However, around 2010 there is a signifi-
cant increase in published articles (Fig 2).

It is worth noting that the increasing visibility of CS since around 2010 coincides with sev-
eral digital citizen science projects that use web-platforms for reaching a large crowd of con-
tributors to scientific research, for example Galaxy Zoo, Ebird, FoldIT, Planet Hunters,
Genographic Project et cetera (see RQ 3 below). The increase in publications for these projects
is further described in the analysis of individual projects below. While the absolute numbers
for CS-related publications are low, there is still reason to speak of an emerging trend in relative
terms, as shown in Fig 3 where the annual growth of CS articles is compared to the WoS total,
showing a stronger development in this particular segment.

RQ 2—What strands of research have adopted CS?
Article keywords, as defined by authors, were used to draw a map of what types of research
that have adopted CS. One method of visualizing the possible connections between various
fields of research, or within a research network, utilizes word co-occurences [30] appearing in

Fig 2. Growth of CS publications compared toWoS total. N = 1935. Search was conducted 2015-12-17 using the search string in S1 Appendix.

doi:10.1371/journal.pone.0147152.g002
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the meta-data that can be retrieved from the WoS index. In this case we have chosen the author
keywords, as they summarize the content of articles accurately. In Table 1 we have listed the
most frequent pairs of co-occurring keywords.

The keyword “citizen science” is the most common label of CS research. It overlaps fre-
quently with the keywords “monitoring”, “climate change” and “invasive species”, which indi-
cate a proximity with the biology strand of CS-based research. However, it also co-occurs with
the notions of “public participation” and “public participation in scientific research”, concepts
that belong more to a social science tradition. From geography we also find co-occurrences
with keywords such as “crowdsourcing” and “openstreetmap”, which are not restricted to CS
research.

To visualize the keywords in Table 1, we used the Gephi (version 0.8.2) software package to
create a network map of the co-occurring keywords. As Fig 4 shows, CS-related research can be
divided into three main categories. The first and largest one (Blue colour) consists of natural
science research on conservation, biodiversity and climate change with one centrally organiz-
ing keyword of “citizen science”. The second one (Pink) encompasses Geographical Informa-
tion Systems research (GIS) centered around the notion of “volunteered geographic
information” and the third category (Grey) comprises social scientific research on the phenom-
enon of participation and science policy gravitating around the keyword “public engagement”.

The first and most frequent use of citizen science has been carried out under overlapping con-
cepts, such as “community-based monitoring”, “volunteer monitoring” and “participatory

Fig 3. Weighted annual growth of CS publications compared to WoS total.N = 1935. Search was conducted 2015-12-17 using the search string in S1
Appendix. Index value of 1 means that the same amount of articles was produced compared to previous year. Note: the 2015 numbers are incomplete
because not all records have yet been added to the database at the time of search.

doi:10.1371/journal.pone.0147152.g003

What Is Citizen Science? – A Scientometric Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0147152 January 14, 2016 7 / 16



monitoring” and is to be found in research on ecology, environmental science, geography and
biodiversity conservation (Fig 5). Particularly observation and classification of avian migration
(birds and butterflies) is prevalent in this type of research. This is both evident in the keywords
“invasive species”, “conservation”, “biodiversity” and “monitoring” (Fig 4) and in terms of jour-
nal publications (Fig 5). In quantitative terms, this is the most widely published category of CS.

Furthermore, the fields of Volunteered Geographic Information, and Neogeography are
related to each other, especially through various technologies such as “Web 2.0” and

Table 1. Co-occurence table of the most frequent terms in CS.

