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would bestraightforward becausguality would bereadilyapparentPublicationwould be
quick andpainlessjournalswouldreliablydistinguishhigh- from low-qualityresearchand
journal rank would provideagoodproxy for researctguality. Sure you might feellike a
dreamerButyouwouldn't bethe only one[1£8].

Obviouslywedon't livein suchaworld. After all, scientistareonly human.We sometimes
struggleto explainwhy our work isimportant or forgetto write up critical aspect®f our
researctprotocols Like all humanswealsoseekout information that confirmsour pre-exist-
ing beliefsusebiasedreasoningstrategieso arriveat pre-desirecconclusionsandself-deceive
to presenburselvesn abetterlight [9+11].Suchfactorscanleadusto overestimatéhe quality
of our work. And evenif wewereperfectlyawareof our work's quality,weareincentivizedto
presentt in anoverlypositivelight [6]. Oneconsequencis thatweincreasinglydescribeour
researctas®amazing®@inspiring®, andarobust®,despitethe factthat suchresearchs increas-
ingly rare[12,13]. We thensubmitthis researcho high-rankingjournals,in part,becauseur
careerdenefitfrom publishingin prestigiousandimpactfuloutlets[14+17].Asaconse-
quencejournal editorsand peerreviewersnustinvestconsiderabléime andeffort to distin-
guishhigh- from low-qualityresearchwhile this processloeshelpto filter work by its
quality, it is slowandunreliable anddependsn reviewerslimited goodwill[7, 18+20] Asa
result,low-qualityresearclgetspublishedin high-rankingjournals[21+23].An unfortunate
propertyof this systemis that journal rank providesapoor proxy for researchguality [24].

And to top it off, wearewell awareof thesegproblems andregularlycomplainthat the publish-
ing processs 2sluggishandinconsistentq25], 2painful® [7], and®a gameof gettinginto the
right journals®[8].

What canbedoneto remedythis situation?This paperaddressesnesetof impedimentsto
achievingan honestandeffectivepublishingsystemthe information asymmetriesind con-
flicts of interestthatincentivizescientistd¢o deceivgournalsaboutaspectsf their research.
Notethatthetermadeceptionds usedto referto behaviorsn whichindividualscommunicate
information that doesnot accurately(i.e.,honestly)reflectsomeunderlyingstate. This paper
makeso assumptiongboutthe motivesof individual scientistor the mechanismby which
deceptionoccurs.

Information asymmetries and conflicts of interest in academic publishing

Academidournalsarevulnerableio deceptionThisvulnerabilityexistsfor two interrelated
reasonskirst,thereareinformation asymmetriebetweerscientistandjournals,asscientists
havemoreinformation aboutaspect®f their researchthanis presentedn apaper(e.g. what
theraw datalook like, the scientistsbriginal predictionsversughosereported,whatoccurred
during data-collectiorandanalysisrersusvhatwaswritten up) [26]. Secondtherearecon-
flicts of interestbetweerscientisteandjournals.For examplescientisthaveanincentiveto
publisheachpaperin ahigh-rankingjournal, but high-rankingjournalspreferto publishonly
asubsebf paperde.g.thosewith rigorousmethodscompellingevidencepr novelresults).
By gettingresearclpublishedin high-rankingjournalsregardlessf its true value scientists
canreapthe benefitsof high-rankingpublicationswithout doing high-valueresearc17].
Onedimensionalongwhich journalsarevulnerableto deceptionis researciguality,and
suchdeceptionmposesoston the scientificcommunity. First, if low-qualityresearchs
adeceptivelySubmittedto high-rankingjournals,editorsandreviewersmustwasteime eval-
uatingandfiltering out low-quality submissionsThis extratime burdenreduceshe efficiency
of scienceSecondbecaus@eer-reviews imperfect,somelow-quality paperswill 2slip
throughthe cracks®andbepublishedin high-rankingjournals.Asaconsequencenycorrela-
tion betweerjournal rank and paperquality will bereducedThisreducedcorrelationimpedes
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accuratedecision-makingasscientistgely on journal rank to decidewhich paperdo read,
whichresearctparadigmgao emulate andwhich scientistdo hire andfund [3, 16,17,27].
Third, if low-qualityresearchiequireslessime to conductthan high-qualityresearctbut can
still bepublishedin high-rankingjournals,thenscientistdavelittle incentiveto investin
high-qualityresearchThis canresultin adverseselectionhigh-qualityresearchs driven out
of theacademienarketuntil low-qualityresearctis all thatremains[26, 28].

The problemof deceptionin communicationsystemss not uniqueto academigublishing
bwheneverthereareinformation asymmetriesnd conflictsof interest thereareincentiveso
deceiveConsiderthreeexamples.

1. A motherbird bringsfood backto her nestand mustdecidewhich nestlingto feed.The
motherprefersto feedher hungriestchild, andthusbenefitsfrom knowinghowmuchfood
eachchild needsBut eachchild maypreferto receivethe foodfor itself. Thatis, the mother
would benefitif her childrenhonestlycommunicatedheir levelof hunger,but eachchild
maybenefitfrom deceivingts motherby claimingto bethe hungriest.

2. A family needsanewcaranddecidego buyfrom aused-cadealershipThefamily prefers
to buy a carwithout mechanicatiefectsworn-out parts,or ahistory of major collisions.
Butthe used-casalesmaiprefersto makeasmuchmoneyashe can.This meansselling
evenunreliablecars.Thefamily would benefitif the used-casalesmatmonestlycommuni-
catedwhich carswerereliableandwhich weren't,but the used-caisalesmamaybenefit
from deceivinghefamily by claimingthatanunreliablecaris of high-quality.

