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Abstract
Evaluation o f scientific research is becoming increasingly reliant on publication-based bibliom etric indicators, which may 
result in the devaluation o f other scientific activities - such as data curation -  that do not necessarily result in the production 
o f scientific publications. This issue may undermine the movement to openly share and cite data sets in scientific 
publications because researchers are unlikely to  devote the effort necessary to  curate the ir research data if they are unlikely 
to receive credit for doing so. This analysis attem pts to demonstrate the bibliom etric impact o f properly curated and openly 
accessible data sets by attem pting to  generate citation counts for three data sets archived at the National Oceanographic 
Data Center. My findings suggest that all three data sets are highly cited, w ith  estimated citation counts in most cases 
higher than 99% o f all the journal articles published in Oceanography during the same years. I also find that methods o f 
citing and referring to these data sets in scientific publications are highly inconsistent, despite the fact that a formal citation 
form at is suggested for each data set. These findings have im portant implications for developing a data citation format, 
encouraging researchers to properly curate the ir research data, and evaluating the bibliom etric impact o f individuals and 
institutions.
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Introduction

In  recent years there has been increasing interest in, an d  use of, 
bibliom etric indicators for the evaluation and  ranking of research 
institutions. Bibliom etric indicators feature prom inently  in global 
m ixed-m ethod ranking schemes such as the Academ ic R anking of 
W orld Universities [1] and  the T im es H igher Education  ranking 
[2]. T hey  also feature in national m ixed-m ethod research 
assessment exercises in the U K , Brussels, Italy, and  Australia. 
O th e r global ranking schemes are based solely on  bibliom etric 
indicators [3,4]. Bibliom etric indicators are often recom m ended  to 
supplem ent [5-9] o r even replace [10,11] peer review in 
evaluating research institutions.

Partially in response to the growing im portance o f bibliom etrics 
in research evaluation, and  partially in response to o ther factors, 
there  is also a  growing m ovem ent focused on the developm ent o f  a 
standard  m ethod  o f citing da ta  sets in academ ic publications [12]. 
Reasons for developing a  citation form at for da ta  sets include 
verification o f published results, reuse o f da ta  sets for additional 
research purposes, and  attribu tion  to data  collectors an d  archivists. 
Such suggestions have been m ade in bioinform atics [13—16], 
genetics [17], clim ate sciences [18], geochem istry [19-21], 
oceanography [22,23], earth  sciences [24,25], and  m ultidisciplin­
ary sciences [26-28], am ong  others.

A lthough there is w idespread agreem ent w ithin the m ovem ent 
that a  m inim um  set o f  inform ation is necessary to a  com plete data  
set citation, there  seems to be  two schools o f thought as to how this 
ought to be accom plished. O ne  school favors a  direct citation to 
the da ta  set as it resides in an  established repository. This m odel

was first adopted  for nucleotide sequence datasets in the form ation 
o f G enB ank [29] an d  adap ted  for the m arine [30] and  earth  
[31,32] sciences before being m ore widely recom m ended [33-35] 
and  im plem ented in various subject-specific and  general data  
repositories such as the California Digital L ibrary  (h ttp :/ /w w w . 
cdlib .org/), D a taO N E  (h ttp ://w w w .d a ta o n e .o rg /), the D ataverse 
N etw ork (h t tp : / / th e d a ta .o rg /), D ryad  (h t tp : / /d a ta d ry a d .o rg /), 
IC P S R  (h ttp ://w w w .icp sr.u n iich .ed u /), Pangaea (h ttp :/ /w w w . 
p angaea.de/), N O A A ’s clim atic (h ttp ://w w w .n cd c .n o aa .g o v /), 
geophysical (h ttp ://w w w .n g d c .n o aa .g o v /), an d  oceanographic 
(h ttp ://w w w .n o d c .n o aa .g o v /) da ta  centers, etc. O ne o f the 
fundam ental com ponents o f this m odel is the creation and  citation 
o f an  identifier that uniquely identifies the da ta  set being  cited. 
T his identifier typically takes the form  o f a  doi assigned through 
D ataC ite  [36], although o ther identifiers m ay also be  used.