Keyword Co-occurrence

citizen science monitoring 19

citizen science climate change 17

citizen science invasive species 14

nanotechnology public engagement 14

biodiversity citizen science 13

crowdsourcing citizen science 13

citizen science public participation 11

citizen science crowdsourcing 10

citizen science data quality 10

citizen science phenology 10

public engagement public understanding of science 10

citizen science community-based monitoring 9

citizen science distribution 9

public engagement science communication 9

volunteered geographic information crowdsourcing 9

volunteered geographic information openstreetmap 9

birds citizen science 8

citizen science conservation 8

citizen science public participation in scientific research 8

locally-based monitoring participatory monitoring 8

neogeography volunteered geographic information 8

citizen science survey 7

conservation citizen science 7

openstreetmap volunteered geographic information 7

volunteered geographic information data quality 7

biodiversity monitoring citizen science 6

citizen science ciencia ciudadana 6

citizen science volunteers 6

climate change citizen science 6

climate change phenology 6

climate change public engagement 6

crowdsourcing volunteered geographic information 6

participatory gis ppgis 6

science communication public engagement 6

volunteer monitoring citizen science 6

(N = 1935, search conducted 2015-12-15). Counts every time a pair of keywords appear in the same article. For a visual representation, see Fig 4.

doi:10.1371/journal.pone.0147152.t001
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Fig 4. Conceptual structure of contemporary CS. As described by a word co-occurrence network [32] based on keywords (original author keywords,
delimited by article title) occurrence network for the search conducted on 2015-12-17 resulting in 1935 hits. To be included, each keyword needed to co-
occur at least three times with the same keyword in the dataset. Proximity determined by the ForceAtlas2 algorithm [33] in the software package Gephi
(version 0.8.2, http://gephi.org). The larger the node, the more frequently the keyword co-occurs (higher total degree). Colors are selected with the modularity
filter for “community detection” [34]. Nodes have been moved slightly to make room for the textual labels.

doi:10.1371/journal.pone.0147152.g004
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“crowdsourcing”. The notions of crowdsourcing and data quality are shared with the cluster
around conservation and monitoring

Lastly, concerning the third category of social scientific research on CS, it is imperative to
note that most of these studies are conducted by researchers interested in studying the phe-
nomenon of CS, rather than using CS as a method. The central notion here is “public engage-
ment”, which co-occurs frequently with “nanotechnology”. Social scientists are here concerned
with the various aspects of participation and democratic involvement and inclusion in science
and technology policy, on different aspects of the proliferation of nanotechnology. Moreover,
this field also shares the use of the keywords “climate change” and “public participation”. How-
ever, what is meant by these terms is not necessarily the same things. When natural scientists
use the term public participation, they usually refer to collection of data with the assistance of
volunteers, whereas social scientists instead refer to representative engagement of stakeholders
in policy processes. These double meanings are sometimes conflated on a policy level and
attached with high expectations for the future of CS (see especially the European Commisson
Green Paper on Citizen Science [31]).

A number of keywords tie together these three categories. The notions of “crowdsourcing”
and “data quality” are shared by the natural sciences and the geographic lines of research, while
the notion of “public participation” and “climate change” connects the natural with the social
sciences, in broad terms.

In terms of publication patterns, an analysis based on bibliographic coupling [35] of sources
reveals a co-citation pattern that is similar to the previously reported in the word co-occurrence

Fig 5. Bibliographic coupling of sources.Generated by VOSviewer [36]. Search conducted 2015-12-17 (S1 Appendix) in theWeb of Science Core
Collection resulting in 1935 hits. In these 165 sources were identified in cited references (minimum 3 documents of a source). Proximity is determined by
bibliographic coupling [35].

doi:10.1371/journal.pone.0147152.g005
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network analysis above. As shown in Fig 5 created with the VOSviewer (version 1.5.7) software,
the mainstream of journals publishing CS research are to be found in biodiversity, conservation
and biological conservation, with the exception of the multidisciplinary PLOS one. Moreover,
there is a social scientific cluster with journals such as Public Understanding of Science and Sci-
ence and Science as Culture, whereas a third cluster is visible in relation to the geographical
journals. Thus, there are similarities between the three fields described in the keyword co-
occurrence analysis (Fig 4) and the structure of bibliographic coupling (Fig 5). Three distinct
fields emerge–natural science, social science and geography–with only sporadic connections
between them, both concerning keywords and cited references. Lastly, Fig 5 also renders visible
the various astronomical journals that in recent years have had a significant scientific output
employing CS. This trend is also evident in Fig 6.