3. A universitydepartments hiring anewfacultymemberandinvitesthreecandidateso
givejob talks.All elseequal the departmentprefersto hire arigorousscholarbonewho
carefullythinks through eachproject,usesigorousmethods andtransparentlyreportsall
resultsandanalysesBut eachcandidateprefersto getajob, evenif theyarenot rigorous.
Thatis, departmentsvould benefitif job candidategavetalksthat honestlycommunicated
their scholarlyrigor, but candidatedenefitirom deceivingdepartmentsgy only communi-
catinginformation that makeghem seenrigorous(evenif theyarenot).

How canhonestybeensureddespitencentivesor deceptionThetheoryof honestsignal-
ing canshedlight on this questionln economicg29, 30]andbiology[31, 32],signalingtheory
representanattemptto understanchow honestcommunicationcanexistin situationswhere
thereappeato beincentivesfor dishonestyBelow weapplythelogic of signalingtheoryto
the publicationprocessisinga setof formal theoreticaimodels This formal approachthassev-
eralaffordancesincluding makingassumptionglearandexplicit,ensuringthatarguments
arelogicallycoherentand providing insightsinto questionghataredifficult to intuit (e.g.,
shouldpublishingbemadeasefficientaspossiblesothat paperscanberapidly submittedand
evaluatedy reviewerspr might removingpublishinginefficiencieshaveunintendedconse-
quences?}oweverour approachalsohasimportant limitations (seeDiscussion).

A simple model of academic publishing

For simplicity,assumehat a scientistproducegwo kinds of papershigh-qualityandlow-
quality (seeDiscussion)In addition to otherfeaturesahigh-qualitypapermight beonethat
thoroughlydescribegrior researchis methodologicallyigorous,conductsappropriatestatis-
tical analyseandsensitivitycheckshonestlyreportsall analyseand measurege.g. no p-
hackingor selectiveeporting of positiveresults) and clearlydistinguishebetweerexplor-
atoryandconfirmatoryfindings (sed5] for otherfactorsthat affectresearcikguality).In con-
trast,alow-quality papermayhavefeweror noneof thesequalities In reality,scientistsnay
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disagreeboutwhich methodsor analysearebest but thereis oftenconsensughat certain
practicegeduceresearctguality.

Conditionalon paperquality,the scientistdecidesvhetherto submitto ahigh- or low-
rankingjournal (becaussubmissioris conditionedon papertype,the proportion of high- or
low-quality paperss not relevantio our model).Publishingin ahigh-rankingjournal results
in payoffB, while publishingin alow-rankingjournal resultsin payoffb, whereB > b. These
payoffsrepresentll the benefitshat a scientistmayreceivefrom publication,including pres-
tige,promotion, citations,or anincreasegrobability of obtainingfuture funding.

Journalshaveimperfectinformation aboutthe quality of submittedpapersandthus proba-
bilisticallydeterminesubmissiorguality. High-ranking journalsaccephigh- andlow-quality
paperswith probabilitiesP, and P, respectivelyWe assumehat high-rankingjournalsare
morelikely to accephigh-qualitythan low-qualitypaperqP, > P;). Thescreeningrocess
that makeshigh-qualitypapershavea higherprobability of acceptanceould occurviavarious
mechanismge.g. editor screeningpeer-revieweevaluation)If apaperisrejectedrom a
high-rankingjournal, the scientistresubmitsthe paperto alow-rankingjournal. We assume
thatlow-rankingjournalsacceptll submittedpapersThis assumptiormakeghe modeleasier
to understandwithout affectingits generalitybecausenly theratio of high- to low-ranking
acceptancprobabilitiesaffectsscientistsexpectegayoffsyandthe modelresultsareidentical
if low-rankingjournalsprobabilisticallyaccepsubmittedpapergseeS1File). Further,assci-
entistsreceiveafixed payofffor low-rankingsubmissionsthis payoffcanalsobeinterpreted
asthefixed payoffto ascientistwho cutstheir lossesand choosesiot to submittheir work for
publication.

In this modeland subsequentnodifications wefocuson situationsin which scientistsstra-
tegicallysubmitpapergo journalsandjournalsadoptfixed behaviorsHoweverour qualita-
tive resultsgeneralizéo amodelin which journalsarealsostrategicactors(seeS1FileandS1
Fig). Theassumptiorof fixed journal behaviorss reasonablé scientistcanadjusttheir
behavioron shortertimescalethan canacademigournals.Further,it allowsusto simplyillus-
tratethe samemechanismshat ensurehonestyin true signalinggameswith two-sidedstrate-
gicinteraction(e.qg. differentialbenefitsand differentialcosts)33].

Giventhis model,whereshouldascientistsendhigh- andlow-qualitywork in orderto
maximizetheir payoffs?

A high-qualitypaperis worth submittingto ahigh-rankingjournal insteadof alow-ranking
journalwhen:

BP,+b(1—P)>b

P,(B—b)>0 (1)

A low-quality paperis worth submittingto a high-rankingjournal insteadof alow-ranking
journalwhen:

BP,+b(1—P)>b

P(B—1b)>0 (2)

Both conditionsaresatisfiedf 1) ascientistcanpublishin ahigh-rankingjournal with non-
zeroprobabilityand 2) ahigh-rankingpublicationis worth morethan alow-rankingpublica-
tion. In otherwords,in this model,scientistbenefitfrom submittingall papergo high-rank-
ing journals,regardlessf paperquality.
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Thisillustratesakeyconflict of interestin academigublishing.Scientistareincentivized
to signalthattheir work is high-quality(evenwhenit is not), whereagournalspreferto know
thetrue quality of thework. However this conflict canberesolvedy changingpublishing
incentivesMaking journal submissiongostlyis onemechanisnfor doing so.