This m odel is beginning to be incorporated  into the products o f 
com m ercial scientific inform ation providers. In  2012, T hom son 
R euters launched the D ata  C itation Index  (h ttp ://w o k in fo .co m / 
p roducts_ too ls/m ultid iscip linary /dci/), a  database o f data  sets 
that provides suggested citation form ats for each da ta  set indexed 
in the database and  attem pts to generate citation linkages to 
articles indexed in its o ther W eb o f Science databases. M ore 
recently, Elsevier, in cooperation with D ataC ite  and  num erous 
da ta  repositories, launched  a similar project that attem pts to link 
papers available in ScienceD irect to the da ta  sets that they use or 
have deposited in repositories (h ttp ://w w w .elsev ier.co m /ab o u t/ 
co n ten t-innovation /database-linking) th rough  data  set dois or 
o ther unique identifiers.
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T h e  o ther school o f thought favors the citation o f a  ‘data  p ap er’ 
o r ‘data  publication’ describing the da ta  set. In  this model, the 
m etadata  necessary for using a  da ta  set and  a  link to the da ta  set is 
presented in a  paper published either in a  traditional jou rnal o r in a 
specialized data  journal. D ata  papers differ from  m ore traditional 
publications in  th a t no analyses or findings resulting from  the data  
set a re required. R esearchers w ishing to cite the da ta  set w ould then 
cite the data  paper, ra ther th an  the da ta  set. This m odel has been 
suggested in the neurosciences [37,38], genetic sciences [39], and 
bioinform atics [40] comm unities, and  im plem ented in the geosci­
ences com m unity through the form ation of da ta  journals such as 
Earth System Science Data (h ttp://w w w .earth-system -science-data.net) 
and  Geoscience Data Journal (h ttp ://o n lin e lib rary .w iley .com /journa l/ 
10.1002/% 28ISSN % 292049-6060) and the publication o f data  
papers in journals such as the Quarterly Journal o f the Royal 
Meteorological Society, Eos, and  Oceanography. Exam ples o f recent data  
papers in the earth  sciences include those describing the ERA-40 
reanalysis in atm ospheric sciences [41], the Argo profiling floats 
[42], an d  a  database o f iron enrichm ent experim ent results [43] in 
oceanography.

Closely tied to the developm ent o f  da ta  citation standards is the 
growing awareness o f the need to properly preserve, describe, and 
provide access to data  sets, a  collection o f activities sometimes 
referred to as da ta  curation. In  o rder for a  da ta  set to be cited, it 
m ust first have been deposited in a  repository, preserved in an 
interoperable form at, adequately described by a  form al set of 
m etadata  attached  to the da ta  set, and  m ade available to other 
researchers for reuse. A lthough technical issues exist a t each step in 
this process, the idea o f sharing data  sets with o ther researchers has 
proven to be  the m ost controversial [44—47]. In  addition to concerns 
over the idea o f freely sharing research data, m any researchers are 
reluctant to devote the tim e necessary to properly curate their 
research data, especially since m any have no t received training on 
how to do so. A lthough m andates for da ta  preservation and  sharing 
have been established by  the N ational Science Foundation  (h ttp ://  
w w w .nsf.gov/bfa/d ias/po licy /dm p.jsp), the A m erican Geophysical 
U nion (h ttp :/ /publications.agu.org/author-resource-center/publica- 
tion-policies/data-policy/), and the U S Office o f Science and  T ech­
nology Policy (h ttp ://w w w .w hitehouse .gov /b log /2013 /02 /22 / 
expanding-public-access-results-federally-funded-research) am ong 
others, it is no t yet clear whether these m andates will motivate 
researchers to do so in the future.

A lthough bibliom etric indicators can  be a  useful com plim ent to 
peer review in the evaluation of scientific research [7-9], the 
growing reliance on  publication-based indicators for research 
evaluation could potentially lead  to the devaluation o f activities 
th a t do no t typically result in the publication o f articles in scientific 
journals. Participation in workshops, policy form ulation, peer- 
review o f subm itted m anuscripts, public education, an d  m entoring 
are all critical to the advancem ent o f  scientific research and  to the 
translation o f th a t research into societal benefits, b u t few o f these 
activities ‘coun t’ in bibliom etric evaluations because they rarely 
result in form al publications. Since the incorporation  o f biblio­
m etric indicators into research evaluation is know n to affect the 
subsequent behavior o f those being evaluated [48-51], it seems 
likely th a t the growing reliance on bibliom etric indicators could 
result in a  disincentive to engage in such activities.

O n e  such activity th a t is likely to be  devalued in this context is 
da ta  curation. Despite its im portance to the scientific com m unity, 
da ta  curation  rarely results in the p roduction  of scientific jou rnal 
articles, m eaning th a t scientists and  institutions devoting tim e and  
effort to da ta  curation  are unlikely to be  ra ted  favorably by 
bibliom etric indicators in com parison w ith their m ore prolific 
peers. T his is likely to underm ine support for da ta  curation  efforts,

since scientists are unlikely to devote the tim e and  effort required  
to properly  curate their data  sets if  they are unlikely to be 
rew arded for doing so.

T h e  purpose o f this analysis is to com bine these trends by 
a ttem pting to show the value o f da ta  curation  in bibliom etric 
term s. Specifically, I a ttem pt to generate citation counts for three 
oceanographic da ta  sets curated  by the N ational O ceanic and  
A tm ospheric A dm inistration (NOAA)’s N ational O ceanographic 
D a ta  C enter (NO DC). In  doing so, I hope to dem onstrate the 
utility o f  data  curation  to scientific research, since these data  sets 
could no t have been  cited w ithout the curation  activities 
perform ed by N O D C  an d  its partners. In  the process, I also hope 
to inform  the discussion surrounding the developm ent o f data  
citation standards by identifying how these data  sets are currently  
cited and  referenced in scientific articles. Such baseline inform a­
tion can be useful in identifying b o th  the m etadata  th a t should be 
included in a  da ta  citation form at and  how such a form at ought to 
be applied.

