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0 Overview

Followingitsintrodudion by Sapir (1933, theterm Qpsychological realityOhas provoked
intense reactionsfrom within linguistics as well itsnaghboing disciplines. Discussionshave
been paticularly heated since therise of generative grammar, whose proponents made quite
strong clams regarding therelationdhip of theoretical concepts from linguistics to theinternd
cognitive mechanisms undelying the acquisition and processing of soundpaterns For example,
The SoundPattern of English is asserted to be Ga hypothesis concerning the actud interndized
grammar of the speaker-hearerOwhere grammar refers to Ga system which isused in the
produdion and interpretation of utterances (Chorrsky and Halle, 1968:4).0 Althoughthis
perspective is by no meansuniversally adopted by phonobgists, its dominance in linguistics
since the mid-20" century reflects amajor conaeptud shift from previousperspectives on the
study of languaye Asnoted by Andason (19856; emphasisin origind):

Orraditiondly, linguists have assumed that their concern was the study of

languags, taken as (potentially unlimited) sets of possible sentences (or

utterances, etc.) forming unitary and coheent systems. Gradudly, however, the

emphasis in research has shiftedEt o the propeties of grammars, in the sense of

systemsEw hich specify the propaties of the (well-formed) sentences in such a

system.O

This shift, coupled with the claim tha linguistic systems define a capecity (or
competence) possessed by individual speakers of alanguaye has focused attention on the
correspondence between congructs from linguistic theories and the cognttive systems of
individud speaker-hearers. Psychological realism views such correspondences as cornerstones

of linguistic researchN both in terms of empirical practice and theory development. This chapter
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consdesthe content and import of this approach in competent, adult individuds (for discussion
of languaye acquisition, see Demuth, this volume). Three core issues are congdered:

¥ Wha is psychological realism? Psychological realism adopt a cognitive

psychological perspective to explain human linguistic behavior. Thisoffersa
fundiond-level accountof how different components of the human cognitive system
interact to yield particular behaviors.

¥ Why ispsychological realism critical for linguistic research? Human behavior aways

reflects the interaction of multiple cogntive components. Withoutmaking explicit
(and empiricaly judified) assumptionsaboutthe nature of these interactions we
cannotcorrectly draw inferences aboutthe structure of thecognitive system. The
perils of failing to specify these assumptionswill be illugrated uang well-formedness
judgnents.

¥ How can psychological realism hep resolve theoretical issuesin linquistics? If we

take serioudy theneed to articulate thefundiond architecture undelying specific
tasks, we can better undestand theimport of behavioral daa. This can hdp resolve
outstanding theoretical questionssuch as the naure of therelationship between
lexical and grammatical knowedge

1 What is psychological realism?

1.1 The structure of psvchological theories

Psychological realism adopts thetheoretical perspective of cognitive psychology to
undestand languaye-related behavior. (n.b.: Thisis by no meansthe only perspective on human

psychological capeacities, see, e.qg., van Gelder, 1998.) It explainslanguaye behavior asthe
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coordinated interaction, in real time, of a set of more primitive capacities or fundionstha map
between input and outputs.

1.1.1 Fundiond explanaion

Cognitive psychological theories aim to specify the psychological capacities of
individuds. Capecities are theregularities tha govern the behavior of the cognitive system.
Theseregularities are lawlike in tha given certain precipitating conditions(environmenta or
internd), the system will exhibit certain (behaviora or internd) manifestations(Cummins,
1983) Theterm Gundion(ss used to evoketheidea of a precisely specified relation or mapping
between starting configurationsof the system (i.e., precipitating conditions and ending
configurations(manifestationy. When describingthe cognitive system at this level of
description, thereis no specification of howthis mapping is accomplished. Our theory simply
specifiesthat given certain inpuss, a certain distribution of outputs will be produced. (Note this
mapping could be deterministic or stochastic.) This correspondsto Marr@ (1982 conputational
level of andysis of cognitive systems. Thediscussion here follows Smolensky (2009 in
referringto thisas thefundionallevel of description.

Toillugrate thislevel of andysis, many psycholinguistic theories of speech perception
assume two broad fundiond stages are involved in the perception of single spoken words
(McCldland, Mirman & Holt, 2009. Thefirst stage, pre-lexical processing, takes asinputa
relatively fine-grained representation of acoudic information (e.g., acoudic features) and
produces as output a pre-lexical representation elaborating thelinguistic structure of theacougic
input(e.g., by specifying segmental and prosodic structure). The second stage, lexical

processing, uses this pre-lexical representation to retrieve alexical representation of the
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utterance (e.g., aunitary whole-word representation <DOG>; thisis used to access semantic and
syntactic information).

