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abstract

Reviewpaperstendtobecited more frequently thanregularresearcharticles. This fact, togetherwiththecontinuous
increase of the share of reviews in scientific literature, can have important consequences for the measurement of
individuals’ research output, usually based on citation analysis. However, studies evaluating the differences in
citationsofreview paperscomparedtooriginalresearcharticlesarealmostnon-existingintheliterature. This paper
presentsathoroughanalysisoftheovercitationandoverrepresentationofreview papersinthemostcitedpapersofthe
35largest subject categories in Science Citation IndexExpanded. Results indicate the average citations received by
reviews depends largely on the research area considered, varying from 1.34 to 6.74 times the citations received by
original research articles (average value is 2.95). Correlated with this overcitation, there is an important
overrepresentation of reviews in the most cited papers, this overrepresentation being greater when the mosthighly
citedpapersareconsidered,i.e.0.05%and0.1%most citedpapers, wheretheshareofreviewshaveincreasedfrom16
t018%in1990toaround 40%in2010.Interestingly, theovercitationandoverrepresentationinthemostcitedpapers is
moreimportantintheareaswiththelowestsharesofreviewsintotalpublications.

1.Introduction

Sometypesofpublicationssuchaseditorials, letterstoeditors,newsitems, meetingabstracts,andcasestudiesare generallypoorlycited.Onthecontrary,
review paperstend tobe cited more frequently than original research papersand journals publishing reviews tend to have higher impact factors (Aksnes,
2003;Moed,2010; Teixeiraetal.,2013). Good reviewsare very valuable forresearchers, especially when they start working inanew area, asthey assess
criticallyand systematicallythefindingsandapproachesfollowedintheresearcharea, summarizingandsynthesizingthestateofthe researchandpointing
outfutureresearchneeds. Thiscanexplainthehighercitationrates forreviews,however, itisalso truethatreviewscansometimesbecitedjustbecauseitis
simplyeasiertociteareviewthantoread,understand,judgeand sorttheoriginaldata(Ketcham&Crawford,2007; Teixeiraetal.,2013).

Theresearch outputis one ofthe main factors considered to measure and evaluate the research performance of institutions and individuals(Jones and
Evans,2013). Inthe past, thenumber ofpublications and the impact factor of thejournals in which those papers were published, were the mainindexesto
evaluatethescientificimpactofresearch. Atpresent,thenumberof
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citationsreceivedbythepublicationshasgainedgreatimportanceforevaluatingresearchperformance,i.e.thetotalnumber ofcitationsofagivenauthor,the
average number of citations per paper, the h-index or more recently, the number ofhighly cited papers or ESIpapers (top 1% most cited articles in Web of
Sciencedatabasebysubjectcategories)(Aksnes,2003; Ale Ebrahimetal.,2013; Teixeiraetal.,2013;Foley,2013; Waltman,2016). Anadvantageofthese
metricsisthatthey evaluate directly theauthor’s work instead ofusing the impact factor ofthe journals where scientists published their works. However,
therearealsosomebiasesassociatedtothenumberofcitationsreceived, whichquestioniftheyexpressimpartiallyone’s scientificresearchimpact(Teixeira
etal.,2013). Citationrates, forexample, differlargely accordingtoresearchareas. Wider sciencejournalsand fundamentalsciencejournalsappearalsoto
havegreatercitationsthandojournalsofspecializedor appliedsubjectareas(Foley,2013).Citationratesalsovaryaccordingtowhetherornotthejournalis
open-access, freely accessiblepapersgenerallygatheringmorecitations(Foley,2013).

In Spain, forexample, there is a growing number of calls for research programmes or to apply positions in the universities which include bibliometric
criteriabasedoncitationcounts. Forexample,inthecall“Supportto Excellence Centres SeveroOchoaand ExcellenceUnitsMariade Maeztu”(2017),the
scientific directoras well asatleast 10 otherparticipating researchers musthave anormalized impact greaterthan 1.5 compared to world average in their
research areas, i.e. having 1.5 times more cites than the average in their research areas. The same criterion was used for the promotion of researchers
outstanding by international merits in Complutense University of Madrid (2017 and 2018). In this call, there were three situation to be promoted: a) the
researcherswillpromotetoassociateprofessoriftheyobtainedastartingERCgrantandto fullprofessoriftheyobtainedaconsolidatorERCgrant;b)tobethe
only coordinator of an European project from H2020 programme and also comply with c¢); ¢) researchers having in the last five years anormalized impact
greaterthan 1.5compared toaverageworldintheirresearchareas. Inbothcases, thelistofworldaveragecitationsbyresearchareaswassuppliedby ad-hoc
lists created by WoS by order of the Spanish Foundation for Science and Technology (FECYT). Regarding the importance of citation counts and other



bibliometricmeasurementsofindividuals,itisalsointerestingtocommenthowthe CV ofresearchersispresentedtoevaluatorsinthetwomain SpanishR&D
programmes:the“National ProgrammeforResearch AimedattheChallengesofSociety”(243.9millioneuros)andthe*National ProgrammeforFostering
ExcellenceinScientific and TechnicalResearch(125.5millioneuros)(2017budget).Inbothcalls,a30%ofthegradeisobtainedbythe“quality, trajectory
andadequacyoftheresearchteam”. Thisgradeisbasedon““shortened” versionofthe CV (4pagesmaximum)of themembersoftheresearchteam. Againthe
first thing in this CV (after personal data and ResearchID or ORCID identifiers), is a compilation of the general indicators of the quality of scientific
production (bibliometricindicators). Allresearchers shouldincludethe followingindicators: total cites, average citations peryear during thelast 5 years,
totalpublicationsin quartile1(Q1)andh-index. Thesebibliometricindicatorsclearlyimpacttheirevaluation.

Previousstudieshave demonstrated importantincreases ofthe share ofreviewsintotal publicationsindifferentresearch areas(Harzing,2013;Royle,
Kandala, Barnard, & Waugh, 2013). The share of reviews in Oncology, for example, increased from less than 1% in 1991 to around 4.5% in 2011
(Colebunders, Kenyon, & Rousseau, 2014), and the number ofreview articles in Pathology have increased 2.4 times greater than the number of regular
research articles in the period 1991-2006 (Ketcham & Crawford, 2007). The increasing share of reviews in the scientific literature can have important
consequences inmeasuringindividuals’researchoutput.First,althoughreviewscanbringworkstoattentionofresearchers, thereviews canalsoaffectalso
thenumberofcitationsreceivedbytheoriginal sourcesasthe original sourcesarenotcredited when review papersarebeingcited (Aksnes,2003). Authors
whooriginallyhadanideahaveagreaterchanceofbeingneglected whentheirarticlesarereferredtoinareview(Teixeiraetal.,2013),“thekissofdeath?”’as
questionedbyLachance,Poirier, andLariviére(2014).Furthermore, these“lazycitations”introducepositivebiasestowardauthorsofthereviews(Teixeira
etal.,2013).

Second, thelargernumberofcitationsreceivedbyreviewscomparedtooriginalresearcharticlesmaymasktheresearch qualityofindividualspublishing
manyreviews. Manystudieshaveconcludedtheauthorsaimingtoobtainthegreatest citationsshould writecomprehensiveandsubstantialreviewarticles
andsubmitthemtojournalswithahighimpactfactor (AleEbrahimetal.,2013;Vanclay,2013).Nevertheless,itappearsasacounterproductiveimplication
thattobecomehighly cited oneshouldwritereview articlesinstead ofproducing new original research (Aksnes,2003; Vanclay,2013). Theproblem will
ariseifsomepeoplecould focusonwritingreview papersinstead oforiginal researchpapersasthisisoneofthe fastest waystogetrecognitionandimprove
theircitationindexes. Furthermore, itiswellknowntheaveragenumberofcitationsof asetofpublicationsmaybestronglyinfluencedbyoneorafewhighly
citedpublications(Haustein,2012; Waltman,2016; Wilson,2016). Althoughothercitationindicatorscouldavoidthissituation, i.e.the geometricmeanof
citations, theyare notwidelyused.