A lthough m any articles advocating da ta  citation standards 
m ention  the usefulness o f such standards for bibliom etric 
evaluation, efforts to actually generate citation counts for data  
sets are fairly rare. C hao  [52] m easured  dataset reuse in the earth  
sciences and  found th a t earth  science da ta  sets were prim arily  cited 
in physical science and  m ultidisciplinary journals, suggesting that 
d a ta  sets generated  in one discipline m ay also have applications in 
o ther disciplines. Parsons et al. [24] used Google Scholar to search 
for m entions o f  snow cover da ta  sets archived a t the N ational 
Snow an d  lee D a ta  C enter an d  found betw een 100 and  600 
m entions pe r year. Piwow ar and  colleagues [53,54] used a  similar 
m ethod, searching PubM ed C entral for m entions o f  da ta  sets 
archived in the G ene Expression O m nibus (GEO) database and  
estim ated th a t G E O  da ta  sets had  been cited over 1,150 times by 
the end o f 2010. T he Inter-university C onsortium  for Political and  
Social R esearch (ICPSR) m aintains a  bibliography o f several 
thousand publications th a t cite one o r m ore da ta  sets archived by 
IC P S R  [55]. Finally, several studies suggest th a t articles with 
publically available da ta  sets are m ore highly cited than  articles 
th a t do no t m ake their da ta  publically available [e.g. 56,57].

Methods

In  consultation with N O D C , I selected three  highly-used data  
sets for this analysis: the W orld O cean  Atlas an d  W orld  O cean 
D atabase (W O A /W O D ), the Pathfinder Sea Surface T em p era ­
ture (PSST) da ta  set, and  the G roup  for H igh R esolution Sea 
Surface T em pera tu re  (G H R SST) da ta  set. T h e  W orld O cean 
Atlas is a  quality-controlled set o f objectively analyzed global in situ 
observational da ta  published in four volumes focused on the 
variables o f tem perature  [58], salinity [59], oxygen [60], and  
nutrients [61]. A lthough N O D C  considers the W orld O cean  Atlas 
a  da ta  p roduct, ra th e r th an  a raw  da ta  set, because it is a 
com pilation of m any  individual data  sets gathered a t various times 
and  locations a round  the w orld and  because o f the quality control 
and  analysis done on the underlying data, I consider it a  da ta  set 
for the purposes o f this analysis. T h e  W orld  O cean  D atabase [62] 
is an  interactive database o f the data  used to create the W orld 
O cean  Atlas. Since the Adas and  the D atabase utilize same 
underlying data, I will refer to them  in com bination as the W O A / 
W O D . T h e  W O A /W O D  was initially published in 1982 as the 
‘Clim atological Atlas o f the W orld  O cean ’ [63] and  rereleased 
with updated  da ta  in 1994, 1998, 2002, 2006, and  2009-2010. 
T h e  PSST  da ta  set [64] is a  long-term  set o f global sea surface 
tem perature  da ta  derived from  the A dvanced V ery H igh 
Resolution R adiom eter (AVHRR) sensor m ounted  on  N O A A ’s
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polar-orbiting  satellites. T h e  G H R S S T  data  set [65,66] is a  global 
set o f com bined satellite an d  in situ sea surface tem perature  data  
contributed  by a  num ber o f institutions from  a round  the world. 
G H R S S T  da ta  are  initially collected from  these institutions by  the 
NASA Je t Propulsion L aboratory  and  then  transferred 30 days 
after observation to N O D C  for long term  preservation an d  access.

In  the first phase o f this analysis, conducted  in M arch  2013, I 
a ttem pt to generate citation counts for these da ta  sets using three 
da ta  sources: W eb of Science, Science C itation Index  E xpanded 
(WoS), the full text search capabilities provided by various jou rnal 
publishers’ websites (Elsevier, Springer, W iley, etc), and  Google 
Scholar. I search these da ta  sources to find citations to, or 
m entions of, these data  sets in scientific publications an d  compile 
the num ber o f results retrieved. In  this analysis, I count m entions 
o f  these da ta  sets as citations, a  b ro ad er definition of ‘citation’ than  
is currently  used, because scientific articles utilizing or discussing 
these data  sets m ay or m ay not form ally cite them . This definition 
is consistent w ith that em ployed by previous studies [24,53,54], 
T h e  search strings used in  this phase are listed in Table 1. These 
search strings are deliberately restrictive to im prove the precision 
o f the retrieved results. As a  result, although the resulting counts 
are likely to be fairly, although no t entirely, accurate, they are also 
likely to be undercounts o f  the actual num ber o f  publications citing 
or m entioning these da ta  sets.