Althoughthis level of description does not specify howa mapping is computed, claims
stated at thislevel are contentful statements aboutthe psychological organization of speskers.
First, as anyonewho has attempted to condruct a generative grammatical andysis can tell you, it
isnotrivial matter to precisely specify afundiontha mapsalarge set of inputsto the correct set
of outputs. Second,fundiond andyses represent a critical initial step in the pursuit of
redudionist accounts of behavior. Fundiond theories take a complex capecity such as Qhe
ability to perceive the meaning of single spoken wordsOand decompos it into simpler
capacitiesN for example, Gnapping acoudic signds onto phonenes,OQetrieving words
matching the perceived phoneanes,Oand Qetrieving the meaning of wordsO (The hopeis tha
this redudionist procedure will terminae in ssimple capacities which can berealized as neural
computations see bdow). That such claims are taken to be contentful is clear from many
psycholinguistic studies aiming to distinguish theories with contrasting decompostionsof
complex capecities. For example, with respect to the capacity of perceiving single spoken
words other psycholinguistic theories of perception have proposd tha there is no explicit pre-
lexical stageintervening between acoudic signd processing and meaning retrieval (e.g., Gaskell
and Marden-Wilson, 1997)

1.2 Therole of capacitiesin rea-time linguistic behavior

Cognitive psychological theories aim to accountfor linguistic behavior. An essentid
component of such theories istherefore specifying how fundionsare utilized in the performance
of specific behaviors or tasks. For example, wha fundionsare utilized in an auditory lexical

decisontask (Where aparticipant mug decideif astring of soundsis alexical item or not)?
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Within the general framework outlined above it isgeneally assumed tha peformancein this
task isrelated in part to the outcome of lexical processes; participant responss reflect at least in
pat whether aword representationis or is not successfully retrieved for theinput Within the
architecture above this meanstha pre-lexical processes are a'so engaged; senory inputcannot
influence lexical processing without the mediation of pre-lexical processes. Subsquent to
lexical processing, there mug also bedecision processes that allow the hearer to make a
word/nonword respon (see Ratcliff, Gomez, and McKoon,2004,for arecent review of such
modds in the context of lexical decision tasks usng printed words).

It iscritical to note tha within psychological theories fundions like human behavior,
exist in real time; they have tempora extent. For example, Palmer and Kimchi (1986:40) define
psychological capacities as Onformationd eventsOcongsting of @heinputinformation (what it
starts with), the operation performed ontheinput(wha gets doneto theinpuf and the output
information (what it endsup with) [emphasis origind].O Rather than speaking broadly of a
fundion as an a-tempora specification of arelation or fundion between inputand output, this
approach makes the stronge assumption tha the capecity literally starts with theinputat some
time and after some distinct period actively produces theoutput Likewise, theinteraction of
these capacitiesisinhaently temporal. Accordingto Palmer and Kimchi decompostion of a
complex capacity is specification of a set of informationd events plus Qhetemporal ordering
relationsamongthem tha specify howtheinformation @lowsQthroughthe system of
componants (p. 47).0 That is, the primary task of structuring theinteraction of simpler capacities

is specifying thar tempora relationdhips
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1.2 Psychological vs. algorithmic or neural accounts

Psychological theories, stated at thefunaiond level of description, do not offer complete
accounts of the cognitive system. Ultimately a complete theory mug specify notonly wha
fundionsare but (1) how they are computed and (2) how they are realized physcally by the
nervoussystem (Marr, 1982. Accountstha address these two issues are sketched bdow.

1.2.1 Thealgorithmic level

Theagorithmic level of descriptionisan abgdract, computationd characterization of the
process which satisfies thefundion specified at the highe level of description. Tha is, if the
cognitive system is placed in the appropriate initial configuration, thealgonthmwill place the
system in thedesired ending configuration.

For example, thelexical fundion described abovehas been ingantiated within spreading
activation networks (e.g., McClelland & Elman, 1986; Norris, McQueen, & Cutler; 2000) In
these networks, oneset of processing units ingantiates pre-lexical speech soundrepresentations
(e.g., thereisaunit correspondngto initial /d/, another for initial /t/, etc.). Another set of units
ingantiates thelexical representations(e.g., theeisaunit for DIG, anothe for DOT, etc.). The
fundion specified aboveisrealized by connection weights that allow activation to flow between
these two levels of representation. When theword-initial input/d/ is provided to the network by
imposng a certain patern of activation onthe pre-lexical units (e.g., activating /d/ but not/t/),
activation will automatically flow alongthese connectionsto the appropriate output units (e.g.,
activating DIP butnot TIP). Thisprocessis entirely mechanical; given an inpu, the network
will automatically produce (via spreading activation) the output that satisfies the fundion

specified above
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1.2.2. Neural level accouns

Of course, acomplete accountof the cognitive system cannotstop at theagorithmic
level. Human cognitive systems are ultimately redized by neurobiological structures and
processes. Theefore, at thelowest level of descriptionN the neural levelN the algorithms
specified at the preceding level are implemented in terms of neural systems. For example, the
process of accessing lexical representationsfrom acoudic inputhas been argued to be
ingantiated by brain structures in thevicinity of the temporal-parietal-occipital jundion (see
Hickok and Poeppd, 2000,for arecent review). A neural specification of the spreading
activation networks abovewould haveto detail how the algorithm specified above(i.e., abdract
pre-lexical aswell as word-sized processing units; activation flow amongthese units) is
ingantiated in these neurond assemblies.