Thecontinuousgrowthintheshareofreviewsinscientificproductionisnotonlyaquestionoftheauthors, thecitation rateshaveclearimplicationsforthe
journals, as away to increasing journal visibility and impact factor (Ketcham & Crawford, 2007). Infact, review papers are viewed by many editorsasa
mechanismto“drivetheimpactfactor”’(Ketcham&Crawford, 2007).

The question must therefore be asked: have we reached a point where there is now an unmanageable quantity of review articles? If so, is the review
literatureservingitsintendedpurpose?(Ketcham & Crawford,2007). Althoughreviewpapers areconsideredtobegeneralindicatorsofqualityinscientific
production, they can be also considered, especially the bad ones, only as assortments of information which do not represent new or “real” scientific
contribution (Aksnes, 2003; Teixeira etal.,2013). These facts could be considered as a problem for using citations as performance indicators, which is
augmented by the fact that the review papers are also the highest cited (ESI papers, highly cited papers, etc.) (Aksnes, 2003). Based on responses toa
questionnaire sentto Norwegianresearchersindifferentscience fields, Aksnes(2006) found thateven researchers feltthatthe value oftheirreviews were
overestimatedintermsofcitations.

Asrecognizedby Wilson (2016), itisclearthatoriginalresearcharticles should be alwaysincluded inbibliometricanalysis. However, publicationsof
other document types, such as “editorial material”, “letter” and “review” may be either included or excluded. Aksnes (2003) already suggested that if
possible, such papers should be excluded from citation analysis at lower aggregate levels oratleast, relative citation indicators would be considered for
differenttypesofpublications. Similarly, Vanclay(2013)stateditcouldbeofinteresttodiscriminatereviewarticles fromothercontributions (articlesand
conference papers)incitationanalysis.

Although some studies have already shown the problem of the higher citation rates of reviews compared to original papers in evaluating scientific
research, the number of studies is very limited. There is a lack of systematic studies analyzing exactly what is the overcitation of these papers and how
importantthisfactisdependingontheresearchareaconcerned. Thus,theobjectiveofthisarticleistoanalyzethedifferentcitationratesofreviews,compared
tototalpublicationsand articles,anditsoverrepresentationinthemostcitedpublicationsindifferentresearchareas,aswellastheirevolutionwith time. This
analysisaimstoobtain sufficientquantitative datato serve asabasis fordiscussing whetherreviewarticles should betakenintoaccountjointly ornotwith
originalresearcharticlesincitationanalysis.

2.Methodology

Scientificproductionby documenttypeshasbeenanalyzedthroughthe WebofScience® CoreCollectiondatabase. Web ofScience(WoS)isanon-line
service for scientific information, developed by the Institute for Scientific Information (ISI), andnow owned by Clarivate Analytics. WoS facilitates the
accesstoasetofbibliographic databases from different areas which includes publications on Science (Science Citation Index), Social Sciences (Social
SciencesCitationIndex)and Artand Humanities(ArtsandHumanitiesCitationIndex).

Presentstudy focusedintheareaofSciencesthroughtheanalysisoftherecordsfromScienceCitationIndex Expanded (SCI-E)database. Generaltrends
havebeenobtained forallthepublications covered by SCI-E, whilespecificstudieshavebeen circumscribedtothe35largestsubjectcategoriesintermsof
publications during theperiod 20002015, these categories representinga64.3% oftotal publicationsinthisperiodin SCI-E (14,251,769 publications of
22,177,480).

Number of citations received by the different document types and the selection of the most cited papers were carried out based on the citation counts
obtainedin WoS databaseatJuly-August2016.Inallthecases,documentsweresorted fromthehighesttothelowesttimescited,anddownloadedtogetthe
desiredclassesofthemostcitedpapers. Although ESlindicatorssuchas‘highlycitedpapers”or“hotpapers”areveryuseful foraquickreferencevalue for
mostcitedpapers, theywerenotusedinthisstudyforavarietyofreasons.Firstofall, ESIindicatorsarebasedon22 ESIsubjectareaswhich combinesseveral
WosS categories (thereisatotal of251), thusanimportantinformation onspecificresearchareasarelost becausetheyare groupedinasingle ESIcategory.
Second, theperiodoftimetobeanalyzedcannotbeselected, ESlindicators arealwayscalculated fromthemostrecent 10yearsofpublicationsinthecaseof



“highlycitedpapers”andfromthemost recent2yearsofpublicationsinthecaseof ‘hotpapers”,whichisaclearlimitationfortheanalysisoftheevolutionwith
time. Finally,onlytwodocumenttypesareconsideredby ESlindicators(originalresearcharticlesandreviewpapers),thus documentswithgreaternumber
ofcitationsare excludediftheyare notassigned to one ofthesedocument types. Asstated by WoS: “Although highly cited papers are synonymous with %
documentsinthetop 1 %inInCites®, theyarenottheidentical becauseofdifferencesinsubjectscheme, timeperiodanddocumenttype”.

Reviewpaperscanbedefinedasthosepapersbasedonotherpublishedarticleswithoutreportingoriginalresearch, generally summarizingtheexisting
literatureonatopicinanattempttoexplainthecurrentstateofunderstandingonthe topic. However,inrealpractice,theassignmentofadocumentasareview
paperisnoteasyascouldbethought. Eventhose whoprofessionallycatalogarticlesdonotalwaysagreewhatconstitutesareview. Furthermore,sometimes
journaleditors donotagreewith WoSorScopustowhichoftheirjournalpapersarereviewarticles(Ketcham&Crawford,2007).

Thisstudy focusedonreviewpapersclassifiedassuchin WoS. Before February2010, WoS categorizedapublishedpaper asareviewinthesepragmatic
terms: (a)ifithas more than 100 references; or (b) ifitappearsinareviewjournal or thereview sectionofaresearchjournal;or(c)ifthe paperstatesinthe
abstractthatitisareview (Ketcham & Crawford, 2007).OnFebruary2010,therewasapolicy changeanddocumentshaving 100 ormorereferenceswerenot
furtherclassified automaticallyasreviews. Ascriticizedbysomeauthors, there wereasignificantamountoforiginalresearcharticlesincluding over100
referenceswhichwereclassifiedasreviews,especiallyinSocialSciences(Harzing,2013).

Inthe currentpolicy, apublished paperis categorized asareviewif: (a) itappearsinasectionheadinglabelledreview ofaresearchjournaleitheronthe
contentspageorsourcepageofthearticle(thiswouldbeanautomaticreview); (b)If review oftheliteratureappears”inthetitle,intheabstracts/summaryorin
the introduction of the article (this would be an automatic review); (c) If review” appears” in the title, it must also appear someplace else in article
(abstract/summaryor introduction)(inthiscasemustmeetbothrequirements: word“review”inthetitleandintheabstractortheintroduction tobecodedasa
review). Theremaybesomejournalsthatalthoughtheyfittheabovecriteria, WoSmaynotcodethemas reviewsbasedonspecialinstructions forthejournal
(Clarivate Analyticspersonalcommunication,2018).

