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Abstract

A citation study of a sample of earth science projects in citizen science from the FedCats

Catalog was undertaken to assess whether citizen science projects are as productive and

as impactful as conventional research that does not employ volunteer participation as a part

of their data gathering and analysis protocols. From the 783 peer-reviewed papers produced

by 48 projects identified from project bibliographies, 12,380 citations were identified using

the Web of Science archive and their citation search engine to the end of 2018. Various con-

ventional productivity and impact measures were applied including the Impact Factor, H and

M-indices, and entry into the Top-1000 papers in cited research. The earth science projects

tend to under-perform in terms of Impact Factor (IF = 14–20) and the M-index (M<0.5) but

perform at the level of a ‘tenured professor’ with <H> = 23. When compared to non-citizen

science research in general, there is a ten-fold higher probability of the earth science papers

reaching the Top-1000 threshold of most-cited papers in natural science research. Some of

the reasons for the lower performance by some indicators may have to do with the down-

turn in published papers after 2010 for the majority of the earth science projects, which itself

could be related to the fact that 52% of these projects only became operational after 2010

compared to the more successful ‘Top-3’ projects, whose impacts resemble the general

population of non-citizen science research.

1.0 Introduction

Among the many concerns that scientists raise to the citizen science (hereafter CS) approach

for conducting scientific research are whether the results will actually be meaningful to the sci-

entific community at large. This consideration relates to questions about whether novice, non-

professional participants are capable of delivering high-quality data to the Principle Investiga-

tor or project team [1,2]. Labor and software development costs also have to be controlled,

which are associated with setting up and operating a CS project [3]. The bottom-line concern

for most scientists, however, is whether the effort will ultimately lead to publishable results

that will advance scientific knowledge in some measurable way.

Contemporary bibliometric studies use a variety of indices to gauge productivity and

impact including counts of publications and citations [4]. This is a straight-forward exercise in
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using an individual’s research bibliography and simply counting the number of papers that

cite items in the bibliography. This approach was used, for example, by [5] who investigated

the impact of space science CS projects (hereafter SSCS) to find that they can, indeed, make

significant contributions to scientific research in peer-reviewed journals.

This paper is a follow-on to the previous investigation in space science, but this time within

the project areas of earth science. The objective as in the space science study is to use tradi-

tional citation analysis methodology to investigate the impact of earth science CS (ESCS) proj-

ects compared to non-ESCS projects.

2.0 Quantifying productivity and impact

One of the easiest indices to create is simply the cumulative number of published papers, P,

over a particular span of years. This ‘productivity’ index has been used since at least the 1960’s

and its historical applications to academic research has been discussed by [5]. However, a sim-

ple count of papers, P, as a measure of productivity is generally considered inadequate as dis-

cussed by [6,7]. The specific issue is that this counting does not distinguish by the quality or

impact of the papers, and it penalizes younger researchers for not having accumulated as many

papers as older investigators. An obvious normalization to P is to divide the paper counts by

the number of years the publication has been circulating leading to the secondary measure of

publications/year (PPY). This corrects for older researchers or projects accumulating more

publications than younger ones.

A second measure of productive output is the number of times a paper is cited by others in

the community described historically by [8]. A citation index (CI) is simply a count of the

number of documents that cite a target document from the time of its publication to the cur-

rent year. The use of the CI in academic journals to assess their merit or impact is a relatively

recent application [9] often used in assessing a candidate’s suitability for tenure, or identifying

influential, core documents within a specific research genre. CIs as simply a straight count of

the number of citations, can be strongly influenced by authors who self-cite their own research

work, which artificially increases the apparent impact of an author’s research. Although it may

seem as though self-citations are a negative factor, in fact this practice is a normal part of scien-

tific research that allows the current research to be seen in the context of the researcher’s previ-

ous intellectual work and evolution. Nonetheless, bibliographic studies generally see self-

citations as a negative factor to be mitigated [10]. The rate is highest exceeding 30% for papers

with small numbers of citations, but approaches 15% or less for citations per paper of> 50

[5,11,12]. In this study of ESCS projects, I make no correction for this effect due to the large

numbers of papers involved, but expect that the rates will be commensurate with non-ESCS

papers and therefore not significantly affect any comparison between ESCS and non-ESCS

results.

Although a bibliography of published works can be current up to the present year, citations

of these papers may not appear until several years after publication. The consequence of this

lag is that the citations to recent publications in a bibliography will be under-counted relative

to older papers. Awareness of this effect will be taken into consideration when the various met-

rics are evaluated and interpreted. In general, the citation trends of projects will be carefully

scrutinized for papers published since 2015 where this effect will be the most prominent.

A more worrisome issue is that the citation database itself may be incomplete. A study by

[13] found that the Web of Science [14] (hereafter WoS), Scopus and Google Scholar citation

archives reported significantly different citation rates, leading to different assessments of

research impact, and also significant variations between disciplines. The discrepancies were
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the highest for social science disciplines and the lowest for scientific disciplines, with WoS

being the most popular citation resource.

In addition to the citation index CI, one straight-forward secondary index is the citation

per paper ratio also called the Impact Factor, IF, [15,16,17,18] defined by dividing the cumula-

tive number of citations C for an ensemble of papers up to a given year by the cumulative num-

ber of peer-reviewed papers, P [18] such that IF = C/P. As with other counts of citations, one

must apply the principle of caveat emptor (e.g. Let the buyer beware). Although the number of

publications can be considered to be complete up to the current year, the number of citations

can be seriously incomplete for younger papers compared to papers that have been in circula-

tion for many years. As the citation counts approach the current year, their numbers will invari-

ably start to decline as recent publications have not had enough time to circulate and be cited.

An additional higher-order measure of impact is the H-index originally suggested by [19]

and later by [20] as a means for determining the impact of published research by theoretical

physicists within their community. The H-index was primarily intended to rank individual

investigator’s impact, with H = 12 being a suggested threshold for advancement to tenure in

the ‘hard sciences’ [19]. The achievement of H-values in the double-digits or higher is consid-

ered a successful and impactful scientific accomplishment. Although this index was originally

used to assess individual researcher’s performance, it has also been used in various other set-

tings. For example, [21] use the H-index among other citation indices to rank universities and

colleges in terms of the quality of their research. Entire countries have been ranked according

to their equivalent H-index [22], as has internet media outlets such as YouTube [23].

The H-index is defined for an author as having published ‘H’ papers that have each been

cited at least ‘H’ times. It is computed by taking an author’s rank-ordered citation count

among the author’s publication list and finding the H-th rank such that the rank matches the

number of citations. For example, if a project, institution or author has 5 publications with

citations of 34, 12, 8, 4, and 2, the H-index will be 4 because the 4th ranked publications has 4

citations. A number of criticisms of the H-index have been offered such as those reviewed by

[24,25]. For example, it does not discriminate among the citation practices between fields [26],

and it can be artificially manipulated via self-citations [27]. Also, the H-index makes no correc-

tions or normalizations for the age of the researcher/project or the number of co-authors in

the papers, which would be significant issues in comparing one project with another. The H-

index of an author increases in time as they publish more papers. The age-effect can, for exam-

ple, be removed by dividing the H-index by the number of publishing years to define what

some bibliometricians call the M-index [19,28]. The co-author effect, meanwhile, can be nor-

malized-out by first dividing a paper’s citations by the number of authors, and then computing

the H-index from the resulting rank ordered values according to [13,29].

As a means for testing the hypothesis that ESCS projects have similar impact and productiv-

ity to non-CS projects, I will use the indices P, CI, CPY, IF and the H and M-indices to compare

the ESCS, and non-ESCS research to determine whether CS research is statistically different

from conventional research in earth science and in what specific ways. I will also compare ESCS

projects with SSCS projects to see if earth science and space science CS projects have statistically

similar or different impacts given that they both involve the CS approach in analyzing data.

3.0 Methods

3.1 Preparing the CS sample

Generally, citation studies identify a group of papers within a uniform subject matter area and

then proceed to use various tools such as the WoS to tabulate the citations to these papers. In a

previous study of SSCS projects by [5] this step was greatly facilitated by the relatively small
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number of CS projects that fit into the category of having subject matter outside Earth’s atmo-

sphere and designated as either space science or astronomy-related topics. For this study, the

identification of papers in the ‘Earth Science’ category represented a vast array of potential

subject matter possibilities including biology, geology, ornithology and meteorology among

other disciplines.

To narrow the list to a manageable number, I used the Federal Crowdsourcing and Citizen

Science Catalog [30] (hereafter FedCat), which provides a government-wide catalog of 425 citi-

zen science projects as of December 1, 2018. These projects are nominally supported by scien-

tists who work at the various agencies such as NASA, USGS, US Forestry Service, etc. There

were 132 (31%) identified as operating ESCS projects, along with 18 (4%) SSCS projects. Bad

or inoperative project URLs were encountered for nine (2%) projects. Catalog entries that

were primarily announcements for software, data bases or apps were identified in 60 (14%)

cases. In 34 (8%) cases, the projects were primarily educational, consisting of announcements

for summer camps or classroom activities. There were 47 (11%) instances of the projects being

primarily scientific studies with limited public participation (e.g. the number of volunteers

that registered with a CS project to participate). Finally, 123 projects (29%) were identified as

‘BioBlitzes’, which are annual two-day, public participation events hosted by the National Park

Service at parks across America to study biodiversity (birds, insects, etc). An additional three

projects were considered unclassifiable and not included in this tally.

For the purposes of this study, only the projects in the earth science category were consid-

ered. Other CS cataloging services such as SciStarter also include non-governmental projects

and would be considered a complete, current list of these projects of which the FedCat listing

is a subset. For example, the National Audubon Society sponsors the Hummingbirds at Home
project, listed in SciStarter [31] but not in FedCat. Consequently, this citation study should be

properly considered to be a complete study of government-supported or government-affiliated

earth science, CS projects.

3.2 Project bibliography and citation statistics

Having identified the projects in the ESCS sample, a fairly lengthy and iterative process of iden-

tifying the publications from each project ensued. In some instances, this publication search

was greatly facilitated by projects that provided a bibliography at their website. For many other

projects, Google was used extensively to identify publications by using keywords such as ‘citizen

science’ followed by the project name or the name of the project PI. This assumed, quite reason-

ably, that publications by a project would include mentions of the project name and/or the

name of the creator/PI of the project. The FedCat and SciStarter catalogs in the majority of the

cases provided names of the PIs, although some projects chose not to do so. The result of this

online publication search yielded 94 earth science projects from the ESCS sample that had iden-

tifiable publications and also participation level estimates. There were an additional 18 ESCS

projects that had publication lists but no official estimates of participation levels. This combina-

tion of 108 programs are considered ‘Active’ and formed the basis for the analysis to follow.