1.2.3 Psychological accounts are notagorithmic or neural accounts

Cognitive psychological explanaionsare, in general, stated in terms of capecities, that is,
they are funaionallevel explanaions They donottypically address thealgorthmic (much less
neural) realization of capacities characterized at the fundiond level. For example, following the
genea redudionist strategy of fundiond accounts, cognitive psychological theories accountfor
complex behavior in terms of theinteraction of (relatively) smple capacities (Cumming 1983
Palmer and Kimchi, 1986. These ssimple comporent capecities are assumed to be physcally
embodied (i.e., agorithmically and neurally realized) butthedeails of how this occurs are
typically notspdled out Qn reality, mosg IP [information-processing or cognitive
psychological] theorists give, at best, arather vague, verbd description of theinputoutput
characteristics of the componentsEunf ortunaely, smulations[algorithmic implementationg are

seldomactudly doné&E (Palmer and Kimchi, 198653-54).0
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Tha isnotto say tha psychological (or linguistic) theorizing categorically avoidsother
levels of description. In paticular, many theories are at least patidly specified at both the
fundiond and agorithmic levels. For example, as discussed abovethe processing of
monogllabic mononorpheamic forms has been computationdly implemented by a spreading
activation network (nate, however, thelimited range of inputs this specific algorithm can
process). However, such work is the exception rather than therule. 1n mog psycholinguistic
theories, many processing components are wholly unandyzed algorithmically (as noted by
Palmer and Kimchi above. Thestuaionisfar worse with respect to theneural level of
description. Asfar as| am aware, notheories of languaye-related capecities have attempted to
specify thephyscally ingantiated neurobiological processes tha realize cognitive fundions
(althoughmany have investigated the neurobiological structures assodated with linguistic
capecities). For example, althoughconnectionist research has attempted to specify algonthms
tha are broadly compaible with neurond computationd prindples, it is still extremely abdract
relative to actud neurobiologica mechanisms (Smolensky, 2006)

Psychological realism istherefore like mog research in linguistics; it adops afundiond
level approach to undestanding human behavior. A critical issuefor any fundiond theory is
realizability: howisthefundiond level description indantiated algorithmically and ultimately
neuraly? Theseissues are critical, asthey address the physical reality of theoretical condrudts.
If noagorithm can be specified tha ingantiates a hypohesized fundion, or if thereisnoway to
realize tha algorithm neurobiologcally, thefundiond level description becomes significantly
less plaugble. But (contraauthorssuch asLindl, 1979)these issues are distinct from specifying

apsychological (fundiond level) accountof linguitic behavior.
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1.3 Linking linguistic and psychological theories

As noted above linguistic theories are also, in generd, fundiond level theories. They
decompose complex linguistic knowedgeinto a set of smpler fundions(e.g., syntactic vs.
phonobgical components of thegrammar). Although research in computationd phonobgy ams
to specify agorthmstha compute grammatical functions(see Coleman, this volume, for further
discussion), thetypical linguistic andysis does notconsgde how it is computationdly (much less
neuraly) implemented.

Psychological theory can enrich such theories by providing aframework for thinking
abouthow these linguistic fundionsare deployed during behavioral. Likelinguistic theories,
cognitive psychological theories explain languaye behavior as the coordinaed interaction of a set
of more primitive fundionstha map between inpus and outputs. Unlike many linguistic
theories, psychological accounts are situated within specific behavioral tasksandin real time.
This enables psychological theories to make predictions(tha can be confirmed or refuted) for
behavioral experiments. Linkingalingustic theory with a psychological theory alowsthe
linguistic theorist to draw uponthis rich body of evidence to inform ther theory.

Making such connectionsis facilitated by theuse of fundiond level descriptionsin each
tradition. However, difficulties can arise dueto contrasting assumptionsregarding the specificity
of linguistic knowedge Mog linguistic theories aim to characterize capacities commonto all
linguistic behaviors; in contrast, many psychological theories aim to characterize the capecities

involved in particular sets of behaviors'. For example, the psychological theory discussed above

! In practice, of course, theories often lie in between these two extremes. For example, some
recent work in theframework of Optimality Theory has pursued the hypothesis that distinct
grammars (with distinct rankingsand/or condraints) are used in perception and produdion (e.g.,
Boersma, 1999;Kengowicz, 2001) Similarly, psycholinguistic theories have podulated that a
single system is used in both moddities (see Martin and Saffran, 2002,for discussion).
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concernstherelationdip of variouslevels of soundstructure in speech perception; it makes no
clamsregading speech produdion. In contrast, atypical linguistic theory would attempt to
characterize the general relationship between levels of soundstructure representationN a
relationship tha subserves perception, produdion, acquisition, well-formedness judgnrents, etc.
For example, Jakobon (1941:92) claims Qhe same laws of solidarity [emphasis mingl Oundelie
child languaye, aphasia, andtypologica soundstructure paterns Chonsky and Halle (1968)
assume the (singular) grammar is Ga system used in the produdion andinterpretation of
utterances (p. 4; enphasis ming).O

A critical issuein psychologica realism is therefore establishing how components of
linguigtic theories link up to components of psychdogical theories. Withoutsuch links itis
impossible for linguistic theories to use psychological theoriesto hdp draw inferences from
behavior. Thenaure of such linkscannotbe established a priori. Some theories have assumed
relatively direct connectionsbetween components of linguistic theories and psychological
mechanisms (e.g., Goldrick & Daland, 2009. However, linguistic theories making differing
assumptionsregarding the specificity of knowedge may necessitate more complex relationships
with psychological theories. For example, the phanological component of the grammar may be
distributed over many distinct psychologica capecities (specific to memory, languaye
produdion, perception, etc.).