Fig 6. Occurrence of Web of Science Categories. N = 1935, retrieved 2015-12-17. Generated by counting the categories in theWC field of the data
extracted from theWoS (S1 Appendix).

doi:10.1371/journal.pone.0147152.g006
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RQ 3—Which CS projects have a scientific output?
To further describe CS, we conducted a search based on the names of individual CS projects.

Out of 490 projects found, only 78 had a scientific output in terms of publications (see
Table 2 for the top projects and S2 Appendix for a list of all projects). The most productive
projects were the North American Breeding Bird Survey and similar projects such the Com-
mon Birds Census, which also monitor birds, along with the Cooperative Observer Program in
which volunteers monitor weather. However, it should be noted that the North American
Breeding Bird Survey has conducted yearly surveys since 1967 and has thus accumulated a sub-
stantial time series dataset, which consequently generates a high number of articles.

As Table 2 shows, there is a clear shift in trends. From the mid 2000s, a number of projects
employing digital platforms for observation, collection and processing of data have emerged
and have quickly succeed in publishing results in peer-reviewed journals. Notable examples
include Galaxy Zoo, Planet Hunters, Globe at Night, Foldit and the Genographic Project. Also
Ebird and projects relying on observations performed in the field are increasingly depending
on digital platforms for reporting observations and deliver feedback to volunteers.

From the breakthrough of digitally-based CS in the mid 2000s, astronomy (Galaxy Zoo)
and bioscience (Foldit) have emerged as fields of research that successfully employ the contri-
butions of non-scientists. Citizen projects in the social sciences and the humanities are, how-
ever, absent from the results and not yet developed to a degree that matches those in
biodiversity and conservation. This is also the case for medical research.

Discussion
As our findings reveal, CS and adjacent notions have been used by different fields of research,
even though the social sciences, medicine and the humanities are still areas in our data where
CS is not utilized to any larger extent, in comparison with the natural sciences and geography.

Table 2. Scientific output per CS-project, Top 20.

Name Articles

North American Breeding Bird Survey 178

Galaxy Zoo 88

Common Birds Census 48

Cooperative Observer Program 34

Ebird 32

Nest Record Scheme 20

FoldIT 20

Wetland Bird Survey 17

Genographic Project 16

Planet Hunters 14

Globe at Night 13

Chicago Wilderness 11

North American Amphibian Monitoring Program 9

Evolution Megalab 7

Phytoplankton Monitoring Network 6

NestWatch 6

490 project names were searched in the WoS (For the entire search string and complete data, see S2

Appendix).

doi:10.1371/journal.pone.0147152.t002
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As a general observation, it is foremost in the biological sciences where CS has been adopted as
a method with the purpose of collecting observations in the field. The reasons for this has been
described as managing problems of time [2], space [37] and large amounts of data that needs a
human observer to be classified [3,38]. In addition, the issue of minimizing cost for large-scale
observations has been declared as a central reason for implementing CS [1,2,37,39]. In the
humanities, the turn towards digital methods (digital humanities) have resulted in large reposi-
tories of data the might be eligible for CS-initiatives, for example in projects such as Ancient
Lives (http://www.ancientlives.org/) and Operation War Diary (http://www.
operationwardiary.org/), which are part of the Zooniverse platform. These projects remain
invisible in most scientometric analyses due to their publication patterns, which are often
located outside the WoS. In medicine and health, large repositories of data already exist and a
strong development of digital mobile technologies, sensors and platforms, spur the data ava-
lanche further on. Currently, medical research has been considered to be less adequate for CS
due to ethical concerns and patient security, but there are notable exceptions such as Cell Slider
(http://cellslider.net) and Malaria Spot (http://malariaspot.org). Moreover, in the social sci-
ences there has been a long tradition of engaging closely with citizens as objects of study, espe-
cially in survey-oriented research. However, this cannot be considered to count as instances of
CS, since there is no active participation or contribution from the citizens as research subjects.
Recent calls for developing the social sciences in a CS direction have been proposed, for exam-
ple Citizen Social Science (http://citizensocialscience.org.uk/) but have not yet made a sciento-
metric footprint and is thus not detectable in our data.

