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In this paper we use German data to evaluate configurational and multi-factor approaches to 
quantifier scope. Configurational theories derive scope relations syntactically at the level of 
 Logical Form; semantic and pragmatic factors are either built into the syntactic representation or 
ignored, at least during the first derivational step. By contrast, multi-factor approaches consider 
syntactic, semantic and pragmatic properties of quantifiers as multiple constraints affecting 
quantifier scope. We examined predictions for quantifier scope in German of the configurational 
theory by Frey (1993) and of the multi-factor account by Pafel (2005). These fundamentally 
different approaches were tested in a series of picture verification experiments to assess scope 
preferences in doubly quantified German sentences. The results show that at least three factors 
affect the preferred scope. Our findings are neither fully consistent with Frey’s configurational 
theory nor with Pafel’s multi-factor approach; both theories made incorrect predictions for German 
doubly quantified sentences with a subject-before-object word order. For object-before-subject 
sentences, however, the experimental data by and large support the predictions of Pafel’s (2005) 
multi-factor approach.
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1 Introduction
Intuitive judgments are the main data source semanticists rely on to formulate their 
 theories. Often, however, semantic judgments are not very clear and preferences are 
gradientratherthanclear-cutandcategorical.Inparticular,scopeambiguityofquantifiers
is a phenomenon where intuitions tend to be shaky. 
The aim of the present paper is to systematically investigate the influence of some
factorsthathavebeenclaimedtoinfluencequantifierscopepreferences(e.g.Ioup1975;
Kuno1991;Beghelli&Stowell1997;Pafel2005):

(1) a. Thelinearorderofquantifiers
b. Distributivity
c. Discourse anaphoricity

These three factors have played an important role in various theories of quantifier
interaction.Inparticularlinearorder(e.g.Reinhart1983;Kuno1991;Frey1993;Pafel
2005)anddistributivityofquantifiers(e.g.Kuno1991;Beghelli&Stowell1997;Szabolcsi
1997;Pafel2005)havecommonlybeenclaimedtoaffectscope.Thesameholdsforthe
discoursestatusofquantifyingexpressions.Quantifiersinvolvingapartitiveconstruction
such as each of these make explicit reference to a contextually given restrictor set.  D-linking, 
which is related to discourse anaphoricity in that it also presupposes a  contextually given 
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restrictorset,hasbeendiscussedinthegenerativeliteratureonwh-operators(e.g.Pesetsky
1987;Cinque1990),whereithasbeenarguedthatd-linkedphrasescanbeinterpreted
insituwhereasnon-d-linkedphraseshavetoundergomovementatLF.Inasimilarvein,
Kuno(1991)andPafel(2005)bothpredictthatquantifierswithadiscourseanaphoric
restrictionshouldtakewidescopemoreeasilythanquantifierswithout.
The factors have been captured in different ways in different types of theoretical
approaches.Inthispaperwecontrastsyntacticapproachestoquantifierscopewithmulti-
factor theories. The latter take into account syntactic as well as non-syntactic factors 
without drawing any qualitative distinctions between them. We will completely ignore 
semanticandpragmaticapproachestotheresolutionofquantifierscopeambiguity(see
amongothersHendriks1993;Barker2002).Evenwiththislimitationinmindwecannot
do justice to all existing scope theories but will focus on a very limited set of propos-
alsdealingwithquantifierscopeinGerman(forgeneralreviewsseeKiss2006;Ruys&
Winter2010;Szabolcsi2010;andSteedman2011).

1.1 Configurational accounts
Configurationalaccountstreatscopeambiguitiesasakindofsyntacticambiguity.Montague
(1973) was the first to propose a syntactic rule quantifying in which was specifically
designedtogenerateinversescopereadingsofmultiplyquantifiedsentences.Givendiffer-
ent syntactically disambiguated structures, semantic interpretation can proceed straight-
forwardlyinacompositionalfashion.Similarly,ratherthantakingthesurfacestructure
asinputforsemantics,May(1977)arguesthatsyntaxcontinuesthederivationuntilLogi-
cal Form(LF),thelevelatwhichinterpretationtakesplace.Quantifiersmovecovertlyto
a position from which they c-command their scope. This mechanism is called Quantifier 
Raising(QR)andhasbeenadoptedinseveralmodifiedversions(May1985;Hornstein&
Weinberg1990;Reinhart1995;Heim&Kratzer1998;Chierchia&McConnell-Ginet2000;
Fox2003).InunconstrainedversionsofQRthepredictionisthatasentencecontainingn 
quantifiersshouldhaven!readings.Minimalistversionsofconfigurationaltheoriesdiffer
in terms of the underlying grammatical architecture but share the assumption that seman-
tic interpretation can target unpronounced constituents of syntactic representations with 
multipleoccurrencesofquantifiersinfeature-drivenderivations(Fox2003).
BesidesQR,anothercovert syntactic transformationhasplayedan important role in
configurationalaccounts:thereconstructionofquantifiersintotheirbasepositions.Apro-
posalalongtheselinesforGermanisHöhle(1991).ForGerman,itisassumedthatscope
reconstruction rather thanQR is themechanismunderlying inverse scopephenomena
(seeSauerland2003).Usingthismechanismscopecanbedirectlyreadofffromsurface
structure.Inthispaper,wewillfocusonthetheoryproposedinFrey(1993)toaccount
foroperatorscopeinGerman.ConsiderthefollowingGermanexampleswithverumfocus
(Höhle2002),indicatedbycapitalizationoftheverb.

(2) a. Fast jeder Lehrer lobte mindestens einen Schüler.
‘Almost every teacher praised at least one student.’

b. Mindestens einen Schüler lobte fast jeder Lehrer.
at least one student.acc praised almost every teacher.nom
‘Almosteveryteacherpraisedatleastonestudent.’

(3) a. [FastjederLehrer1 [lobte2 [t1mindestenseinenSchülert2]]]
b. [MindestenseinenSchüler1 [lobte2 [fast jeder Lehrer t1 t2]]]

The corresponding syntactic representations involve two movement operations. The verb 
ismovedtotheV2positionandoneofthequantificationalDPsismovedtotheprefield:
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thesubjectin(2a),andtheobjectin(2b).Thereisanintuitivedifferencebetween(2a)
and(2b):While(2b)isambiguous,(2a)seemstoonlyallowforalinearscopeconstrual.
Freyproposesascopeprincipletoaccountforthisdifference;hereisasimplifiedversion,
whichwilldoforourpurposes(cf.Frey1993).

(4) ScopePrinciple(simplified,informalversion):Aquantifierα can take scope 
overanotherquantifierβ if α and β are in the same syntactic domain and α 
 syntactically commands β or its trace.

Inthesyntacticrepresentationof(2a)thesubjectDPalmost every teacher c-commands the 
objectquantifierat least one student, but not vice versa, thus only one scope reading is pos-
sible.Thisisdifferentin(2b),wherethefrontedobjectquantifiertakescommandoverthe
subjectquantifier,butthesubjectquantifierc-commandsthetracet1 of the object quanti-
fier.Thisway,theconfigurationinwhichthetwoquantifiersappearposesconstraintson
the available scope readings.
Thetheorycomeswithtwoimportantrestrictions.First,itonlyaccountsfortheinter-
pretationoftrulyquantificationalphrases,i.e.DPsthatarenotambiguousbetweenquan-
tificationalandotherinterpretationssuchasindefinites(Fodor&Sag1982),whichare
knowntoallowforspecific,referentialinterpretationswithexceptionalwidescope.This
iswhyintheaboveexampleswehaveGermanequivalentsofat least one instead of indef-
inites such as a or some.ThesamegoesforgroupdenotingDPssuchasall or even every, 
which– inonewayoranother–make reference topluralobjects. For this reason the
aboveexamplesusedGermanequivalentsofalmost every instead of plain every.Second,
Freyobservesthatprosodymaymakeinterpretationsavailablethatareimpossibleoth-
erwise(seealsoKrifka1998).Hecontrolsforintonationbyalwaysusingverumfocusto
avoidstressonanyofthequantificationalDPs.Ifthesetworestrictionsaremet,hiscon-
figurationalaccountpredictsscopeambiguitytobeabsentinGermansentencessuchas
(2a)withsubject-before-objectwordorder(cf.researchquestion1below).
Letusnowturntosentenceswithobject-before-subjectwordorder.Asshownabove,
thissyntacticconfigurationopensupthepossibilityofinversescope.Thisdoesnotmean,
however, that all sentences of this type should be fully ambiguous. Other, non-syntactic 
factorsmaystillinfluencescopepreferences.Wecanthinkofthemasfiltersonthesetof
possiblereadingsthataregrammaticallylicensedinagivenconfiguration.Inprinciple,it
may even be the case that one of the syntactically licensed readings is completely ruled 
out by some other factor or a combination of factors.

Indeed, it has been observed that quantifying expressions are not uniform with respect 
totheirtendencytotakewidescope(Szabolcsi2010),comparee.g.each and every vs. all. 
Someconfigurationalaccountshavedirectlybuiltinfluencesofprimafacienon-syntactic
factorsintotheirrepresentations.Forinstance,Beghelli&Stowell(1997)havedeveloped
aminimalist version ofQR in terms of feature checking.Quantifiers take scope from
differentpositions inasplit-CPstructure. In their theorydistributivephrases likeeach 
boyhave tocheck their featuresatLFataprojectionDistPhighup in the tree,while
non-distributive phrases like all boysmayremainlow.Thisaccountsfortheinfluenceof
distributivityonaquantifier’stendencytotakewidescope.Whatatfirstsightseemtobe
lexicalsemanticdistinctionsbetweendifferentdeterminersarethusclaimedtobecon-
figurationaldifferencesbetweenlogicalforms.Inprinciplethisstrategycanbeappliedto
manyfactorsthataffectthescopalbehaviorofquantifyingexpressions.
Beghelli&Stowell’stheoryaimstoaccountforquantifierscopeinEnglishandwasnot
intendedtoapplytoscopeinGerman.Asthereisnoworked-outproposalforGerman
ofthissort,wewillfocusourdiscussionontheconfigurationalaccountofFrey(1993).
Obviously,thetwoproposalsareverydifferentandmayinfactbeincompatiblewitheach
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other.Wedonotsuggesttocombinethem,nordowewanttotestBeghelli&Stowell’s
theory in a language it was not designed for. It may seem tempting, though, to also try 
to account for other, prima facie non-syntactic scope factors in configurational terms.
However, incorporating different scope factors directly into the hierarchical represen-
tations has important consequences: Scope factors should interact in an asymmetrical
fashion.ConsiderthefollowingLFwithdedicatedpositionsSpecXPandSpecYPforquan-
tifierswiththetwoscope-relevantpropertiesX and Y.