There were also 20 ‘silent’ earth science projects that could not be identified with publica-

tions beyond the project website page and institutional announcement. Contacts were

attempted with the project PIs to inquire about project publications and participation rates.

The result was that no further information was available for these projects, which may indicate

that they were inactive or discontinued.

The 108 active ESCS projects, representing the efforts of some 4 million participants,

reported 5001 publications including scientific research papers, conference abstracts, popular

articles in newspapers and magazines, books, and dissertations. Virtually all of the ‘Education’
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publications were from The GLOBE program. The current study focused only on articles pub-

lished in peer-reviewed science journals since the goal of this study is to assess the scientific

impact of citizen science research in ESCS projects. Conference abstracts were often duplica-

tive of the identified peer-reviewed research papers, so this study focusses on the 783 papers

that constitute the ‘Research’ category. These papers were published in 352 journals of which

the Top-36 journals that published more than 4 papers accounted for 45% of the published

papers. Not included in this research publication list are the additional 198 research docu-

ments that could be described as reports, which included project summaries and evaluations

(e.g. ‘GLOBE 10-year Evaluation; Prepared by SRI International for The GLOBE Program’) and

other similar documents and books.

Table 1 summarizes the available publications, participant sizes and current age of the proj-

ect by the end of 2018. Column 2 indicates the federal agency identified as the project’s spon-

sor. Column 4 is the inception year of the project followed by column 5 in which the age of the

project to 2018 is calculated with the inception year counted as Year 1. Column 6 gives the

log10 of the number of participants. Column 7 is the total number documents found for the

project including research publications (column 8), reports (column 9), popular essays (P: col-

umn 10), conference abstracts (C: column 11), books (B: column 12), educational reports (E:

column 13), and dissertations. Across the 108 active projects, the median age of these active-

CS projects (column 5) is 6 years, and the median number of participants is about 1,000.

About half of the projects (48) report a combined 783 articles (column 8) in peer-reviewed

journals for a median of about two papers published per project among these programs. The

total number of participants among the active projects is about 4.3 million. There have also

been a total of 110 books and 42 Masters/PhD dissertations generated by this cohort of proj-

ects. Note that the large number of documents for the Smithsonian Digital Volunteers project

reflects the fact that each document transcribed by volunteers becomes part of the permanent

Smithsonian archive and so represents a single ‘published’ document. The table is ordered by

decreasing numbers of peer-reviewed publications (col. 8).

Although there were 108 earth science projects in the FedCat, only 48 were found to have

peer-reviewed publications. The remaining 60 programs in Table 1 had publications in non-

refereed publications such as project reports, conference abstracts, popular articles and other

resources. The apparent fact that about half of the active-ESCS projects do not report peer-

reviewed publications is similar to what was found in the citation study by [5] for SSCS proj-

ects, and for the scientific output of major observatory facilities by [32,33] suggesting that

some projects based upon well-designed scientific objectives and data bases nevertheless do

not publish any findings, or at least not at the level of peer-reviewed scholarship. There are two

distinct groups in this sample. The first group, which I will call ‘Top-3’, consists of the projects:

Christmas Bird Count (306), eBird (196), and The GLOBE Project (61) that collectively account

for 72% of the 783 peer-reviewed research papers. The second group, which I will call the

‘Lower-45’, consists of publications contributed by the remaining 45 projects totaling 219

papers. This investigation will treat these two groups separately to avoid biasing the discussion

of the more typical project performance data from the more successful projects.

The Silent-ESCS projects with no identifiable publications are listed in Table 2. Their

median age is three years with a median population size that appears to be about 100 partici-

pants though participation information is incomplete.

For convenience, Fig 1 shows the complete breakdown of how the various samples were

created starting from the FedCats archive.

The citation frequency for each of the 782 peer-reviewed papers was extracted from the

online data base provided by WoS using the standard search tools provided on the website. On

the Advanced Search page, I entered the Boolean string for the first-author’s last name and the

PLOS ONE A citation study of earth science projects in citizen science

PLOS ONE | https://doi.org/10.1371/journal.pone.0235265 July 16, 2020 5 / 26

https://doi.org/10.1371/journal.pone.0235265


Table 1. Active ESCS programs.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

Agency Project Year Age Log(n) Doc Re Rp P C B E

1 NPS Christmas Bird Count 1900 118 4.9 346 306 25 3 3 9

2 USFWS eBird 2003 15 5.6 239 196 5 22 11 5

3 NASA The GLOBE Program 1994 24 5.1 572 61 15 89 81 326

4 NOAA CoCoRaH 1998 20 4.3 29 26 2 1

5 USDA Snow Surveyors 2014 4 2.0 28 26 1

6 NOAA WormWatch 1999 19 3.0 26 19 1 6

7 NOAA COSS 2005 13 3.0 23 15 4 1 3

8 NPS Woodcock Survey 1968 50 2.8 30 13 14 1 2

9 NSF Project BudBurst 2007 11 3.5 11 10 1

10 USGS NA Amphibians 1997 21 3.0 11 10 1

11 USGS Quake Catcher Network 2008 10 3.4 10 10

12 NPS Raptors 1983 35 3.1 16 8 3 3 1 1

13 USGS Did You Feel It? 2003 15 6.3 12 8 1 1 1 1

14 NASA GLOBE at Night 2009 9 4.3 68 7 1 57 2 1

15 NPS Common Loon Project 2005 13 3.3 13 6 2 5

16 USFS Backyard Bark Beetles 2013 5 2.8 7 6 0 1

17 NOAA Beach Watch 1993 25 2.0 24 5 2 17

18 NSF Foldit Game 2015 3 4.8 8 5 1 2

19 EPA Gardenroots 2008 10 2.0 3 3

20 EPA Lakes of Missouri 1992 26 2.0 2 2

21 EPA The Secchi Dip-In 1994 24 3.5 9 2 5 1 1

22 NASA Landslide Reporter 2018 0 1.6 2 2 0 0 0

23 NASA MAPPD 2016 2 2.7 4 2 0 1 1

24 NIH Barcode Long Island 2014 4 3.8 2 2 0

25 NOAA Cyclone Center 2012 6 3.6 5 1 4

26 NOAA Marine DMA 2012 6 2.7 8 2 3 1 1 1

27 NOAA SKYWARN 1975 43 5.6 12 2 6 2 1

28 NSF The Evolution Project 2016 2 3.1 3 2 0 1

29 NSF WiEye 2011 7 4.8 23 2 0 21

30 USDA CARM 2012 6 3.0 4 2 1 1

31 USFWS Alaska Bats 2011 7 2.0 8 2 5 1

32 USGS Insect Monitor 2012 6 2.4 22 2 0 20

33 USGS Michigan AMBLE 2011 7 1.6 9 2 6 1

34 EPA Georgia Adopt-a-Stream 2013 5 2.0 4 1 3

35 EPA LEOnet 2012 6 2.3 5 1 2 2

36 NIH EyeWire 2013 5 4.9 8 1 0 7

37 NOAA CWOP 2000 18 4.5 4 1 2 1

38 NOAA Hui o ka Wai Ola. . . 2016 2 1.4 3 1 2

39 NOAA ISeeChange 2012 6 3.7 10 1 0 9

40 NOAA Old Weather 2012 6 4.3 6 1 0 5

41 NPS Cascades Butterfly Project 2008 10 2.3 4 1 2 1

42 NPS Dragonfly Mercury Project 2015 3 3.6 10 1 8 1

43 NSF Notes from Nature 2013 5 3.8 5 1 0 4

44 NSF Season Spotter 2015 3 4.1 1 1

45 USFS Gros Ventre Project 2009 9 1.4 1 1

46 USGS CyanoTRACKER 2015 3 2.0 8 1 7

(Continued)
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Table 1. (Continued)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

Agency Project Year Age Log(n) Doc Re Rp P C B E

47 USGS Bald Cypress Net 2010 8 2.0 4 1 1 1 1

48 USGS SEANET 2006 12 1.7 5 1 2 2

49 NOAA Urban Watch 1998 20 3.0 2 2

50 USGS CrowdHydrology 2010 8 3.9 8 2 6

51 NASA S’COOL 1997 21 3.5 50 2 1 46 1

52 NOAA Horseshoe Count 1990 28 2.0 26 26

53 EPA GACS 2016 2 1.0 4 1 2 1

54 EPA Urban Waters 2014 4 2.0 1 1

55 EPA Arizona Water Watch 2017 1 2.3 2 2

56 EPA Cyanomonitoring 2013 5 2.5 8 5 3

57 EPA Smoke Sense 2017 1 3.7 7 7

58 EPA Summer on the Marsh 1987 31 2.9 1 1

59 EPA AirKeepers 2016 2 2.4 9 9

60 FCC FCC Speed Test 2009 9 5.4 2 1 1

61 NASA Floating Forests 2014 4 3.6 5 1 3 1

62 NASA GLOBE Adopt a Pixel 2018 0 3.6 5 1 4

63 NASA Mosquito Habitat Mapper 2017 1 3.8 3 2 1

64 NASA GLOBE Observer—Clouds 2016 2 4.3 4 4

65 NASA Image Detective 2012 6 2.3 4 3 1

66 NASA Picture Post 2012 6 2.0 67 67

67 NOAA CARIB Tails 2014 4 2.0 6 6

68 NOAA CrowdMag 2014 4 3.5 5 5

69 NOAA Elkhorn VWQ 1988 30 2.0 3 3

70 NOAA First Flush 2000 18 2.0 16 16

71 NOAA Florida MAP 2015 3 2.5 1 1

72 NOAA NWS-Coop. 1890 128 4.0 0

73 NOAA Nature’s Notebook 2007 11 3.8 5 5

74 NOAA PhytoNet 2001 17 4.0 3 1 1 1

75 NOAA San Gabriel Turtles 2012 6 1.7 6 6

76 NOAA Main Beaches 1999 19 2.1 3 1 2

77 NOAA Steller Watch 2017 1 4.0 7 7

78 NOAA Stellwagen Stewards 1995 23 3.8 1 1

79 NOAA Hudson River Eels 2008 10 2.9 8 1 6 1

80 NPS DEW Picture Post 2005 13 3.4 4 1 3

81 NPS Kenilworth PP 2016 2 1.7 1 1

82 NPS Wood Thrush PP 2015 3 1.1 1 1

83 NSF Arizona BatWatch 2016 2 3.6 4 2 2

84 NSF Goose-Veg. Interactions 2014 4 2.0 3 1 2

85 NSF Coastal SEES 2017 1 1.0 3 3

86 NSF Habitat Network 2012 6 5.5 7 7

87 NSF Jungle Rhythms 2016 2 3.9 2 2

88 NSF Map of Life 2011 7 4.0 2 2

89 NSF Project Sidewalk 2012 6 2.6 5 4 1

90 Smith Parasite Project 2003 15 2.0 4 4

91 Smith Digital Volunteers 2013 5 4.1 2950

92 USFS Citizen Foresters 2014 4 1.3 0

(Continued)
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journal. I then selected the year range spanning the year of the article publication. The search

provided a page of ‘hits’ and from these I selected the specific article by the author being stud-

ied. A Citation Report was then produced by WoS for that article, which included the total

number of citations accumulated from the time of the publication to the end of 2018, which is

the end year of the current study.