It is a fair speculation that the development of CS will spread to new fields of research in the
future, as digital technologies will make large repositories of data possible. Although large data
sets pose serious challenges for science, they also promise discoveries if and when resources for
their analysis are available. Often the resources necessary include not only equipment, but also
expensive human labor, especially if scientists are to be free to performmore demanding concep-
tual work than routine tasks. Enlisting the help of volunteers is an attractive way for science to
expand the workforce needed to work with large data sets. A future challenge here will be to pro-
vide a standardized format for sharing meta-data between CS-projects, which will make both
sharing of data and evaluation of data quality more accessible. Data quantity, spanning large spa-
tial and time frames can also ensure that even messy data might be reconciled statistically

As Table 2 indicates, the CS projects that have adopted digital platforms for volunteer con-
tributions, (Galaxy Zoo, FoldIt, Ebird) are on the rise in terms of scientific output. However,
this effect is exaggerated when compared to historical data because of the increased visibility
granted to volunteer contributors in recent years. The emerging digital platforms grant
extended possibilities of surveillance of each participant to verify that the contribution is
indeed a valid scientific observation, and also, the possibility of having the same classification
being verified by a large number of participants before being recorded as data. This marks a
both qualitative and quantitative changes in the organization for workload distributions, where
citizens can be involved in new instances of the scientific process, and in much larger numbers
due to the logistical affordances of digital platforms.

Finally, many CS-projects do not have scientific output as their primary goal. As S2 Appen-
dix shows, 412 of 490 of the CS project surveyed do not have a scientific output. However, it is
worth mentioning that publications is but one possible metric. Alternative metrics could be
possible by assessing sustainability over time, learning outcomes for participants and the num-
ber of volunteers included in the project. In the humanities, the lack of peer-reviewed publica-
tions either reflects that many CS projects have other objectives than scientific output as their
main goal, or, have failed in terms of quality of data. However, such projects can still produce
data that can be incorporated into research. Recently it has been argued that CS-projects in
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biodiversity related research are underutilized by science concerning data, particularly if they
are of a large-scale type covering “large spatial and temporal scales” [29]. In many cases these
CS projects are instead targeted to specific issues of concern, initiated by local communities,
which may incorporate experts and scientists, but originate outside the academic (or research)
institutions and, consequently, most of their funding structures [15,40]. These initiatives
emerge from problems identified by communities, often related to environmental issues of pol-
lution, health hazards, species conservation, water and air quality or draining of natural
resources [14,22,23]. In such projects the scientific content is often co-produced between pro-
fessional scientists and citizens, in order to provide evidence in support of campaigns to
address the identified issue. However, scientific output (in terms of publications) is typically
not aimed for in these circumstances, making them harder to detect via scientometric data.
Instead, the main objective usually consists of creating data in order to provide evidence to
influence political decision-making or launching legal processes via other publication media,
such as blogs and traditional news media. Even though these initiatives mainly emerge from
outside of the institutions of science, they heavily rely on scientific standards–and in many
cases scientific laboratories–for validating data [15,41]. Even though the motivational factors
for participating in CS are under-researched, it is fair to say that there are most likely a multi-
tude of motives, ranging from the personal level to more abstract motivations, such as contrib-
uting to science [42] or promoting environmental and societal justice [14,22,23]. This is
another argument that highlights the limitations of scientometrics as a method for mapping
such a diversified phenomenon, as CS.