(5) [XP SpecXP[YP SpecYP… ]]

IfthequantifierfeatureXhastobecheckedinahighpositionatLFitshouldnotmat-
terwhethertheotherquantifierneedsfeaturecheckingatsomelowerhierarchicallevel
(here,featureY).ManipulatingfactorYshouldonlyaffectquantifierscopeaslongasthe
otherquantifierdoesnothavetobecheckedwithrespecttofeatureX.Toputitdiffer-
ently,aconsequenceofthistypeofconfigurationalaccountisthatindependentmanipu-
lationsoftwoscopefactorsarepredictedtotaketheformof(under-additive)statistical
interactions.Wewillcomebacktothispointwhendiscussingthepurelyadditiveeffects
observedformanipulationsofthedifferentscopefactorsinExperiments2and3insection
4(cf.researchquestion3below).
An anonymous reviewer pointed out that the just given characterization of configu-
rationalaccountsdoesnotdojusticetoagreatnumberofconfigurationaltheoriesthat
have been proposed. Often syntactic interpretation is thought of as generating all combi-
natoriallypossiblescopereadingswithinagivensyntacticdomain.Someoftheseread-
ingsmaysubsequentlybefilteredoutbyotherfactorssuchasderivationaleconomyin
combination with logical entailments, plausibility, information structure, and so forth. 
Oncloserscrutinyconfigurationalaccountsshouldthereforebealsothoughtofasmulti-
factor theories. The experimental results reported below are admittedly fully consistent 
with such a view. However, the point just made may apply to such conceptions of relative 
scopeaswelldependingonhowthefilteringmechanismisspelledout.If,forinstance,
lexicalpropertiessuchasthedistributivityofaquantifierfilteroutcertainreadingsbefore
discoursepropertiesareconsidered,wewouldstillexpecttofindasymmetricaldependen-
cies between scope factors. Thus, an important question is whether constraining factors 
are applied in parallel or in a strictly serial fashion. The results reported below indicate 
that the factors tested in the present paper work in parallel because they symmetrically 
contribute to the available readings. Our data therefore still have important implications 
for the architecture of the grammar.

1.2 Multi-factor approaches
Multi-factorapproachessassumearatherindirectrelationshipbetweensyntaxandseman-
tics.Syntacticconstellationisjustoneofanumberoffactorswhichdeterminetherelative
scopeofquantifiers.Unlikeconfigurationalaccounts,multi-factoraccountsaimtomodel
theprecisedistributionofreadingsobservedformultiplyquantifiedsentences.Forthat
reason,theyfirstandforemoststrivefordescriptiveadequacy.Multi-factorapproaches
compriseveryearlytheorieslikethoseofKroch(1974);Ioup(1975)andVanLehn(1978)
butalsothesomewhatmorerecentproposalsbyKuno(1991)andPafel(2005).Accord-
ingtothelattertwoaccountsagenuinelysyntacticfactor(linearorder)plusaseriesof
other factors such as distributivity and discourseanaphoricityofquantifiersinflu-
encerelativescope.InPafel’saccounttherelativescopeofGermanmultiplyquantified
sentences is predicted via a linear additive model which uses weighted factors to deter-
minethescopevalueofagivenquantifierandrankthequantifierswithrespecttotheir
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values.Multi-factor theories claim that the scopedetermining factors are independent
from each other and that they add up in a purely cumulative fashion. 

To illustrate how scope preferences are derived under a multi-factor approach, we come 
backtotheexamples(2a)and(2b)fromabove.Thefollowingpredictionsarederived
fromPafel’s (2005)accountof relative scope inGermanwithone slightmodification.
Pafel uses threshold values, i.e. difference scores between quantifiers’ “scope poten-
tials”, to distinguish between ambiguous and unambiguous sentences. We do not employ 
thresholds here because existing experimental work suggests that their use leads to a loss 
ofexplainedvariancerelative toamodelwithout thresholds(Bott&Radó2007).The
onlyrelevantfactorsinPafel’smodelwithrespectto(2a)and(2b)arelinearorder, 
grammaticalfunction, and distributivity. Other factors such as discourseana-
phoricity(“discoursebinding”),thematicproperties of arguments related to psych 
verbs, intonationandsoforthdonotplayarolehere.Eachquantifierisevaluatedwith
respecttothesedimensionsbycomputingitsrespectivescopevalue(s-val)accordingtoa
linearadditivemodelusingfactorweights.Ifaquantifierintheprefieldprecedesanother
one(1st,forshort)avalueof1.5isadded,ifitfunctionsassubject(subj)avalueof1is
added,andifitisdistributive(dist)itsscopevalueisincreasedby1.Thus,thefollowing
scopevaluesarederived:

(6) a. s-val(almost every teacher)=1st&subj&dist=1.5+1
+1=3.5  (ex.(2a))
s-val(at least one student)=0  (ex.(2a))

b. s-val(at least one student)=1st=1.5  (ex.(2b))
s-val(almost every teacher)=subj&dist=1+1=2  (ex.(2b))

Comparingtherespectivescopevaluesshowsthatthepredictedreadingsarelargelythe
sameasthosepredictedbyFrey(1993).1For(2a),thescopevalueofalmost every teacher 
is much higher as the one for at least one student, which corresponds to a very strong 
prefence for linear scope,whereas themuch closer values for (2) indicate amore or
less ambiguous sentence with possibly a slight preference for inverse scope. However, 
ifwe exchange thequantifiers, thepredictionsof the two theoriesdiffer considerably
(discourseanaphoricity(d-ana)hasafactorweightof1.)

(7) a. Genau ein Lehrer LOBTE fast jeden dieser Schüler.
exactly one teacher.nom praised almost every of these students.acc

b. s-val(exactly one teacher)=1st&subj=1.5+1=2.5
s-val(almost every of these students)=dist&d-ana=1+1=2

ThusinPafel’smulti-factoraccountasmallchangeofquantifiersshouldresultinarather
largechangeinscopedistributions.(7)withsubject-before-objectwordorderispredicted
tobescopeambiguouswithaslightpreferenceforalinearscopeconstrual.Fordoubly
quantifiedsentenceswithanobject-before-subjectwordorderthepredictionisagainthat
factors other than the syntactic configuation should have a strong influence on scope
preferences.Consider(8).

(8) a. Fast jeden dieser Schüler LOBTE genau ein Lehrer.
almost every of these students.acc praised exactly one teacher.nom
‘Exactlyoneteacherpraisedalmosteveryoneofthesestudents.’

 1And evenmore so in Pafel’s originalmodelwith thresholdswhere (2a) is predicted to unambiguously
exhibit surface scope.
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b. s-val(almost every one of these students)=3.5
s-val(exactly one teacher)=1

c. Genau einen Schüler LOBTE fast jeder dieser Lehrer.
Exactlyone student.acc praised almost every of these teachers.nom
‘Almosteveryoneoftheseteacherspraisedexactlyonestudent.’

d. s-val(exactly one student)=1.5
s-val(almost every one of these teachers)=3

While(8a)ispredictedtoshowaverystrongpreferenceforlinearscope,in(8c)inverse
scope should actually be preferred over the linear reading (cf. research question 2
below).

The discussion of these examples illustrates that the aim of multi-factor accounts is 
ratherdifferentfromconfigurationaltheories:Theytrytoaccountforsubtledifferences
inscopepreferencesataratherdescriptivelevel.Unlikeconfigurationalaccountsmulti-
factor theories are far less concerned with identifying a single mechanism that explains 
whyparticularreadingsareavailableorunavailable.Mostnotably,theirpredictionslend
themselves to psycholinguistic studies because they can be directly translated into quan-
titative predictions for experiments.
Basedonthepredictionsofthetheoriesoutlinedaboveweconductedastudyofquanti-
fierscopeinGerman.Inparticular,weaddressedthefollowingquestions:

i. Dodoublyquantifiedsentenceswithsubject-before-objectwordorderhaveunam-
biguouslinearscopeaspredictedbyFrey(1993),oraretheypotentiallyambiguous
aspredictedbyPafel(2005),cf.(2a)vs.(7)?

ii. Dowefindevidence for the scopedistributionspredictedbyPafel’smulti-factor
accountforobject-before-subjectsentencesofthetypesillustratedin(8)?

iii. Ifthescopefactorsclaimedrelevantforquantifierscopedoinfactshowthepre-
dictedinfluences,howdotheyinteract?Dowefindevidenceforpurelyadditiveef-
fectsasessentiallypredictedbyadditivelinearmodelsofthesortjustoutlined?Or,
doweratherfindunder-additiveeffectsasmaybeexpectedunderaconfigurational
accountthatencodesnon-syntacticfactorsatdedicatedpositionsintheLF(Beghelli
&Stowell1997)?

Thefirsttwoquestionswillbeaddressedinourfirstexperiment(section3),whichisan
explicitcomparisonofFrey’sandPafel’stheory.Thethirdquestionconcernsconfigura-
tionalandmulti-factortheoriesingeneralandwillbetakenupinExperiments2and3
(section4).Beforegoing into theexperimental study,wewillfirst relateour research
questions toexistingpsycholinguistic literatureonquantifier scopeambiguity, then in
section2wewilldiscussmethodologicalconsiderationsimportantforassessingquantifier
scope preferences.