T o  generate citation counts for each da ta  set in W eb o f Science, 
I use the search strings to search the title, abstract, keywords, and  
funding text (or acknowledgem ents) fields and  add  all o f the 
resulting records to m y ‘M arked List.’ I then  perform  cited 
reference searches to identify citations to publications o r reports 
associated w ith each da ta  set and  add  all o f the resulting records to 
m y ‘M arked List’. T h e  final num ber o f  records in  m y ‘M arked 
List’ is then  no ted  as the W oS citation count for each data  set. 
LTsing the ‘M arked List’ in this way allows m e to avoid potentially 
double counting  records retrieved by m ultiple searches.

T o  generate citation counts for each da ta  set using publishers’ 
websites, I use the search strings to search the full text o f all records 
on  each site using the sites’ internal search engine and  note the 
num ber o f results retrieved for each da ta  set. I then  com bine these 
totals across websites to generate a  final citation count for each 
da ta  set. T h e  publishers’ sites searched were: ScienceDirect, 
SpringerLink, the W iley O nline Library, the A m erican M eteoro­
logical Society’s O nline Jo u rn a ls page, the N ature  Publishing 
G roup website, the Science (AAAS) website, the PNAS website, 
T aylor and  Francis O nline, IE EE  X plore, the Public L ibrary of 
Science website, the A m erican C hem ical Society website, and  the 
Ecological Society o f A m erica’s online journals site. Searching 
each o f these sites individually was necessary because no form al 
full text database covering the oceanographic, m arine, an d  geo­
sciences is available.

T o  generate citation counts for each da ta  set using Google 
Scholar, I use the search strings to search the database w ithout 
restriction and  then  note the num ber o f  results retrieved as the

final citation count. D ue to know n indexing and  m etadata  issues 
with Google Scholar [67,68], these counts are likely to be  inflated, 
and  include non-peer-review ed publication types, bu t are also 
likely to provide reasonable estimates o f how  often these sets are 
used overall and  to provide accurate rankings o f  these da ta  sets 
relative to each o ther [69,70],

In  the second phase of this analysis, conducted  in Ja n u a ry  2014,
1 a ttem pt a  m ore com prehensive cited reference search in W oS to 
generate citation counts to all editions o f the W O A /W O D  over 
time. Since W O A /W O D  originally was, an d  still is, d istributed as 
a  p rin t publication, it seems likely that form al citations to this data  
set w ould be m ore num erous th an  for the o ther da ta  sets analyzed 
here. T o  allow for wide variance in citation form ats, I search for 
the author(s) an d  publication year(s) o f each edition of the W O A / 
W O D  and  then  m anually  select the relevant search results. T he 
search strategies used in this process are sum m arized in T able  2.

T h e  process o f executing these search strategies for one edition 
o f the W O A /W O D  is as follows. First, I perform  a C ited 
Reference Search using the search criteria listed in T ab le  2. In  step
2 o f the C ited  R eference Search process, I select the relevant 
citation variants th rough  m anual inspection o f the step 1 results, 
and  m anually  count the num ber o f cited reference variants 
selected. After retrieving the final list o f  citing articles, I then 
analyze the results using the tools provided by W oS to obtain 
citation counts per year, subject category, and  country for that 
edition o f the W O A /W O D . I then  repeat this process for each 
subsequent edition o f the W O A /W O D .

Results

T h e  citation counts generated  for W O A /W O D , PSST, and  
G H R S S T  during  the first phase o f  this analysis are sum m arized in 
Figure 1. T w o consistent patterns seem to em erge in these counts. 
First, the total num ber o f citations generated  for each da ta  set 
increases as the coverage of the data  source increases. W oS is the 
most lim ited o f the three  da ta  sources, since it only indexes article 
m etadata, acknowledgem ents, and  cited references. Publishers’ 
sites have w ider coverage, since they allow access to articles’ full 
text, bu t I only searched a  lim ited num ber o f these sites. Google 
Scholar has the broadest coverage, in that it offers access to the full 
text o f a  b ro ad  range of publishers’ websites as well as to 
conference proceedings, institutional repositories, and  other 
websites. T h e  citation counts generated  using these da ta  sources 
seem to follow this pattern , w ith citation counts generated  from 
publishers’ sites being  nearly four times h igher than  those 
generated  from  W oS an d  counts generated  from  Google Scholar 
being nearly eight times higher th an  W oS.

Second, the data  sets a re  consistently ranked relative to each 
o ther across the three  da ta  sources. T h e  citation counts for W O A / 
W O D  are h igher th an  those for PSST, w hich are higher than  
those for G H R S S T . T he m agnitude o f these differences also seems 
consistent, w ith W O A /W O D  receiving approxim ately four times

T able 1.
Scholar.

Search strings used to  generate c ita tion  counts fo r th ree data sets in WoS, publishers7 fu ll te x t websites, and Google

D a ta  Set Search S tring

WOA/WOD "world ocean  atlas" OR "w orld ocean  d a tab ase"

PSST "path finder sst" OR "path finder sea surface" OR "avhrr sst"

GHRSST GHRSST OR "group for high resolu tion" OR "g o ad e  high resolution"

doi:10.1371 /journal.pone.0092590.t001
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Table 2. Search strategies used to identify articles citing each edition o f the WOA/WOD in WoS.