In the majority of the cases, it was only necessary to search under the first-author’s surname

and initials for the year of the publication. The aggregated results for the citations of all peer-

reviewed papers published for a given project are provided in Table 3 (column 8) for the Top-

3 projects and Table 4 (column 10) for the Lower-45 projects. The projects are ordered by

their inception year in column 4. In column 7 the median number of authors per paper is pro-

vided. In Table 3, we also include the three largest SSCS projects identified by [5] in order to

compare the Top-3 projects between earth science and space science. In Table 4, the projects

Table 1. (Continued)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

Agency Project Year Age Log(n) Doc Re Rp P C B E

93 USFS Atlanta Pollinators 2011 7 2.5 7 1 5 1

94 USFS Kaibab Forest 2017 1 2.2 5 5

95 USFS Migratory Dragonflys 2012 6 3.8 3 1 2

96 USFS Rare Carnivore Monitoring 2015 3 1.5 1 1

97 USFWS Pelican Project 2016 2 2.5 5 3 2

98 USFWS Condor Watch 2014 4 3.5 7 1 6

99 USFWS Bay Shorebirds 1997 21 2.0 4 1 2 1

100 USFWS Monarchs 2017 1 2.4 1 1

101 USFWS Arizona Feeders 2007 11 2.0 3 3

102 USGS North Am BM 1995 23 4.7 2 2

103 USGS DC&B Crickets 2012 6 2.6 4 4

104 USGS Did You See It? 2012 6 3.0 1 1

105 USGS iCoast 2014 4 3.3 7 1 3 3

106 USGS NYC Cricket Crawl 2009 9 2.0 3 3

107 USGS Loosestrife Volunteers 2003 15 1.7 2 1 1

108 USGS USGS/Adopt a Pixel 2013 5 2.2 1 1

Abbreviations: General Aviation Citizen Science (GACS); Local Environmental Observer Nertwork (LEOnet); GLOBE Cloud Observation Project (S’COOL); Mapping

Application for Penguin Populations and Dynamics (MAPPD); Citizen Weather Observer Program (CWOP); Coastal Observation and Seabird Survey (COSS);

Community Collaborative Rain and Hail Network (CoCoRaH); Elkhorn Slough Volunteer Water Quality Project (Elkhorn VWQ); Florida Microplastic Awareness

Project (Florida-MAP); Great Lakes Worm Watch (WormWatch); Marine Debris Monitoring and Assessment (Marine DMA); National Weather Service Cooperative

Observer Project (NWS-Coop); Phytoplankton Monitoring Network (PhytoNet); San Gabriel River Sea Turtle Project (San Gabrial Turtles); Southern Maine Volunteer

Beach Profile (Main Beaches); Stellwagen Sanctuary Seabird Stewards (Stellwagen Stewards); American Woodcock Singing-ground Survey (Woodcock Survey); Digital

Earth Watch Picture Post (DEW Picture Post); Golden Gate Raptor Observatory (Raptors); Kenilworth Aquatic Gardens Picture Post (Kenilworth PP); NPS Wood

Thrush Picture Post (Wood Thrush PP); Asynchrony in the timing of Goose-Vegetation Interactions (Goose-Veg. Interactions); Coastal SEES Collaborative Research

(Coastal SEES); Chesapeake Bay Parasite Project (Parasite Project); Collaborative Adaptive Grazing Management Experiment (CARM); Greater Atlanta Pollinator

Partnership (Atlanta Pollinators); Kaibab National Forest Citizen Science (Kaibab Forest); Migratory Dragonfly Pond Watch Project (Migratory Dragonflies); Acoustic

Bat monitoring in Alaska (Alaska Bats); California Brown Pelican Citizen Science Project (Pelican Project); Delaware Bay Shorebird Project (Bay Shorebirds); Monarch

Butterfly Integrated Monitoring (Monarchs); Southern Arizona Bat-Hummingbird Feeder Monitoring (Arizona Feeders); Butterflies and Moths of North America

(NorthAm BM); Citizen Science Insect Monitoring (Insect Monitor); DC/Baltimore Cricket Crawl (DC&B Crickets); iCoast- Did the Coast Change? (iCoast); Lake

Michigan AMBLE (Michigan AMBLE); North American Amphibian Monitoring Project (NA Amphibians); North American Baldcypress Swamp Network (Bald

Cypress Net); Purple Loosestrife Volunteers (Loosestrife Volunt.); Seabird Ecological Assessment Network (SEANET); Georgia Adopt-a-Stream (Georgia-Adopt);

GLOBE Mosquito Habitat Mapper (GLOBE Mosquito); GLOBE Observer–Clouds (GLOBE Clouds); Cascades Butterfly Project (Butterfly Project); Dragonfly Mercury

Project (Dragonfly Project); Smithsonian Digital Volunteers (Digital Volunteers); Rare Carnivore Monitoring (Rare Carnivores)

https://doi.org/10.1371/journal.pone.0235265.t001
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Table 2. Silent-ESCS programs.

(1) (2) (3) (4) (5) (6)

Index Agency Project Year Duration Participants

1 EPA Berkeley Lab Range Hood Roundup 2014 4

2 EPA Chesapeake Monitoring Cooperative 2015 3

3 EPA Indigenous Observation Network 2006 12 300

4 EPA IDAH2O Master Water Stewards 2010 8 150

5 NOAA Team Ocean Science Diver Program 2015

6 NPS Rocky Mountain Christmas Bird Count 1900 118

7 NPS A.T. Seasons Phenology Project 2013 5 100

8 NPS Citizen Science Track Trail 2017 1 50

9 NPS Joshua Tree National Park Wildflower Watch 2015 3 767

10 NPS Rocky Mountain Butterfly Project 1995 23

11 NSF Disease Ecology in birds 2016 2

12 NSF Lost Ladybug Project 2008 10

13 NSF Sentinels of the sounds 2016 2 70

14 NSF WeDigFLPlants 2016 2

15 Smith. NC Candid Critters 2016 2

16 USDA Promoting Native Bee Health 2015 3 24

17 USDA Broodmapper: Honey Bee Development 2012 6

18 USFS TreesCount! 2015 2012 6 2,200

19 USFWS Urban Edge Habitat Use 2015 3

20 USGS Cactus Moth Detection & Monitoring 2004 14

https://doi.org/10.1371/journal.pone.0235265.t002

Fig 1. Numerical breakdown of the CS projects used in this study.

https://doi.org/10.1371/journal.pone.0235265.g001
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have been partitioned into five groups based upon their inception dates in order to subse-

quently analyze changes between projects within approximately the same age groups. Columns

9 and 10 indicate the peer-reviewed papers per year (hereafter: PPY) and citations per peer-

reviewed paper (e.g. the Impact Factor, IF) generated by each project.

4.0 Analysis

4.1 Productivity gauged by published papers

By this measure, the Top-3 projects shown in Table 3 accounted for 72% of the total earth sci-

ence publications, with a median of 196 papers per project (PPP). When adjustment is made

for the age of the project from inception to the end of 2018, the median rate of paper produc-

tion for the Top-3 projects is 2.6 papers/year (PPY). The Lower-45 projects in Table 4 pro-

duced the remaining 219 papers for a collective, median productivity of 0.3 PPY. Over half

(52%) of the projects have only been in existence since 2010 and show the effect of younger

projects having a significantly lower median productivity (col. 8) than the older projects. The

conclusion is that the PPY for the Lower-45 projects is eight-fold lower than what was deter-

mined for the Top-3 producers in Table 3.

For the typical projects of Table 4, the Lower-45 cohort summary in Table 5 reveals that

there is little change in the median number of authors per paper (APP: col. 2) over the post-

1990 period, though slightly fewer seem indicated by the 1900–1992 cohort. This trend is lim-

ited in confidence by the small-number statistics of the earliest projects, which account for

only 7% of the projects in the sample. Since the number of authors per paper is virtually the

same between the Top-3 (APP = 3) and the Lower-45 (APP = 4) projects, the difference in

paper output P, and output rates PPY cannot be explained by one project having numerically

more scientists participating in the research. This might suggest that a very small number of

authors, perhaps one or two, are the primary source of the project output and are actively

involved in reporting and promoting the scientific results.

Although the Top-3 projects had a median of 100,000 participants (Table 3 col. 2), the

Lower-45’s median of 1,000 indicates that there may be some relationship between the partici-

patory scale of the project and its productivity. However, two projects, SKYWARN and Did
you feel it?, have participation levels comparable to those of the Top-3 projects yet produced

significantly less output, so among this second group of projects, the level of public participa-

tion is in detail not a good predictor of the project’s productivity.