In spite of such complexities, the establishment of these linksisimperative for linguistic
theorists that wish to make use of behavioral daa. If alinguistic theory is notsituated within
specific tasks tha occur inreal timeit cannotbeinformed by daa from on-line behavioral tasks.
Psychological theories provide an appropriate set of linking hypoheses licenang such

inferences.
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2 Why is psychological realism critical for linguistic research?

Asdiscussed above psychological theories accountfor behavior in any given task
throughthe complex interaction of manysmple capecities. This pant has been noted by many
authors; for example, Chonsky (1980 188)writes Qhe system of languayeis only oneof a
number of cognitive systems that interact in themog intimate way in the actud use of
languaye. O Such interactionsclearly complicate the interpretation of behavioral data. When
assessing behavior, it isnat sufficient tha werichly articulate a theory of the cognitive
component of interest (e.g., the phonobgica granmarQ. We must aso specify how this
component interacts with other relevant cognitive process to produce the behavior(s) of interest.
As discussed by Caramazza (1986:47):

bwervationsdo not carry on their sleeves signsindicating whether or notthey

conditute relevant evidence in some domain of investigaion. An especialy

important point is that a specific set of observationsEw ill assume evidential

statuswith respect to some modd only if we are able to provide adequae

argumentskEt o explicitly link thetypeof observationsin question to the

componeat or componeants of processing being investigated.O

Using behavioral daato inform theories therefore requires Gasufficiently detailed modd
of the cognitive systems of interest to guide the search for richly articulated paterns of
performance (Caramazza, 1986:66).0 Until this has been specified to at least some level of
detail, we cannotestablish (in Caramazza@ term) the Gevidential statusOof behavioral data
These concernsare by no meansuniqueto cogntive psychologists. For example, Fodor(1981.:

200) notes that Qa]ny science is unde the obligaion to explain why what it takes to bedaa
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relevant to the confirmation of its theories are data relevant to the confirmation of itstheories
[emphasis origind].O

In this section, we examinea critical domain of behavioral dataN wordlikeness
judgmentsN where theinference from daa to the structure of the cognitive system has been
impared by thefailure to consde how multiple cognitive components interact to produce
behavior. Thepaticular domain we focuson hereis phonotctic knowedgeN our knowledge
tha certain combinaionsof phonobgica structures are dispreferred relative to othe's. First, the
role of such knowledgein geneative theoriesis briefly reviewed. We then critically review the
data fromwordlikeness judgments.

2.1 Generative models of phonotactic knowledge

2.1.1 Phonotctic knowledge

Evidence fromawidearray of linguistic behaviors suggests tha our cognitive systems
are structured in such away asto disfavor certain combinationsof phanological structures
relative to othas (n.b. these preferences are to a certain degree languaye specific, but generd
paternsare foundacross languayes). For example, althoughEnglish words contain both /p/ and
I/, aphonobgica stringwith aninitial cluger /Ip/ will be disfavored over astring with an initial
Ipl/. Thedispreference for certain structures may manifest itself in anumber of different ways,
induding: native speaker judgmnrents of acceptability (astringwithinitial /Ip/isjudgel to bea
poor English word); statistical unde-representation (or absence) in corpora (there are nowords
in English withinitia /Ip/); difficultiesin memory, perception, and produdion (for English
speakers, it isdifficult to recall, percelve or produce initial /lp/ clugers). Phonotactic knowledge

concernshow cognitive fundionsare structured so as to yield these behaviors. Thediscussion



Goldrick Psychological realism 14

here assumes tha phonogctic knowledgedistinguishes amongforms in terms of thaer degree of
well-formedness. Favored structures are well-formed; disfavored structures areill-formed.

Note tha phonogctic knowedgemay alow speakersto disfavor structures to varying
degrees. For example, consder thefricatives/f, v, h/ in word find postion. In English
sequences with /h/ in this postion are completely absent, while /f/- and /v/-find sequences
(laugh, live) are attestedN suggesting that word-final /h/ may be strongly disfavored by Endish
speskersOphonosctic knowledge However, althoughboth are attested, /v/ is much less frequent
than /f/ in this postion; /v/ isfoundin fewer wordsand occurs with alower frequency in running
speech. This suggests tha relative to /f/, word-fina /v/ may bedisfavored to some degree.
Phonotctic knowedgemay therefore also make gradient distinctionsin well-formedness.