Submission costs

Now assumehat submittinga paperfor publicationis costly.Suchcostscouldincludeany
aspecbf thesubmissiorprocesghatrequirestime (e.g.writing acompellingcoverletter,
meetingstringentformatting requirementsyvaiting for ajournal'sdecision)or money(e.g.,
submissiorfees)jndependenbf paperquality. Thesecostscanbeconceptualizedseither
originating from the scientist(e.g. asignal)or asbeingenforcedby thejournal (e.g.ascreen-
ing mechanism]34]. Assumehat scientistgpayacost,C, to submitapaperto ahigh-ranking
journalandacost,c, to submitapaperto alow-rankingjournal,whereB > C andb > c. All
scientistgpaya costonce but thosewhosepapersarerejectedrom the high-rankingjournal
andarere-submittedto the low-rankingjournal payboth costs For mathematicakimplicity,
weanalyzeacasevherec = 0, anddo not includec in our analysesThequalitativeresultsare
identicalin casesvherelow-rankingsubmission$iaveanon-zerocost(seeS1File).

With the addition of submissiorcostshow shoulda scientisnow behave? high-quality
paperis worth submittingto ahigh-rankingjournal insteadof alow-rankingjournal when:

BP,+b(1—P,)—C>b

P,(B—b)>C (3)

A low-quality paperis worth submittingto a high-rankingjournal insteadof alow-ranking
journalwhen:

BP,+b(1—P)—C>b

P(B-b)>C (4)

With submissiorcostsscientistonly submitto high-rankingjournalswhenthe benefitsof
doing sooutweighthe costs.

Separating high-quality from low-quality papers. EQs(3) and(4) definethe conditions
underwhich eachkind of papershouldbesubmittedto ahigh-rankingjournal. If weseeko
separatdigh-qualitypaperdrom low-quality paperdasedn thejournal to whichtheyare
submitted thentheidealcasds wherescientistsubmithigh-qualitypapergo high-ranking
journalsandlow-quality paperdo low-rankingjournals.Suchaseparatingequilibrium [35]
existswhen:

P,B—b)—C>0>P(B—b)—C

P,(B—b)>C>P(B—b) (5)

Introducing submissiorcostscreates rangeof parametersn which honestsubmissioris pos-
sible.Thekeyinsightis thatimposingcostscanpromotehonesty This occursbecausscien-
tistswho havelow- andhigh-qualitypapergpaythe samesubmissiorcostbut havedifferent
expectedenefitd33, 36] whensubmittingto high-rankingjournals,aslow-quality papersare
lesdikely to beaccepted.

Honestyis possiblevhenthe costof high-rankingsubmission(, is largerthanthe expected
addedbenefitof submittingalow-qualitypaperto ahigh-rankingjournal, P, (B-b), but smaller
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thanthe expectedddedbenefitof submittingahigh-qualitypaperto a high-rankingjournal,
Py, (B-b). As high-rankingpublicationsbecomeworth morethanlow-ranking publications
(largervaluesof B-b), largersubmissiorcostsarerequiredto ensurehonestsubmissionpther-
wise,scientistawill betemptedto submitall papergo high-rankingjournals.However if sub-
missioncostsaretoo large no separatiorexistsasno paperis worth submittingto ahigh-
rankingjournal. Asjournalsbecomebetterableto differentiatehigh- from low-quality papers
(largervaluesof P,—Pj), therangeof conditionsunderwhich honestycanexistbecomesarger.
Consideracasewnherehigh-rankingjournalsaccepmosthigh-qualitypapersandrejectmost
low-qualityones A scientistwho submitslow-quality papergo high-rankingjournalspaysa
costfor eachsubmissionbut rarelyobtainsa high-rankingpublication.As aresult,dishonesty
is not worthwhileunlesgherarehigh-rankingpublicationis extremelwaluableln anextreme
casavherejournalscannottell the differencebetweerhigh- andlow-quality paperqP;, = P)),
honestsubmissiorcannotexist,becausscientistdackanyincentiveto condition journal sub-
missionon paperquality.

In theabovemodel,all scientistgeceivedhe samebenefitfor high-rankingpublicationsb
differentialbenefitsarosebecausef differentacceptancerobabilitiesfor high- andlow-qual-
ity papersHowever differentialbenefitscanalsoexistif low-quality publicationsin high-
ranking journalsyield lower payoffsthan high-qualitypublicationsandthe samdogicholds.
Thus,differentialbenefitsof this kind canalsoensurehonestsubmissionseeS1File).Such
differentialbenefitsareplausible For examplepublicationsin high-rankingjournalsarepref-
erentiallychoserfor directreplication[21+23]Jand maybemore heavilyscrutinizedfor errors
andfraud[24,37],whichincreaseshe probability that low-qualitypapersn high-ranking
journalsaredetected.

Differential costs. In thepreviousmodel,all papersvereequallycostlyto submitfor pub-
lication,andhonestywasmaintainedbecausdigh- andlow-qualitypapergproduceddifferent
expectedenefitsfor scientistsAnother mechanisnby which costscanensurehonestyis via
differentialcostsDifferential costsexistif signalcostsvaryconditionalon asignaler'sype[33,
38].In the contextof our model,this would meanthat submissiorcostdiffer dependingon
paperquality. Example®f suchdifferentialcostscouldinclude peer-reviewakinglongerfor
low-qualitypaperd39] or it beingmoredifficult to presenfow-qualitywork ascompelling
researcl{justasit maybeharderto write compellinggrantproposaldor badideashangood
oneg[40]).