1.3 Psycholinguistic studies on quantifier scope
Multi-factormodelshavebeenquiteprominentinthepsycholinguisticliteratureonthe
processingofquantifierscope.Wecannotgointodetailherebutreferthereadertothe
overviewinTunstall(1998:Chapter2),andthemorerecentstudiesbyPatersonetal.
(2008)andBrasovaeanu&Dotlacil(2015).Ithasbeenrepeatedlyclaimedthatthelan-
guageprocessorsimultaneouslyreliesondifferentsourcesofinformationtogeneratethe
possible readingsofmultiplyquantified sentences (e.g.Kurtzman&MacDonald1993;
Filiketal.2004;Patersonetal.2008).Unfortunately,theexistingpsycholinguisticstudies
cannot easily be related to the scope theories reviewed above.
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One reason is that many of the existing studies used suboptimal disambiguations. 
InKurtzman&MacDonald(1993);Tunstall(1998)andDwivedi(2013)aswellasinthe
Filiketal.(2004)andPatersonetal.(2008)studiesapotentiallyscopeambiguoussen-
tencewithauniversalandanexistentialquantifierlikeevery kid climbed some tree was 
combinedeitherwitha singularorwithapluralcontinuation(e.g. this tree/these trees 
was/were full of apples)whichwasintendedtodisambiguatethescope.However,ithas
oftenbeennotedbothinthesemantic(e.g.Kempson&Cormack1981)andintheprocess-
ingliterature(e.g.Tunstall1998)thatthe∃∀-reading entails the ∀∃-reading.Therefore,
the singular continuation is compatible with both interpretations and does not achieve 
real disambiguation. This can be illustrated by combining an unambiguously ∀∃-sentence
withasingularcontinuationin(9).

(9) Everychildissuchthatitclimbedsometree.Thistreewasfullofapples.

If the singular continuation were only compatible with a wide scope existential reading 
then thediscourse in (9) shouldbe incoherent,as this reading isexcluded in thefirst
sentence. The discourse is coherent, though, showing that the singular continuation does 
notfulfillitsfunctionofprovidingdisambiguation.Thiscouldresultinanoverestimation
ofthe∃∀readings.Moregenerally,themethodusedtoassesswhetheraparticularread-
ing is available must not introduce a distorting bias. In the experiments presented here, 
wewillthereforeuseapictureverificationtaskthathasbeenshowntoyieldreliableand
validresults(Bott&Radó2007).
Second, toevaluate thetheoreticalapproachesoutlinedaboveweneedtosystemati-

cally investigate the interplay of the various factors that have received attention in the 
semanticliteratureonquantifierscope.Asoutlinedabove,acrucialtestofmulti-factor
theoriesisexaminingtheirpredictionofpurelyadditivescopeinfluences.However,none
of the existing psycholinguistic studies has manipulated multiple factors in tandem using 
the same participants, items and experimental procedure. 
Atthesametime,thereisabodyofexperimentalworkexaminingthesefactorssepa-
rately.Thepotentialinfluenceoflinearorderhasbeeninvestigatedbutthefindings
aremixed.WhileVanLehn(1978);Fodor(1982);Gillen(1991);Kurtzman&MacDonald
(1993);Tunstall(1998);Anderson(2004)andPatersonetal.(2008)reportedeffectsof
linear order and/or c-command relations, Catlin &Micham (1975); Ioup (1975); and
Michametal.(1980)foundnoeffectsofsurfaceorderbutonlyofgrammaticalfunction.
TheeffectofdistributivityhasbeentestedexperimentallybyTunstall(1998);Bott&
Radó(2007;2008);Radó&Bott(2012);andBrasovaeanu&Dotlacil(2015).Although
thefindingsarenotunanimous,2distributivequantifiersdoinfactseemtohaveastronger
tendencytotakewidescopethannon-distributivequantifiers.Toourknowledge,Syrett
etal. (2016)  is theonlystudythathas investigatedthe influenceofdiscourseana-
phoricityonquantifierinterpretationinadults.Inoneofthefourexperimentsreported
inthepaper,theymanipulatedwhetherornotquantifiersincludedapartitiveconstruc-
tion.Theirfindingssuggestthatdiscourseanaphoricquantifierstakeinversescopeover
anotherquantifiermoreeasilythantheirnon-discourseanaphoriccounterparts.Inaddi-
tion,experimentalworkonlanguageacquisitionbyMiller&Schmitt(2004)andMusolino
&Gualmini(2004)suggeststhatdiscourseanaphoricpartitivequantifierscanbemore
easilyinterpretedwithinversescopethannon-partitivequantifierphrases.Tosummarize,
thethreefactorsmanipulatedinthepresentstudycanbeexpectedtoinfluencequantifier

 2SeeFiliketal.(2004)andPatersonetal.(2008),whodidnotfindstrongereffectsforeach than for every. 
In their studies, however, distributivity was only manipulated across experiments.
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scopeandarethusgoodcandidatesforstudyingresearchquestion3,viz.thenatureofthe
interaction between scope factors. 
Finally, almost all of these studies investigated quantifier scope in English. Because
EnglishhasstrictSVOwordorder,inanactivedeclarativesentencethesubjectalways
precedestheobject.Thustheeffectoflinearorder/c-commandrelationsandofthegram-
matical functionof thequantifierscannotbe readilydistinguished. Inother languages
word order is much less constrained and these factors can be teased apart more easily. We 
thereforechoseGerman,wherethedirectobjectcanprecedethesubject.3 This is illus-
tratedin(10a)and(10b).

(10) a. Jeder Lehrer lobte genau einen Schüler.
every teacher.nom praised exactly one student.acc
‘Everyteacherpraisedexactlyonestudent.’

b. Genau einen Schüler lobte jeder Lehrer.
exactly one student.acc praised every teacher.nom
‘Everyteacherpraisedexactlyonestudent.’

However, there is one line of study that is closely related to the questions addressed in the 
presentpaper.Bott&Schlotterbeck(2012)examinedwhetherGermanobject-before-subject
and subject-before-object sentences both allow inverse scope readings. They were particu-
larly interested in the readings that become available during the online interpretation 
ofdoublyquantifiedsentences.Theirstudyprovidedevidencethatsubject-before-object
sentencesdifferfromobject-before-subjectsentencesinthatonlythelattergaveriseto
online effects of scope ambiguity. The final interpretations asmeasured in an offline
task,however,indicatedambiguityinbothtypesofconstructions.Furthermore,Bott&
Schlotterbeck(2012)onlymanipulatedtheconfigurationthatthequantifiersappearedin,
they did not investigate the interactions with other, non-syntactic scope factors. 
Tosumup,wethinkthattheexistingstudiesarenotsufficienttoevaluatethescope
accountsdiscussedabove.Nonetheless, theyprovideinitialsupportthatscopeis influ-
enced by different factors. In the followingwewill present three picture verification
experimentsthatweredesignedtotestthetwoscopetheorieswefocuson:Frey’s(1993)
configurationalaccountandthemulti-factorapproachbyPafel(2005).

2 Methodological considerations
To determine scope preferences, we have to relate a potentially scope ambiguous con-
structiontoeachofitspotentialmeaningsandmeasurehowwelltheyfit.Tothisend,we
usedapictureverificationtaskandhadparticipantsjudgehowwelldoublyquantified
sentencesmatch their disambiguations. All sentences contained a universal quantifier
(jeder (‘every/each’)4 or alle (‘all’);∀)andgenau ein (‘exactlyone’) (‘∃=1’).Thedisam-
biguations were set diagrams only consistent with one scope reading, one model disam-
biguating towards ∃=1∀, the other disambiguating towards ∀∃=1. Figure 1 shows two
disambiguatingmodelsforsentence(11).Setdiagramsofthesortusedherehavebeen
successfullyemployed inanumberofexperimental studiesonscope(seeBott&Radó
2007 for a cross-methodological study investigating the reliability and validity of the

 3Althoughobject-subjectwordorderhasbeenshown tobemorecomplex toprocess thansubject-object
order(seee.g.Hemforth&Konieczny1999andthepaperstherein.)Notethatwearenotmakinganyclaims
aboutprocessingbutareonlyinterestedinthefinalinterpretation.

 4 In the following, we will translate jed- sometimes by every and sometimes by each following our intuitions 
forEnglish.
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method,andGillen1991;Jackson&Lewis2005;Bott&Schlotterbeck2012;Robaldoet
al.2014;andBott&Schlotterbeck2015forapplications).

(11) Exactlyonestudentwaspraisedbyeveryteacher.

Themodelontherightistrueonthe∃=1∀ reading since there is exactly one student who 
was praised by all the teachers. It is false on the ∀∃=1 reading because one student was 
praisedbymorethanoneteacher.Bycontrast,themodelontheleftistrueonthe∀∃=1 
reading because for each teacher there is exactly one student whom he praised. It is false 
onthe∃=1∀ reading because there is no student who was praised by all the teachers. The 
∃=1∀diagramswerealwaysofthekindinFigure1(b),thatis,allofthemcontainedat
least one additional line, which made the ∀∃=1 reading false.
Wearenowabletooperationalizewhatshouldcountasscopepreference(criterion 

to determine scope preference): Reading A is preferred over reading B if the
A-disambiguationisratedbetterthantheB-disambiguation;iftheratingsareequal,the
sentence is fully ambiguous.5

In our experiments we used non-monotone exactly one in order to provide proper dis-
ambiguationsforthesentences(seee.g.themethodologicaldiscussioninRuys&Winter
2010).ThechoiceofquantifierwasalsocrucialfortestingFrey’s(1993)theory,which
only applies to a small number of quantificational expressions, namely those that are
notambiguousbetweenspecific/referentialandquantificationalexpressions(i.e.“indef-
inites”)orbetweencollectiveandquantificationalexpressions(i.e.“plurals”).Thequan-
tifiersgenau ein(‘exactlyone’)and jeder(‘every’)fulfillthesecriteria,theycanthusbe
usedtotestFrey’sconfigurationalaccount.Let’sfirstconsiderthepossibilityofreferential
interpretations of exactly one. 

(12) a. Peterglaubt, dass ihn (genau) eine Vegetarierin liebt.
Peterbelieves that himobj (exactly)one/a vegetarian.fem.nom loves
‘Peterbelievesthatheislovedbyexactlyone/avegetarian.’

b. Falls(genau) einer meiner Onkels dieses Jahr stirbt, erbe  ich ein 
if (exactly)one/a of my uncles this year dies, inherit I a 
Vermögen.
fortune
‘If(exactlyone)/someofmyunclesdiesthisyear,I’llinheritafortune.’