E d itio n  Search S tra te g y

1982 Cited A uthor = (levitus s*) AND Cited Year = 1982

1994 Cited A uthor = (conkright m* OR levitus s ' OR boyer t ' j  AND Cited Year = 1994

1998 Cited A uthor = (antonov j* OR levitus s ' OR boyer t '  OR conkright m ')  AND Cited Year = 1998

2001 Cited A uthor = (Stephens c '  OR boyer t '  OR conkright m ' OR locarnini r ' OR levitus s ')  AND Cited Year = 2002

2005 Cited A uthor = (boyer t* OR locarnini r* OR an to n o v  j* OR garcia h*) AND Cited Year = 2006

2009 Cited A uthor = (boyer t* OR an to n o v  j* OR garcia h* OR locarnini r*) AND Cited Year = (2009 OR 2010)

doi:10.1371 /journal.pone.0092590.t002

m ore citations in each da ta  source th an  PSST  an d  PSST  receiving 
approxim ately three  times m ore citations th an  G H R S S T . T he 
consistency o f these patterns across da ta  sets and  da ta  sources 
suggests that these findings are robust, although m uch additional 
work w ould be  necessary to verify their accuracy.

In  com piling these citation counts, I also find a  wide variety in 
the m ethods used to refer to these da ta  sets. Exam ples o f this 
variety are given in Figure 2. Som e articles include form al citations 
to these da ta  sets, bu t the form at o f these citations is highly 
variable, despite the fact that N O D C  provides a  suggested citation 
form at for each o f these da ta  sets. M any o ther articles simply 
m ention the da ta  set in the text o f the article, a lthough the form at 
o f  such m entions is also highly variable. T h e  da ta  sets are referred 
to by various nam es (PSST alone is referred to as ‘Pathfinder Sea 
Surface T em p era tu re ’, ‘Pathfinder S S T ’, ‘A dvanced V ery H igh 
R esolution R adiom eter S S T ',’ A V H R R  S S T ', etc) an d  a U R L  to 
the online source o f the da ta  is not always included.

In  the second phase o f this analysis, a  m ore com prehensive 
C ited Reference Search in W oS for articles citing W O A /W O D , I 
find a total o f 8,412 articles citing all six editions o f  the W O A / 
W O D  from  1984 to 2013. T h e  1982 edition has been  cited 2,987 
times, the 1994 edition has been  cited 2,577 times, the 1998 
edition has been  cited 810 times, the 2001 edition has been cited 
842 times, the 2005 edition has been  cited 795 times, an d  the 2009 
edition has been cited 401 times. T he distribution o f articles citing 
W O A /W O D  over editions and  years is presented  in Figure 2.

T hese distributions display a num ber o f interesting features. 
First, versions o f the W O A /W O D  seem to require a t least four, 
and  up  to 14, years after their initial release date to reach  their 
peak citation rate. T h e  tim e necessary for versions to reach their 
peak ra te  has declined w ith each version: the 1982 Clim atological 
Atlas reached its peak  14 years after its initial publication, whereas
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Figure 1. Citation counts retrieved for three oceanographic 
data sets from three data sources.
doi:10.1371/journal.pone.0092590.g001
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Figure 2. Number of citations received per year by all editions 
of the WOA/WOD.
doi:10.1371/journal.pone.0092590.g002

the 1998 version required  six years and  the 2005 version required  
four. T h e  am ount o f tim e necessary for the older versions o f the 
W O A /W O D  to reach their peak citation ra te  is longer th an  the 2— 
5 years required  for m ost jo u rn a l articles [71,72], although the 
2005 version seems to have peaked w ithin that tim efram e.

This delay m ay be due to the m edia in w hich each successive 
version o f W O A /W O D  was distributed. T h e  1982 climatological 
atlas was distributed via m agnetic tape an d  personal com m uni­
cation, the 1994 and  1998 editions were distributed via C D -R O M , 
the 2001 version was distributed via D V D , the 2005 was 
distributed via D V D  and  online access, and  the 2009 version 
was distributed online. E ach successive version m ade the data  
m ore accessible and  usable, possibly leading to quicker incorpo­
ra tion  of the da ta  into scientific articles. In  addition, updates began 
to be incorporated  into the W O A /W O D  every three m onths 
starting in 2008, allowing the W O A /W O D  to be  used for m ore 
timely investigations.