Assumethat scientistpayex ante submissiorcostsC; and C,, to submitlow- andhigh-qual-
ity papersrespectivelyto high-rankingjournals,wherelow-quality papershavehighersub-
missioncosty(C; > Cy,). With differentialcostsahigh-qualitypaperis worth submittingto a
high-rankingjournalinsteadof alow-rankingjournal when:

P,(B-b) > C, (6)

A low-quality paperis worth submittingto a high-rankingjournal insteadof alow-ranking
journalwhen:

P(B—-b)>C

Rewritingthis inequalityto expressow- and high-rankingsubmissiorcostsn the sameunits,
substituteC, = kC,,, wherek > 1. Theinequalitythusbecomes:

P,(B—b) > kC, (7)

A separatingequilibrium, suchthat scientistsubmitonly high-qualitypapergo high-ranking
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journals,existswhen:

P,(B—b)>C, > @ (8)
Asin thedifferential-benefit®nly model(Eq 5), honestsubmissioris morelikely whenjour-
nalscanreliablydifferentiatebetweerhigh- andlow-quality papersTherangeof conditions
for honestybecomesargerassubmittinglow- versushigh-qualitypapergo high-ranking
journalsbecomeselativelycostlier(largevaluesof k). Differential costgoromotehonestsub-
mission(regardlessf whetherscientistseceivadifferentialbenefits)y reducingtherelative
payoffof submittinglow- versushigh-qualitypapergo high-rankingjournals.

Costs for resubmitting rejected papers

In the previousmodelsweassumedhatinitial submissionsverecostly,but thattherewasno
uniquecostto resubmittingrejectedpapergo low-rankingjournals.Below,we modify this
assumptiorby makingresubmissiorcostly.Resubmissiogostsmaybeimportant if papers
rejectedrom high-rankingjournalshavealowerexpected/aluedueto anincreasegrobabil-
ity of being2scooped®r takelongerto publishelsewherdecausscientistsnustmakefor-
matting modifications.Alternatively,if decisionlettersandreviewsareopenlyavailabld41],
rejectedpaperanaylosevalueif otherscientistdowertheir assessmetatf apaper'squality
basedn previousnegativareviews.

Consideramodified versionof the differential-benefitsnodel (Eq 5) suchthat re-submit-
ting papergejectedrom high-rankingjournalshasacost,c,, wherec, < b. A high-quality
paperis worth submittingto a high-rankingjournal insteadof alow-rankingjournal when:

BP,+(1—P)(b—c)—C>b

P(B—b+c)>C+eg, (9)

A low-quality paperis worth submittingto a high-rankingjournal insteadof alow-ranking
journalwhen:

BP,+(1—P)b—c)—C>b

P(B—b+c)>C+Hec, (10)

A separatingequilibrium, suchthat scientistssubmitonly high-qualitypapergo high-ranking
journals,existswhen:

C
p >t

VB big D (1)

Becauséw-quality papersaremorelikely to berejectedthan high-qualitypapersresubmis-
sioncostsaredisproportionatelypaid by scientistavho submitlow-qualitypapergo high-
rankingjournals.This canensurehonesty gvenwheninitial submissionsrecostfree(C = 0).

Limiting the number of submissions: A cost-free mechanism to ensure
honesty

We havethusfar assumedhat scientistsould resubmitrejectedpaperso low-rankingjour-
nals.Thisis howacademigublishingtendsto work: scientistsanindefinitely resubmita
paperuntil it is accepteddomewherg¢14]. However suchasystemallowsauthorsto imposea
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largeburdenon editorsandreviewersMight it bebeneficiato limit submissiongn some
way7Below,wemodify our modelsuchthatresubmissionarenot possibleThis couldrepre-
sentasituationin which paperscanonly besubmittedalimited numberof times[39] (sed4]
for arelatedideaaboutlimiting scientistslifetime numberof publicationsand[42] for a
relatedproposato limit scientistgo onepublicationperyear).Alternatively,it couldrepresent
asituationin whichthe costof resubmittingpapergo low-rankingjournalsis largerthanthe
benefitof low-rankingpublications(c, > b), suchthat scientistdhaveno incentiveto resubmit
rejectedbapersWhethersuchreformsarefeasibleor desirablés unclear but their logicalcon-
sequenceareimportant to understand.

For simplicity, assumehat scientistcanonly submiteachpaperto onejournal andthatall
submissiongrecost-free A high-qualitypaperis worth submittingto a high-rankingjournal
insteadof alow-rankingjournal when:

BP, > b (12)

A low-quality paperis worth submittingto a high-rankingjournal insteadof alow-ranking
journalwhen:

BP, > b (13)

Thus,aseparatingquilibrium, suchthat scientistsubmitonly high-qualitypaperdo high-
rankingjournals,existswhen:

BP, > b > BP, (14)

Limiting the numberof submissionganensurehonesty gvenif submissioris cost-freeAsin
the previousmodels the rangeof conditionsfor honestybecomedargerwhenjournalscan
reliablydifferentiatebetweerhigh- andlow-quality paperglargevaluesf P,—P)). If high-
ranking publicationsareworth much morethanlow-rankingones(B >> b), honestsubmis-
sioncanonly existif low-quality papersareusuallyrejectedrom high-rankingjournals.In
contrastjf high-rankingpublicationsarenot worth much morethanlow-rankingones(small
valuesf B-b), honestsubmissiorcanonly existif high-qualitypapersareusuallyacceptedy
high-rankingjournals.

Limiting the numberof submissionsvorksbecausscientistgeceiveno payoffwhena
paperisrejectedIn contrast,in the previousmodels scientistouldresubmitrejectedpapers
to low-rankingjournalsandreceivethe smallerbenefit,b. Whenthe numberof submissionss
limited, scientistfacean opportunity costbecaussubmittingto onejournal precludessub-
missionto another.This disincentivizesleceptivesubmissioraslong asthe expectedralueof
ahigher-probability Jow-ranking publicationoutweighghe expectedsalueof alower-proba-
bility, high-rankingone.Notethat, for illustrativepurposesye modeledan extremecasen
which paperscould only besubmittedonce.In therealworld, less-stricsubmissiorimita-
tions maybemorefeasiblebut the mechanisnby which limiting submissiongnsuresionesty
would still apply.