 5Unfortunately,thetermambiguous is itself ambiguous. In the following we will distinguish between merely 
ambiguous, i.e. more than one interpretation is available regardless of whether one is preferred over the 
other, and fully ambiguous, i.e. the available interpretations are roughly equally preferred.

Figure 1: Disambiguations used in the picture verification experiments: (a) Diagram for 
 ∀∃=1-reading; (b) Diagram for ∃=1∀-reading.
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Example (12a) employs a test usedbyFrey (1993).The sentencewithout exactly, i.e. 
indefiniteeine(‘a’)allowsforaderereadingwherePeterbelievesthatheis lovedby
some woman without knowing that she is a vegetarian. This reading is not possible with 
exactly one,mirroringFrey’sobservationforthemonotonequantifiermindestens ein-(‘at
leastone’). Inotherwords,genau ein cannot take exceptional wide scope over believe. 
(12b)(cf.Fodor&Sag1982)showsthatexactly one cannot outscope the if-clause. The 
sentence only allows for the pragmatically marked interpretation that there is a strange 
inheritance rule according to which I inherit a fortune only if one but not more than one 
ofmy uncles dies (nomatterwhich one). The specific interpretation, easily available
without genau, becomes impossible once we add exactly.6 

The same goes for the unavailability of collective interpretations of jeder(‘every’).Jeder 
cannot co-occur with collective predicates such as surround, form a line, or run apart result-
inginoddinterpretationsin(13a)–(13c).Moreover,asmentionedaboveFreydismisses
unmodifiedjeder and only uses fast jeder(‘almostevery’).Thereasonisthatinhisview
unmodifiedjeder makes reference to a given restrictor set, as evidenced by strong readings 
ofunmodifiedexamples(Dalrympleetal.1998;Schlotterbeck&Bott2013).Pafel(2005),
however, observes that basically the same readings are available for jeder and fast jeder 
in(13d).Themostnaturalinterpretationforthesentenceisthatfor(almost)eachpairof
individualsfromthedomainthetwoindividualsdifferintheirsmell.Thisinterpretation
is available with or without almost,contrarytoFrey’sproposal.Inordertoavoidproblems
due to the inherent vagueness of almostwethereforeusedunmodifiedjeder in the experi-
ments reported below. 

(13) a. AlleRitter haben/#Jeder Ritter hat die Burg umzingelt.
all knights have/#every knight has the castle surrounded
‘Allknightshave/#Everyknighthassurroundedthecastle.’

b. Alle Tänzer haben/#Jeder Tänzer hat eine Linie gebildet.
all dancers have/#every dancer has  a line formed
‘Alldancershave/#Everydancerhasformedaline.’

c. Alle Kinder sind/#Jedes Kind ist auseinander gelaufen.
all kids are/#every kid is apart run
‘Allkidshave/#hasrunapart.’

d. Fast jeder Mensch/JederMenschhat einen anderen Geruch.
almost every human/every human has a different smell
‘Almosteveryhuman/Everyhumanhasadifferentsmell.’

Thusthequantifiersjeder and genau ein,whichweusedtotestFrey’stheoryinExperiment
1(section3),satisfyFrey’sownrequirementsforbeingunambiguouslyquantificational.
InExperiments2–3(section4)wewillalsocompareevery (one of these) with all (of these). 
The sole purpose of this comparison between jeder(‘every’)andalle(‘all’)istoexamine
distributivityeffects;theresultsforconditionswithallewillnotbeusedtoevaluateFrey’s
theory but will only become relevant when testing the additivity of scope factors.

 6Ananonymousreviewersuggestedthatareferentialinterpretationmaybepossibleforexactly one in the 
following example with will(‘want’)insteadofbelieve:

(i) Peter will genau eine Vegetarierin heiraten.
Peter wants exactly one vegetarian.fem marry
‘Peterwantstomarryexactlyonevegetarian.’

  Our intuitions are the same as for believein(12a),buttheavailabilityofaspecificinterpretationforexactly 
one should be tested experimentally. We have to leave this to future research.
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Finally,inordertoaddressthefirstresearchquestionstatedabove,itiscrucialtodefine
acriterionthatallowsustodecidewhetherdoublyquantifiedsentenceswithconsistently
low ratings for the inverse interpretation are still in principle ambiguous or only have the 
linear reading. We will therefore compare potentially scope ambiguous sentences such as 
(7),(8a),and(8c)withscopedisambiguatedbaselinecontrolconditionsinwhichquanti-
fiersareseparatedbyaclauseboundary(seealsoBott&Schlotterbeck2012forthesame
rationale).ThisisillustratedinthefollowingEnglishtranslationsofthethreeexperimen-
talconditionstobetestedinExperiment1.

(14) a. Exactlyoneteacherissuchthathepraisedeachofthesestudents.
b. Eachofthesestudentsissuchthathewaspraisedbyexactlyoneteacher.
c. Exactlyonestudentissuchthathewaspraisedbyeachoftheseteachers.

The comparisonwithunambiguous constructions allowsus to operationalizewhatwe
mean by saying that a sentence is, or rather is not compatible with some scope reading 
(criterion to determine scope ambiguity):SentenceSallowsforscopereadingA,iffthe
picturedisambiguatingforAisjudgedmoreacceptablewhenpairedwithSthanwhen
pairedwiththeappropriatedisambiguatedbaselinecontrolS’.Ifthereisnodifference
betweenSandS’withrespecttotheirdistributionsofacceptabilityscoresforthepoten-
tialreadings,Sisunambiguous.

3 Frey (1993) vs. Pafel (2005) (Exp. 1)
Insection1weintroducedFrey’s(1993)andPafel’s(2005)accountusingthreedoubly
quantified constructions forwhich the two theoriesmake rather different predictions.
Thesethreeconstructionsweretestedinthefirstexperiment.

3.1 Methods
3.1.1 Materials
Weconstructed36doublyquantified sentences in three sentenceconditionseach (see
AppendixAforthecompletelistofitems).Hereisasampleitem.

(15) a. Genau einen Schüler lobte jeder Lehrer voller Wohlwollen.
exactly one pupil.acc praised each teacher.nom full-of goodwill
‘Eachteacherpraisedexactlyonepupilfullofgoodwill.’

b. Jeden dieser Schüler lobte genau ein Lehrer…
each these pupils.acc praised exactly one teacher.nom…
‘Exactlyoneteacherpraisedeachofthesepupils…’

c. Genau ein Lehrer lobte jeden dieser Schüler…
exactly one teacher.nom praised each these pupils.acc…
‘Exactlyoneteacherpraisedeachofthesepupils…’

Conditions (15a) and (15b) are object-before-subject sentences. They differ, however,
with respect to the relative factorweights of the quantifiers.While in example (15b)
basedonPafel’s(2005)accountweexpectfullambiguitywithaslighttendencyofthe
distributivesubjectquantifiereach teachertotakescopeoverthetopicalizedobjectexactly 
one student,in(15b)thecumulativefactorweightsoflinearorder,distributivityanddis-
course anaphoricity of jeden dieser Schülerworkagainstthesubjectquantifierexactly one 
teacherandwepredictthesentencetobestronglybiasedtowardslinearscope.Accord-
ingtoPafel’s(2005)modelchangingtheorderofthequantifiersin(15c)shouldyield
an ambiguous sentence, this time slightly biased towards the linear interpretation. This 
isbecausethesentence-initialquantifieristhesubjectwhereasthesecondquantifieris
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 distributive and discourse anaphoric. The magnitude of the preference should be exactly 
thesameasinthefirstobject-before-subjectcondition(15a),butgointheoppositedirec-
tion.ThefactorweightsandpredictedscopevaluesbasedonPafel(2005)foreachofthe
threeconstructionsin(15)aresummarizedin(16).

(16) a. GenaueinenSchüler∃=1 lobte jeder Lehrer∀ voller Wohlwollen.
∃=1:1.5(1st)=1.5
∀:1(subj)+1(dist)=2
⊳ slight preference for inverse scope

b. JedendieserSchüler∀ lobte genau ein Lehrer∃=1 voller Wohlwollen.
∃=1:1(subject)=1
∀:1.5(1st)+1(dist)+1(d-ana)=3.5
⊳ strong preference for linear scope

c. GenaueinLehrer∃=1lobtejedendieserSchüler∀ voller Wohlwollen.
∃=1:1.5(1st)+1(subj)=2.5
∀:1(dist)+1(d-ana)=2
⊳ slight preference for linear scope

However,ifscopeambiguityisonlypossibleinobject-before-subjectsentences,asFrey
predicts,thenthesubject-before-objectsentence(15c)shouldhaveunambiguouslylinear
scope.7Totestthispredictionweaddedthreescopeunambiguouscontrolswithquantifiers
appearing in clause bounded position. If the potentially ambiguous  subject-before-object 
construction(15c)should turnout tobe indistinguishable fromacorrespondingscope
unambiguouscontrolconditionwecanlegitimatelytakeittobeunambiguous.Consider
thesampleiteminthethreecontrolconditionsin(17).

(17) a. Fürgenau einen Schüler gilt: Ihn lobte jeder Lehrer.
for exactly one pupil holds:Him.acc praised each teacher.nom
‘Exactlyonepupilissuchthathewaspraisedbyeachteacher.’

b. Fürjeden dieser Schülergilt: Ihn lobte genau ein Lehrer.
for each these pupils holds: Him.acc praised exactly one teacher.nom
‘Eachofthesepupilsissuchthathewaspraisedbyexactlyoneteacher.’

c. Fürgenau einen Lehrer gilt: Er lobte jeden dieser Schüler.
for exactly one teacher holds:He.nom praised each these pupils.acc
‘Exactlyoneteacherissuchthathepraisedeachofthesepupils.’

Eachofthesixsentenceconditionswaspairedwithapicturethatwasonlycompatible
with the ∀∃=1orthe∃=1∀ reading. This yielded a total of twelve sentence-picture pair 

 7AnanonymousreviewerraisedthepossibilitythattheSVOsentencein(15c)doesnotrepresentthebasic
structure, rather, the object has scrambled over the adverb voller Wohlwollen, which marks the left edge of 
theVP.Inthisstructurethemovedobjectwouldc-commandthetraceofthesubjectinsidetheVP,thusin
principleallowingforinversescope.Webelieve,however,thatthisisnotthecase.If(15c)involvesscram-
blingoftheobjectthenthebasicstructurebeforemovementshouldbelike(i):

(i) Ich glaube, dass voller Wohlwollen genau ein Lehrer jeden Schüler gelobt hat.
I think that full-of goodwill exactly one teacher.nom each pupil.acc praised has
‘I think that exactly one teacher praised each pupil full of goodwill.’