Table 5 also summarizes the median number of papers per project (PPP col. 6) in each age

cohort. Although the list of published, peer-reviewed papers should be complete through 2018,

nevertheless, there is a marked decrease from 8–10 PPP to 1–3 PPP at about the year 2000, rep-

resenting an apparent four-fold decline in published papers among the newer projects. One

possible explanation for may be that the older projects involved the still-novel CS approach to

Table 3. Summary for Top-3 SSCS and ESCS projects.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Project Log(N) Year Age Total Ref. Auth. Cites PPY IF

Christmas Bird Count 4.9 1900 119 349 306 1 3896 2.6 13

The GLOBE Program 5.1 1994 25 608 61 3 1874 2.4 31

eBird 5.6 2003 16 240 196 4 2084 12.3 11

Galaxy Zoo 5.4 2008 10 58 57 12 2984 5.7 52

Einstein@Home 5.7 2008 10 22 22 20 384 2.2 17

Planet Hunters 5.5 2010 6 12 12 21 291 2.0 24

https://doi.org/10.1371/journal.pone.0235265.t003
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Table 4. Summary for the Lower-45 ESCS projects by age cohort.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Agency Project Year Age Log(N) Total Ref. Auth. Cites PPY IF

1 NPS Woodcock Survey 1968 51 2.8 29 13 2 322 0.3 25

2 NOAA SKYWARN 1975 44 5.6 12 2 3 108 0.0 54

3 NPS Raptors 1983 36 3.1 17 8 1 158 0.2 20

4 EPA Lakes of Missouri 1992 27 2.0 2 2 4 10 0.1 5

5 NOAA Beach Watch 1993 26 2.0 25 5 15 44 0.2 9

6 EPA The Secchi Dip-In 1994 25 3.5 8 2 4 21 0.1 11

7 USGS NA Amphibians 1997 22 3.0 11 10 6 197 0.5 20

8 NOAA CoCoRaH 1998 21 4.3 31 26 4 163 1.2 6

9 NOAA WormWatch 1999 20 3.0 29 19 3 1475 1.0 78

10 NOAA CWOP 2000 19 4.5 4 1 2 0 0.1 0

11 USGS Did You Feel It? 2003 16 6.3 11 8 3 306 0.5 38

12 NOAA COSS 2005 14 3.0 24 15 7 170 1.1 11

13 NPS Loon Project 2005 14 3.3 12 6 3 24 0.4 4

14 USGS SEANET 2006 13 1.7 5 1 3 0 0.1 0

15 NSF Project BudBurst 2007 12 3.5 11 10 2 304 0.8 30

16 USGS Quake Catchers 2008 11 3.4 10 10 6 189 0.9 19

17 EPA Gardenroots 2008 11 2.0 3 3 5 96 0.3 32

18 NPS Cascade Butterflies 2008 11 2.3 4 1 2 0 0.1 0

19 NASA GLOBE at Night 2009 10 4.3 68 7 5 40 0.7 6

20 USFS Gros Ventre Project 2009 10 1.4 1 1 1 0 0.1 0

21 USGS Bald Cypress Net 2010 9 2.0 4 1 2 4 0.1 4

22 USFWS Alaska Bats 2011 8 2.0 8 2 4 0 0.3 0

23 USGS Michigan AMBLE 2011 8 1.6 9 2 5 3 0.3 2

24 NSF WiEye 2011 8 4.8 23 2 3 1 0.3 1

25 USDA CARM 2012 7 3.0 5 2 8 0 0.3 0

26 NOAA Cyclone Center 2012 7 3.6 6 1 3 11 0.3 0

27 USGS Insect Monitor 2012 7 2.4 22 2 6 1 0.3 1

28 NOAA Marine DMA 2012 7 2.7 8 2 3 16 0.3 0

29 NOAA ISeeChange 2012 7 3.7 10 1 3 1 0.1 1

30 EPA LEOnet 2012 7 2.3 5 1 7 0 0.1 0

31 NOAA Old Weather 2012 7 4.3 6 1 4 0 0.1 0

32 USFS Backyard Bark Beetles 2013 6 2.8 8 6 4 8 1.0 1

33 NIH EyeWire 2013 6 4.9 8 1 4 5 0.2 5

34 EPA Adopt-a-Stream 2013 6 2.0 4 1 2 0 0.2 0

35 NSF Notes from Nature 2013 6 3.8 5 1 16 28 0.2 28

36 USDA Snow Surveyors 2014 5 2.0 2 26 3 642 5.2 0

37 NIH Barcode Long Island 2014 5 3.8 2 2 39 0 0.4 0

38 NSF Foldit Game 2015 4 4.8 8 5 2 49 1.3 10

39 USGS CyanoTRACKER 2015 4 2.0 8 1 3 3 0.3 3

40 NPS Dragonfly Mercury 2015 4 3.6 10 1 2 0 0.3 0

41 NSF Season Spotter 2015 4 4.1 1 1 6 1 0.3 1

42 NASA MAPPD 2016 3 2.7 4 2 6 7 0.7 4

43 NSF Evolution Project 2016 3 3.1 3 2 20 2 0.7 1

44 NOAA Hui o ka Wai Ola 2016 3 1.4 3 1 6 4 0.3 4

45 NASA Landslide Reporter 2018 1 1.6 2 2 4 113 2.0 57

https://doi.org/10.1371/journal.pone.0235265.t004
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well-defined and intuitively comprehensible scientific goals. By contrast, the modern projects

no longer seem novel, and their topics are perhaps less understandable to the CS volunteering

community. A comparison of the publication rate with the participatory scale of the Lower-45

projects is shown in Fig 2. The large dispersion in PPY for values of Log(N) along with the flat

distribution in PPY yields a linear regression with a slope of 0.0 and R2 < 0.5, which indicates

no correlation and that 99.5% of the variation is caused by random error. The two outlier

points at PPY = 2.0 (Landslide Reporter) and 5.3 (Snow Surveyors) are exceptional given the

small number of participants.

Table 5. Lower-45 project summaries by age cohort.

(1) (2) (3) (4) (5) (6) (7)

Group Median Median % % Median Median

Authors Age Projects Papers PPP PPY

1900–1991 2 44 7 11 8 0.3

1992–1999 4 22 13 29 10 0.5

2000–2008 3 12 24 29 3 0.4

2009–2012 4 7 24 8 2 0.3

2013–2018 4 4 31 24 1 0.3

https://doi.org/10.1371/journal.pone.0235265.t005

Fig 2. Peer-reviewed Publications per Year (PPY) for each of the 44 projects compared to the estimated number, N, of participants. The exceptional Lower-45

project Snow Surveyors (Log(N) = 2.0 and PPY = 5.3) has not been plotted so that the distribution details of the remaining projects can be better seen.

https://doi.org/10.1371/journal.pone.0235265.g002
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The conclusion from this study is that, as for the SSCS projects studied by [5], the ESCS

projects show as one might expect a strong distinction between the Top-3 and most productive

projects and the much larger Lower-45 population of projects that also have significantly lower

participation levels. There is, however, little difference in the median number of authors

between these two groups. The participation level and scale of the project apparently has an

impact on the publication rates of the projects with the larger projects in the Top-3 group gener-

ating about eight-fold higher PPY rates than the more numerous and smaller-scale projects in

the Lower-45 group. For project performance in terms of publication output and annual output

rates, it is distinctly more advantageous to be a project with over ca 100,000 participants.

4.2 Productivity gauged by the citation index: CI

The cumulative citations for each of the 782 papers in this study were identified using the WoS

online citation catalog. The full ensemble of 48 projects with peer-reviewed papers generated a

total of 12,380 citations, with the specific sub-totals by the Top-3 projects shown in Table 3

(col. 8) contributing 7,854 citations and the Lower-45 shown in Table 4 (col. 10) contributing

4,526 citations. Clearly, the Top-3 projects out-performed the Lower-45 projects using the

gross number of citations as a measure. It is clearly beneficial to have projects that produce

large numbers of papers in order to generate the largest numbers of citations. I also expect that

the more recent papers will be numerically disadvantaged in the citation count and this is

borne out by Fig 3, which shows the publication year of each paper and its cumulative

citations.

Fig 3. Total citation counts as of 2018 by publication year since 1975 for peer-reviewed papers for the Lower-45 projects (filled dot), and the Top-3 projects eBird (x),

GLOBE (+) and Christmas Bird Count (diamond).

https://doi.org/10.1371/journal.pone.0235265.g003
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Although the citations generally increase for both groups through ca 2015, there is a pro-

gressive fall-off after ca 2015. Since it takes up to five years or longer before a paper begins to

be cited, this lag probably explains the 2015–2018 fall off. These distributions are, however,

generally what would be expected since, all other factors being equal, older papers published

before ca 2010 ought to have accumulated more citations than more recent ones. Fig 3 is a

snapshot of how the project papers compare as of the end of 2018 when the citation counts

were completed. In time, the points will shift upwards as more citations accumulate after 2018.

Nevertheless, Fig 3 gives a rough comparison of how papers published by the various projects

stand in relation to each other. What is seen is that for most years from 1975–2010 the papers

from the Lower-45 and Top-3 are well-mixed during any given year, which indicates that

papers from diverse projects are being cited about equally well irrespective of whether they are

in the Top-3 or Lower-45 projects. After 2010, and especially after 2012 there is a sharp decline

for all groups in the citations for the Lower-45 papers but not for the eBird project, which con-

tinues to generate papers between 2010–2018 that are producing significant numbers of cita-

tions. This suggests that there are either fewer papers being published by the Lower-45 cohort

after 2010, or those papers that are published are being under-cited. The former possibility can

be discounted because in Table 5 there was no decline in PPY for this group during this time

interval. This suggests that more recent papers among these projects are not being cited at the

same rate as papers in this cohort before ca 2010.

4.3 Papers with no citations

According to [34], a study of 12,000 journals in the WoS database, as many as 10% of pub-

lished articles are never cited. Earlier studies by [35] found non-citation rates for peer-

reviewed papers between 4–11% for papers in the natural sciences with rates as high as 65% in

the humanities.

The ensemble of 783 peer-reviewed papers included 266 that were not cited by the end of

2018. Given that the publication record ends in 2018, if we apply a grace period of two years

before we expect the first citations to appear, we find that papers published in 2017 and 2018

account for 84 of these cases and have not as yet begun to have citations to them. Correcting

the percentages for the four project categories, the zero-citation rates are Else = 12%,

eBird = 14%, GLOBE = 18% and Christmas = 0%. While these no-citation rates of 12–18%

appear high, the study by [35] suggests that these rates may not be unusual, and moreover

should be interpreted with caution.