Conclusion
While the concept of CS has gained unprecedented presence in scientific literature during the
past decade, the practice itself is much older. Previously, volunteer contributors have not been
made visible in scientific articles to a wide extent. However, especially with the introduction of
digital platforms, this has changed.

The main field of study employing CS is to be found in biology, ecology and conservation
research. Moreover, the social sciences and geography have increasingly started to invite volun-
teer contributors to research.

In quantitative terms, the largest scientific output is to be found in the fields of ornithology,
astronomy, meteorology and microbiology. However, most CS projects fall outside the scope of
scientometric evaluation, since scientific output is not a main goal.

Supporting Information
S1 Appendix. Source data for Topic Search dataset (N = 1935).
(XLSX)

S2 Appendix. Source data for Name Search dataset (N = 633).
(XLSX)

Author Contributions
Conceived and designed the experiments: CK DK. Performed the experiments: CK. Analyzed
the data: CK DK. Wrote the paper: CK DK.

References
1. Silvertown J. A new dawn for citizen science. Trends Ecol Evol. 2009; 24: 467–471. doi: 10.1016/j.tree.

2009.03.017 PMID: 19586682

What Is Citizen Science? – A Scientometric Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0147152 January 14, 2016 14 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0147152.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0147152.s002
http://dx.doi.org/10.1016/j.tree.2009.03.017
http://dx.doi.org/10.1016/j.tree.2009.03.017
http://www.ncbi.nlm.nih.gov/pubmed/19586682


2. Dickinson JL, Zuckerberg B, Bonter DN. Citizen Science as an Ecological Research Tool: Challenges
and Benefits. Annu Rev Ecol Evol Syst. 2010; 41: 149–172. doi: 10.1146/annurev-ecolsys-102209-
144636

3. Danielsen F, Burgess ND, Balmford A. Monitoring Matters: Examining the Potential of Locally-based
Approaches. Biodivers Conserv. 2005; 14: 2507–2542. doi: 10.1007/s10531-005-8375-0

4. Cohn JP. Citizen science: Can volunteers do real research? BioScience. 2008; 58: 192–197.

5. Cooper CB, Dickinson J, Phillips T, Bonney R. Citizen science as a tool for conservation in residential
ecosystems. Ecol Soc. 2007; 12: 11.

6. Rowland K. Citizen science goes “extreme.” Nature. 2012; doi: 10.1038/nature.2012.10054

7. Rise of the citizen scientist. Nature. 2015; 524: 265–265. doi: 10.1038/524265a

8. Cooper CB, Shirk J, Zuckerberg B. The Invisible Prevalence of Citizen Science in Global Research:
Migratory Birds and Climate Change. Guralnick R, editor. PLoS ONE. 2014; 9: e106508. doi: 10.1371/
journal.pone.0106508 PMID: 25184755

9. Haklay M. Citizen Science and Volunteered Geographic Information: Overview and Typology of Partici-
pation. In: Sui D, Elwood S, Goodchild M, editors. Crowdsourcing Geographic Knowledge. Dordrecht:
Springer Netherlands; 2013. pp. 105–122. Available: http://www.springerlink.com/index/10.1007/978-
94-007-4587-2_7

10. Follett R, Strezov V. An Analysis of Citizen Science Based Research: Usage and Publication Patterns.
PLoS ONE. 2015; 10: e0143687. doi: 10.1371/journal.pone.0143687 PMID: 26600041

11. Shirk JL, Ballard HL, Wilderman CC, Phillips T, Wiggins A, Jordan R, et al. Public Participation in Scien-
tific Research: a Framework for Deliberate Design. Ecol Soc. 2012; 17: 29. doi: 10.5751/ES-04705-
170229