Second, although all releases o f the W O A /W O D  are highly 
cited, some versions are clearly m ore highly cited th an  others. T he 
1982, 1994, and  2009 versions all received over 200 citations in a 
single year, w hereas the 1998 version never received m ore th an  82 
citations in  a  single year an d  the 2001 version never received m ore 
th an  114. Since the 1998 an d  2001 versions presented  similar data, 
were p repared  using similar m ethods, and  com piled by m any of 
the same authors as the 1994 and  2009 versions, it is unclear what 
conclusions to draw  from  these trends. In  addition, the 2005 
version seems to have been  the m ost rapidly cited version of the 
da ta  set, accum ulating 795 citations in the eight years since it was 
published, a lthough the 2009 version seems to be  following a 
similar trajectory, having received 401 citations in the five years 
following its publication.
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Finally, all versions o f the W O A /W O D  continue to be  highly 
cited well beyond their publication date, even w hen one o r several 
new er versions o f the data  set are available. T h e  1982, 1994, 1998, 
and  2001 versions all received betw een 50 and  60 citations in 
2013. It is unclear w hether researchers continue to use the older 
versions o f the W O A /W O D  out o f habit, convenience, unaw are­
ness o f newer versions, o r o ther reasons. For w hatever reason, 
researchers continue to cite these da ta  sets well beyond the cited 
article half-life o f 9.1 years recorded for O ceanography  in the 2011 
edition o f Journal Citation Reports, suggesting that all versions o f the 
W O A /W O D  continue to be  valuable resources for scientific 
research.

Analysis o f  the articles citing all versions o f the W O A /W O D  
also reveals some interesting features. An analysis o f the W oS 
subject categories o f these citing articles, presented  in  Figure 3, 
shows that although the W O A /W O D  is predom inantly  cited by 
articles in O ceanography, it is also cited by o ther related fields. 
T h e  high num ber o f citations from  the M eteorology & 
A tm ospheric Sciences category suggests that the W O A /W O D  is 
frequently used by studies exam ining the effects o f the ocean on 
w eather and  clim ate. Its num ber o f  citations in Paleontology, 
prim arily  by articles published in the jo u rn a l Paleoceanography, 
suggests that it is used in studies o f the prehistoric ocean as well as 
those o f the m odern  ocean. Finally, its use in the E nvironm ental 
Sciences, M arine  and  Freshw ater Biology, an d  Ecology subject 
categories suggest that it is being  used by studies exam ining the 
effects o f ocean conditions on m arine biota.

Figure 4 presents an  analysis o f these citing articles by  country. 
C iting articles by authors from  m ultiple countries are counted  as 
whole citations for each country, ra th e r than  fractionally. C reation  
o f the W O A /W O D  is an  international project in th a t the W O A / 
W O D  consists o f da ta  sets contributed  by researchers from 
num erous countries a round  the world. Figure 4 suggests that the 
international na ture  o f its creation is reflected by the international 
scope of its use. T h e  W O A /W O D  is not only highly cited by the 
traditionally prolific scientific countries such as the U nited  States, 
France, G erm any, an d  the U nited  K ingdom , bu t also by rising 
scientific countries such as C hina, India, and  Brazil. T his suggests 
that although N O D C  is an  institution o f the U S governm ent, its 
work to archive, quality control, and  freely provide the data  
com prising the W O A /W O D  is useful to the global scientific 
com m unity.

Finally, as w ith phase 1 o f this analysis, I find the form at o f 
citations to the W O A /W O D  to be highly inconsistent. I found 377 
variant m ethods o f citing the 1982 version, 305 variants o f the 
1998 version, 221 variants o f the 2001 version, 200 variants o f  the 
2005 version, and  77 variants o f the 2009 version, for a  total o f
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Figure 3. Number of articles citing all versions of the WOA/ 
WOD per WoS-defined subject category.
doi:10.1371/journal.pone.0092590.g003

1,180 varian t m ethods o f citing all versions o f the W O A /W O D  
captured  in W oS as o f early 2013. See Figure 5 for a  sam ple o f the 
citation variants to the 2005 version. Because I did no t a ttem pt to 
search for erroneous citations (citations to the w rong year o f 
publication, misspelled au tho r nam es, etc), these figures are likely 
to underestim ate the actual num ber o f variant m ethods of citing 
the W O A /W O D  in W oS. In  addition, since phase 1 o f  this 
analysis suggests that articles are m ore likely to reference da ta  sets 
in their text th an  in their cited references lists, the actual num ber 
o f m ethods that articles use to refer to the W O A /W O D  is likely to 
be substantially higher th an  I estim ate here.

Discussion

These results seem to have a  num ber o f  implications for data  
curation  an d  da ta  citation initiatives. First, m y results indicate that 
all three  o f  these da ta  sets are highly cited. M y phase 1 results 
suggest that, if they were counted  as jou rn a l articles in W oS, bo th  
the W O A /W O D  and  the PSST  data  sets w ould have citation 
counts h igher th an  99%  o f all articles in O ceanography  in W oS 
from  any single publication year from  1995 to the present. ETsing 
the m ore expansive jo u rn a l full-text m ethod, each o f the three data  
sets w ould be  ranked in the top 1 % for citation counts o f all articles 
published in O ceanography  during the same year, while the 
W O A /W O D  and  PSST  da ta  sets w ould be  ranked  in the top 
0.1 %. M y phase 2 results indicate that each version o f the W O A / 
W O D  w ould be ranked in the top 0.1%  of articles in 
O ceanography  that w ere published during  the same year and  
the 1982 and  1994 versions have been cited m ore th an  twice as 
often as the m ost highly cited article in O ceanography published 
in 1982 and  1994. Percentile values and  article citation counts for 
jo u rn a l articles in O ceanography  were obtained by using the 
search string “W C  = oceanography AN D  PY = 1995” and  sorting 
the results by “ T im es C ited -  highest to lowest.” This string was 
then  repeated  for the o ther publication years. Because of the 
lim itations o f m y search m ethods no ted  above, these citation 
counts are likely to be underestim ates o f the actual totals for each 
da ta  set.