2.1.2 Generative phonobgica modds

Thereisalonghistory in lingustic theory of seeking to develop theories of phondactic
knowedge ONhereastraditiond phonobgy generaly gives rules for articulating all sound€
and stopsthere,0Saussure (1916:51) writes, @ombinaory phonobgy limits the possibilities and
defines the congant relationsof interdependent phonames.O The dominant theoretical
framework since thetime of Chomsky & Halle (1968) has been generative grammars. A
geneative grammar specifies arelation mapping a set of undelying phonobgica structuresto a
set of surface phonobgical structures (Smolensky, Legendre, & Tesar, 2006;n.b. thediscussion
here assumes a probabilistic formulation of thisrelation). Such grammars modd phonogctic
knowledgeby specifying probability distributonsover the set of surface phonobgical structures,
well-formed structures are assignad highe probability than ill-formed structures.

Mog work in this tradition has focused on a binary distinction between legd vs. illegd

strings characterizing thelatter as categorically ill-formed and the former as categorically well-
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formed (see Goldsamith, 1995 for areview)?. Categorically well-formed structures are all
geneated by the grammar with equd probability (i.e., they are all equdly well formed);
categorically ill-formed structures are never generated by the grammar (i.e., they are al equdly
ill-formed). For example, if we bdieve tha the phonotactic knowedgeof an English speaker
specifiesthat /h/ isill-formed in word find postion, we can represent this within a generative
grammar intwo ways. First, we can alter the probability distribution over undelying structures.
For example, we could ban undelying representationscontaining /h/ in this postion (e.g.,
morpheme structure condraints). A second mechanism involves altering the structure of the
grammatical fundion. For example, we can ban any mapping (as defined by a set of rulesor a
condraint ranking) tha allows /h/ to be generated in this postion.

More recently, interest has grown in modding gradient distinctionsin phonogctic
knowledge This has been mog frequently modded in terms of generation probability. Less
well-formed structures have lower generation probability than more well-formed structures. For
example, if we bdieve tha the phonosctic knowedgeof an English speaker specifiesthat /v/ is
disfavored in word find postionrelative to /f/, we can represent this within agenerative
grammar by (@) assigning undelying representationscontaining /v/ in this postion lower
probability than comparable representationscontaining /f/ (e.g., Frisch, Pierrehumbert, and Broe,
2004,assume a gradient congraint onroots in Arabic) and/or (b) assigning alower probability to
any mapping resultingin /v/ rather than /f/ in this pogtion. A variety of forma mechanisms have
been specified to assign probabilities to mappings within derivationd theories by assodating

probabilities to rule applications(e.g,. Coleman and Pierrehumbert, 1997) or within Optimality

% Categorical distinctionsbetween possible and impossible structures were also the primary focus
of agooddeal of pre-generative research (e.g., Bloonfield, 1933; Harris, 1951; Trubezkoy,
1939;Whorf. 1940)
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Theoretic (Prince & Smolensky, 1993 approaches by assigning probabilities to congraint
rankings(e.g., Boersma and Hayes, 2001)or output candidaes (e.g., Coetzee, 2006;Hayes &
Wilson, 2008) Further extengonsto these forma mechanisms can alow generative grammars
to represent gradient distinctionsin well-formedness among undtested structures (e.g., for an
English spesker, assigning varying probabilities to the generation of undtested initial clugers
/fn/ and/zg/; Davidson, 20068.

Thediscussion bdow examines theinfluence al of these varioustypes of well-
formedness distinctionson behavior: categorical distinction between attested and unédtested
strings(e.g., in Endlish, find /f/ is possible, butfind /h/is not); gradient distinctionsamong
attested strings(e.g., find /v/ isdisfavored relative to find /f/); and gradient distinctionsamong
undtested strings(e.g., for an English speakers, varying preferences for initial /fn/ vs. /zg/). In
each case, these well-formedness distinctionsare pat of the (hypotesized) mental knowedge
tha undelies behavior. Note tha certain theories use objective measures (e.g,. relative
frequency or probability of structuresin corpora) to estimate these mentally represented
distinctionsin well-formedness. It isimportant nat to confuse these two notions athoughthe
objective measures are used to estimate phonogctic knowledge it isthe mentally represented
distinctionsin well-formedness tha are casudly involved in produang behavior.

2.2 Inferring phonotactic knowledge from well-formedness judgments

To develop modds within thevariousformal frameworks discussed above researchers
have drawn inferences conaerning our knowledgeof well-formedness distinctionsbased on
varioustypes of empirical data. Much of thiswork relies on categorical judgnents of
acceptability or possibility of variousforms (e.g., Os/zah/ apossible English wordX). (These

judgments may be systematically organized and codified in awritten grammar.) The péaterns
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identified within this set of judgments (e.g., thetendency to judgeforms with word-find /h/ as
unacceptable) then inform the congruction of generative grammatical modds (e.g., the
pogulation of morphame structure condraints banning /h/ in this postion). Judgments can aso
inform modds by providing atest of thar predictions For example, suppo® a modd classifiesa
form as categoricaly well-formed. If theform isjudged to be unacceptable, this provides some
evidence agang themodd; if it is acceptable, theevidence is consstent with the modd.