According to [36], “It is a sobering fact that some 90% of articles that have been published

in academic journals are never cited. Indeed, as many as 50% of papers are never read by any-

one other than their authors, referees, and journal editors.” Nevertheless, according to [37]

some uncited research provides important information for databases that other investigators

rely upon. In other instances, uncited research in online, peer-reviewed journals such as PLOS

One may nevertheless be viewed and downloaded thousands of times. An example of this is a

paper by [38], which [34] identifies as having never been cited but has been viewed via social

media over 1,500 times and downloaded 500 times. These uncited-but-popular papers can

become part of the underlying sea of uncited but influential literature that all researchers

share, and which new online citation indices called Altmetric Attention Scores [39,40] attempt

to capture.

4.4 A general comparison with non-CS earth science research papers

Ultimately, the goal of this investigation is to compare ESCS projects against non-CS research

approaches to assess whether ESCS projects are as productive based upon standard
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bibliographic indices as conventional research approaches. This comparison was performed

for space science projects by [5] who found that CS projects perform as well, and by some mea-

sures, even better than conventional papers using non-CS approaches. The question is whether

the same conclusion applies to earth science CS projects. The ESCS projects in Tables 3 and 4

cover primarily the biological sciences rather than geophysics, so a survey of the biological

publications in the earth sciences (ecology, bio statistics, wildlife management, ornithology,

etc) would appear to be a good place to start.

In the previous study, the non-CS, space science papers used as a reference appeared in

only three main journals: The Astronomical Journal, the Monthly Notices of the Royal Astro-
nomical Society and The Astrophysical Journal. The previous strategy was to identify all papers

published in these three journals for the year 2000, and then follow the collective history of the

citations for these papers through 2018. In contrast, the ESCS papers were published in over

352 different journals whose audiences are specialized, and with none accounting for more

than about 10% of the peer-reviewed publications in this study. Among the Top-3 programs,

which are primarily in the field of ornithology, the most popular journals were Ecology and

Biological Conservation. The most popular journals for the Lower-45 papers were Frontiers in
Ecology and the Environment, Global Change Biology, and the International Journal of Biomete-
orology. Similarly to the previous space science study, we selected a reference year, in this case

2003, because this was the first year of publication for the Frontiers in Ecology and the Environ-
ment, and it represents the start year of the majority (80%) of the ESCS projects. The counting

via WoS was performed over the interval 2003–2018. A total of 980 papers were identified in

these five journals and yielded 78,575 citations over the 15-year period.

The annual citation history of these non-CS, earth science papers has been normalized by

dividing each journal’s citations by the total number during the 2003–2018 reference interval.

The resulting normalized history was then multiplied by an arbitrary factor of 300 to place the

curves on the same scale as the ESCS papers. The resulting hypothetical non-CS citation his-

tory curves for each journal are shown in Fig 4. The normalization and re-scaling was per-

formed so that these journals can be used as proxies to represent the typical citation history

profiles for the aggregate papers published in them, and to place them in the same range of

annual citations as found for the ESCS papers with the highest citations. According to [41],

after five years, one paper in 1,000 had reached 257 cumulative citations so we can compare

the ESCS papers with> 256 citations against this earlier study. These ‘Top-7 ESCS’ papers

were: [42] with 464 citations, [43] from the GLOBE program with 422 citations, [44] with 336

citations, [45] from the Christmas Bird Count project with 320 citations, [46] also from the

Christmas Bird Count project with 303 citations, [47] from the GLOBE project with 277 cita-

tions, and finally [48] with 270 citations. Also included for comparison are the two popular

SSCS papers by [49] with 427 citations and [50] with 268 citations.

What is seen in Fig 4 is that the profiles of the most-cited ESCS papers do follow the history

trend of the average non-ES papers (solid lines) with annual citations that gradually increase

between 1–5 years after publication, and then level off with a long sustained annual citation

rate lasting in some instances 15 years. What is noteworthy is that the ESCS paper by Bonney

[42] and the SSCS paper by Lintott [49] continue to increase their annual citations until about

Year-8 at which point they appear to level-off. Since for Lintott Year-8 occurs in 2016, and for

Bonney it is 2017, these years occur before the citation count limit of 2018 and so the leveling-

off may be a real feature of the citation history. At least the most-cited ESCS papers behave

very similarly to non-CS papers with a peak at about 1–5 years after publication. The most-suc-

cessful of these enjoy a more prolonged growth to Year-8 before they, too, appear to reach a

plateau.
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4.5 Impact factor

The Impact Factor is a ratio of the number of citations over a specific span of time divided by

the number of papers published over the same time interval. In the case of CS projects, the

appropriate time interval is the difference between the inception year of the project and 2018

when this study was concluded. For example in Table 3, The GLOBE project had 61 peer-

reviewed papers that garnered 1874 citations resulting in an IF = 1874/61 = 31. In Table 3 (col.

10) and Table 4 (col. 12) the IF was calculated for each project and summarized in Table 6

along with data on the SSCS projects provided by [5]. For example, the Lower-45 ESCS proj-

ects with 219 papers and 4,526 citations (Table 4) yields an aggregate IF of 21. By this measure,

the comparisons suggest that the Top-3 space science projects tend to have higher impacts

than the corresponding earth science projects, but that the general populations of these proj-

ects excluding the Top-3 favor the earth science projects in impact.

Fig 4. Citation history for the Top-7 ESCS papers with more than 257 citations compared to the normalized and re-scaled journal citation

histories (solid lines). Bonney [42](square), Penuelas [43](X), Reich [44](circle), Root [45](filled square), Verner [46](filled triangle), Morys [47](+)

and Buckley [48] (triangle). Also shown are the two top performers in the SSCS sample: Lintott [49](diamond) and Willett [50](filled circle).

https://doi.org/10.1371/journal.pone.0235265.g004

PLOS ONE A citation study of earth science projects in citizen science

PLOS ONE | https://doi.org/10.1371/journal.pone.0235265 July 16, 2020 16 / 26

https://doi.org/10.1371/journal.pone.0235265.g004
https://doi.org/10.1371/journal.pone.0235265


A study by [51] has investigated the citation rates for the 500 most-cited papers across 236

scientific categories, and found that in general these papers achieve IF> 45. In the comparison

with non-CS papers described in Section 4.4, the 980 papers with their 78,575 citations yielded

an IF = 78575/980 = 80 among the most popular two or three journals out of 352 in the SSCS

sample, but implies that the ESCS papers fall well-below the average natural science IF. Only

three of the Top-3 projects equal or exceed this level of impact described by [51], and are sig-

nificantly below the IF computed for the reference papers published in 2003. However, studies

of the more numerous papers indicate that significantly lower IFs are, in fact, more common.

For instance, according to [52] between 1990 and 2010, natural science papers had a typical IF

of about 25 with significant variations within the sub-disciplines. We see in Table 6 that the

Top-3 projects cluster around IF = 25, with the ESCS projects generally in the lower-half of the

range. Is this difference significant?

Although comparing CS with non-CS papers is problematical because of the different

methodologies employed to gather and analyze data, we can investigate whether CS projects in

two distinct disciplines have similar impacts. A detailed comparison between the IF distribu-

tions for the Lower-45 ESCS and Lower-23 SSCS projects can determine whether these proj-

ects using similar citizen science approaches also have similar impacts.

We can check the null hypothesis that there is no significant difference between the ES and

SS groups by performing a one-sided, Student’s T-test using the N = 6 categories in Fig 5. The

total sum of the differences ∑D = 22 and the sum of the squared differences ∑D2 = 144. The T-

score is computed from the formula

T ¼
ð
P

DÞ=N
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
P

D2 �
ð

P
DÞ2

N

� �

ðN� 1ÞN

s

This results in T = (22/6) / [(144–484/6)/(5x6)]1/2 = 2.52 for 5 degrees of freedom. The corre-

sponding T-value is 2.05 for rejecting the null hypothesis at the 5%-level (i.e. accepting the null

hypothesis at the 95%-level). Since the T-value is greater than the calculated 2.52, the SSCS and

ESCS IF distributions are, therefore, statistically different. Judging from the histograms in Fig

5, most of this difference comes from the IF values between 6 and 12. One can conclude that

the more numerous citizen science projects in these two areas have statistically significant dif-

ferences in impact with the earth science projects performing somewhat better than the space

science projects as evidenced by Fig 5.

Table 6. A comparison of impact factors for citizen science projects.

(1) (2)

IF

Top-3

SCS-Galaxy Zoo 52

SCS-Planet Hunters 24

SCS-Einstein@Home 17

ECS-The GLOBE 31

ECS-Christmas Bird Count 13

ECS-eBird 11

Lower

SSCS(N = 23) 10

ESCS(N = 45) 21

https://doi.org/10.1371/journal.pone.0235265.t006
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4.6 The H and M-indices

For the ensemble of 48 ESCS projects, the combined, ranked project citations in Tables 3 and

4 yield H = 23. The CS projects in both earth and space science achieve aggregated H-indices

that suggest they are as impactful as the publication efforts of equivalent individual scientists

applying for a tenure decision. Generally, only a small number of citizen science projects have

H-indices that place them above the threshold for ‘tenure’ (H = 18) in earth science: Christmas
Bird Count (H = 31), eBird (H = 23), and The GLOBE (H = 17). In space science the corre-

sponding projects are Einstein@Home, Planet Hunters and Galaxy Zoo. The large dispersion in

H-indices especially for the most recent years since 1990, indicates that there is no significant

correlation with project age after 1990. The ESCS and SSCS groups each yield a flat regression

(slope ±0.05) with R2 <0.005, which indicates that no correlated behavior exists in this data to

a significance exceeding 99%. However as expected, the projects with the largest number of

publications, at least within the limitations of small-number statistics, tend to have the highest

H-indices.

The age-corrected M-index has been suggested by [28] as a better measure of a scientist’s

publication impact because it accounts for the number of years that publications have been in

print. In the case of this investigation, it would be the age of the CS project that would be the

best time-base for normalization so that younger projects are not disadvantaged compared to

older CS projects. This measure was implemented by simply dividing the H-index by the total

years of operation of each project resulting in Fig 6. As a comparison of the SSCS and ESCS

projects, the M-index calculated in this way shows that the younger space science projects have

noticeably larger M-indices than the earth science CS projects. Because the comparison is

between one category of citizen science projects against another, the comparison is straight-

forward because both groups essentially use the same methodology of crowdsourcing their

data analysis, and we are using the same ‘project age’ time base for the normalization. Since

Fig 5. Histogram of CS project impact factors for the Lower-45 ESCS projects (black bars) from this study, and 23 SSCS projects (gray

columns) based upon [5].

https://doi.org/10.1371/journal.pone.0235265.g005
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the project age-effect has been normalized-out, the remaining variation suggests that the SSCS

projects may be more impactful than the ESCS projects.