These high citation counts are surprising in light o f the fact that 
previous studies [24,52-54] have reported  m ore m odest citation 
counts to individual da ta  sets. I speculate that the high citation 
counts reported  here could result from  the unique features o f the 
particular da ta  sets that I analyzed. First, each data  set is freely and  
publically available and  has been  described in enough detail to 
perm it its reuse. Second, the GF1RSST an d  W O A /W O D  data  
sets are composites o f m ultiple smaller da ta  sets contributed  by 
m ultiple researchers to form  a  m ore com prehensive, global data  
set. T h ird , each da ta  set has been  available from  a  consistent 
source for an  extended period o f tim e. Finally, each da ta  set is 
quality controlled to ensure the consistency and  accuracy of the 
da ta  contained in each set. E ach o f these features adds value to the 
original da ta  sets, m aking the final da ta  sets m ore useful to the 
oceanographic com m unity. It m ay be th a t the high citation counts 
to these da ta  sets, and  particularly  to the W O A /W O D , reflect the 
som ewhat unique na ture  o f  these da ta  sets.

If  this is the case, it suggests a  potential p a th  forw ard for data  
repositories and  da ta  sharing in o ther disciplines. A single data  set 
in isolation m ay have lim ited applications because of the 
m ethodology and  param eters o f  its collection, bu t if  th a t da ta  set 
is quality controlled, adjusted, and  m erged w ith o ther similar data  
sets, it can  be  used to create a  m ore com prehensive, overarching 
d a ta  p roduct that can  be queried for analysis at local, regional, or 
global disciplinary scales. T h e  m ore da ta  incorporated  into such a 
product, the m ore useful the product becom es. D a ta  repositories

PLOS ONE I www.plosone.org 5 March 2014 | Volume 9 | Issue 3 | e92590

http://www.plosone.org


Measuring the Value o f Research Data

Legend
Country Color (Logarithmic)
Number o f C itations

4,115

Figure 4. Number of articles citing all versions of the WOA/WOD per country.
dol:10.1371/journal.pone.0092590.g004

creating such products could then  becom e central hubs for 
disciplinary, and  potentially interdisciplinary, research, leveraging 
the lim ited research funding available in each discipline to ensure 
th a t individual pieces o f  research perform ed in that discipline 
eventually benefits the entire disciplinary com m unity. In  a sense, 
such a m odel could be considered a quality-controlled W ikipedia 
o f da ta  -  the com bination  o f individual pieces o f expertise to create 
a resource larger and  m ore com prehensive th an  anything that 
could be achieved individually. Obviously there are significant 
social, technological, and  political barriers to im plem enting such a 
m odel, bu t the exam ples in oceanography o f N O D C  and  the 
In tergovernm ental O ceanographic C om m ission [73] show that 
such barriers can be overcome.

Second, m y results suggest th a t the m ajority o f  references to 
these da ta  sets occur in the full text o f articles, ra th e r th an  in the 
title, abstract, keywords, acknowledgem ents, o r cited references 
sections o f these articles. T he  citation counts retrieved from  full 
text sources— publishers’ websites and  Google Scholar— are 
consistently and  substantially h igher th an  those retrieved from  
W oS. T he  only exception is that the publishers’ website total for 
W O A /W O D  is lower th an  m y phase 2 results, bu t this m ay be due 
to the large num ber o f reference variants I found during  phase 2. 
This p a tte rn  suggests th a t m ost articles do no t refer to these data  
sets in a section indexed by W oS, calling into question the 
appropriateness o f  citation-indexing databases for compiling 
citation counts for these da ta  sets.

T h ird , I find wide disparities in the m ethods used to cite or refer 
to these data  sets, despite the fact that a form al citation form at is 
suggested for each. This suggests th a t although a suggested citation 
form at exists, researchers are not, for w hatever reason, using it 
consistently to refer to these da ta  sets. T his finding is consistent 
w ith that o f  Part 2 o f M ooney and  N ew ton [28] and  with m any 
anecdotal accounts o f  citation practices am ong authors. It is likely

that the m ultiple points o f access to these da ta  sets m ay account for 
some o f this inconsistency. PSST, for exam ple, is also available 
from  NASA, leading some to refer to the data  set as the ‘NASA 
Pathfinder S S T ’ da ta  set. T he  im plication o f this trend  for the data 
citation com m unity seems to be that although the developm ent of 
a standard  citation form at is necessary, th at form at by itself is not 
sufficient to guarantee consistent citation o f da ta  sets. It seems that 
in addition to developing this form at, it will be necessary to 
encourage researchers to use the form at and, perhaps m ore 
im portantly, to obtain  com m itm ents from  jou rn a l editors, 
reviewers, and  publishers to ensure th at it is used.