Below, we briefly review three issues with uang this type of datato inform grammatical
theories. Thefirst ispurely methodobgical; more quantitative methodsare required to
accurately assess judgmnents. We then turn to two more subgantive issues with thiswork. These
issues reflect thefailure of thistype of research to consder psychological realismN how the
cognitive system is structured so asto yield judgnents. Asdiscussed bdow, theseissues are
likely to lead to errorsin inferring well-formedness distinctionsfrom behavior.

2.2.1 Issue 1: Quantitative andysis of behavior

Althoughthe collection of judgments and identification of paternswithin them isdone
with great care and precision, it often does notdo complete jugice to thecomplexity of the
undelying behavioral datafromjudgmnents. Frequently (asin many written grammars)
acceptability judgments are codified as binary digtinctionsin well-formedness. (Thisreflectsthe
assumption tha acceptability judgments are amore or less direct reflection of phonosctic
knowledgeN a conflation of behavior with themental representation of degrees of well-
formedness’.) Criticaly, this binary categorization obscures afair amountof variation and
gradience in paticipant responses (see also Bard, Gurman, Robetson and Sorace, 1996, for

discussion).

% See Culbertson & Gross (in press) for adiscussion of similar issuesin grammaticality
judgnents.
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Theproblem of limiting judgnents to binary distinctionsis addressed by studies tha
utilize more quantitative assessments of participant@® judgnents. For example, Greenbeg and
Jenkins (1964)asked participantsto provide a numerical estimate of how far a stimulusword
was from English (atechniquecalled free magnitude estimation). Other studies have used rating
scales. for example, Vitevitch, Luce, Charles-Luce, and Kemmerer (1997 asked participantsto
rate stimuli onascale from 1 (bad example of an English word) to 10 (goodexample of an
English word). Theabovescales ask paticipants to judgehow wordlike a given stimulusis;
other studies focus more on Gxcceptability.O For example, Berent and Shimron (2003)asked
paticipants to rate, from best to worst ona5 point scale, how a stimulussounds Bailey and
Hahn (2001)asked paticipants to rate how typical a stimulussounds(onascale from 1 to 9).

Studies usng these types of tasks report that paticipantsreliably judgestructures tha are
classified by grammatical modds' asill-formed as being less acceptable or wordlike than
structures classified as well-formed (e.g., Arabic: Frisch and Zawaydeh, 2001 ; Cantonese: Kirby
and Yu 2007;English: Greenbag and Jenkins 1964; Pierrehunbert, 1994;Hebrew: Berent and
Shimron, 1997;Hindi: Ohda, 1983;Tagdog: Zuraw, 2007; Turkish: Zimmer, 1969)

Cross-linguistic research has also doaumented tha participantsCratingsof attested items
correlate with relative degrees of well-formedness (as predicted by grammatical modds
incorporating gradient distinctiong. Work usng judgmnents to test gradient modds of
phonogctic well-formedness has along history; it was a key motivation behind Greenbeg and
Jenking(1964)semind wordlikeness study. They in fact foundthat English speakersO
judgments were graded, congstent with the mental representation of gradient distinctionsin

well-formedness. Subsequent studies utilizing multiple methodobgies in many languayes have

* These modds may be generative (as described above) or based on simpler n-gram statistics
(e.g., biphonefrequency).
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also doaumented gradient distributionsin participantsudgnents. 1n studies examining
categorical judgments by Engish speakers (e.g., s this a possible English wordX), mean
ratingsacross paticipants or items are gradient (e.g., Coezee, 2008;Coleman and
Pierrehunbert, 1997;Dankovicova West, Coleman, and Sater, 1998;Scholes, 1966) Gradient
distinctionsare aso foundwhen individud English speakers make use of scales on each item
(e.g., Bailey and Hahn, 2001;Dankovicovaet a., 1998;Frisch et a., 2000;0hdaand Ohda,
1986; Shademan, 2006 2007, Vitevitch et al. 1997). Similar results have been reported ina
diverse set of other languages (Arabic: Frisch and Zawaydeh, 2001 ;French: Perruchet and
Peerman, 2004;Korean: Lee, 2006;Tagdog: Zuraw, 2007)

Althoughquantified observationsallow for a more nuanced picture of thedistributond
propeaties of behavioral respongs, the precise comnection of these observationsto theundelying
phonogctic knowedgeis notentirely clear. Scant attention has been pad to how phonogctic
knowledgeis deployed in real timeto yield judgments of well-formedness (see SchYize, 1996,
for detailed discussion of similar issuesin grammaticality judgments). Withoutclarifying, to
some degree of approximation, how thistask is peformed, it is difficult to determinethe precise
implicationsof these results. Thesectionsbdow consder two areas where this lack of clarity
could lead to incorrect inferences regarding phonogctic knowedge