 However,(i)doesnotseemacceptable,atleastnotwithoutaspecialintonationsuggestingthattheadverb
hasbeenfronted.Itismuchmorelikelythattheunderlyingstructureisasin(ii),i.e.withtheadverbinside
theVP.

(ii) Ichglaube,dassgenaueinLehrerjedenSchülervollerWohlwollengelobthat.

 Thusthedirectobjectispresumablyinitsbasicpositionin(15c)andonlylinearscopeshouldbepossible
accordingtoFrey’stheory.
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conditionsaccordingtoa3(construction:os1 vs. os2 vs. so)×2(ambiguity:amb. 
vs. disamb.)×2(disambiguation:linear vs. inverse)factorialdesign.Samplepic-
turesforallthreeconstructiontypesaregiveninFigure2.The∀∃=1-picture was always 
the same in the os1, the os2 and the sosentences.The∃=1∀ pictures in the os1 order 
were just the mirror image of those used in the os2 and soorders.Weadded61filler
sentence-picturepairs(15false)andconstructed12listsusingalatinsquaredesign.

3.1.2 Procedure and participants
TheexperimentwasprogrammedusingWebExp2(Mayoetal.2006).Afterreadingwrit-
ten instructions, participants first completed a short practice session consisting of ten
trials.Thatwasfollowedbytheexperimentinoneblock.Sentence-picturepairswerepre-
sentedinanindividuallyrandomizedorder.Judgmentswereprovidedonaseven-point
scale. We measured both judgments and judgment times.
48studentsatTübingenUniversity(meanage24.7years,range20–33years;32female)
participatedinthestudyforapaymentof5€.Participantsweretestedindividuallyina
quietcomputerpoolattheDepartmentofModernLanguages.Anexperimentalsession
tookabout30minutes.

3.2 Results and discussion
Theratingswerenormalizedbycomputingz-scoresforeachparticipant.Meanjudgments
areshowninFigure3.Wewillreportseparate2(ambiguity)×2(disambiguation)
repeatedmeasuresANOVAsforthethreeconstructions.

The so conditions provide evidence for the possibility of inverse scope in this construc-
tiontype.Eventhoughthelinearinterpretationwasstronglypreferredovertheinverse
reading(meanz-scores:0.41vs.–0.89)thispreferencewassignificantlyweakerthanthe
correspondingdifferenceintheunambiguousconditions(meanz-scores:0.63vs.–1.16).
ANOVAsrevealedamaineffect(marginalbyitems)ofambiguity(F1(1,47)=4.14,p 
<.05;F2(1,35)=3.90,p=.06),asignificantmaineffectofdisambiguation(F1(1,47)
=474.45,p<.01;F2(1,35)=956.23,p<.01)andasignificantinteractionbetween

Figure 2: Diagrams used in Exp. 1: (a) Diagram for ∀∃=1-reading; (b) Diagram for ∃=1∀-reading in the 
os1 conditions; (c) Diagram for ∃=1∀-reading in the os2 and so conditions.
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ambiguity and disambiguation(F1(1,47)=44.03,p<.01;F2(1,35)=33.16,p<.01).
This interaction was due to ambiguity in the ambiguous conditions as compared to the 
unambiguous controls. Finding ambiguity in this configuration of quantifiers provides
primafacieevidenceagainstFrey’s(1993)configurationalaccount.Inversescoperead-
ingsseemtoexisteveninconstructionswherethesecondquantifierdoesnotc-command
a traceof thefirstquantifier.Twopaired t-testswerecomputedas follow-upanalyses
in order to break down the interaction. Interestingly, these analyses revealed that the 
ambiguityaffectedbothreadings.Itwasnotonlythecasethatsetdiagramsdisambiguat-
ing towards inverse scope were judged better in the ambiguous construction than in the 
disambiguatedcontrolcondition(t1(47)=5.29, p<.01;t2(35)=4.65, p<.01),but
alsothereversewastrue:Setdiagramsonlyconsistentwiththestronglypreferredlinear
interpretationwere judgedsignificantlyworse in theambiguouscondition than in the
appropriatecontrolcondition(t1(47)=–3.41, p<.01;t2(35)=–3.43, p<.01).

In the os1conditionstheobjectquantifiergenau ein(‘exactlyone’)precededthedis-
tributive subjectquantifier jeder (‘every’).Thepotentiallyambiguousconstructionwas
indeed compatible with both scope readings, but the inverse reading was somewhat pre-
ferredoverthelinearinterpretation(meanz-scores:0.16vs.–0.15).Thescopeunambigu-
ous os1controlconditionspatternedwiththetrueandfalsefillers.Theywereaccepted
when combined with a picture only compatible with the linear interpretation and rejected 
when combinedwith an inverse picture.ANOVAs revealed significantmain effects of
ambiguity(F1(1,47)=35.0,p<.01;F2(1,35)=52.1,p<.01)andofdisambigua-
tion(F1(1,47)=74.2,p<.01;F2(1,35)=98.9,p<.01)andasignificantinteraction
between ambiguity and disambiguation(F1(1,47)=109.4, p<.01;F2(1,35)=197.2,
p<.01).Pairedt-testsbetweenthelinearandtheinverseambiguousconditionsrevealed
thatthedifferencewasmarginalbyparticipantsandsignificantbyitems(t1(47)=1.88,
p=.07;t2(35)=2.58,p<.05).Thus,fullyinlinewithPafel’s(2005)prediction(cf.
(16))inthisparticularconfigurationofquantifiersinversescopewasslightlypreferred
over the linear reading.

Figure 3: Judgments in Experiment 1 (plus 95% confidence intervals). so = exactly onesubj > each of 
theseobj; os1 = exactly oneobj > eachsubj; os2 = each of theseobj > exactly onesubj.
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The results of the os2 conditions are also fully in line with Pafel’s model. In the
ambiguous construction linear scopewas stronglypreferred over inverse scope (mean
z-scores:0.40vs.–0.60)butthedifferencebetweenthetworeadingswaslesspronounced
than in thedisambiguatedsentences(meanz-scores:0.56(linear)vs.–0.89(inverse)).
Thus, although strongly dispreferred, the inverse reading is still possible in the ambigu-
ous os2 construction.ANOVAs revealed a significantmain effect ofdisambiguation 
(F1(1,47)=165.57,p<.01;F2(1,35)=345.19,p<.01)andasignificantinteraction
between ambiguity and disambiguation(F1(1,47)=10.24,p<.01;F2(1,35)=8.15,
p<.01)butthemaineffectofambiguitywasnotsignificant(F1/2<1).Theinteraction
isduetothefactthatthedifferencebetweenthejudgmentsforthetwoscopereadings
was larger in the unambiguous cases than in the ambiguous ones. In particular, the mean 
z-scoreof–0.60fortheinversescopeintheambiguousconstructionwasstillsignificantly
higherthanthez-scorefortheunambiguouscontrol,asshownbypairedt-tests:t1(47)=
2.48, p<.05andt2(35)=2.26, p<.05.
Comparingtherelativedifferencesbetweenthelinearandtheinversedisambiguation

in the so and the os1conditionsweseethatPafel’spredictionsarenotmetintheso 
conditions.Under his theorywewould have expected differences of the same size in
both construction types. This was clearly not the case. While the linear and the inverse 
interpretation were more or less equally available in the ambiguous os1 conditions, the 
soconditionsshowedastrongpreferenceforlinearscope.So,couldFrey’saccountbeon
therighttrackafterall?Asoutlinedintheintroduction,Freyacknowledgestheinfluence
ofnon-syntacticfactorssuchaslexicalpropertiesofquantifiersandintonation.Wehave
showninsection2thatthetestedquantifiersarequantificationalexpressionsaccording
toFrey’scriteria.However,participantsmaysometimeshaveimplicitlychosenaninto-
nation thatmade inverse scopeavailable (see, e.g.Fodor2002 forempirical evidence
forimplicitprosodyduringsilentreading).Morespecifically,Krifka(1998),buildingon
workbyBüring(1997),hasproposedthatarise-fall intonationcontourmightaddthe
inverse reading, which is impossible otherwise. If this is correct, the ambiguity observed 
in the so conditions may be due to the fact that participants sometimes chose a rise-fall 
intonation contour in order to license inverse scope. Note that this could also explain 
thedifferencebetweenthefindingsofthepresentexperimentandBott&Schlotterbeck’s
(2012)resultswhodidnotfindanyevidenceforinversescopeinthesameconstruction
when the sentences were presented in a self-paced fashion. It is plausible that in that 
kind of task readers are not able to construe the sentences with a rather marked rise-fall 
intonationcontour.Inanofflinetaskastheoneusedhere,however,choosingtheappro-
priate implicit prosody is probably much easier. We therefore ran a pilot study explicitly 
addressing the role of intonation for scope inversion in subject-before-object sentences. The 
experimentusedpictureverificationwithauditorypresentationofstimulicontrolledfor
intonation.

3.3 The potential influence of intonation (Pilot study)
Weconstructed20itemsinfourconditionsaccordingtoa2×2(intonation×dis-
ambiguation)within design. Target sentenceswith the universal distributive subject
quantifierjederprecedingtheobjectquantifiergenau ein(‘exactlyone’)wereembedded
inshortdialogues:8

 8Ananonymousreviewerremarkedthattheinversescopeanswerin(18a)maybeexcludedonpragmatic
grounds: Itmay simply be irrelevant howmanypieces the children share. Tous, the question itself is
ambiguous allowing for an interpretation is it many black pieces that belong to both Andrea and Wolfgang? 
licensing an inverse scope construal of the answer. When designing the experiment, we decided against 
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(18) a. A:Stimmtes,dassAndreaundWolfgangvieleschwarzeSpielplättchen
haben?

B: Nein,JE/desKindhatgenauEIN\schwarzesSpielplättcheninseiner
Spielecke.