Relation to existing models in economics

Similarquestiongegardingsignaling[30,43,44] andincentivestructuresn academigub-
lishing [45+47]havealong history of studyin economicsMostrelevantto our paper,models
haveanalyzedhe optimal orderin which authorsshouldsubmitpaperdo academigournals,
conditionalon varyingpayoffsto publication,acceptancerobabilities publicationdelaysand
authors'levelsof impatience39,48+52] For examplejn onemodelof editorial delayand
optimal submissiorstrategie$48], authorsknow the quality of their papersand preferto
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publisheachpaperin atop journal, but top journalshavehigherrejectionrates papersubmis-
sionis costly,andauthorsexperiencatime delaybetweerrejectionandresubmissionlf sub-
missioncostsandresubmissiordelaysaresufficientlylow, thenauthors'optimal policyis to
initially submitpaperdo theverytop journal and subsequentlywork downthejournal hierar-
chy.Howeverassubmissiorcostsandresubmissiordelaysncreaseauthorsareincentivized
to makeinitial submissionso lower-rankingjournals,therebydecreasingournals'overall
reviewingburden(seg49, 53] for therole of differenttypesof publishingcosts)ln another
game-theoretienodelof the academiceviewprocessvhereauthorshavemoreinformation
aboutpaperqualitythando journals,journalscanincreasehe averagejuality of their pub-
lishedpaperdyy increasingsubmissiorcostsand reducingthe noisinesof the reviewprocess,
both of which disincentivizeauthorsfrom submittinglow-qualitypaperdor publication[54].
Similarqualitativefindingshaveemergedn severabthermodels[50,51].

Despitetheir potentialto inform currentdiscussion®n scientificreform, theaforemen-
tioned modelsarenot widelyappreciateautsideof economicsin part, thisis dueto their
mathematicatomplexity narrowtargetaudienceandlackof connectionto the burgeoning
scientific-reformmovement5]. Our paperaddressethesegapsy developingsimplemodels
thatrelateexplicitlyto proposaldor scientificreform. We alsogo beyondeconomictheory
andincorporateconceptdrom the theoryof honestsignalingin evolutionarybiology(e.g. dif-
ferentialbenefitsand differentialcosts)which provide powerfulconceptuatoolsfor thinking
abouthowto ensurehonestcommunication.The explicitapplicationof thesemodelsto recent
proposaldor scientificreformis essentialbecaus¢he practicalutility of modelsdependn
the narrativewithin whichtheyareembedded55].

Implications

Our modelshaveimplicationsfor howto modify academigublishingto promotehonest
papersubmissionand providearangeof insightsregardingthe repercussionsf variouspub-
lishingreforms.

Publishing inefficiencies can serve a function

Scientist®ften complainaboutappareninefficienciesn academigublishing,suchaslong
reviewtimes,arbitrary formatting requirementshigh financialcostgo publication(e.qg.,
SpringeMature'srecent'guidedopenaccessschemeharging€2,190for editorialassessment
andpeer-reviewof manuscriptd56]) andseemingly-outdatedorms(e.g. writing coverlet-
ters)[7, 8,57+£59] Asaresult,academigournalslowersubmissiorcostsby offeringrapid
turnaroundtimes(e.g. Nature, Science [60, 61]), allowingauthorsto payfor expeditedoeer-
review(e.g. Scientific Reports [62]), offering2shortreport® formats[63, 64], or recommending
againstwriting coverletters[65]. Our modelsimply that suchmovestowardsefficiency gven
if wellintentioned,mayproducecollateraldamageecausnefficienciesanserveafunction:
the costsassociatewith publishingreducethe incentiveto submitlow-qualityresearcho
high-rankingjournals.Consideranextremescenaridn which high-rankingjournalsmade
submissiongost-freeremovedall formatting requirementsand guaranteedeviewswithin 48
hours.If the benefitsof high-rankingpublicationsremainedarge scientistavould haveeven
largerincentivego submitlow-qualityresearcho high-rankingjournals,becaus¢he costsof
doing sowould betrivial.

Cutting costscouldhaveadditionalrepercussiondn signalinggamesvheresignalcosts
aretoo low to ensureseparatingequilibria,thereexistthybrid® equilibriawherereceiverof
sighalsengagén randomrejectionbehaviorto preventbeingexploitedby deceptivesignalers
[33]. Asaresult,honestsignaleraresometimesnistakenfor dishonessignalerandhonest
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signalsarerejectedmorefrequentlythanin the higher-costseparatingquilibrium. In aca-
demicpublishing,well-meaningeformsto reducepublicationcostscouldinadvertentlylead
to similar outcomesbscientigmore frequentlysubmitlow-qualitywork to high-ranking
journals,high-rankingjournalscounteracthis by increasingejectionrates,and more high-
quality papersarerejectedasaconsequence.

Thisillustrateswhy removingpublishinginefficiencieswithout consideringhowtheyfunc-
tion in the largerscientificecosystermaybecounterproductiveAn important questionis
whetherthe costasmposedon scientistareoutweigheddy the benefitsof ensuringhonestsub-
mission.Thiswill not alwaysethe caseFor examplejn research-fundingompetitionsthe
aggregateostof writing proposalsnayoutweighthe societabenefitsof differentiating
betweerhigh- andlow-quality projects[40]. Similarly,the high signalcostsnecessario
ensurehonestcommunicationcanleaveboth signalerandreceiversvorseoff thanin asystem
without anycommunication[66]. Making submissiorcoststoo largecould alsodissuadesci-
entistsfrom submittingto high-rankingjournals(e.g.,SpringeNature's.Thefactthat some
high-rankingjournals(e.g. Nature, Science, PNAS) continueto attractmanypapersandare
preferentiallytargetedior initial submissionsuggestthat currentsubmissiorcostsarenot
this excessivfl4,67].