Some authorshave quantified the degree of erroneous document type assignment in WoS or Scopus. Despite the limitations ofthese studies such asthe
reducednumberofdocumentsanalyzed and theuncertaintiesindocumenttypeassignment, alsorecognizedbytheauthors,theerroroftheassignmentofa
documentasareviewpaperseemstobelow. Donner(2015),

Tablel
Documenttypesofthepublicationscoveredby SCI-Eduringtheperiod2000-2015.

Rank Documenttype No.documents % Totalpublications
1 Article 15,661,692 70.64
2 Meeting Abstract 3,369,168 15.20
3 ProceedingsPaper 1,091,627 4.92

4 EditorialMaterial 1,049,457 4.73

5 Review 856,072 3.86

6 Letter 613,717 2.77

7 Newsltem 331,657 1.50

8 Correction 162,432 0.73

9 Biographicalltem 60,731 0.27
10 BookReview 54,800 0.25

11 BookChapter 33,346 0.15
12 Reprint 7,523 0.03
13 SoftwareReview 1,902 0.01
14 Bibliography 1,257 0.01
15 Others 326 0.00

Sum 23,295,707 105.07
Total 22,170,709 100.00

forexample, foundinapreliminarystudythatprecisionforreviewsassignmentwasaround91%in WoScomparedto67%in Scopus(publicationyearsofthe
samplewasnotspecificed).Inamorecomprehensiveanalysiswithupdateddata, Donner (2017)foundtheprecisionforreviewsassignmentwas87%in WoS
and 82% in Scopus for arandom sample of documents published between 2002 and 2014. Excluding the results for journals which were not statistically
significant, Harzing (2013) found in Science areas such as Neurosciences or Chemistry, the average misclassification was similar, ataround 8—10% for
paperspublishedbetween2001and2011inWoS. Thesituationwas,however, verydifferentinSocial Scienceswherethe misclassificationwasmuchhigher
(see Harzing, 2013 for a detailed discussion). Thus, according to the literature, we consider the analysis of the assigned reviews in SCI-E from WoS is

representativeenoughofthereviewpapers. 3.Resultsanddiscussion 3.1.Documenttypes

ThenumberofdocumentsincludedineachdocumentclassinSCI-Eduringtheperiod2000-2015isshowninTable 1.
Although WoS defines 39 document classes, almost all documents can be assigned to one of the seven first document types (article, meeting abstract,
proceedings paper, editorial material, review, letterand news item) (98.73% oftotal publications, 21,888,355 publications), therestof categories having
percentages lower than 1% total publications. “Others” (326 publications, 0.0015%) are comprised mainly by hardware review (139), database review
(112),book(26),meetingsummary(14) andmaincite(10).
InWoS,publicationscanbeassignedtomorethanonedocumenttypeandthecalculationofthenumberofdocuments ineachdocumenttypeattributesone
fullpointtoeachdocumenttypeinthecaseofpublicationsassignedtotwodifferent documenttypes. Thisisthereasonwhythesumofallthepublicationsin
eachcategoryismorethan I milliongreater thanthetotalnumberofpublications.Mostofthisdifferenceiscausedbythedoubleassignmentof* Proceedings



Paper” as “Article” and “Proceeding Paper”. In fact, all the “Proceedings Papers” are also categorized as “Article”. This justifies 1,091,627 from the
1,124,998differenceinpublications(97.03%). Themainotherdoubleassignmentoccurredin“Review”:

23,631 publications were classified as “Review” and “Book chapter” and other 10 as “Review” and “Book”, and in “Editorial Material”, where 1302
publicationswereclassifiedsimultaneouslyas“Editorial Material’and“Book Chapter”. Thereare nodoubleassignment,however,in“Meeting Abstract”
or“Newsltem”,whileitisnegligiblein“Letter”,“Correction”or “Biographicalltem”documenttypes.

Reviewsisthe fifthdocument type in terms ofthe number of publications: 856,072 documents (3.86%). However, there are marked differencesinthe
shareofreviewsfromtotalpublicationsamongresearchareas.Fig. | showstheaccumulated distributioncurveoftheshareofreviewsintotalpublicationsfor
the 177 SCI-E subjectcategories. Theshareofreviews intotal publications varied from0.00% (“Public Environmental Occupational Health”)t020.04%
(“Rehabilitation”), thefirst quartilebeing 1.48%,themedianbeing3.53%andthethirdquartilebeing5.75%.

Table2showsthetotalnumberofpublications(TP),thenumberofreviews (R)andtheshareofreviewsintotal publications (%R )ofthe35largestsubject
categoriesintermsofpublications.Inthiscase,anaverage4.25%ofthepublications werereviews. Thisvalueisgreaterthanthemedianshareofreviewsinthe
177SCI-Esubjectcategoriesduetosomeof thelargestareasintermsoftotal publications arethose withthe highestshares ofreviews, i.e. “Pharmacology
Pharmacy” (10.89% of total publications are reviews), “Cell Biology” (7.71%), Biochemistry Molecular Biology (7.52%), “Medicine Research
Experimental”(7.13%),“Microbiology”(6.60%), “Neurosciences”(6.10%)and “Biotechnology AppliedMicrobiology”(5.91%). Ontheotherhand, the
research areas withthe lowestshare ofreviews are “Mathematics” (0.14%), “Engineering Electrical Electronic”(0.47%),“Optics”(0.70%)and Physics
Applied(1.24%).
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Fig.1.Accumulateddistributioncurveoftheshareofreviewsintotal publicationsforthe 177SCI-Esubjectcategories.

Table2
Totalpublications(TP),reviews(R)andshareofreviewpapersintotal publications(%R)forthe35largestsubjectcategoriesinSCI-Eintheperiod2000-2015.

Subjectcategory TP R %R
1 BiochemistryMolecularBiology 1,072,096 80,615 7.52
2 ChemistryMultidisciplinary 942,339 31,367 3.33
3 MaterialsScienceMultidisciplinary 878,802 13,124 1.49
4 Oncology 804,458 46,015 5.72
5 Neurosciences 758,771 46,284 6.10
6 ChemistryPhysical 700,163 12,545 1.79
7 Surgery 686,415 24,766 3.61
8 PhysicsApplied 683,740 8464 1.24
9 PharmacologyPharmacy 683,391 74,405 10.89
10 ClinicalNeurology 658,529 35,551 5.40
11 EngineeringElectrical Electronic 645,243 3032 0.47
12 CellBiology 607,926 46,853 7.71
13 MedicineGeneral Internal 581,318 38,037 6.54
14 CardiacCardiovascularSystems 556,107 20,043 3.60
15 Immunology 492,543 36,311 7.37
16 MultidisciplinarySciences 483,147 7985 1.65
17 EnvironmentalSciences 461,594 13,922 3.02
18 PhysicsCondensed Matter 428,162 5,928 1.38
19 EndocrinologyMetabolism 412,139 23,674 5.74
20 GastroenterologyHepatology 406,012 15,705 3.87
21 EngineeringChemical 400,926 5,559 1.39
22 Biotechnology AppliedMicrobiology 397,459 23,507 5.91
23 Hematology 383,572 15,029 3.92
24 RadiologyNuclearMedicine 376,664 11,688 3.10
25 GeneticsHeredity 357,300 20,035 5.61
26 Psychiatry 352,287 17,468 4.96
27 PhysicsMultidisciplinary 345,537 6784 1.96

28 Peripheral VascularDisease 342,381 11,715 3.42



29 MedicineResearchExperimental 340,662 24,278 7.13

30 PublicEnvironmental Occupational Health 338,500 11,205 3.31
31 PlantSciences 332,681 16,364 4.92
32 Optics 324,540 2260 0.70
33 Mathematics 320,518 448 0.14
34 ChemistryOrganic 317,110 10,604 3.34
35 Microbiology 307,360 20,297 6.60

Sum 18,180,392 781,867 4.30

Total 14,251,769 606,149 4.25

3.2.Shareofreviewsevolutionwithtime

WhilethenumberofpublicationsinSCI-Eincreased2.7-foldfrom 1990(690,675)t02015(1,864,822),thenumberof reviewpapersincreased5.3-fold,
from14,804t079,033 reviews(Fig.2). Theshareofreviewsintotal SCI-Epublications hasincreasedcontinuouslyinthelast25years,from2.14%in1990to
4.39%in2015 (average 3.86%).In 1990, areview was published per34.2 original researcharticles, whileatpresent (2015),areviewis published per16.8
articles.