According to an assessment of the M-index by [19], M = 1 (e.g. H = 20 after 20 years of

research) is the threshold for a ‘successful’ scientist, while M = 2 is the threshold for ‘outstand-

ing scientists likely to be found only at the top universities or major research laboratories’. By

this measure, virtually all of the ESCS projects fall below the M = 1.0 threshold for a ‘successful’

scientist while half of the SSCS projects fall above this threshold.

4.7 Other measures

Another measure of impact proposed by [53] is the number of papers that exceeded a specific

number of citations by the end of a survey year. From their study, among the 58 million papers

indexed by the WoS, only 14,500 papers (three-in-1,000) achieved more than 1000 citations by

2014. For space science papers in particular [41] found that after five years, one paper in 1,000

had reached 257 cumulative citations. For the SSCS study [5], an equivalent of 26 papers per

Fig 6. Aggregated M-index for projects with more than three publications in SSCS (triangles) and ESCS (dots) with Christmas Bird Count (age 118 years and M = 0.26)

excluded.

https://doi.org/10.1371/journal.pone.0235265.g006
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1000 were found to have reached the same level of citations after five years. The conclusion by

[5] was that the SSCS papers had higher odds of being very successful papers than non-SSCS

papers by this measure.

A similar analysis was performed for all 48 ESCS projects, which resulted in five papers hav-

ing more than 257 citations after five years, which I call the P257-index, for an equivalent of 10

papers per 1000. Taken separately, the Top-3 papers had a rate of 5 in 1000 (eBird); 33 in 1000

(GLOBE); and 7 in 1000 (Christmas Bird Count), while the Lower-45 had a rate of 10 in 1000.

These rates are substantially higher than that found by [41] at least for space science papers in

general.

Assessing the corresponding rates for non-ESCS papers is difficult. For earth science

papers, research papers appear in over 137 different journals. The most popular of these are

listed in Table 7 and represent 18% of all cited ESCS papers. To perform the citation study I

selected the median year for the ESCS papers, 2011, and identified the papers published in that

year for each journal. The WoS service provides a means for quickly determining the total cita-

tions and statistics for the ensemble of papers using the ‘Citation Report’ feature, resulting in a

total of 382 papers (col. 4) out of 5,890 in the sample achieving more than 257 citations after 5

years. The equivalent rate is then estimated to be 65 papers per 1000. The journal Nature is an

outlier, so if we only consider the remaining non-CS papers the totals are 3,224 papers, with 42

papers exceeding 257 cites for an equivalent of 13 per 1000.

The results of all of the findings in this study are summarized in Table 8. The papers per

year (PPY: col. 2) and the median number of authors per paper (APP: col. 3) are obtained

from Tables 3 and 4. The percentage of papers with no citations (col, 4) is taken from the dis-

cussion in Section 4.3. The median IF (col. 5) is from Table 6. The median H-index and M-

index are obtained from the discussion in Section 4.6, and the P257 index is from Section 4.6.

Table 7. Estimated statistics for non-ESCS papers published in 2011.

(1) (2) (3) (4) (5) (6)

Journal Non-CS Papers CI P > 257 IF H

Biological Conservation 293 10,814 2 37 52

Ecology 294 13,605 3 46 59

Wilson Bulletin 122 673 0 6 12

Frontiers in Ecology and the Environment 192 5,256 1 13 41

Global Change Biology 310 21,276 9 69 79

International Journal of Biometeorology 116 3,369 2 29 30

Ecological Applications (2010) 177 6,450 1 36 47

Methods in Ecology and Evolution 126 11,754 12 93 49

Conservation Biology 134 4,544 2 34 39

Biological Invasions 212 4,753 0 22 34

Ecology Letters 167 15,236 7 91 69

Ecology and Evolution 262 5,183 0 20 34

Nature 2,666 323,549 340 121 292

American Naturalist 163 5,166 0 32 41

Climate Research 83 2,204 1 27 24

Journal of Biogeography 195 7,542 2 39 46

Agricultural and Forest Meteorology 186 6,353 0 34 44

Journal of Wildlife Management 192 3,051 0 16 28

Totals: 5,890 450,778 382 <16> <18>

The IF and H-indices in the last row are shown in brackets are the median of the values in column 5 and 6.

https://doi.org/10.1371/journal.pone.0235265.t007
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The comparison between the two groups of citizen science research indicates that the earth

science projects produce more papers per year with fewer authors than the space science citi-

zen science projects, but have slightly higher rates of papers with no citations. The other indi-

ces lead to relatively mixed assessments in which the Top-3 projects from each subject area

have higher M-values and odds of being in the Top-1000 papers for space science. The more

numerous projects, however are higher performers in earth science than space science in

terms of the H index and odds of being in the Top-1000 papers.

5.0 Conclusion

Publications

A total of 783 peer-reviewed citizen science research papers in the area of earth science were

identified through the end of 2018. The Top-3 projects were Christmas Bird Count (306), eBird
(196), and The GLOBE Project (61), which collectively account for 563 papers (72%). The sec-

ond ‘Lower-45’ group, contributed the remaining 219 papers. Although 80% of the projects

have only been in existence since 2000, the Top-3 projects have a nearly ten-fold higher rate of

paper production (2.6 papers per year) compared to the Lower-45 projects. Although the dif-

ference cannot be attributed to the median number of authors per paper in each group, which

is nearly the same (e.g. 3–4) for each group. The Top-3 projects have a median of nearly 100

times the number of participants than the Lower-45 projects, which suggests a higher through-

put of data from which papers could be generated. However, within the Lower-45 group, there

is no commensurate correlation between annual paper output and participatory scale,

although these projects tend to be significantly younger than the Top-3 projects.

Citations

The full ensemble of 48 projects with peer-reviewed papers generated a total of 12,380 citations

by the end of 2018, with the Top-3 projects contributing 7,854 citations and the Lower-45 with

4,426 citations. In terms of annual paper citations, for most years between 1975–2010 the

papers from the Lower-45 and Top-3 are well-mixed during any given year, which indicates

that papers from diverse projects are being cited about equally. After 2010, and especially after

2012 there is a sharp decline for all groups in the citations for the Lower-45 papers but not for

the Top-3 projects, which continue to generate papers between 2010–2017 that are producing

significant numbers of citations. This suggests that there are either fewer papers being pub-

lished by the Lower-45 cohort after 2010, or those papers that are published are being under-

cited. The former possibility can be discounted because there was no decline in papers-per-

year for this group during this time interval. This suggests that more recent papers among

these projects are not being cited at the same rate as papers in this cohort before ca 2010. This

is supported by the discovery that in terms of the number of papers from each project that are

Table 8. Comparisons of various indices of citizen science project impact.

(1) (2) (3) (4) (5) (6) (7) (8)

Source PPY APP C0 IF H M P257

ESCS

Top-3 2.6 3 12% 13 23 0.75 15

Lower-45 0.3 4 14% 21 23 0.16 10

SSCS

Top-3 0.11 14 3% 24 11 1.7 33

Lower-23 0.06 11 10% 10 4 0.5 0

https://doi.org/10.1371/journal.pone.0235265.t008
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not being cited at all, the Lower-45 rate of 12% is comparable to the median rate of 14% for the

Top-3 projects.

When the annual citation histories of the earth science projects are compared to non-citizen

science projects in earth science, the profiles of the most-cited CS papers do follow the history

trend of the average non-ES papers with annual citations that gradually increase between 1–5

years after publication, and then level off with a long sustained annual citation rate lasting in

some instances 15 years. The most-successful of these projects enjoy a more prolonged growth

to Year-8 before they, too, appear to reach a plateau.

Impact factors

A comparison of the earth science and space science citizen science projects which use similar

data gathering and analysis methodologies suggests that the Top-3 space science projects tend

to have higher impacts (IF = 24) than the corresponding earth science projects (IF = 13), but

that the general populations of these projects excluding the Top-3 favor the earth science proj-

ects (IF = 21) over the space science projects (IF = 10) in impact. Studies by other investigators

of natural science research papers between 1990 and 2010 find that typical impact factors near

IFn = 25 are common with considerable sub-discipline variation. Both the earth and space sci-

ence citizen science papers fall below IFn, and only three of the Top-3 projects equal or exceed

this level of impact.

H and M-indices

The CS projects in both earth and space science achieve aggregated H-indices that suggest they

are as impactful as the publication efforts of equivalent individual scientists applying for a ten-

ure decision. Generally, only the Top-3 citizen science projects in earth and space science have

H-indices that place them above the threshold for ‘tenure’. The H-index is known to be flawed

in that it is age-dependent favoring scientists and programs that have longer publication histo-

ries. The M-index is created by dividing the H-index by the age of the publication record such

that M = 1 (e.g. H = 20 after 20 years of research) is the threshold for a ‘successful’ scientist,

while M = 2 is the threshold for ‘outstanding scientists’. By this measure, virtually all of the

earth science projects fall below the threshold for a ‘successful’ scientist while of the SSCS proj-

ects fall above this threshold.

Other indicators

A number of variants on the idea of the Top-1000 papers in an entire research domain have

been proposed to indicate impact. One method counts the number of papers with more than

257 citations in five years yielding a one-in-1000 rate as a suggested baseline for the most suc-

cessful papers. A similar analysis on space science citizen science papers and found an equiva-

lent rate of 26 papers per 1000. Taken separately, the Top-3 papers had an average rate of 15

per 1000, while the Lower-45 had a rate of 10 per 1000. These rates are ten-fold higher than

found by other investigators for non-CS research impact.