Better peer review promotes honest journal submission

If journalspreferentiallyacceptigh- versudow-qualityresearchgivensufficientsubmission
costsscientistwill not benefitfrom submittinglow-quality papergo high-rankingjournals.
Ensuringthis outcomerequiresthat journalsreliablydifferentiatebetweerhigh- andlow-
qualitywork. In theory,peerreviewis the primary pre-publicationmechanisnfor doing so.
Butin practice peer-reviewegularlyfailsto differentiatebetweersubmission®f varying
quality[18+20,68]. Improving the quality of peer-reviews amajor challengeandsome
minor reforms(e.g. short-termeducationalnterventions)havehadlimited succesf9]. This
suggestthat more substantiathangeshouldbeconsideredThe spacef possibilitiesor
suchreformsis large,andincludesoutsourcingpeer-reviewo highly-trainedexpertg70], har-
nessinghewisdomof crowdsviavariousforms of openpeer-review71], allowingscientists
to evaluateeachother'speer-reviewquality [72], and supplementingpeerreviewwith "red
teams'of independentritics [73]. However becausémproving peer-reviewnaybe costlyfor
journals, it isimportantto considemwhethersuchcostsareoutweighedy the benefitsof better
discriminationbetweerhigh- andlow-quality paperg54].

Transparent research practices promote honest journal submission

Improving peerreviewersability to distinguishlow- from high-qualitypaperds difficult. In
part, thisis becauseeviewerdackrelevantinformation to assessubmissiorguality [26], a
problemthatis exacerbately short-reportarticleformats[64]. Onesolutionis to reduce
information asymmetrie®y mandatingtransparentand openresearctpracticesMechanisms
for doing soincludepre-registrationppensharingof dataand material§26], validatinganaly-
sedeforepublication[41], removingword limits from the methodsandresultssectionsof
manuscriptd74], requiring researcldisclosurestatementslongwith submission$75, 76], or
requiring scientistgo indicatewhethertheir work adherego varioustransparencytandards
(e.g.viathecuratescience.org/ebplatform [77]).

It isworth noting that suchreformspotentiallyincreasehe costof peer-reviewbecause
reviewerspendextratime evaluatingpre-registrationscheckingraw data,andre-running
analysedwithout compensatinguchcostse.g. financialrewards) reviewerawill haveeven
fewerincentivego do agoodjob. A similar problemexistan animalcommunication:if
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assessingignalveracityis too costly, receiverof signalanaybebetteroff by settlingfor sig-
nalsthat arelessreliable[78]. This highlightsthe importanceof ongoingeffortsto reduce
peer-reviewcostsfor paperswith opendataandpre-registeredesearche.g. SMART pre-reg-
istration[79], machine-readablbypothesigestg380]).

Reducing the relative benefit of publishing low-quality papers in high-
ranking journals promotes honest journal submission

Honestsubmissioris morelikely if low-quality,high-rankingpublicationsarelessheneficial
than high-quality,high-rankingpublications Waysto generatesuchdifferentialbenefits
includetargetinghigh-rankingpublicationsfor directreplication[81,82], or preferentially
scrutinizingthemfor questionableesearctpracticed75] andstatistical/mathematicarrors
[83,84]. Thiswould increasehe probability that low-quality papersaredetectedost-publica-
tion. Subsequenthscientistshouldpaycoststhat reducethe benefitsassociatewith such
publications Thesemight includefinancialpenaltiesfewercitationsfor the publishedpaper,
or reputationaldamagde.g. fewercitationsfor future work or loweracceptancprobabilities
for future paperq85]). Thefactthatretractionratescorrelatepositivelywith journalimpact
factorsuggestthat high-rankingpublicationsalreadyreceiveextrascrutiny[24]. However,
thefactthat manyhigh-rankingfindingsfail to replicate]21+23]suggestthat currentlevelsof
scrutinyarenot sufficientto ensurethat only high-qualitywork is submittedto high-ranking
journals[86].

Costs for resubmitting rejected papers promote honest journal submission

Assubmissiorandresubmissiorcostdbbecomesmaller scientisthavegreatelincentivego ini-
tially submitall paperdo high-rankingjournals,becausgettingrejecteds not verycostly.
Resubmissiogostssolvethis problemby makingrejectioncostly,which disproportionately
affectdow-quality submissionsin principle,suchcostscouldbeimplementedn severalvays.
If papersareassociatedith uniqueidentifiers(e.g. DOI) andtheir submissiorhistoriesare
openlyavailablejournalscouldrefuseto evaluateaperghat havebeenresubmittedtoo
quickly.If journalspreferentiallyrejectlow-quality paperseditorscould wait beforesending
arejectdecisionstherebycreatingdisproportionatedelaydor low-quality submission$39].
Notethe ethicalconcerngegardingboth of the aboveapproachege.g. slowingdownthe com-
municationof scientificfindings).Another possibilityis to makeall peer-reviewand editorial
decisionopenlyavailableevenfor rejectedpapersasis currentpolicy at Meta-Psychology
[41]. Althoughsuchareform couldintroducecomplicationge.g. generatingnformation cas-
cader increasinghe probability that authorsarescoopedre-publication) it providesa
plausiblewayto increaselifferentialcosts For exampleto the extentthat low-quality papers
aremorelikely to receivenegativaeviewsscientistaill havefewerincentiveso submitsuch
papergo high-rankingjournals,becauseeceivingnegativaeviewscould decreaséhe proba-
bility thatthe paperis publishedelsewherejecreasés perceivedscientificvalueoncepub-
lished,or harmscientiststeputations.

Limiting the number of submissions (or rejections) per paper promotes
honest journal submission

Whenscientistanindefinitely submitpapersor publicationand submissioris cost-freeor
sufficientlylow-cost,scientistareincentivizedto submitall papergo high-rankingjournals.
Limiting the numberof timesthat paperscanbesubmittedor rejectedsolveshis problemby
introducing opportunity costssubmittingto onejournal meandosingout on the chanceo
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submitelsewherg39]. If papersvereassignediniqueidentifiersbeforeinitial submission,
journalscouldpotentiallytrack submissiorhistoriesandrejectpaperghat hadbeensubmitted
to or rejectedrom too manyotherjournals.Sucha policy would causesomepaperdo never
bepublished However thesepaperscould easilybearchivedon preprint serverandremain
permanentlyavailablgo the scientificcommunity. Whetherthis would harm scienceasa
wholeremainsanopenquestion.