(A:‘IsitcorrectthatAndreaandWolfganghavemanyblackpieces?’
B: ‘No,everychildhasexactlyoneblackpieceinitscorner.’)

b. A:WievieleschwarzeSpielplättchenhabenAndreaundWolfgang?
B: JedesKindhatgenaueinschwarzesSpielplättcheninseinerSpielecke.
(A:‘HowmanyblackpiecesdoAndreaandWolfganghave?’
B: ‘Everychildhasexactlyoneblackpiece.’)

EachdialoguewaspairedwithtwodisambiguatingpicturessuchasthoseinFigure4.The
picturesalwaysshowedatablewithpartlyoverlappingplayareas(“corners”)oftwochil-
drenplayingwithgeometricalpiecesofvariouscolours(sampleiteminblackandwhite
forprintingreasons).Participants’taskwastodecidewhetherB’sanswercorrespondsto
atruedescriptionofthescenario.SpeakerB’sanswerinthedialogue(18a)isaninforma-
tive answer to the question under both scope readings. In its linear scope construal the 
answer is that neither of the two children has many black pieces because each has only 
one(cf.Figure4(a)).Undertheinversescopeconstrual,theanswersaysthatthereisonly
oneblackpiecethatAndreaandWolfganghaveintheirjointarea(cf.Figure4(b)),which
again shouldn’t count as an instance of many.Thedialogue(18b)servedasbaselinecon-
trol. Here, only the linear reading should be possible.
Dialogues were spoken and recorded by a male (speaker A) and a female speaker
(speakerB).SpeakerBwas instructed toproduce theanswer in the rise-falldialogues
(18a)witharise-fallintonation.Forthecontrolcondition(18b)speakerBwasaskedto
use what seemed the most appropriate intonation for the answer given the question. The 
producedintonationcontoursofspeakerBwereanalyzedwithrespecttotheirfundamen-
talfrequencyusingthePRAATsoftwarepackage(Boersma2001).Theaverageintonation
contoursinthetwodialogueconditionsareshowninFigure5.Inthecontrolcondition
abouthalfoftheitemswererealizedwithtwofocionthetwoquantifiersandtheother
halfwithverumfocusontheauxiliary.Whilerecordingthestimuli,speakerBchanged

presenting decontextualised statements without a preceding question because naive informants might not 
be able to infer the underlying information structure. We agree that more careful testing is required. This 
iswhywewerehesitanttocallthispilotstudya“realexperiment”.Futureworkisrequiredtoconfirmthe
assumptions underlying the pilot study.

Figure 4: Diagrams used in the Pilot Study: (a) Diagram for ∀∃=1-reading; (b) Diagram for 
∃=1∀-reading.
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between these intonation contours and stated afterwards that to her both were possible 
answers to the how manyquestionin(18b).
20nativeGermanparticipants judgedthe20itemsplus60fillerdialoguesinalatin
squaredesignmakingsurethattheysaweachiteminonlyonecondition.Afterinspecting
the picture and listening to the auditorily presented dialogue they had to judge whether 
theanswerofspeakerBwasatruedescriptionofthepicturebyprovidinga“yes,true”
or“no,false”answer.
Acceptancerateswereasfollows.Inthecontrolconditionthelineardisambiguationwas
accepted98%ofthetime,whereaspicturesonlyconsistentwiththeinverseinterpreta-
tionwereaccepted17%ofthetime.Acceptancerateswerealmostidenticalintherise-fall
conditions:Linearscopedisambiguationswereaccepted96%ofthetime,whereasinverse
scopedisambiguationswereaccepted20%ofthetime.Aloglinearanalysisonyes, accept-
able versus no, unacceptable responses including the factors contour and disambigua-
tion revealed that the factor contourdidnotcontributetomodelfit,neitherasamain
effectnorintheformofaninteractionwiththeotherfactors(χ2(4)=.51; p =.97).Thus,
acceptanceratesdidnotdifferbetweenconditionswitharise-fallcontourandthecontrol
conditions.
This provides preliminary evidence against the view that doubly quantifiedGerman

sentences with a subject-before-object word order can receive an inverse scope interpreta-
tion,orreceiveitmoreeasily,ifrealizedwitharise-fallintonation.Comingbacktothe
resultsofExperiment1wethusconcludethatitisunlikelythatparticipantsmadeinverse
scopeavailablebyimplicitlyimposingarise-fallintonation.Wewouldliketoemphasize,
though,thattheinfluenceofintonationonscopeinterpretationneedstobeinvestigated
more carefully. We must leave this for future research.

4 The interplay of scope factors (Exp. 2 and 3)
Experiment 1 addressed the first two research questions. The observed scope ambi-
guity in the subject-before-object condition provided evidence against Frey’s (1993)
theory,butthepatternofresultsisnotfullyconsistentwithPafel’s(2005)multi-fac-
toraccount.The following twopictureverificationtaskexperiments investigated the
combinedeffectsoflinearorder, distributivity and discourseanaphoricity in 
doublyquantifiedsentences.Theiraimwastoanswerthethirdresearchquestionfrom
section1.2:Do we find evidence for strictly additive influences of the different scope factors 
as predicted by multi-factor theories?Sinceansweringthisquestionmaymakeitneces-
sarytomeasurerathersubtledifferencesbetweensentenceconditions,weemployedthe

Figure 5: Intonation contours of the target sentences in the pilot study: (a) Mean F0-contour 
 rise-fall used for dialogues of type (18a); (b) Mean F0-contour rise-fall used for dialogues of 
type (18b). Plots show mean F0-values split by sentence regions and 95% confidence intervals.
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MagnitudeEstimationtechnique(Bardetal.1996)whichhasbeenwidelyappliedin
experimentalsyntax,e.g.Keller(2000);Featherston(2005)butseeWeskott&Fanselow
(2011);Sprouse(2011).

4.1 Experimental materials
The constructions tested in Experiment 2 and 3 are presented in (19) and (20). The
completelistofitemsisprovidedinAppendixB.

(19) a. Genau einen dieser Aufsätze hat jeder Student gelesen.
exactly one of-these papers.acc has each student.nom read
‘Eachstudentreadexactlyoneofthesepapers.’

b. Genau einen dieser Aufsätze haben alle Studenten gelesen.
exactly one of-these papers.acc have all students.nom read
‘Allstudentsreadexactlyoneofthesepapers.’

c. Jeder Student hat genau einen dieser Aufsätze gelesen.
each student.nom has exactly one of-these papers.acc read
‘Eachstudentreadexactlyoneofthesepapers.’

e. AlleStudenten haben genau einen dieser Aufsätze gelesen.
all students.nom have exactly one of-these papers.acc read
‘Allstudentsreadexactlyoneofthesepapers.’

In (19) the factors linearorder and distributivity aremanipulated. In (19a) and
(19b)the∃=1-quantifierprecedes∀whereasin(19c)and(19d)theorderofquantifiers
isreversed.Theuniversalquantifierjeder(‘every’)usedin(19a)and(19c)isdistributive
whereas alle(‘all’)in(19b)and(19d)isnot.Thefactordiscourseanaphoricity is kept 
constant across conditions. 

(20) a. Genau einen Aufsatz haben alle diese Studenten gelesen.
exactly one paper.acc have all these students.nom read
‘All(of)thesestudentsreadexactlyonepaper.’

b. Genau einen dieser Aufsätze haben alle Studenten gelesen.
exactly one of-these papers.acc have all students.nom read
‘Allstudentsreadexactlyoneofthesepapers.’

c. Genau einen Aufsatz hat jeder dieser Studenten gelesen.
exactly one paper.acc has each these students.nom read
‘Eachofthesestudentsreadexactlyonepaper.’

d. Genau einen dieser Aufsätze hat jeder Student gelesen.
exactly one of-these papers.acc has each student.nom read
‘Eachstudentreadexactlyoneofthesepapers.’

In(20)thefactorsdistributivity and discourseanaphoricity are manipulated. In 
(20b)and(20d)thefirstquantifierisrelatedtoacontextuallysalientreferent,whereasin
(20a)and(20c)itisthesecondquantifierthatislinkedtoprecedingdiscourse.InExperi-
ment3linearorderwaskeptconstantacrossconditions:Thesentencesalwayshad
object-before-subject word order.

4.2 Manipulating linear order and distributivity (Exp. 2)
In Experiment 2, wemanipulated linear order (∀ before ∃ vs. ∃ before∀) and
distributivity (jeder vs. alle). A potentially scope ambiguous sentence like (19a)
to (19d)was combinedwith a set diagram either disambiguating towards ∃=1∀ or 
towards ∀∃=1. 
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4.2.1 Methods
Participants:56nativeGermanspeakersfromTübingenUniversity(26female,meanage
25.6years)participatedintheexperimentfor5€.5additionalparticipantswereexcluded
fromtheanalysisbecauseofpoorperformanceonthefillers.

Materials and design:Weusedthe24doublyquantifiedtransitivesentencesinthefour
variantsin(19).Theuniversallyquantifiedphrasewasthesubjectandtheexistentially
quantifiedanddiscourseanaphoricexactly one of these-quantifierwasthedirectobject.
Each itemwaspairedwith twodisambiguatingsetdiagrams like theones inFigure1
resultingina2×2×2factorialdesignwiththewithinfactorslinearorder, distribu-
tivity and disambiguation.Additionally,weprepared36distractor sentencesusing
differentquantifiers,negationanddefinitedescriptions.16fillersweretrueand20were
false. We constructed eight lists according to a latin square design.

Procedure:JudgmentsweregatheredusingtheMagnitudeEstimationmethodBardet
al.(1996).Participantsjudgedsentence-picturepairsrelativetoareferenceitemtowhich
theyhadassignedanarbitraryvaluefirst.Highvaluesindicatedthatthesentencefitsthe
picture, low values indicated a mismatch. 
The experimentwas apaper-and-pencil questionnaire.After readingwritten instruc-
tions,participantsfirstcompletedashortpracticesessionconsistingoffivetrials.Inthe
following experimental session, sentence-picture pairs were presented in an individually 
randomizedorder.Eachsentence-picturepairwaspresentedonaseparatepageinasmall
bookletwiththereferenceitemontopofeachpage(Many hunters have shot two rabbits 
inasituationinwhich4outof10huntersshottwoandtherestshotnone).Participants
were explicitly instructed not to go back to earlier items and to complete the experiment 
in a page-by-page fashion.