Assessing a variety of measures for productivity and impact for the earth science citizen sci-

ence peer-reviewed research papers, we can tentatively conclude that the majority of the citizen

science research tends to fall below the typical impact factors for natural science research, with

the majority of the earth science research falling below the level of ‘successful’ research as indi-

cated by the M-index. Nevertheless, when gauged by the presence of this research among the

Top-1000 papers being cited, citizen science papers in both earth and space science areas have

about 10-times the number of papers making it to this level. Some of the reasons for the lower

performance may have to do with the down-turn in published papers after 2010 for the
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majority of the earth science projects, which itself is related to the fact that 80% of these proj-

ects only became operational after 2000 compared to the more successful ‘Top-3’ projects,

whose impacts resemble the general population of non-citizen science research.

Supporting information

S1 Data. This file contains all of the data used in generating the figures, tables and conclu-

sions for this paper. The contents are presented in seven spreadsheets identified as ‘Projects’,

‘Bibliography’, ‘Journals’, ‘Citations’, ‘eBird’, ‘GLOBE’, ‘Christmas’. The Projects tab contains a

complete listing of the surveyed projects along with tabulated information about the estimated

number of participants and the break down of the kinds of published documents. Bibliography

lists the inventoried research papers for each project. Journals is a listing of the peer-reviewed

journals in which the research articles appear. Citations is the cumulative number of citations

through the end of 2017 for each bibliographic reference. The eBird, GLOBE and Christmas

tabs are the separate bibliographies for the eBird, GLOBE and Christmas Bird Count projects.

The tabs for Tables 1, 2 and 3 provide the data for these three tables. Fig 2 &Tables 4 and 5 pro-

vides the information for Fig 2 and Tables 4 and 5. The tabs for Figs 3, 4, 5 and 6 provide the

information and tabulations for these tables. The final spreadsheet tab ‘PubDist’ provides a

graph of how the full ensemble of bibliographies were distributed among specific types of doc-

uments.

(XLSX)

Acknowledgments

I would like to thank the Referees for the many helpful comments and suggestions, which sig-

nificantly improved the clarity of this work.

Author Contributions

Conceptualization: Sten F. Odenwald.

Data curation: Sten F. Odenwald.

Formal analysis: Sten F. Odenwald.

Funding acquisition: Sten F. Odenwald.

Investigation: Sten F. Odenwald.

Methodology: Sten F. Odenwald.

Project administration: Sten F. Odenwald.

Resources: Sten F. Odenwald.

Writing – original draft: Sten F. Odenwald.

Writing – review & editing: Sten F. Odenwald.

References
1. Lewandowski E, Specht H. Influence of volunteer and project characteristics on data quality of biological

surveys. Conservation Biology, 2015, v. 29, no. 3 (2015): 713–723. http://onlinelibrary.wiley.com/doi/

10.1111/cobi.12481/full#references https://doi.org/10.1111/cobi.12481 PMID: 25800171

2. Kosmala M, Wiggins A, Swanson A, Simmons B. Assessing data quality in citizen science. Frontiers in

Ecology and the Environment, 2016, 14. 551–560.

PLOS ONE A citation study of earth science projects in citizen science

PLOS ONE | https://doi.org/10.1371/journal.pone.0235265 July 16, 2020 23 / 26

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0235265.s001
http://onlinelibrary.wiley.com/doi/10.1111/cobi.12481/full#references
http://onlinelibrary.wiley.com/doi/10.1111/cobi.12481/full#references
https://doi.org/10.1111/cobi.12481
http://www.ncbi.nlm.nih.gov/pubmed/25800171
https://doi.org/10.1371/journal.pone.0235265


3. Sauermann H, Franzoni C. Crowd science user contribution patterns and their implications. Publica-

tions of the National Academy of Sciences, 2014, vol 112, No. 3, pp 679–684, [Cited April 30, 2020]

Available from http://www.pnas.org/content/112/3/679.

4. Sandström U, van den Besselaar P. Quantity and/or Quality? The Importance of Publishing Many

Papers. PLoS One. 2016; 11(11):e0166149. Published 2016 Nov 21. https://doi.org/10.1371/journal.

pone.0166149 PMID: 27870854

5. Odenwald S., 2018. A Citation Study of Citizen Science Projects in Space Science and Astronomy. Citi-

zen Science: Theory and Practice, 3(2), p.5. Published 2018. http://doi.org/10.5334/cstp.152

6. Dijstelbloem H, Huisman F, Miedema F, Mijnhardt W. Science in Transition Status Report. June 2014.

Available from: http://www.scienceintransition.nl.

7. Hicks D, Wouters P, Waltman L, de Rijcke S, Rafols I. The Leiden Manifesto for research metrics,

Nature, 2015, v. 520, pp 429–31 https://doi.org/10.1038/520429a PMID: 25903611

8. de Solla Price D. Networks of Scientific Papers. Science. 1965, 149 (3683):

9. Schaer P. Applied Informetrics for Digital Libraries: An Overview of Foundations, Problems and Current

Approaches. Historical Social Research, 2013, 38 (3): 267–281.

10. Van Leeuwen TN, Visser MS, Moed HF, Nederhof TJ, Raan AFJ. The Holy Grail of science policy:

exploring and combining bibliometric tools in search of scientific excellence. Scientometrics. 2003; 57

(2):257–280. https://doi.org/10.1023/A:1024141819302

11. Fowler JH, Aksnes DW. Does self-citation pay? Scientometrics, 2007, 72(3), 427–437. https://doi.org/

10.1007/s11192-007-1777-2

12. Costas R, van Leeuwen TN, Bordons M. Self-citations at the meso and individual levels: effects of differ-

ent calculation methods, Scientometrics, 2010, v. 82 pp 517–537. https://doi.org/10.1007/s11192-010-

0187-7 (Figure 2). PMID: 20234766

13. Harzing AW. 2010, Citation analysis across disciplines: The impact of different data sources and citation

metrics. Scientometrics, 2010, vol. 106, no. 2, pp. 787–804. [Cited April 30, 2020] Available from:

https://harzing.com/publications/white-papers/citation-analysis-across-disciplines.

14. Web of Science, https://clarivate.com/webofsciencegroup/solutions/web-of-science/

15. Hermes-Lima M, Santos NC, Alencastro NC, Ferreira ST. Whither Latin America? Trends and chal-

lenges of science in Latin America., IUBMB Life. 2007 Apr-May; 59(4–5):199–210., [Cited April 30,

2020] Available from https://www.ncbi.nlm.nih.gov/pubmed/17505948 and summarized at http://www.

hfsp.org/node/376. https://doi.org/10.1080/15216540701258751 PMID: 17505948

16. Huang M-H, Lin C-S, and Chen D-Z. Counting methods, country rank changes, and counting inflation in

the assessment of national research productivity and impact, Journ. Assoc. Inf., Sci. and Tech., 2011,

v. 62, pp 2427–2436. https://doi.org/10.1002/asi.21625

17. Calver MC, Bradley JS. Should we use the mean citations per paper to summarize a journal’s impact or

to rank journals in the same field?, Scientometrics, 2008, V. 81, pp. 611–615. https://doi.org/10.1007/

s11192-008-2229-y

18. Ellegaard O. and Wallin JA. The bibliometric analysis of scholarly production: How great is the impact?

Scientometrics. 2015; 105(3): 1809–1831. https://doi.org/10.1007/s11192-015-1645-z PMID:

26594073

19. Hirsch JE. An index to quantify an individual’s scientific output, PNAS, 2005, v. 102, pp 16569–72,

arXiv:physics/0508025 https://doi.org/10.1073/pnas.0507655102 PMID: 16275915

20. Bornmann L, Mutz R, Daniel H-D. Are there better indices for evaluation purposes than the h index? A

comparison of nine different variants of the h index using data from biomedicine. Journal of the Ameri-

can Society for Information Science and Technology, 2008, https://doi.org/10.1002/asi.20806

21. Mingers J, O’Hanley JR, Okunola M. Using Google Scholar institutional level data to evaluate the quality

of university research. Scientometrics, 2017, 113, 1627–1643. https://doi.org/10.1007/s11192-017-

2532-6 PMID: 29200538

22. Jacso P. The h-index for countries in Web of Science and Scopus. Online Information Review, 2009, v.

33. 831–837. https://doi.org/10.1108/14684520910985756

23. Hovden R. Bibliometrics for Internet media: Applying the h-index to YouTube. Journal of the American

Society for Information Science and Technology, 2013, 64 (11): 2326–31. arXiv:1303.0766. https://doi.

org/10.1002/asi.22936

24. Barnes C. The h-index debate: An introduction for librarians, The Journal of Academic Librarianship 43

(6): 487–494. http://dx.doi.org/10.1016/j.acalib.2017.08.013

25. Rownland I. Is it time to bury the h-index?, 2018, [Cited April 30, 2020], Available from https://

thebibliomagician.wordpress.com/2018/03/23/is-it-time-to-bury-the-h-index/

PLOS ONE A citation study of earth science projects in citizen science

PLOS ONE | https://doi.org/10.1371/journal.pone.0235265 July 16, 2020 24 / 26

http://www.pnas.org/content/112/3/679
https://doi.org/10.1371/journal.pone.0166149
https://doi.org/10.1371/journal.pone.0166149
http://www.ncbi.nlm.nih.gov/pubmed/27870854
http://doi.org/10.5334/cstp.152
http://www.scienceintransition.nl
https://doi.org/10.1038/520429a
http://www.ncbi.nlm.nih.gov/pubmed/25903611
https://doi.org/10.1023/A:1024141819302
https://doi.org/10.1007/s11192-007-1777-2
https://doi.org/10.1007/s11192-007-1777-2
https://doi.org/10.1007/s11192-010-0187-7
https://doi.org/10.1007/s11192-010-0187-7
http://www.ncbi.nlm.nih.gov/pubmed/20234766
https://harzing.com/publications/white-papers/citation-analysis-across-disciplines
https://clarivate.com/webofsciencegroup/solutions/web-of-science/
https://www.ncbi.nlm.nih.gov/pubmed/17505948
http://www.hfsp.org/node/376
http://www.hfsp.org/node/376
https://doi.org/10.1080/15216540701258751
http://www.ncbi.nlm.nih.gov/pubmed/17505948
https://doi.org/10.1002/asi.21625
https://doi.org/10.1007/s11192-008-2229-y
https://doi.org/10.1007/s11192-008-2229-y
https://doi.org/10.1007/s11192-015-1645-z
http://www.ncbi.nlm.nih.gov/pubmed/26594073
https://doi.org/10.1073/pnas.0507655102
http://www.ncbi.nlm.nih.gov/pubmed/16275915
https://doi.org/10.1002/asi.20806
https://doi.org/10.1007/s11192-017-2532-6
https://doi.org/10.1007/s11192-017-2532-6
http://www.ncbi.nlm.nih.gov/pubmed/29200538
https://doi.org/10.1108/14684520910985756
https://doi.org/10.1002/asi.22936
https://doi.org/10.1002/asi.22936
http://dx.doi.org/10.1016/j.acalib.2017.08.013
https://thebibliomagician.wordpress.com/2018/03/23/is-it-time-to-bury-the-h-index/
https://thebibliomagician.wordpress.com/2018/03/23/is-it-time-to-bury-the-h-index/
https://doi.org/10.1371/journal.pone.0235265