Discussion

We haveshownhow honestsignalingtheoryprovidesatool for thinking aboutacademigub-
lishing.Making submissiorcostlycandisincentivizescientistfrom 2deceptivelySubmitting
low-qualitywork to high-rankingjournals.Honestsubmissioris morelikely when1) journals
canreliablydifferentiatehigh- from low-qualitypapers2) high-quality,high-rankingpublica-
tionsaremore beneficiathanlow-quality, high-rankingpublications and 3) low-quality
papersarecostlierto submitto high-rankingjournalsthan high-qualitypapersWhenjournal
submissioris costfreeor sufficientlylow-cost,scientistareincentivizedto submitall papers
to high-rankingjournals,unless4) resubmissions costlyor 5) the numberof submissionss
limited.

Our paperprovidesaformal frameworkfor thinking aboutawide rangeof deceptivgpub-
lishing behaviorswithout requiring anyassumptiongboutscientistsmotivationsfor engag-
ing in practiceghat misleadreadersaboutthe quality of their work. That said,weprovidejust
oneformalizationof the academigublishingprocessin light of this, wenote severapotential
extensionsWe alsodiscusshallengegssociatewith reforming the coststructureof aca-
demicpublishing.

Justasexperimentsimplify realityto clearlyestablistcause-and-effectlationshipsmod-
elsnecessarilgimplify realityto serveasusefulthinking aids°for scientist§87+89].Aswith
allmodelsour analysisgnoresmanyreal-worlddetails.For examplewedo not addres®ther
factorsthat authorsmayconsiderwhendecidingwhereto submitapaper(e.g. whethera
paperis abetterfit for aninterdisciplinaryor specialtyjournal), althoughour modelis gener-
allyrelevantto casesvherejournalsvaryin selectivityandauthorsreceivedifferent payoffsfor
publishingin differentjournals.Further,wefocuson papersvaryingin only quality,whereas
papersandtheir perceivedralueactuallyvaryalongmanydimensionge.g. novelty, typeof
result(positiveor negative)whetherconclusionsupportscientistspreconception$6, 68,
90]). Thatsaid,our modelsaregeneraknoughto accommodatelternativeinterpretationsof
the single2quality® parameterFor examplewe could havedescribeapersascontaining
eitherpositiveor negativeresults journalsaspreferentiallyacceptingpositiveresults and
authorsaspreferringto getall resultspublishedin high-rankingjournals.If therewerediffer-
entialbenefitso positiveversumegativeresults therewould be somesubmissiorcostat
which authorswould only benefitfrom submittingpositiveresultsto high-rankingjournals.It
is worth noting that someemergingpublishingformats,suchasRegisteredReportd91], ame-
lioratethis issueby ensuringresults-blindevaluationof submissionsMore generallyfuture
reformswould benefitfrom consideringhow publishingnormsandincentivesvaryfor differ-
enttypesof researctandacrosdlifferentscientificfields.

Our modelsassumehat papersvaryin quality but do not addresshe procesghatgenerates
differenttypesof papersA potentialextensionwould beto allowscientistgo influencepaper
quality by adjustinghow muchto investin projects(e.g. samplesizeor methodologicatigor
[92,93] ashasbeendonein relatedmodels45,94+96]).Certainreforms(e.g. greatertrans-
parencycostdor rejectedpapersdecreasthe payofffor low-qualityresearchand mayincen-
tivize scientistgo producemore high-qualityresearchn thefirst place Further,althoughwe
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modelonetypeof strategidnteractionbetweerauthorsandjournals(seeS1File), this model
istoo simpleto captureall interestingaspect®f journals'strategialecisiongfor otherformali-
zations sed49,53]). For examplejournalsthatinvestmorein peerreview(e.g. soliciting
morereviews)maybemorelikely to rejectlow-quality papersbut publishfewerpaperghan
journalswith lax peer-reviewpolicies In turn, scientistanight obtain largerbenefitsfor pub-
lishingin more-rigorousjournals.Dependingon how journalsarerewardedthis couldbea
viablestrategy.

Futureextensionsouldalsoanalyzecasesvhereauthorshaveanimperfectestimateabout
apaper'qquality[51, 54], eitherdueto noiseor strategiajuality overestimationAdditionally,
giventhatawork'sperceived/alueis determinedin partby socialinteractionsbetweerscien-
tists[97], the stochasticityntroducedby suchprocessemight underminehonestsubmission
(but sed98]). For exampleif the costof mistakenlysubmittinglow-qualitywork to high-
rankingjournalsis large scientistsnay preferto avoidsuchmistakegy only submittingto
low-rankingjournals.

We assumehat submissiorcostsvaryonly asafunction of paperquality andjournal type.
However,in therealworld, relativesubmissiorcostsdependon otherfactors For example,
well-fundedscientistsvith big labscaneasilypaysubmissiorfeesand offload costsonto junior
labmemberde.g. writing grantsor coverletters) whereasone scientistaith minimal funding
arelesscapableof doing so.All elseequal this predictsthat better-fundedscientistawill bemore
likely to submitlow-qualitywork to high-rankingjournals.Our modelsalsoassuméhat the
benefitsof high- andlow-ranking publicationsareinvariantacrossscientistsin the realworld,
the benefitsof publicationdependon otherfactors(e.g. careerstagescientificvalues)For
exampleyvell-establishedcientistsnaybenefitlessfrom high-rankingpublicationsor, alterna-
tively, maypreferto file-drawera paperinsteadof submittingit to alower-rankingjournal.