12. Ashcroft MB, Gollan JR, Batley M. Combining citizen science, bioclimatic envelope models and
observed habitat preferences to determine the distribution of an inconspicuous, recently detected intro-
duced bee (Halictus smaragdulus Vachal Hymenoptera: Halictidae) in Australia. Biol Invasions. 2012;
14: 515–527. doi: 10.1007/s10530-011-0092-x

13. Irwin A. Citizen Science: A Study of People, Expertise and Sustainable Development. Routledge;
1995, p. xi.

14. Brown P. Popular Epidemiology and Toxic Waste Contamination: Lay and Professional Ways of Know-
ing. J Health Soc Behav. 1992; 33: 267–281. doi: 10.2307/2137356 PMID: 1401851

15. Ottinger G. Buckets of Resistance: Standards and the Effectiveness of Citizen Science. Sci Technol
Hum Values. 2010; 35: 244–270. doi: 10.1177/0162243909337121

16. O’Rourke D, Macey GP. Community environmental policing: Assessing new strategies of public partici-
pation in environmental regulation. J Policy Anal Manage. 2003; 22: 383–414. doi: 10.1002/pam.10138

17. Orta Martínez M, Napolitano DA, MacLennan GJ, O’Callaghan C, Ciborowski S, Fabregas X. Impacts
of petroleum activities for the Achuar people of the Peruvian Amazon: summary of existing evidence
and research gaps. Environ Res Lett. 2007; 2: 045006. doi: 10.1088/1748-9326/2/4/045006

18. Wylie SA, Jalbert K, Dosemagen S, Ratto M. Institutions for Civic Technoscience: How Critical Making
is Transforming Environmental Research. Inf Soc. 2014; 30: 116–126. doi: 10.1080/01972243.2014.
875783

19. Tattersall PJ. What is Community Based Auditing and how does it work? Futures. 2010; 42: 466–474.
doi: 10.1016/j.futures.2009.11.031

20. Kruger LE, Shannon MA. Getting to know ourselves and our places through participation in civic social
assessment. Soc Nat Resour. 2000; 13: 461–478. doi: 10.1080/089419200403866

21. Corburn J. Street science—community knowledge and environmental health justice. Cambridge, MA:
MIT Press; 2005.

22. Leung MW, Yen IH, Minkler M. Community based participatory research: a promising approach for
increasing epidemiology’s relevance in the 21st century. Int J Epidemiol. 2004; 33: 499–506. doi: 10.
1093/ije/dyh010 PMID: 15155709

23. Brulle RJ, Pellow DN. Environmental justice: human health and environmental inequalities. Annu Rev
Public Health. 2006; 27: 103–124. doi: 10.1146/annurev.publhealth.27.021405.102124 PMID:
16533111

24. Franzoni C, Sauermann H. Crowd science: The organization of scientific research in open collaborative
projects. Res Policy. 2014; 43: 1–20. doi: 10.1016/j.respol.2013.07.005

25. Nascimento S, Guimarães Pereira Â, Ghezzi A, European Commission, Joint Research Centre, Insti-
tute for Environment and Sustainability. From citizen science to do it yourself science: an annotated
account of an on-going movement. [Internet]. Luxembourg: Publications Office; 2014. Available: http://
bookshop.europa.eu/uri?target=EUB:NOTICE:LBNA27095:EN:HTML

What Is Citizen Science? – A Scientometric Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0147152 January 14, 2016 15 / 16