26. Anauati MV, Galiani S, Gálvez RH., Quantifying the Life Cycle of Scholarly Articles Across Fields of

Economic Research (November 11, 2014). [Cited April 30, 2020] Available from SSRN: http://ssrn.com/

abstract=2523078

27. Bartneck C, Kokkelmans S. Detecting h-index manipulation through self-citation analysis Sciento-

metrics, 2011, 87 (1): 85–98. https://doi.org/10.1007/s11192-010-0306-5 PMID: 21472020

28. Bohlin Von and Halbach O. How to judge a book by its cover? How useful are bibliometric indices for the

evaluation of “scientific quality” or “scientific productivity”?, Annals of Anatomy, 2011, v. 193, pp 191–

196, https://doi.org/10.1016/j.aanat.2011.03.011 PMID: 21507617

29. Malesios CC, Psarakis S. Comparison of the h-index for Different Fields of Research Using Bootstrap

Methodology, 2010, [Cited April 30, 2020] Available from https://arxiv.org/ftp/arxiv/papers/1708/1708.

07893.pdf

30. Federal Crowdsourcing and Citizen Science Catalog https://www.citizenscience.gov/catalog/#

31. Scistarter.org, http://www.scistarter.org

32. Clery D. Still working: Astronomers explain why they don’t publish. 2018. [Cited April 30, 2020] Available

from: https://www.sciencemag.org/news/2018/02/still-working-astronomers-explain-why-they-don-t-

publish.

33. Smith KT. Why don’t astronomers publish observations. Science, 2018, 359: 1005–1006. http://

science.sciencemag.org/content/359/6379/1005.3. https://doi.org/10.1126/science.359.6379.1005-c

34. Van Noorden R. The science that’s never been cited, Nature, 2017, 552, 162–164 (2017), https://doi.

org/10.1038/d41586-017-08404-0

35. Larivière V, Gibgras Y, Archambault EJ. The decline in the concentration of citations, 1900–2007,

Assoc. Inform. Sci. Tech. 2009, 60, 858–862, https://doi.org/10.1002/asi.21011

36. Meho LI. The rise and rise of citation analysis, 2007, Physics World, January, 32–36.

37. MacRoberts MH, MacRoberts BR. Problems of citation analysis: A study of uncited and seldom-cited

influences, J. Am. Soc. Inf. Sci. 2010, 61, 1–12, https://doi.org/10.1002/asi.21228 [Cited April 30, 2020]

from http://image.sciencenet.cn/olddata/kexue.com.cn/upload/blog/file/2010/12/

2010128124335464925.pdf

38. Egger JR, Konty KJ, Borrelli JM, Cummiskey J, Blank S. Monitoring Temporal Changes in the Specific-

ity of an Oral HIV Test: A Novel Application for Use in Postmarketing Surveillance, PLoS ONE, 2010, 5,

e12231. [Cited April 30, 2020] Available from https://journals.plos.org/plosone/article?id=10.1371/

journal.pone.0012231 PMID: 20811502

39. Priem J, Taraborelli D, Groth P, Neylon C. Altmetrics: A manifesto. 2010. [Cited April 30, 2020]. Avail-

able from http://altmetrics.org/manifesto/.

40. Huang W, Wang P, Wu Q. A correlation comparison between Altmetric Attention Scores and citations

for six PLOS journals. PLoS One. 2018; 13(4):e0194962. https://doi.org/10.1371/journal.pone.0194962

PMID: 29621253

41. Pearce F. Citation measures and impact within astronomy. Astronomy & Geophysics, Volume 45,

Issue 2, 1 April 2004, Pages 2.15–2.17. https://doi.org/10.1046/j.1468-4004.2003.45215.x

42. Bonney R., Cooper CB, Dickinson, Kelling S, Phillips, Rosenberg KV, Shirk J. Citizen Science: A Devel-

oping Tool for Expanding Science Knowledge and Scientific Literacy. BioScience 2009, 59(11): 977–

984.

43. Peñuelas J, Filella I. Phenology: Responses to a Warming World. Science, 2001, 294(5543): 793–795.

https://doi.org/10.1126/science.1066860 PMID: 11679652

44. Reich PB, Oleksyn J, Modrznyski J, Mrozinski P, Hobbie SE, Eissenstat DM, et al. Linking litter calcium,

earthworms and soil properties: a common garden test with 14 tree species. Ecology Letters, 2005,

8:811–818.

45. Root TL. Energy constraints on avian Distributions and abundances. Ecology, 1988, 69(2):330–339.

Comm. Ecol./Biogeogr.

46. Verner J. Assessment of counting techniques. Current Ornith. 1985, 2:247–302.

47. Morys M, Mims FMI, Hagerup S, Anderson S, Baker A, Kia J, and Walkup T. Design, calibration and

performance of MICROTOPS II handheld ozone monitor and sun photometer. Journal of Geophysical

Research, 2001, 106:14,573–14,582.

48. Buckley LB., Urban MC, Angilletta MJ, Crozier LG, Rissler LJ, Sears MW. Can mechanism inform spe-

cies’ distribution models? Ecology Letters, 2010, 13:1041–1054. https://doi.org/10.1111/j.1461-0248.

2010.01479.x PMID: 20482574

49. Lintott CJ, Schawinski K, Slosar A, Land K, Bamford S, Thomas D, et al. Galaxy Zoo: morphologies

derived from visual inspection of galaxies from the Sloan Digital Sky Survey, Monthly Notices of the

PLOS ONE A citation study of earth science projects in citizen science

PLOS ONE | https://doi.org/10.1371/journal.pone.0235265 July 16, 2020 25 / 26

http://ssrn.com/abstract=2523078
http://ssrn.com/abstract=2523078
https://doi.org/10.1007/s11192-010-0306-5
http://www.ncbi.nlm.nih.gov/pubmed/21472020
https://doi.org/10.1016/j.aanat.2011.03.011
http://www.ncbi.nlm.nih.gov/pubmed/21507617
https://arxiv.org/ftp/arxiv/papers/1708/1708.07893.pdf
https://arxiv.org/ftp/arxiv/papers/1708/1708.07893.pdf
https://www.citizenscience.gov/catalog/#
http://www.scistarter.org
https://www.sciencemag.org/news/2018/02/still-working-astronomers-explain-why-they-don-t-publish
https://www.sciencemag.org/news/2018/02/still-working-astronomers-explain-why-they-don-t-publish
http://science.sciencemag.org/content/359/6379/1005.3
http://science.sciencemag.org/content/359/6379/1005.3
https://doi.org/10.1126/science.359.6379.1005-c
https://doi.org/10.1038/d41586-017-08404-0
https://doi.org/10.1038/d41586-017-08404-0
https://doi.org/10.1002/asi.21011
https://doi.org/10.1002/asi.21228
http://image.sciencenet.cn/olddata/kexue.com.cn/upload/blog/file/2010/12/2010128124335464925.pdf
http://image.sciencenet.cn/olddata/kexue.com.cn/upload/blog/file/2010/12/2010128124335464925.pdf
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0012231
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0012231
http://www.ncbi.nlm.nih.gov/pubmed/20811502
http://altmetrics.org/manifesto/
https://doi.org/10.1371/journal.pone.0194962
http://www.ncbi.nlm.nih.gov/pubmed/29621253
https://doi.org/10.1046/j.1468-4004.2003.45215.x
https://doi.org/10.1126/science.1066860
http://www.ncbi.nlm.nih.gov/pubmed/11679652
https://doi.org/10.1111/j.1461-0248.2010.01479.x
https://doi.org/10.1111/j.1461-0248.2010.01479.x
http://www.ncbi.nlm.nih.gov/pubmed/20482574
https://doi.org/10.1371/journal.pone.0235265


Royal Astronomical Society, 2008, Volume 389, Issue 3, pp. 1179–1189. https://doi.org/10.1111/j.

1365-2966.2008.13689.x

50. Willett KW, Lintott CJ, Bamford SP, Masters KL, et al. Galaxy Zoo 2: detailed morphological classifica-

tions for 304 122 galaxies from the Sloan Digital Sky Survey, Monthly Notices of the Royal Astronomical

Society, 2013, Volume 435, Issue 4, p.2835–2860, https://doi.org/10.1093/mnras/stt1458

51. Patience GS, Patience CA, Blais B, Bertrand F. Citation analysis of scientific categories, Heliyon, v. 3,

May 2017, https://doi.org/10.1016/j.heliyon.2017.e00300 PMID: 28560354

52. Marx W, Bornmann L. On the causes of subject-specific citation rates in Web of Science, 2014, [Cited

April 30, 2020] Available from https://arxiv.org/abs/1408.5893

53. Van Noorden R, Maher B, Nuzzo R. The Top 100 Papers. Nature, 2014, v. 514, pp. 550–553. https://

doi.org/10.1038/514550a PMID: 25355343

PLOS ONE A citation study of earth science projects in citizen science

PLOS ONE | https://doi.org/10.1371/journal.pone.0235265 July 16, 2020 26 / 26

https://doi.org/10.1111/j.1365-2966.2008.13689.x
https://doi.org/10.1111/j.1365-2966.2008.13689.x
https://doi.org/10.1093/mnras/stt1458
https://doi.org/10.1016/j.heliyon.2017.e00300
http://www.ncbi.nlm.nih.gov/pubmed/28560354
https://arxiv.org/abs/1408.5893
https://doi.org/10.1038/514550a
https://doi.org/10.1038/514550a
http://www.ncbi.nlm.nih.gov/pubmed/25355343
https://doi.org/10.1371/journal.pone.0235265