Theincreaseintheshareofreviewsintotalpublicationssloweddownafter2009andmaintainedalmostconstantat around4.0—4.5%upto2015,probably
due to WoS policy change for reviews assignment. However, newest data shows the previous trend has recovered and the share of reviews increased
significantlyinthelasttwoyears:4.7%in2016and5.1%in 2017(seeFig.S1,Supplementaryinformation).
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Fig.2.EvolutionofthenumberofreviewsandreviewsshareinSCI-E publications(177subjectcategories) from1990t02015.

Apreviousstudy focusedon Social Sciences Index also found fornearly allthe journalsofthis category theyearwiththe largestnumberofreviewswas
either20080r2009,and after2009, the proportion ofreviewarticlesdeclined dramatically (Harzing,2013). Thisiseasily explained by thechangein WoS
policy for reviews assignment and the larger proportion of original research articles with 100 or more references which were assigned to review papers
compared to Sciences. This made the effect of this policy change much larger in Social Sciences than in Sciences, in fact, the share of reviews in Social
Sciences decreased drastically from 3.6% in 2009 to 2.5% in 2010 and the 3.6% share of reviews has not been recovered until year 2016 (see Fig. S1,
Supplementarymaterial).

3.3.Citationratesofreviewsbyresearchareas

Toassessthedegreeinwhichreviewsaremoreoftencitedthanotherdocumenttypesandarticles, theaveragecitation perdocumenttypeofthe35largest
subjectcategoriesoftheSCI-Eintheperiod2000-2015wereanalyzed. Theaverage citationofreviewpapers(AC-R)wascomparedtotheaveragecitations
received by all document types (AC) and average citations received by original research articles (AC-A) through the ratio AC-R/AC and AC-R/AC-A,
respectively (see Fig.3). Thisanalysiswascarried outatthree differentpublication years (2000,2005and2010)and the values presentedinFig.3 arethe
averagevaluesfromthethreeyears(detaileddatainTableS1,Supplementarymaterial).

AC-R/AC-Awasalwayslowerthan AC-R/ACprimarily because theimportantshareof meetingabstractsinsomeresearch areas. Meetingabstractsis
theseconddocumenttypeintermsofpublicationsbutthisispoorlycited;inthepresentstudy, itwasfoundthat93.6%ofthemeetingabstractswerenevercited.
Onaverage,the AC-R/ACratioforthe35largestsubject categorieswas3.64whiletheratio AC-R/AC-Awas2.95. Thismeansreviewpaperswerecited,on
average,3.64timesfor thantheaveragefortotalpublications(alldocumenttypes)and2.95timesmorethanregulararticles.

Therearelargedifferencesamongareas: AC-R/ACratio varied from 1.96t07.39, dependingontheresearcharea,and AC-R/AC-A,from1.34t06.47.
There are areas in which the overcitation of review papers is the greatest (AC-R/AC >4 or ACR/A >3.5) such as “Engineering Electrical Electronic”,
“Chemistry Multidisciplinary”, “Physics Applied”, “Materials Science Multidisciplinary”, “Engineering Chemical”, “Physics Condensed Matter”,
“Physics Multidisciplinary”,“Optics”, “Endocrinology Metabolism”, “Chemistry Physical” and “Plant Sciences”. The areas in which the overcitation of
reviewsisthelowest (AC-R/AC<2.50rAC-R/A<2)are“Oncology”,“Radiology NuclearMedicine”, “Surgery”, “Mathematics”, “Medicine Research
Experimental”,“BiochemistryMolecularBiology”, Pharmacology Pharmacy”’and “MedicineGeneral Internal”.

Colebundersetal. (2014) found for papers published in WoS during the period 2000-2011 in the fields of “Oncology” and “Infectious Diseases” that
reviews were cited (on average) about 70% more often than were “normal” articles (ACR/AC-A=1.7), while in “Tropical Medicine”, reviews were cited
twiceasmuch(AC-R/AC-A=2).Inthepresentstudy,neither “Tropical Medicine”nor“InfectiousDiseases”’researchareaswereanalyzedbut“Oncology”



was. Theovercitationobtained for“Oncology” inthe present study was very similarto that found by Colebundersetal. (2014),1.e.1.61 vs. 1.7. However,
Oncology isoneoftheresearch areas with the lowestvalue of overcitation ofthe 35 research areas analyzed. Hou, Li,and Niu (2011)investigated 14,537
articlesand 2580 reviews publishedin the categories of “Biochemistry & Molecular Biology” and “Genetics & Heredity” duringthe years2006—2007 in
WoSanddeterminedthenumberofreceivedcitationsintheyear2008. Theyfoundthat,onaverage,reviewpaperswerecited 1.64timesmorefrequentlythan
articles. However, in the present study, AC-R/AC-A was significantly higher: 1.97 for “Biochemistry & Molecular Biology” and 2.61 for Genetics &
Heredity. Thesehighervaluescouldbeexplainedbythefactthatcitationswerecountedinshorterperiodsincepublicationthanin thepresentstudy. Aswillbe
demonstrated later, the difference in citations between review and original research papersis greateratlongertimes elapsed since publication to the time
whencitationsarecounted.

Resultsobtainedindicatethattheresearchareasinwhichtheactualshareofreviewsisthelowest,theovercitationisthe greatest,andviceversa(seeFig.4).
Thiscouldindicate thatsomeresearchareas “oversaturated” withreview papers, these reviewsbeingless well cited thaninotherresearch areas where the
shareofreviewsislower. However,anotheralternative
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Fig.5.EvolutionoftheshareofreviewsinthemostcitedpublicationsinSCI-E(1990-2015).

pointofviewisalsovalid,thereisnotan“oversaturation”inareaswithmanyreviewsbutareviewdeficiencyintheareas inwhichthereviewsarehighlycited.
On the other hand, the areas in which the overcitation of reviews is the lowest (AC-R/AC <2.5 or AC-R/A <2)are “Oncology”, “Radiology Nuclear

Medicine”, “Surgery”, “Mathematics”, “Medicine Research Experimental”, “Biochemistry Molecular Biology”, “Pharmacology Pharmacy” and
“MedicineGeneralInternal”.