http://dx.doi.org/10.1146/annurev-ecolsys-102209-144636
http://dx.doi.org/10.1146/annurev-ecolsys-102209-144636
http://dx.doi.org/10.1007/s10531-005-8375-0
http://dx.doi.org/10.1038/nature.2012.10054
http://dx.doi.org/10.1038/524265a
http://dx.doi.org/10.1371/journal.pone.0106508
http://dx.doi.org/10.1371/journal.pone.0106508
http://www.ncbi.nlm.nih.gov/pubmed/25184755
http://www.springerlink.com/index/10.1007/978-94-007-4587-2_7
http://www.springerlink.com/index/10.1007/978-94-007-4587-2_7
http://dx.doi.org/10.1371/journal.pone.0143687
http://www.ncbi.nlm.nih.gov/pubmed/26600041
http://dx.doi.org/10.5751/ES-04705-170229
http://dx.doi.org/10.5751/ES-04705-170229
http://dx.doi.org/10.1007/s10530-011-0092-x
http://dx.doi.org/10.2307/2137356
http://www.ncbi.nlm.nih.gov/pubmed/1401851
http://dx.doi.org/10.1177/0162243909337121
http://dx.doi.org/10.1002/pam.10138
http://dx.doi.org/10.1088/1748-9326/2/4/045006
http://dx.doi.org/10.1080/01972243.2014.875783
http://dx.doi.org/10.1080/01972243.2014.875783
http://dx.doi.org/10.1016/j.futures.2009.11.031
http://dx.doi.org/10.1080/089419200403866
http://dx.doi.org/10.1093/ije/dyh010
http://dx.doi.org/10.1093/ije/dyh010
http://www.ncbi.nlm.nih.gov/pubmed/15155709
http://dx.doi.org/10.1146/annurev.publhealth.27.021405.102124
http://www.ncbi.nlm.nih.gov/pubmed/16533111
http://dx.doi.org/10.1016/j.respol.2013.07.005
http://bookshop.europa.eu/uri?target=EUB:NOTICE:LBNA27095:EN:HTML
http://bookshop.europa.eu/uri?target=EUB:NOTICE:LBNA27095:EN:HTML


26. Garfield E, Sher IH. KeyWords Plus™—algorithmic derivative indexing. J Am Soc Inf Sci. 1993; 44:
298–299. doi: 10.1002/(SICI)1097-4571(199306)44:5<298::AID-ASI5>3.0.CO;2-A

27. Polymath DHJ. New equidistribution estimates of Zhang type. Algebra Number Theory. 2014; 8: 2067–
2199. doi: 10.2140/ant.2014.8.2067

28. Khatib F, DiMaio F, Cooper S, Kazmierczyk M, Gilski M, Krzywda S, et al. Crystal structure of a mono-
meric retroviral protease solved by protein folding game players. Nat Struct Mol Biol. 2011; 18: 1175–
1177. doi: 10.1038/nsmb.2119 PMID: 21926992

29. Theobald EJ, Ettinger AK, Burgess HK, DeBey LB, Schmidt NR, Froehlich HE, et al. Global change
and local solutions: Tapping the unrealized potential of citizen science for biodiversity research. Biol
Conserv. 2015; 181: 236–244. doi: 10.1016/j.biocon.2014.10.021

30. Belter CW. A bibliometric analysis of NOAA’s Office of Ocean Exploration and Research. Sciento-
metrics. 2013; 95: 629–644. doi: 10.1007/s11192-012-0836-0 PMID: 23761945

31. Holocher-Ertl T, ZSI BK. Deliverable no. D5. 3 Deliverable name Draft White Paper (Green Paper) Dis-
semination level PUWP no. 5WP name Evaluation and policy recommendations. 2013; Available:
http://www.socientize.eu/sites/default/files/SOCIENTIZE_D5.3.pdf

32. Sci2 Team. Science of Science (Sci2) Tool. Indiana University and SciTech Strategies [Internet]. 2009.
Available: http://sci2.cns.iu.edu

33. JacomyM, Venturini T, Heymann S, Bastian M. ForceAtlas2, a Continuous Graph Layout Algorithm for
Handy Network Visualization Designed for the Gephi Software. PLoS ONE. 2014; 9: e98679. doi: 10.
1371/journal.pone.0098679 PMID: 24914678

34. Blondel VD, Guillaume J-L, Lambiotte R, Lefebvre E. Fast unfolding of communities in large networks.
J Stat Mech Theory Exp. 2008; 2008: P10008.