It isalsoimportant to extendour modelsto allowfor repeatednteractionsbetweerscien-
tistsandjournals.Severaéxistingmodelsof repeatedignalingprovidea startingpoint for
doing so.Repeatedhteractionscanensurehonestyif deceiverseceiveabadreputation(e.g.,
arenot believedn futureinteractions) therebymissingout on the benefitsof long-termcoop-
erativeinteractionsIf deceptionis easilydetectedreceiversansimply not believefuture sig-
nalsfrom apartnerwho hasbeencaughtbeingdeceptivg99]. If deceptions detected
probabilistically receivercanmore easilydetectdeceiverdy pooling observationgrom mul-
tiple individualsto form aconsensufl00]. And if deceptivesignalsareneverdetectedut can
bestatisticallydetectedn thelongrun, receivercanmonitor therateof signalingandforgo
interactionswith individualswho signaltoo frequently[101]. Similarreputation-basednecha-
nismscanpromotehonestyin academigublishing.Journalghat catchscientistengagingn
misconductcanbanfuture submissiongrom thosescientistslf editorsandreviewerdave
information aboutthe quality of authors'pastpublications theycanobtain a betterestimateof
acurrentsubmission'gjuality. Although suchnon-anonymougeer-reviewcouldintroduce
biasesnto the reviewprocesscompleteanonymitywould preventeditorsandreviewergrom
basingpublicationdecisionson scientistshistory of producinglow- or high-qualitywork.

Otherextensiongouldincorporatethe dynamicsof author-journalinteractions ashas
beendonein the signalingliterature[102,103].This could beimportant, asdynamicalmodels
revealhe probabilitythat populationsreachdifferentequilibria,asopposedo only establish-
ing equilibrium stability. Real-worldacademigublishingdoesinvolvedynamicinteractions
betweerauthorsandjournalstchangeis journal policyin onetime period affectoptimal sub-
missionbehaviorin subsequentime periods,andjournal editorswho makepolicy changes
maythemselvebeaffectedby suchchangesvhentheysubmitfuture paperd45].

Our modelsdo not addressvhethersubmissiorcostsharm or benefitscienceln biological
signalingtheory,it is well-establishethat the high signalcostsnecessarfor aseparating
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equilibrium canleaveall partiesworseoff thanin asystenmwith lower signalcostsand partial
or completepooling of signalsacrosgypes 33, 66]. Giventhe difficulty of optimally calibrat-
ing submissiorcostsfuture work could extendour analysigo determinewhatcombinationof
honestyand submissiorcostwouldleadto the mostdesirablescientificoutcomeqseg53]). It
is alsoworth noting that submissiorcostscanexacerbateequalitiesassubmissiongnaybe
costlierfor individualswith fewerresourcege.g. early-careeresearcherscientistsn devel-
oping countries).Onesolutionis to makesubmissiorcostsconditionalon scientistsability to
paythem[39]. This might meanfasterreviewtimesfor early-careeresearchersr lowersub-
missionfeedor scientistavho havelimited funding.

Althoughwehavefocusedn the utility of signalingtheoryfor understandingeformsto aca-
demicpublishing,existingtheoreticaframeworksrom manydisciplineswill providecomple-
mentaryinsights.Someof thesancludeeconomictheoriesof marketswith asymmetric
information [43] and public goodg[85], cultural evolutionarytheory[104] andits relevancdo
the scientificproces$81, 94], andstatisticaecisiontheory[105]. Drawing on diversetheoretical
frameworkswill improveour ability to implementeffectivereformsand sharperour intuitions
abouthow incentivesarelikely to affectscientistsbehavior It will alsoimproveour theoretical
transparencywhich hasarguablylaggedehindimprovementdn empirics[104,106+108].

Conclusion

How canwefeasiblyreform academigublishingto makeit more honestgefficient,andreli-
ableWe still lackdefinitive answergo this question However to the extentthatweseelka
publishingsystenin whichjournal rank correlatesvith paperquality,our modelshighlight
severabolutions.Thesancludemakingsubmissiorcostly,makingrejectioncostly,makingit
costlierto submitlow- versushigh-qualitypapergo high-rankingjournals,reducingtherela-
tive benefitsof low- versushigh-qualitypublicationsin high-rankingjournals,improving the
quality of peerreview,increasinghetransparencyf submittedpapersppenlysharingedito-
rial decisionsand peer-reviewsor all submittedpapersandlimiting the numberof timesthat
paperscanbesubmittedfor publication.Reformsbhasedn thesedeasshouldbesubjectedo
rigoroustheoreticalandexperimentatestbeforeimplementation.Doing sowill beour best
hopefor improving the efficiencyandreliability of sciencewhile minimizing therisk of collat-
eraldamagdrom the unintendedconsequences otherwisewell-intentionedreforms.

Supporting information

S1 Fig. Academic publishing with two-sided strategic interactions. A decisiontreewith pos-
siblemoveshy both scientistandjournals.In thefirst move, papersarerandomlydetermined
to behigh- or low-quality.In the secondnove the scientistchoosesvhetherto submitthe
paperto eitherthe high-rankingjournal, with or without payingthe submissiorcost,or to the
low-rankingjournal. The high-rankingsubmissiorcostis C;, and C; for high-qualityandlow-
quality papersrespectivelyin thethird move,ahigh-rankingjournal decidesvhetherto send
the paperto harshor softpeerreview.Journalshaveimperfectinformation aboutpaperqual-
ity. When high-rankingjournalssendpaperdo harshpeer-reviewtheyaccephigh- andlow-
quality paperswith probabilitiesP;, and P;, respectivelyWhen high-rankingjournalssend
papergo softpeer-reviewtheyaccephigh- andlow-quality paperswith probabilities}:’ rand
P,, respectivelylow-rankingjournalsacceptll submissionsPapersejectedfrom high-rank-
ing journalsarere-submittedto low-rankingjournals(not depicted) Dotted linesdepictthe
journal'sinformation setsFor eachnodein aninformation set,thejournal doesnot know at
whichnodetheyare.

(TIF)
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