3.4.Shareofreviewsinthemostcitedpapersevolutionwithtime

Fig.5showsthepercentageofreviewsinthe 1%,0.5%,0.1%and0.05%mostcitedpapersevolutionwithtimeinthewhole SCI-E(notrestrictedtothe35
largestresearchareas). Asobserved, thereisaveryimportantshareofreviewsinthemost citedpapersandthisshareisgreatestatthehighlycitedpapers. The
shareofreviewsinthe 1%topcitedpapersincreased from12.4%in1991t029.5%in2009andthendecreasedto18.5%.In0.5%topcitedpapers,theshareof
reviewswashigher, increasingfrom14.3%in1991t033.4%in2009andthendownto 19.5%. Furthermore, theshare ofreviewsfor0.1%and0.05% most
citedpaperswerethegreatest, withverysimilarvalues:in0.1%topcitedpapers, itincreased from18.0%in1991to 39.1%in2009andthendownto22.4%in
2015;thesharein0.05%mostcitedpapersincreased from15.8%in1991t040.4% in2009andthendownto25.6%in2015. Althoughthegreatestincreasesin



theshareofreviewswereobserved fromtop 1%totop0.5%andtop0.1%,theshareofreviewsinthe0.05%mostcited wasslightly greaterthanat0.1%most
cited(an average3.2%greater),confirmingthevalidityoftheobservedtrends(alsoconfirmedbydatafromTable3). SCI-E(1990-2015).

Astheshareofreviewsintotalpublicationshasalmostdoubledintheperiodanalyzed(seeFig.2),theoverrepresentation ofreviewpapersinthemostcited
papers were also calculated (Fig. 6). This overrepresentation is defined as the ratio between the percentage of reviews in the most cited papers and the
percentageofreviewsintotalpublications. Trendsobservedin overrepresentationweresimilartotheshareofreviewsinthemostcitedpapers,however, the
overrepresentationincreased inalowerextentthantheshareofreviews. Thisindicatestheshareofreviewsinthemostcitedpapersislargelyatfected bythe
importantincreaseinthe share ofreviews intotal publications. Onaverage, theoverrepresentation ofreviews was 6.6in 1% mostcited papers,7.6in0.5%
mostcitedpapers,9.2in0.1%mostcitedpapersand9.5in0.05%mostcited papers.

Inboth cases, the percentage of reviews among the most cited papers and the overrepresentation of reviews inthe most cited papers, asharp decrease
occurred ataround 2008-2010. This is primarily explained by the different citation patterns of original research articles and review papers. In general,
originalresearcharticleshaveagreaterimmediacythanreview papers,withcitationpeakobservedaroundthreeyearsafterpublication, whilethecitationof
reviews slowly risetothe peak many years after publication (Amin & Mabe, 2014). The cited half-life of review papers is greater than original research
articles, withcitationsdecliningslowlyafterthe peak, oppositetooriginalresearch papers, withanimportantdecline of citationsafterthepeakisobserved
(Amin&Mabe,2014).Consequently,ascommentedbefore, differencesincitations receivedbyreviewsandoriginalpapersarelowerwhenthecitationsare
evaluatedatshortertimesafterpublicationand greateratlongertimes.

Fig.7showsthecitationcurvesforreviewsandarticlespublishedin2000(citationnumbersobtained fromSCI-Ein August2017).Thecurveforreviews
includesallthereviewspublishedin2000 (30,005 publications)whilethecurvefor articlesisarepresentativesampleofarticlespublishedin2000(189,984
publications,i.e.26.6%ofthe715,004totalarticles publishedthisyear).

AscanbeobservedinFig.7,theoriginalresearcharticlesreceivedalargershareofcitationsinthefirstyearssince publicationandagreaterdeclineafter
reachingthecitationpeakcomparedtoreviewpapers. Thisturnsintoan AC-R/AC-A ratiowhichincreaseswithyearssincepublicationatwhichthenumber
ofcitationsiscounted.Inthiscase, AC-R/AC-Avaried
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Shareofreviewsinthemostcitedpapers.

Researchareas Top1% Top0.5% Top0.1% Top0.05% Top0.01%
1 BiochemistryMolecularBiology 28.4 31.4 339 33.8 30.8
2 ChemistryMultidisciplinary 342 423 59.9 65.8 67.0
3 MaterialsScienceMultidisciplinary 15.2 19.7 30.9 36.0 46.6
4 Oncology 25.3 29.8 38.1 43.2 383
5 Neurosciences 32.7 379 53.1 57.3 54.0
6 ChemistryPhysical 16.2 20.5 30.1 33.1 38.6
7 Surgery 9.9 11.1 13.9 15.2 14.5
8 PhysicsApplied 13.0 17.5 29.0 33.6 48.5
9 PharmacologyPharmacy 51.2 59.1 74.1 78.4 83.8
10 ClinicalNeurology 213 24.4 29.8 335 40.9
11 EngineeringElectrical Electronic 53 7.4 10.7 12.1 10.8
12 CellBiology 32.1 36.4 44.8 47.4 65.6
13 MedicineGeneralInternal 18.3 17.8 133 11.0 6.9
14 CardiacCardiovascular Systems 16.4 18.8 25.0 31.3 32.1
15 Immunology 31.3 34.7 48.1 55.5 71.4
16 Multidisciplinary Sciences 11.1 139 22.7 26.6 35.4
17 EnvironmentalSciences 22.4 26.7 38.1 442 60.9
18 PhysicsCondensedMatter 14.1 18.4 273 31.8 442
19 EndocrinologyMetabolism 29.5 324 425 40.8 342
20 GastroenterologyHepatology 17.8 20.2 25.6 29.6 43.9
21 EngineeringChemical 17.9 245 429 483 60.0
22 Biotechnology AppliedMicrobiology 30.1 332 28.2 27.8 5.0
23 Hematology 20.6 23.9 315 40.1 47.4
24 RadiologyNuclearMedicine 10.7 13.0 17.8 17.0 13.2
25 GeneticsHeredity 323 353 33.6 324 16.7
26 Psychiatry 224 26.3 352 38.1 34.3
27 PhysicsMultidisciplinary 17.2 22.7 38.4 439 54.3
28 Peripheral VascularDisease 17.0 19.3 25.2 29.4 353
29 MedicineResearchExperimental 153 14.8 15.5 18.8 29.4
30 PublicEnvironmental Occupational Health 18.1 20.6 24.8 249 23.5
31 PlantSciences 382 45.5 59.5 63.3- 73.5
32 Optics 8.0 11.5 234 27.8 333
33 Mathematics 1.1 1.6 2.5 3.8 6.3
34 ChemistryOrganic 27.7 36.2 55.5 61.0 81.3
35 Microbiology 42.1 48.2 59.1 59.7 51.6

Average 21.8 25.6 33.8 37.0 41.0
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from2.20whencitationswereevaluatedthefirstyearafterpublicationto3.13ifthecitationsarecounted 1 Syearssince publication.

3.5.Shareofreviewsinthemostcitedpapersbyresearchareas

The share of reviews in the most cited papers of the 35 largest research areas of SCI-E in the period 20002015 is shown in Table 3. As previously
commented,theshareofreviewsinthemostcitedpapersisgreaterwhenthemosthighlycited papersareconsidered. Reviewsrepresented,onaverage,21.8%
ofthe1%mostcitedpapers,25.6%ofthe0.5%mostcited papers,33.8%ofthe0.1%mostcitedpapers,37.0%ofthe0.05%mostcitedand41.0%o0fthe0.01%
mostcitedpapers. Although thenumberofpapersincludedinthe0.01%mostcitedpaperisstatisticallyquestionable(from3 1to 1 07 papers,depending onthe
researcharea),thesametrendwasobserved.