35. Kessler M. Bibliographic Coupling Between Scientific Papers. Am Doc. 1963; 14: 10–&. doi: 10.1002/
asi.5090140103

36. van Eck NJ, Waltman L. Software survey: VOSviewer, a computer program for bibliometric mapping.
Scientometrics. 2010; 84: 523–538. doi: 10.1007/s11192-009-0146-3 PMID: 20585380

37. Bonney R, Cooper CB, Dickinson J, Kelling S, Phillips T, Rosenberg KV, et al. Citizen Science: A
Developing Tool for Expanding Science Knowledge and Scientific Literacy. BioScience. 2009; 59:
977–984. doi: 10.1525/bio.2009.59.11.9

38. Sullivan BL, Wood CL, Iliff MJ, Bonney RE, Fink D, Kelling S. eBird: A citizen-based bird observation
network in the biological sciences. Biol Conserv. 2009; 142: 2282–2292. doi: 10.1016/j.biocon.2009.
05.006

39. Alexis C, Sven S, Linda SEE, Peter M, M FG. Semantic analysis of Citizen Sensing, Crowdsourcing
and VGI [Internet]. Association of Geographic Information Laboratories for Europe (AGILE); 2014.
Available: http://publications.jrc.ec.europa.eu/repository/handle/111111111/32030

40. Kullenberg C. Citizen Science as Resistance: Crossing the Boundary Between Reference and Repre-
sentation. J Resist Stud. 2015; 1: 50–76.

41. Macey GP, Breech R, Chernaik M, Cox C, Larson D, Thomas D, et al. Air concentrations of volatile
compounds near oil and gas production: a community-based exploratory study. Environ Health. 2014;
13: 82. doi: 10.1186/1476-069X-13-82 PMID: 25355625

42. Raddick MJ, Bracey G, Gay PL, Lintott CJ, Cardamone C, Murray P, et al. Galaxy Zoo: Motivations of
Citizen Scientists. ArXiv13036886 Astro-Ph Physicsphysics. 2013; Available: http://arxiv.org/abs/1303.
6886

What Is Citizen Science? – A Scientometric Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0147152 January 14, 2016 16 / 16

http://dx.doi.org/10.1002/(SICI)1097-4571(199306)44:5&lt;298::AID-ASI5&gt;3.0.CO;2-A
http://dx.doi.org/10.2140/ant.2014.8.2067
http://dx.doi.org/10.1038/nsmb.2119
http://www.ncbi.nlm.nih.gov/pubmed/21926992
http://dx.doi.org/10.1016/j.biocon.2014.10.021
http://dx.doi.org/10.1007/s11192-012-0836-0
http://www.ncbi.nlm.nih.gov/pubmed/23761945
http://www.socientize.eu/sites/default/files/SOCIENTIZE_D5.3.pdf
http://sci2.cns.iu.edu
http://dx.doi.org/10.1371/journal.pone.0098679
http://dx.doi.org/10.1371/journal.pone.0098679
http://www.ncbi.nlm.nih.gov/pubmed/24914678
http://dx.doi.org/10.1002/asi.5090140103
http://dx.doi.org/10.1002/asi.5090140103
http://dx.doi.org/10.1007/s11192-009-0146-3
http://www.ncbi.nlm.nih.gov/pubmed/20585380
http://dx.doi.org/10.1525/bio.2009.59.11.9
http://dx.doi.org/10.1016/j.biocon.2009.05.006
http://dx.doi.org/10.1016/j.biocon.2009.05.006
http://publications.jrc.ec.europa.eu/repository/handle/111111111/32030
http://dx.doi.org/10.1186/1476-069X-13-82
http://www.ncbi.nlm.nih.gov/pubmed/25355625
http://arxiv.org/abs/1303.6886
http://arxiv.org/abs/1303.6886