2.2.2 |ssue2: Dynamic weighting of multiple factorsin judgnments

It islikely tha asin other decision tasks word-likeness or acceptability judgnents are not
a pure reflection of well-formedness; judgments mog likely reflect a combination of factors.
Following this latter assumption, mos research assumes judgments reflect both phonogctic well-

formedness aswell as similarity to existing lexical items (e.g., Bailey and Hahn, 2001,
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Shademan, 2007F. These two factors are conceptually distinct. There are forms tha are
unatested butwell formed (e.g., hing). Measures of similarity to existing lexical itemswill be
sengtive to such absences, whereas a pure measure of phonogctic well-formedness would not.
Empirical results suggest tha these two factors independently contribute to judgments. When
similarity to existingitemsis controlled, forms tha are classified asill-formed are still judged
less wordlike than those classified as well-formed (e.g., Arabic: Frisch and Zawaydeh, 2001]).
For English nonwordsclassified as relatively ill-formed, wordlikeness judgmnents correlate with
degrees of well-formedness, not similarity to existing lexical items (e.g., Frisch, Large, and
Pisoni, 2000;Coetzee, 2008) Findly, regression andyses can examinethe degree to which
judgments are influenced solely by degrees of well-formedness, similarity to existing items, or
some combination of thetwo factors. Such andyses show well-formedness exerts an
independent effect onjudgnents (e.g., Cantonese: Kirby and Yu, 2007;English: Albright, 2009;
Bailey and Hahn, 2001 ;Shademan, 2006 2007). (Note tha these two factors dointeract in
judgments; see Shademan, 2007,for discussion).

Althoughthese studies have taken into accounttheinfluence of multiple factors on
participant judgnents, little work has addressed the possibility tha these influences are not
gtatic. A basic finding in psychology and psychophyscs across many paradigms and domeinsis
that decision processes are dynamicN i.e., senstive to the context in which they are presented
(seeVickers & Lee, 1998 for agenaad review). Itisthereforeunlikely tha asmple static

fundion mapsjudgments to interndly represented well-formedness distinctions There are

® Thepotential role for multiple factors in judgments has long been recognized. Greenbeag and
Jenkins (1964)conduded judgnments reflect similarity to existingwords Writing aboutthe same
results afew years later Jenkins (1966)ingead appesled to Gystematic relationsor bodies of
rulesOtha speakers have interndized. Chomsky & Halle (1968:416-418)discussed afundion
for determining acceptability that is sengtive both to phonobagical rules as well asthe particular
structure of thelexicon.
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number of examples of such contextud effectsin psycholinguistics. Consder thewell-studied
task of lexical decision (where participants judgewhether an auditory or visud stimulus
correspondsto aword in oneof ther languages). Judgnents are influenced by the compostion
of nonword fillers (e.g., more wordlike fillers tend to dow respon®s), the propation of highvs.
low frequency targets, and repdtition of target items (see Ratcliff et al. 2004for arecent review).
In same-different judgments with nonword auditory stimuli (e.g., is depQdifferent from
Onep@), Vitevitch (2003)foundthe degree to which filler items are composed of real lexical
items leadsto shiftsin therelative weighting of different factors. The use of mogly word fillers
lead to a greater influence of similarity to existing lexical items, whereas mosly nonword fillers
leadsto a greater weighting of well-formedness. Critically, recent results suggest tha
wordlikeness judgnents are smilarly sengtive to propaties of the experimental context in which
thejudgnmentis given. Shademan (2006 2007 reported changes to therelative weighting of
similarity to lexica items and well-formedness in judgnents depending on whether the stimulus
set containsboth wordsand nonwordsor is composed of nonwordsonly. Althoughher results
are not clearly congstent across andysis methods some results suggest that when wordsare
excluded from the stimulus set participantsGjudgrents tend to more strongly reflect well-
formedness. Findly, Shademan (2007)reported that relative to those of youngadults, the
judgments of hedlthy older individuds are more sendtive to similarity to existinglexical items.
These findingsprovide some preliminary suppot for the claim tha wordlikeness judgnents are
context dependentN jugt like decisionsin many other cognitive domains

If factors other than well-formedness exert a variable influence on wordlikeness
judgments, utilizing such judgments to inform linguistic theories becomes less straightforward.

For example, suppo® induding real wordsas well as nonwordswithin in an experiment causes
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individudsQjudgnents to more strongly reflect similarity to existing lexical items. This may
cause judgments to beless sengtive to gradient digtinctionsin well-formedness. Without
awareness of such effects, we might mistakenly condudethat well-formedness distinctionsare
mentally represented in amore categorical fashionthan they actudly are. It isimperativefor
researche's usng wordlikeness judgnments to investigate how contextud factors influence
judgment performance. Thiswill alow for development of more complete modds of the
judgment processinvolved in this task (in much the same way tha extensve investigation of
context has enriched theories of lexical decision paformance).