M ore consistent adoption and  usage o f a doi to refer to a data 
set, either by directly assigning a doi to a data  set or th rough  the 
publication o f a da ta  p ap er with a doi, has the potential to 
considerably reduce the issues resulting from  this inconsistency. 
From  a purely bibliom etric perspective, the form at and  content of 
a reference or citation is irrelevant as long as a doi is present. T he 
consistent use o f a doi to refer to a da ta  set would enable a 
researcher to search full-text or citation-indexing databases for 
that doi to retrieve a reasonably accurate set o f articles citing that 
data  set. Again, however, such consistency requires bo th  data 
providers to assign dois to their da ta  sets and  authors to include 
these dois in their papers. N O D C  has begun to lay the 
groundw ork for such consistency in oceanography, having recently 
assigned its first doi to a version o f the PSST  data  set and  
developing a process for assigning dois to its o ther da ta  sets.

Conclusion

In  this analysis, I a ttem pted  to generate citation counts for three 
oceanographic da ta  sets curated  by N O D C  by searching W oS, 
publishers’ websites, and  Google Scholar for m entions o f these 
data  sets in the bibliographic inform ation or full text o f scientific
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Figure 5. Variant methods of citing the 2005 version of the WOA/WOD in WoS.
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articles. I found that although there were substantial differences in 
the citation counts derived from  each source, all three da ta  sets 
were highly cited in all sources. T he W O A /W O D  was particularly  
highly cited, w ith all versions o f the data  set having received over
8,000 citations since its first release in 1982. M y results suggest that 
scientific articles are m ore likely to m ention these da ta  sets in the 
text th an  in the acknowledgem ents o r cited references sections. I 
also find wide discrepancies in the m ethods used to refer to these 
da ta  sets, b o th  in the full text and  in the cited references sections. I

found 377 varian t m ethods o f citing different versions o f  a  single 
da ta  set, W O A /W O D , suggesting that researchers are not 
consistently using the citation form ats provided for these da ta  sets.

A lthough I lim ited this analysis to oceanographic da ta  sets in an 
attem pt to control for potential differences in citation practices 
am ong fields [74], it seems likely that the findings and  issues 
identified here m ay be similar for da ta  sets in o ther disciplines. 
Previous studies have suggested th a t da ta  sets in o ther disciplines 
are highly cited [54,56] and  th a t references to da ta  sets retrieved
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from  full text sources are higher th an  form al citation counts [24], 
bo th  o f w hich are consistent w ith the findings presented  here. In 
addition, inconsistent referral to da ta  sets in scientific papers is 
often raised as a  m otivator for the developm ent o f a  data  citation 
standard, suggesting th a t the large num ber o f reference variants 
identified here is likely to be an  issue w ith da ta  sets in o ther 
disciplines as well.

H ow ever, although the findings o f this analysis m ay be broadly 
applicable to da ta  sets in o ther disciplines, m uch  additional 
research w ould be needed to determ ine what, if any, differences 
exist in data  citation and  referencing patterns am ong disciplines. 
Since it is know n th a t citation practices for jo u rn a l articles differ 
am ong disciplines [74], it is likely th a t such differences also exist 
for da ta  sets. Such differences m ay be com pounded by differences 
in disciplinary collaboration rates, the existence and  utilization of 
discipline-specific da ta  repositories, o r o ther factors.

In  addition  to citation counts, future research on the im pact o f 
da ta  sets and  da ta  curation  activities m ight focus on alternative 
m etrics such as dow nload counts, social netw ork discussion, or 
social bookm arking to m easure o ther forms o f engagem ent with 
these da ta  sets beyond form al citation [13,75], or on com paring 
such altm etric indicators w ith traditional cited reference counts. 
A lthough dow nload counts could be easily obtained, o ther 
altm etric indicators m ight be  m ore problem atic to obtain  due to 
the inconsistency with w hich da ta  sets a re  cited. U nique identifiers 
such as dois m ight alleviate this issue som ewhat, b u t only for data  
sets th a t have been  assigned such identifiers and  to the degree that 
researchers include these identifiers in their publications.

Finally, this analysis dem onstrates th a t individuals an d  institu­
tions can  m ake substantial contributions to scientific research
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w ithout producing  form al publications. M y results suggest that 
these da ta  sets are often used in the p roduction  of original research 
in oceanography. T his use is possible because researchers posted 
their da ta  sets to oceanographic da ta  repositories an d  because 
these da ta  sets were properly  archived, described, an d  m ade 
available to the scientific research com m unity. T h e  high citation 
counts identified here suggest th a t these data  sets -  and, by 
extension, the curation  activities necessary for their use in scientific 
articles -  are a t least as im portan t to the advancem ent o f 
oceanographic research as the findings presented  in the vast 
m ajority o f jo u rn a l articles published in the field. Future 
evaluations o f N O D C  an d  o ther organizations th a t curate 
scientific da ta  ought to take such considerations into account.
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