Again, there are large differences among areas. There are research areas such as “Chemistry Multidisciplinary”, “Neurosciences”, “Pharmacology
Pharmacy”,“Immunology”, ‘“Neurosciences”, “Plant Sciences” and “Microbiology” withreviews representing 30-50% ofthe 1 %omostcited papersand
50-75%ofthe0.1%mostcitedpapers. Amongthem, “Pharmacology Pharmacy”istheareawiththehighestshareofreviewsinthemostcitedpapers(51.2%
inthetop 1 %and74.1%inthetop
0.1%mostcited papers). Ontheotherhand, thereareareasinwhichthe share ofreviewsismuchlower. Forexample,in “Surgery”, “Engineering Electrical
Electronic”, “RadiologyNuclearMedicine”,“MedicineResearchExperimental”and“Mathematics”reviewsonlyrepresented 1-15%ofthe | Y%omostcited
papersand2—-18%ofthe0.1%mostcitedpapers.Inthiscase, “Mathematics”standsoutastheareainwhichtheshareofreviewsinthemostcitedpapersisthe
lowest(1.1%intop1% and2.5%intop0.1%mostcitedpapers).

Obviously, theshare ofreviewsinthe mostcited papersdependslargely onthe actual share ofreviewsintotal publications (see Fig. S2, Supplementary
material). Forthisreason,theoverrepresentationofreviewpapersinthemostcited papers,definedastheratiobetweentheshareofreviewpapersinthemost
cited papers and the share of review papers  in total publications, was also calculated for the different research areas (Table 4). The areas with the highest
overrepresentation,i.e.>10intop 1%and>20intop 0.1% most cited papers are “Chemistry Multidisciplinary”, “Materials Science Multidisciplinary”,
“Chemistry Physical”, “Physics Applied”, “Engineering Electrical Electronic”, “Physics Condensed Matter”, “Engineering Chemical”, “Physics
Multidisciplinary”,“Optics”, “Mathematics”and“Chemistry Organic”.

Interestingly, thereareresearchareaswiththelargestsharesofreviewsinthemostcitedpapersbutwithsomeof thelowestvaluesofoverrepresentation.
Thismeansthehighshareofreviewsfoundinthemostcitedpapersismainly explainedbythehighshareofreviewsintotalpublicationsandonlypartiallyby
the greaternumberofcitationsofreviews compared toresearcharticles. Withthe exception of*“Chemistry Multidisciplinary” and “Chemistry Organic”,
bothwithhigh shareofreviewsinthemostcitedpapersandhighvaluesofoverrepresentation, thisisthecasefortherestareaswith thehighestshareofreviews
inthe most cited papers: “Neurosciences”, “Pharmacology Pharmacy”, “Immunology”, “Plant Sciences” and “Microbiology”. In these areas, reviews
represented,onaverage,39.1%and58.8%ofthe 1%and0.1%mostcited papers,respectively,however,overrepresentationwaslowerthantheaverage:5.7
and8.6for1%and0.1%topcitedpapers, respectively.

Onthecontrary,thereareresearchareaswithlowtointermediatesharesofreviewsinthemostcitedpaperbutwith someofthegreatestoverrepresentation
valuessuchas “Materials ScienceMultidisciplinary”,“Chemistry Physical”,“Physics Applied”, PhysicsCondensedMatter”,“EngineeringChemical”,
“Physics Multidisciplinary” and “Optics”. Inthese areas, the average shareofreviewsin 1% and0.1% mostcited papersisbelowthe average, 14.5% and
31.7%,respectively. However,the averageoverrepresentationisgreaterthantheaverage: 10.4and23.5,respectively. Intheseareas, thereisanintermediate
productionofreviewsbutthey arewellcited. “Engineering Electrical Electronic” and “Mathematics” were mostextreme examplesofthisbehavior. They
havethelowestshareofreviewsinthemostcitedbutsomeofthegreatestvaluesof

4
Overrepresentationofreviewpapersinthemostcitedpapers.
Researchareas Top1% Top0.5% Top0.1% Top0.05% Top0.01%
1 BiochemistryMolecularBiology 3.8 42 4.5 4.5 4.1
2 ChemistryMultidisciplinary 10.3 12.7 18.0 19.8 20.1
3 MaterialsScienceMultidisciplinary 10.2 13.2 20.7 242 31.3
4 Oncology 4.4 5.2 6.7 7.6 6.7



5 Neurosciences 5.4 6.2 8.7 9.4 8.9
6 ChemistryPhysical 9.1 11.5 16.8 18.5 21.6
7 Surgery 2.7 3.1 3.9 4.2 4.0
8 PhysicsApplied 10.5 14.1 234 27.1 39.1
9 PharmacologyPharmacy 4.7 5.4 6.8 7.2 7.7
10 ClinicalNeurology 39 4.5 5.5 6.2 7.6
11 EngineeringElectrical Electronic 11.3 15.7 22.8 25.7 23.0
12 CellBiology 4.2 4.7 5.8 6.1 8.5
13 MedicineGeneralInternal 2.8 2.7 2.0 1.7 1.1
14 CardiacCardiovascularSystems 4.6 5.2 6.9 8.7 8.9
15 Immunology 4.2 4.7 6.5 75 9.7
16 MultidisciplinarySciences 6.7 8.4 13.8 16.1 21.5
17 EnvironmentalSciences 7.4 8.8 12.6 14.6 20.2
18 PhysicsCondensed Matter 10.2 13.3 19.8 23.0 32.0
19 EndocrinologyMetabolism 5.1 5.6 7.4 7.1 6.0
20 GastroenterologyHepatology 4.6 52 6.6 7.6 11.3
21 EngineeringChemical 12.9 17.6 30.9 34.7 432
22 Biotechnology AppliedMicrobiology 5.1 5.6 4.8 4.7 0.8
23 Hematology 53 6.1 8.0 10.2 12.1
24 RadiologyNuclearMedicine 35 42 5.7 55 4.3
25 GeneticsHeredity 5.8 6.3 6.0 5.8 3.0
26 Psychiatry 4.5 5.3 7.1 7.7 6.9
27 PhysicsMultidisciplinary 8.8 11.6 19.6 224 27.7
28 Peripheral VascularDisease 5.0 5.6 7.4 8.6 103
29 MedicineResearchExperimental 2.1 2.1 22 2.6 4.1
30 PublicEnvironmental Occupational Health 55 6.2 7.5 7.5 7.1
31 PlantSciences 7.8 9.2 12.1 12.9 14.9
32 Optics 11.4 16.4 334 39.7 47.6
33 Mathematics 7.9 11.4 17.9 27.1 45.0
34 ChemistryOrganic 8.3 10.8 16.6 18.3 243
35 Microbiology 6.4 7.3 9.0 9.0 7.8
Average 6.5 8.0 11.6 132 15.8

overrepresentation. “Engineering Electrical Electronic”’ has 5.3% ofreviews inthe 1% most cited papersand 10.7%inthe 0.1% mostcited papers but the
overrepresentationvaluesareashighas11.3and22.8,respectively. Similarly, “Mathematics” have1.1%reviewsinthe 1%mostcitedpapersand2.5%inthe
0.1%mostcited, butoverrepresentation valuesof7.9and 17.9 for1%and0.1%mostcited papers, respectively. Intheseareas, the productionof reviews is
ratherlimited(0.39%in

“Engineering Electrical Electronic”and 0.10%in“Mathematics”),however, they are very wellcited. Againitseemsthatthe reviewsproducedintheareas
withthehighestsharesofreviewsintotalpublicationsarelesswellcitedthanthoseproduced inareaswithlowershareofreviewsintotalpublications(seeFig.
S3,Supplementaryinformation).