4.2.2 Results and discussion
Eachparticipant’sjudgmentswerenormalizedbytransformingthemintoz-scores.The
truefillerswereratedwithameanz-scoreof0.76(standarddeviation0.80)andthefalse
fillerswithameanz-scoreof–0.74 (standarddeviation0.74).Thus,participantspaid
attention to the semantic properties of the sentences.
ThemeanjudgmentsareshowninFigure6.linearorder and distributivity both 
showedeffects intheexpecteddirection.Aquantifierthatprecededanothertendedto

Figure 6: Judgments in Experiment 2 (plus 95% confidence intervals).
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takewidescope.Similarly,distributivequantifierswiththedeterminerjeder(‘every’)took
wide scope more easily than non-distributive alle(‘all’).Wecomputedrepeatedmeasures
ANOVAsonthez-transformedjudgmentswiththewithinfactorsdistributivity(jeder 
vs. alle),order(∃=1 before ∀ vs. ∀ before∃=1)anddisambiguation(∀∃=1vs.∃=1∀).
Theserevealedsignificanttwo-wayinteractionsofdistributivity and disambiguation 
(F1(1,55) = 80.06, p < .01;F2 (1,23) = 54.15, p < .01)andorder and disambigua-
tion(F1(1,55) = 20.71, p < .01;F2(1,23) = 41.73, p < .01).Besidestheseinteractions
only the interaction between distributivity and orderwas significant (F1(1,55) = 
5.40, p < .05;F2(1,23) = 4.72, p < .05).Thiswasduetothefactthatsentenceswith
jeder before genau ein received higher ratings than the other constructions irrespective of 
thedisambiguation.Crucially,thethree-wayinteractionbetweenorder, distributivity 
and disambiguationwasnotsignificant(F1(1,55) =1.29; p =.26;F2(1,23) = 1.37; p 
= .26).Thisshowsthatthepredictionofpurelyadditiveeffectsofcombinedscopefac-
tors is borne out. 
Planned comparisons (with a Bonferroni corrected α of .0125) revealed significant
differencesbetweenthe∃=1∀- and the ∀∃=1-disambiguation in the jeder-before-ein-con-
struction(t1(55) = 5.36, p <.0125;t2(23) = 6.12, p < .0125)andintheein-before-alle-
construction(t1(55) = – 5.21, p < .0125;t2(23) = – 6.59, p < .0125)whereastheother
twoconstructionsshowednodifference(allts<1.6).Sentenceswithdistributivejeder 
were fully compatible with both readings when genau ein preceded jeder but were pre-
ferred ∀∃=1 when jederwasthefirstquantifier;thepatternwasexactlytheoppositefor
sentences containing the non-distributive determiner alle:Alle before ein was ambiguous 
but ein before alle favored a surface scope interpretation. 
Figure7showstheobserveddifferencescoresbetweenthemeanjudgmentsforthe∀∃=1 
disambiguationminusthemeanjudgmentsforthe∃=1∀ disambiguation.9 The observed 
difference scores are plotted against the difference scores predicted by Pafel’s (2005)
model.Aswecansee,apartfromminorexceptionsthereisaratherclosecorrespondence
between the actual scope judgments and the values predicted by the theory. 
TheresultsofExperiment2showthatbothlinearorder and distributivity have an 
effectonthescopeofdoublyquantifiedsentences.Quantifierscontainingthedistributive
determiner jeder(‘every’)takewidescopemoreeasilythanquantifierswiththenon-dis-
tributive determiner alle(‘all’).Similarlyforlinearorder:linearscopeispreferredover
inverse readings. Interestingly, linearorder and distributivity showed purely addi-
tiveeffects.Thethree-wayinteractionoforder, distributivity and disambiguation 
wasabsent.Thispatternfitsthepredictionsofmulti-factortheorieslikeKuno(1991)and
Pafel(2005)butwithoutthresholds.Itisincompatiblewiththepredictedunter-additive
effectsofscopetheoriesincorporatingscopefactorsintothesyntacticconfiguration.

 9Before the actual comparison the observed and the predicted difference scoreswere z-transformed for
better comparability.Without transformation, the two scores are admittedly ratherdifferent fromeach
other.Oneoftheeffectsofthetransformationisthatitcorrectsforanymaineffectsofdisambiguation. 
Weconsiderthisawelcomeresult.Toseewhy,thereaderisinvitedtoconsiderthedifferentratingsfor
the sentence conditions exactly one of the … every and exactly one of the … all,bothwithanOVSorderin
Exp.2and3.Theseconditionswerethesameacrossexperiments,howevertheresultsshowageneralbias
towardsalinearinterpretationinExp.3relativetoExp.2.Thereasonforthisdifferencecouldbethatall
theexperimentalsentencesinExp.3wereOVSsentenceswhereasinExp.2therewereasmanySVOasOVS
sentences.Thismayresultinwhatcouldbecalledaneffectofexperimentalcontext.Theinfluenceof
the factor syntacticfunction is probably weakened once participants get used to a high proportion of 
OVSsentences.Consistentwiththemulti-factorframeworkthisshouldresultinastrongerpreferencefor
linearscope.AnothercaseinpointisLFprimingasobservedinexperimentsbyRaffray&Pickering(2010).
Their experiments show that the availability of a scope reading increases if the same scope was assigned 
inthetrialbefore.Effectssuchasthesemakeitdifficulttodirectlyrelatelinguistictheorytoexperimental
data.Oursolutioninthepresentpaperistoonlyinterpretrelativedifferencesbetweentheconditionstested
inanexperiment;andthisisexactlywhatz-transformationachieves.
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4.3 Manipulating distributivity and discourse anaphoricity (Exp. 3)
Discourse anaphoricity of the restrictor set has not received very much attention in the 
literatureonquantifierscope.AnexceptionisMusolino&Gualmini(2004),whoinves-
tigated inverse scope construals in children’s understanding of sentences including nega-
tionandquantifierssuchas(21).

(21) a. Thesmurfdidn’tcatchtwo(ofthe)birds.
b. Thetrolldidn’tfindsomeofthejewels.

Theyfoundthatdiscourseanaphoricquantifierssignificantlyincreasedchildren’sability
to compute non-isomorphic, inverse interpretations, which were largely absent in sen-
tences without the partitive. Here, we employed this factor to test whether and how 
discourse related scope factors interact with lexical factors such as distributivity. Thus in 
Experiment3wemanipulateddistributivity and discourseanaphoricity.Consider
thesampleitem(22)repeatedfrom(20).

(22) a. Genau einen Aufsatz haben alle diese Studenten gelesen.
exactly one paper.acc have all these students.nom read
‘All(of)thesestudentsreadexactlyonepaper.’

b. Genau einen dieser Aufsätze haben alle Studenten gelesen.
exactly one of-these papers.acc have all students.nom read
‘Allstudentsreadexactlyoneofthesepapers.’

c. Genau einen Aufsatz hat jeder dieser Studenten gelesen.
exactly one paper.acc has each these students.nom read
‘Eachofthesestudentsreadexactlyonepaper.’

d. Genau einen dieser Aufsätze hat jeder Student gelesen.
exactly one of-these papers.acc has each student.nom read
‘Eachstudentreadexactlyoneofthesepapers.’

Figure 7: Observed and predicted difference scores in Experiment 2. Both observed and predicted 
mean difference scores in the four sentence conditions were normalized via z-transformations 
for better comparability.
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Theuniversal quantifieralle in (22a) and (22b) is non-distributive; jeder in (22c) and
(22d)isdistributive.Thediscourse-anaphoricphrasedieserlinksoneofthequantifiersto
thecontext:In(22a)and(22c)itistheuniversalquantifierandin(22b)and(22d)itis
theexistentialquantifierthatisdiscourseanaphoric.
Multi-factortheoriespredictthatthesefactorsshouldshowpurelyadditiveeffects.Ifthe
factorsareexplicitlyencodedinthehierarchicalconfiguration,however,weexpectasym-
metricaldependencies.Manipulatingthefactorencodedinahigherpositionofthetree
shouldblockeffectsduetoamanipulationofafactorencodedinsomelowerprojection
inthetree.Experiment3testedthesepredictions.

4.3.1 Methods
The sentencematerialsused inExperiment2wereadjusted to thedesign in (22).We
manipulated distributivity and discourseanaphoricity but kept word order con-
stant with genau ein(‘exactlyone’)alwaysprecedingtheuniversalquantifier.Thesen-
tenceswerepairedwiththesamedisambiguatingpicturesasinExperiment2yieldinga
2×2×2(distributivity×discourseanaphoricity×disambiguation)within
design.Thesamefillersentenceswereusedasinthepreviousexperiment.Theprocedure
wasthesameasinExperiment2.

Participants:24nativeGermanspeakersfromTübingenUniversity(10female,mean
age26.2years)tookpartintheexperiment.Eachparticipantreceived5€.Fouradditional
participantswereexcludedfromtheanalysisduetopoorperformanceonthefillers.