3.6.Uncitednessrateevolutionwithtime

Thepercentage ofuncitedreviewsisalso considerablylowerthan forotherdocumenttypes. Fig. 8 showsthepercentage ofuncitedreviewsanduncited
originalresearcharticlesaswellastheratiouncitedarticles/uncitedreviewsevolutionwith time. Asobserved,theuncitednessrateofreviewsisaround5%,
onaverage, whiletheuncitedness forregulararticlesis 10%. Astheuncitednesswasevaluatedatmid2016,theuncitednessincreased exponentially atthe
latestpublicationyears,and wasespeciallyhighin2014and2015. Theratiobetweenuncitednessofarticlesandreviewsvariedfromaround2.3-2.5 forthe
paperspublishedin2000-2006periodto2.1-2.2 forthepaperspublishedin2007-2014.Then,asharpdecrease to1.6occurredin2015. Thissharpdecreasein
uncitednessratiocanbealsoexplainedbythefactthelargestdifferences incitationsreceivedbetweenreviewsandarticles,suchasuncitednessrate,occursat
longerperiodsoftimebetweenthe publicationyearconsideredandthetimeofcitationscounting.

Theresultsobtainedareinagreementwithpreviousstudies. Haustein(2012), forexample,analyzedtheuncitednessin
2010 of different document types published in45 journals between 2004 and 2008 (168,109 total publications), i.e. after 2—6 yearsafter publication. The
proportion ofuncited documents was found to be 4.0% for review papers (the lowest value among the different document types analyzed)and 12.9% for
articles. Similarresults were obtainedby Zhao (2015), focused onreviewpaperspublished intheperiod2005-2014 covered by SCI(60,655 documents).
Theaverageuncitednessratioin tenyearswas9.9%,however, theratioofuncitedness decreasedrapidly inthe followingthree yearsafterpublication,and
subsequentlystabilizedataround4%in5—10years.
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3.7.Uncitednessratebyresearchareas

Fig. 9 shows the percentage of uncited reviews and the ratio uncitedness articles/uncitedness reviews by research areas. The percentage of uncited
reviewsvaried from3.1%1t022.5%, dependingonthearea, theaveragebeing 7.8%andthe median 6.8%, whiletherateofuncitedarticles, variedbetween
7.9%and40.6% withan 18.2%averageand 16.2% median. Onthe otherhand, theratiouncitedness ofarticles/uncitedness ofreviews varied from1.37to
4.38,being2.5theaverageand2.4 themedian.

The greatestuncitednessratesinreviews (>10%) were observed in “Surgery”, “Engineering Electronical Electronic”, “Medicine General Internal”,
“Cardiac Cardiovascular Systems”, “Multidisciplinary Sciences”, “Physics Multidisciplinary”and “Mathematics”. Insomecases, the highuncitedness
rateiscorrelatedwiththehighestshareofreviewsintotalpublications. However, itisveryinterestingtonoticethat “Mathematics”istheresearchareawiththe
greatestrateofuncitedness(22.5%) and“EngineeringElectronical Electronic”oneofthegreatest(13.1%). Theseareaswerepreviouslyidentifiedasthose
with verylowshare ofreviewsintotal publications. The lowestuncitednessratio, i.e. <5%, occurred in “Biochemistry Molecular Biology”,“Chemistry

Physical”,“CellBiology”, “Immunology”, “Physics CondensedMatter”, “EndocrinologyMetabolism”,

“GeneticsHeredity”,“PlantSciences”and “Microbiology”. Againthecorrelationisnotasclearasinothercitationparameters
5
Summaryofovercitation, overrepresentationinmostcitedpapersanduncitednessinreviewpapers.



%R AC-R/AC-A Reviews Overrep. 1%most cited Uncited.

1%mostcited(%) Articles/Uncited.
reviews
BiochemistryMolecularBiology 7.52 1.97 28.4 5.0 2.08
ChemistryMultidisciplinary** 333 4.92 342 12.4 4.02
Materials ScienceMultidisciplinary** 1.49 6.47 15.2 11.8 2.45
Oncology* 5.72 1.61 253 5.4 2.41
Neurosciences 6.10 2.40 32.7 6.7 2.40
Chemistry Physical** 1.79 4.24 16.2 11.7 241
Surgery 3.61 1.41 9.9 33 2.13
Physics Applied** 1.24 6.4 13.0 12.7 1.71
PharmacologyPharmacy* 10.89 2.18 51.2 5.8 2.72
ClinicalNeurology* 5.40 1.58 213 4.8 2.56
EngineeringElectrical Electronic** 0.47 6.74 53 13.7 1.97
CellBiology 7.71 2.03 32.1 5.5 3.52
MedicineGeneralInternal* 6.54 1.34 18.3 3.4 2.58
CardiacCardiovascular Systems* 3.60 .77 16.4 5.5 2.11
Immunology* 7.37 2.09 31.3 5.3 2.74
Multidisciplinary Sciences 1.65 2.55 11.1 8.2 2.36
EnvironmentalSciences 3.02 2.86 22.4 8.9 2.88
PhysicsCondensed Matter** 1.38 6.00 14.1 12.9 3.30
EndocrinologyMetabolism 5.74 2.68 29.5 6.4 1.85
GastroenterologyHepatology* 3.87 1.56 17.8 5.7 2.89
EngineeringChemical** 1.39 4.70 17.9 15.1 4.38
Biotechnology AppliedMicrobiology 591 2.68 30.1 6.2 2.21
Hematology* 3.92 1.74 20.6 6.7 2.64
RadiologyNuclearMedicine* 3.10 1.36 10.7 42 2.02
GeneticsHeredity 5.61 2.61 323 7.6 3.88
Psychiatry* 4.96 1.60 224 5.2 2.92
PhysicsMultidisciplinary** 1.96 4.74 17.2 12.0 1.68
Peripheral VascularDisease 3.42 1.76 17.0 6.3 2.13
MedicineResearchExperimental* 7.13 1.59 15.3 2.5 2.16
PublicEnviron.Occupational Health* 3.31 223 18.1 5.6 2.40
PlantSciences 4.92 3.69 382 9.9 3.66
Optics** 0.70 4.12 8.0 13.6 1.91
Mathematics 0.14 2.07 1.1 11.1 1.37
ChemistryOrganic 3.34 2.81 27.7 10.8 1.43
Microbiology 6.60 2.68 42.1 83 2.56

withtheactualshareofreviews,i.e.someoftheresearchareaswiththelowestuncitednessratioarethosewiththehighest shareofreviewsintotalpublications,
i.e. “Biochemistry Molecular Biology” (5.4%), “Cell Biology”, (5.8%), “Immunology” (5.9%) or “Microbiology” (5.0%) (see Fig. S4, Supplementary
information).

Similar results were obtained analyzing the uncitedness of articles/uncitedness of reviews. Some of the areas with the highest values (>3) are the
following: “Chemistry Multidisciplinary”, “Cell Biology”, “Physics Condensed Matter”, “Engineering Chemical”, “Genetics Heredity” and “Plant
Sciences”(average3.8).Ontheotherhand,theuncitednessofreviews andarticleswasmoresimilar(uncitednessofarticles/uncitednessofreviews<2)inthe
following areas: “Physics Applied”, “Engineering Electrical Electronic”, “Endocrinology Metabolism”, “Physics Multidisciplinary”, “Optics”,

“Mathematics”and “ChemistryOrganic”(averagel.7).

3.8.Summary:comparisonamongresearchareas

Table 5 showsasummary indicatingtheimportance of overcitation, overrepresentation in the most citedpapersand uncitednessrate ofreview papers
comparedtoregulararticles. Formostresearchareasthereisastrongcorrelationbetween thevaluesof AC-R/AC-A andtheoverrepresentationinthemost
citedpapersresearch,but,thereisaminorcorrelationwith uncitednessratio.