4.3.2 Results and discussion
Thetruefillerswereratedwithameanzscoreof0.89(standarddeviation0.68)andthe
falsedistractorswithameanzscoreof–0.70(standarddeviation0.80).
ThedistributionofscopereadingsinExperiment3isshowninFigure8.Wecomputed
repeatedmeasuresANOVAsonz-transformedjudgmentswiththewithinfactorsdistribu-
tivity (jeder vs. alle), discourseanaphoricity (discourseanaphoric ∃=1 vs. dis-
courseanaphoric ∀)anddisambiguation(∃=1∀ vs. ∀∃=1).Bothfactorsshowedan
influenceonthedistributionofscopereadings.Adiscourseanaphoricquantifiertendedto
takewidescopemoreeasilythananon-discourseanaphoricquantifierresultinginasig-
nificant interactionbetweendiscourseanaphoricity and disambiguation(F1(1,23) 

Figure 8: Judgments in Experiment 3 (plus 95% confidence intervals).
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=7.33, p <.05;F2(1,23)=7.99, p <.05).Furthermore,distributivejeder(‘every’)had
a stronger tendency for wide scope than non-distributive alle(‘all’)leadingtoasignificant
interaction between distributivity and disambiguation(F1(1,23)=17.00, p <.01;
F2(1,23)=19.47, p <.01).Besidetheseeffectstherewasamaineffectofdisambigua-
tion(F1(1,23) = 13.92, p <.01;F2(1,23) = 32.55, p <.01)whichreflectsageneral
preferenceforthe∃=1∀-interpretation. This preference is probably due to constant word 
orderinExperiment3withtheexistentialquantifieralwaysprecedingtheuniversalquan-
tifier.Themaineffectofdistributivitywasalsosignificant(F1(1,23) = 13.48, p <.01;
F2(1,23) = 13.05, p <.01).Thisisduetothefactthatthewide-scopeuniversaldisam-
biguations were judged better for jeder than for alle(t1(23) = 4.78, p<.01;t2(23) = 4.88, 
p <.01).Crucially,therewasnothree-wayinteractionbetweendiscourseanaphoric-
ity, distributivity and disambiguation (F1(1,23)= .04; p = .85; F2(1,23)= .05; 
p =.83).Thus,discourseanaphoricity and distributivity showed purely additive 
effects.
Figure 9 shows the observed difference scores between themean judgments for the

linear disambiguation minus the mean judgments for the inverse disambiguation. The 
observeddifferencescoresareplottedagainstthedifferencescorespredictedbyPafel’s
(2005)theory.AsinExperiment2,thereisaratherclosecorrespondencebetweenthe
actualscopejudgmentsandthevaluespredictedbythetheory.Again,thisisonlytruefor
observedandpredictedvaluesafterz-transformation(cf.fn.9).Wehypothesizethatthe
stronger-than-expected tendency for linear interpretations in the present experiment com-
paredtothepreviousoneisduetoahigherproportionofOVSsentencesinExp.3.Note
that a decrease in the factor weight for subjecthood leads to a stronger preference for 
linearscopeinOVSsentences.Weconsideritaninterestingquestionforfutureresearch
to investigate how contextual factors such as the broader context of the experiment proba-
bilisticallycontributetotherelativescopeofquantifiers.

This experiment provides evidence that discourseanaphoricityalsoaffectsscope
preferences:Discourseanaphoricquantifierstakewidescopemoreeasilythannon-ana-
phoricquantifiers.Again,theeffectsofthescopefactorswerepurelyadditive,aresult

Figure 9: Observed and predicted difference scores in Experiment 3. Both observed and predicted 
mean difference scores in the four sentence conditions were normalized via z-transformations 
for better comparability.
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thatcorroboratesthefindingsfromExperiment2.Thispatternofeffectsisexactlywhat
ispredictedbymulti-factortheoriesofquantifierscope.

5 General discussion
Theresultsofthereportedpictureverificationtaskexperimentsshowedthatthescope
relationsindoublyquantifiedsentencesdependonanumberoffactors:thelinearorder
ofthequantifiers,whethertheyaredistributiveandwhethertheyareexplicitlyrestricted
bycontext.Allthreefactorsshowedcumulativeeffects,thatis,theyaddedupratherthan
interacting with each other.
Insection1wegaveanoverviewoftheoriesonquantifierscope.Simplifyingmattersa
greatdealwefocussedontwotypesoftheoriesonscopeinteraction:configurationaland
multi-factortheories.Furthermore,asthepresentedexperimentsmeasuredscopeprefer-
encesinGerman,wechosetheconfigurationaltheorybyFrey(1993)andcontrastedit
withthemulti-factoraccountproposedinPafel(2005).Wenowdiscusstheimplications
oftheexperimentalfindingsforeachoftheminturn.
The configurational theorieswe consideredheredisambiguate the relative scopeof
quantifyingexpressions in the syntax. InFrey’saccount inverse scope inGermancan
onlyariseinconfigurationsinwhichthesecondquantifierhassyntacticcommandover
a trace left in the base position of a quantifier in a fronted position. The results of
Experiment 1 provide evidence against Frey’s scope principle. Using quantificational
expressions that satisfy Frey’s constraints, inverse scopewasmore acceptable in the
tested subject-before-object construction than in the unambiguous baseline control condi-
tion.Accordingtoourcriterionfordeterminingscopeambiguity,wethereforeconclude
thatthefirstresearchquestionare German doubly quantified subject-before-object sentences 
scope unambiguous must be answered in the negative. This claim is further supported 
by our pilot study suggesting that inverse scope in this construction type cannot be 
explainedbyproposedprosodicinfluencesonquantifierscopeinGerman.Wewould
alsoliketopointoutthatwefoundstrongdifferencesinscopepreferencesforsentences
withfrontedobjectquantifiers.Asitstands,Frey’stheorydoesnotmakeanyspecific
predictions for these except for the general claim that they should in principle allow for 
bothlinearandinversescopeconstruals.Forthesecases,theempiricalcoverageofthe
theory is thus rather limited and something needs to be added to explain the observed 
differences.
Intheintroductionwementionedconfigurationalproposalsthatencodedifferentscope
factorsindedicatedpositionsintheLF.Initsoriginalform(May1977)themovement
operationwasfullyunconstrainedbutlaterdevelopmentslikeBeghelli&Stowell(1997)
makeuseofdedicatedscopepositionstoaccountforindividualpropertiesofquantifiers.
The purely additive nature of effects is, however, problematic for this type of theory
becausemanipulatingafactorinahigherscopepositionshouldprecludetheinfluenceof
anotherfactorinalowerposition.InExperiments2and3wedidnotfindanyevidenceof
asymmetricaldependencies(under-additiveinteractions)betweenfactors.Thisprovides
prima facie evidence against an account trying to accommodate the investigated factors 
in a hierarchical structure. 
Unconstrainedversionsofconfigurationalaccountswouldpredictallcombinatorially

possible scope readings to be available, at least in principle. This is in line with the present 
findings.Whatneedstobedoneistoworkoutanexplanativemodelofscopepreference
incorporatingtheinterplayofthedifferentfactorshereshowntoberelevantfortherela-
tivescopeofquantifiers.Furthermore,wehavearguedintheintroductionthatthepre-
senteddataposesomeconstraintsonsuchamodel,namelythatthefactorsthatfilterout
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particular scope readings have to contribute in parallel. We hope that the data presented 
here will serve as a valuable data source for working out such a model.
Thefindingsofourexperimentslendsomesupporttomulti-factortheoriesofquan-
tifierscope.First,relativescopeis influencedbyanumberoffactorssuchaslinear
order, distributivity and discourse anaphoricity. Second, scope preferences
were graded rather than categorical and, at least for object-before-subject sentences, 
largely fit the predictions derived from the tested linearmodel of scope preference.
Third,thefactorsinteractinapurelyadditivefashion.ContrarytoPafel’s(2005)model,
ourfindingsdonotsupporttheassumptionofthresholdsdistinguishingambiguousfrom
unambiguoussentences.Alltheconstructionswetestedinourexperimentswerescope
ambiguous.Experiment1makesthestrongestcaseforthisclaim.Althoughonescope
reading was extremely preferred over the other, the dispreferred interpretation was still 
judgedbetterthanaclearlyunavailableoneinscopedisambiguatedcontrols.Moreover,
theratingsofcanonicalsubject-before-objectsentencesinExperiment1indicatedthat
Pafel’s (2005)accountmakes thewrongpredictions for thiskindof sentences.Here,
thetheoryclearlyhastobeadjustedtofitthedata.Wehavealsoseenthatthebroader
experimentalcontexthasaninfluenceonscopejudgments.Identicalconditionstested
in Exp. 2 and 3 received consistently different judgments. This shows thatwe need
additional linking assumptions to relate linguistic theory to experimental work on scope 
preferences. 
Besides the theoretical implications,our studyadds to thepsycholinguisticworkon
quantifier interaction. Previous results were not sufficient to decide whether linear
orderhasan influenceaboveandbeyondgrammaticalfunction. While VanLehn 
(1978),Fodor(1982),Gillen(1991),andKurtzman&MacDonald(1993)providedsup-
port in favor of this claim, Ioup (1975),Catlin&Micham (1975), andMichamet al.
(1980)arguedthatthegrammaticalfunctionofthequantifiersismoreimportantthan
linear order. The constructions we used made it possible to tease apart the two factors. 
Wefoundastrongeffectoflinearorderindicatingthattheorderofquantifiersinflu-
ences scope independent of grammatical function. Furthermore, our study lends sup-
port to thefindingsofTunstall (1998),Bott&Radó(2009),Radó&Bott (2012),and
Brasovaeanu&Dotlacil (2015) in showing effects of distributivity. Finally, it adds
discourseanaphoricity to the list of scope factors, which has not been investigated 
beforewithrespecttoscopepreferencesinadults(Syrettetal.2016)buthasbeendem-
onstrated to yield rather strong effects in children’s interpretation of scope (Miller &
Schmitt2004;Musolino&Gualmini2004).
Whatismore,ourstudyisoneofthefirstexperimentalinvestigationsonthecombined
influenceofmultiplescopefactors.Wehavedemonstratedthatthefactorsclaimedtobe
relevantforscopeinterpretationshowpurelyadditiveeffectsaspredictedbymulti-factor
models that take into account the linear combinations of multiple constraints. In spite of 
being descriptively adequate, multi-factor theories are not very popular in the linguistic 
literature.Therearereasonsforthis.Sofar,thistypeoftheoryjuststatesthatafactor
isrelevantforquantifierscopewithoutofferinganexplanationwhythisshouldbethe
case. To also strive for explanatory adequacy, multi-factor theories need to address this 
question.

Abbreviations
1st=linearilyfirstquantifierphrase,subj=subjectquantifierphrase,dist=distribu-
tivequantifierphrase,d-ana=discourseanaphoricquantifierphrase,nom=nomina-
tive, acc=accusative,fem=feminine
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Additional Files
Theadditionalfilesforthisarticlecanbefoundasfollows:

•Appendix A.ItemstestedinExp.1.DOI:https://doi.org/10.5334/gjgl.309.s1
•Appendix B.ItemstestedinExp.2/3.DOI:https://doi.org/10.5334/gjgl.309.s1
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