Thenineresearchareasinwhichtheeffectofreviewsoncitationsismoreimportantisindicatedbytwoasterisks (**), theaverageshareofreviewsintotal
publicationis1.5%.Ontheotherhand, thetwelveresearchareasinwhichtheeffectof reviewsislessimportantaremarkedwithoneasterisk(*),theyhavean
average5.5%shareofreviews. Theotherfourteen areastheeffectofreviewsincitationratesisintermediate.

3.9.Effectofreviewpapersonindividualmetrics

Finally,asimplified analysisonhowthecitationmetricsofanindividual canbeaffected by theshare ofreviewpapersinhis publicationsispresented. It
wasassumedthattheauthoronlypublishedtwodocumenttypes:reviewsandoriginalresearch
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Fig.10.RatiobetweenaveragecitationsofanindividualpublishingR %ofreviewsandotherpublishing0%reviewsvs.shareofreviewsatdifferent AC-R/AC-Aratio.
articles. TotalpublicationsisTPandtheshareofreviewsandarticlesintotalpublicationsareR.and(100-R),respectively. Furthermore, thecitationsreceived

by both documents was established from AC-R/AC-A ratio: AC-A forarticles and (ACA)-[(AC-R)/(AC-A)] for reviews. From these assumptions and
definitions, thetotalcitationsreceivedbytheindividual(TC) isgivenbyEq.(1).

TC=TP-

(100 - R) TP.R /AC—R
00 AC- A+ 50 (MZ—A

)-{AC—H}

Obviously, TCoftheindividualwillbegreatestforthehighest TP,R, AC-Aand(AC-A/AC-A)ratio. Furthermore,average citationsperdocument(AC)
ofanindividualcanbecalculatedbyEq.(2),where AConlydependsonR,AC-Aandtheratio AC-R/AC-A:

ac_ (100—R) R (HC—R

00 AC- A+ 155 MI—A) (AC-A)

Next,itcanbecalculatedtheratiobetweentheaveragecitationsofanindividualpublishingaRpercentageofreviews (ACg)andtheaveragecitationsofan
individualwithR=0%(AC,). Thisratioonlydependsontheratio(AC-R/AC-A)andthe shareofreviews(R)(Eq.(3)):

ACR R (hC—R)_(lDD—R)
AC, 100 \AC-A 100

Insuchway, theeffectofacertainshare ofreviewsinthe publicationsofanindividual could be compared withthebase case(noreviewspublished)for
different AC-R/AC-Aratios(Fig. 10).

Asdetermined previously,theaverage AC-R/AC-Aratioforthe351argest SCI-Esubjectcategories was 3. Atthese conditions, theaveragecitationsper
documentofanindividualpublishing20%ofreviews, forexample, wouldbe40%greaterthan individualnotpublishingreviews. However,the AC-R/AC-
Aratiovariedfrom1.34t06.47intheresearchareasanalyzed.For AC-R/AC-A=5,forexample,a20%ofreviewswouldmean80%greateraveragecitations
perdocument forthisindividual; andthisisthecaseformanyresearchareassuchas“ChemistryMultidiscplinary”.“Physics Applied”, “Materials Science
Multidisciplinary”, “Engineering Chemical”, “Physics Condensed Matter”, “Physics Multidisciplinary”, “Optics”, “Endocrinology Metabolism”,
“Chemistry Physical”and““PlantSciences”.Obviously,h-indexwouldbealsolargelyaftectedby theshareof reviews.

Finally, an example showing the effect of reviews in the citations received by several colleagues from the Faculty of Chemistry ofthe Complutense
UniversityofMadrid,isshownin Table 6. Asobserved fromoutputsfromrealresearchers withshareofreviewsbetween3.9%and11.2%and AC-R/AC-A
from2.7t05.4,exclusionofreviews fromcitation counts meant: 15-36% decreaseoftotal cites, 1 0-28% decrease ofaverage citationperdocumentanda



reduction ofh-index from 0to021%. Accordingto these data, one could expect an individual publishing 20% ofreasonable cited reviews, total cites and
averagecitationsperdocumentwouldbearound60-70%greater,andtheh-indexaround40%greater,comparedtoan individualnotpublishinganyreview.

4.Conclusions

Thecitationrateofanarticleisinfluenced by many factors,oneofthosebeingthedocumenttype.Reviewpapersare overcitedandoverrepresentedinthe
mostcited papers ofaresearchareacompared to original research articles. Although thatoccurs forall research areas, important differences among them
havebeenobserved.

Theovercitation and overrepresentation in the most cited papers was more relevant in the areas with the lowest share ofreviews intotal publications.
Someoftheseareasare: “Chemistry Multidisciplinary”, “Materials Science Multidisciplinary”, “Chemistry Physical”,“Physics Applied”, “Engineering
Electrical Electronic”,“PhysicsCondensedMatter”,

6
ComparisonofthemaincitationratesfordifferentresearchersfromFaculty of Chemistry(Complutense UniversityofMadrid),bothincludingandexcluding reviewpapers.

TP Reviews AC-R/AC-A Citation statistics for total publications Citation statistics excluding reviews
TC AC h TC AC h

#1 576 44(7.6%) 2.68 23,308 40.47 71 19,082 35.87 63

(VL 18.1%) (V11.4%) (V12.7%)
0,
#2 525 31(5.9%) 5.20 19,061 36.31 67 14330 2901 59
0, 0, 0,

#3 419 47(11.2%) 4.41 8,069 19.2624,73 43 (V24.8%) (V20.1%) (V13.6%)
5,133 13.80 34

#4 332 13(3.9%) 4.23 8,210 14.93 44 (136.4%) (428.3%) (420.9%)
6,977 22.43 44

#5 86 4(4.6% 5.41 1,284 11. 19 .

(4.6%) ’ & (L 15.0%) (19.3%) =)

#6 52 3(5.8%) 2.90 610 19.93 14 1,016 12.39 (1:9)

(4,20.9%) (L 17.0%) 13(5)
0,

#7 29 2(6.9%) 2.86 578 13 518 1057
(L15.1%) (9.9%) 11
471 17.67 (L 18.2%)
(4 17.5%) (L 11.8%)

TP=totalpublications; TC=totalcites(withself-citations); AC=averagecitationperdocument.

“Engineering Chemical”, “Physics Multidisciplinary” and “Optics”. In these areas, review papers are cited, on average, 5.4 times more than original
research articles. Furthermore, the average share of reviews in the 1% and 0.1% most cited papers intheseareasis 15.7% and 27.9%, respectively, while
reviewsonlyrepresented 1.24%oftotalpublicationsintheseareas. Inotherwords,reviewpapersare12.7and22.5timesoverrepresentedinthe 1%and0.1%
mostcitedpapers,respectively, comparedtotheirshareintotalpublications.Inaddition,theuncitednessrateforreviewsintheseareaswas2.65times lower
thanforregulararticles.

Ithasalsobeenobservedthattheovercitationand overrepresentationofreview papersissignificantly lowerinareasin whichtheshareofpapersintotal
publicationsisalreadyhigh.Itseemsthereissomesaturationinthenumberofreviews whichmakethembeinglesswellcitedthaninotherresearchareas.

Ithasbeendemonstratedthantheshareofreviewsforanindividualcangreatlyimpacttheircitationoutputsuchastotal cites,averagecitationsorh-index.
Asthe share ofreviews intotal publications have continuously increased inthe last 25 yearsand this trend hasnot slowed down, itis suggested to exclude
review papers fromtotal citations ofindividuals. The aimistryingnotgivingthebad massage forindividualsthatisbetterto producereviewsthanoriginal
papers,especiallyfor youngerresearcherslookingforapositioninR&D.
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