2.2.3 Issue 3: Theinterface of judgnment processes with other cognitive processes

Asrepeatedly emphasized above any behavior reflects the complex interaction of
multiple psychologica capeacities. Wordlikeness judgmnrents are no different; in order to make a
wordlikeness judgnent, onemud perceive the acoudic structure of theform, assigna
phonobgical pasetoit, etc. . However, such relationshave been left largdy ungecified in the
literature. Thefailure to articulate how judgments are situated within the cogntive system could
lead to misinterpretations of behavioral data

Suppoe tha in perceptionthe phonobgical grammar correspondsto some specific
cognitive process. Judgnent processes respondto the output of this grammatical component of
the cognitive system. However, this does not mean tha judgments are influenced solely by the
grammar; this componentis butthelast link in acausal chan of processes mediating the
stimulusand thewordlikeness judgnent.

Suppog we present an English speaker with two stimuli: onecontaining a word-find /h/,
the other aword-find /9. We then ask them to characterize the relative acceptability of thetwo

stimuli. Onepossibleresult isthat they will judgetheform with /h/ as beng less acceptable.
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Does thisimply tha their grammatical processes encodeword-find /h/ as less well-formed than
word-find /s/? Not necessarily. It ispossible tha some well-formedness effects emergein
earlier stages of processing. For example, ill-formed sequences may be corrupted or distorted by
relatively early perceptud processes (e.g., when exposed to an /h/ in word-find postion, an
English listener may have difficulty perceivingtheintended sound) Thereis some empirical
suppot for such apossibility; studiesin severa languayes have shown that in fairly basic
perceptud tasks hearers have difficulty perceiving categorically ill-formed stimuliN such that
thar perceptionis distorted towardsawell-formed percept (e.g., Dupoux,Kakehi, Hirose,
Pallier, and Mehler, 1999 see bdow for further discussion). This GeparOof the perceptud
inputmay resulted in a corrupted or distorted representation (i.e., it may bean incomplete
reparN apoa exemplar of thewell-formed percept). This distorted inputto grammatical
processes might then cause hearers to judgea stimulusas less word-like. Thedistorted qudity of
theinpulN rather than the mental representation of well-formedness between /h/ and /s/N would
giverise to thejudgnent of word-find /h/ as|ess acceptable than word-find /5/.

Alternaively, suppo® the speaker judges word-final /9 and/h/ to beequdly acceptable.
Does thisimply tha ther grammatical processes encodeword-find /h/ and/s/ asbengequdly
well formed? Not necessarily. Suppo® tha perceptud repars do notresulted in distorted inputs
butingead produe completely well-formed representations Unde this scenario, therepar
convats a categorically ill-formed representation to a categorically well-formed representation
(see bdow for further discussion). A word-find /h/ stimulusis therefore trandormed by
perceptud processesinto a completely well-formed word-find /s/. Evenif the participant®®
grammar encodes word-find /h/ as less well formed, this perceptud trandormation prevents

grammatical processes from influenangjudgment behavior.
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We cannotdraw a simple, direct connection from judgmnrents to the mental representation
of degrees of well-formedness. One means of attempting to circumvent thisissueisto assume
tha the phonobgical component of thegrammar isin fact distributed across multiple
psychological capecities. Thus theinfluence of well-formedness on more basic perceptud
processes till has implicationsfor the structure of the grammar. This may beapromising
approach, butit would require a great deal of specification to become aplausble hypothesis. For
example, returningto theissueraised above if themultiple psychological processes encoding
the grammar are each subject to independent contextud variation, the problem of relating
judgnents back to grammatical structure becomes many orders more complicated. Assuming
thegrammar is distributed over multiple psychological processes does not eliminae theneed to
consde thefundiond architecture of these processes; if anything, it makes such issues even
more critical.

2.3 The perils of avoiding psychological realism

Thecommon use of binay classificationsto characterize judgnmentsisaclear
methodobgical issuein many studies. But the exclusve use of well-formedness judgnents,
disconnected from any theory of human languaye processing, has much deeper flaws tha are
likely to yield incorrect inferences regarding the nature of our knowledgeof well-formedness.

In order to correctly draw inferences from on-linebehavioral data, lingustic theories
mug be situated within specific tasks tha occurinreal time. Current research into well-
formedness judgmnents has not adequaely addressed this problem; nather thejudgnent process
itself noritsinterface with other cognitive systems have been well articulated or empirically
explored. Asdiscussed above thislack of clarity islikely to lead to notonly imprecise butalso

faulty condusonsregarding the naure of phonogctic knowedge Because al linguistic daa
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(induding distributiond daain corporaor dictionaries) ultimately arises from on-line behavior,
interpretation of such data requires seriouscongderation of the symphonyof coordinaed
cognitive fundionstha giveriseto tha behavior. Of coursg, itishighly likely tha current
theories will beincomplete in many respects; the cognitive fundionswill beless than completely
specified, thar interactionsonly patialy spdl-out But even apartia accountwill provide
purchase on many of theissuesidentified above It will provide some judificationfor linking
behavioral observationsto the cognitive component(s) of interest.

Thisisnotto say tha well-formedness judgments bear no relationto phondactic
knowledge [t& highly likely that phonosctic knowledgedoes contribute in some way to well-
formedness judgnents. Thecritical issueistha withoutspecifying the naure of this
contributionin greater detail, we cannotdraw inferences from behavioral dada We have nobasis
for arguing that variation in judgmentsreflects thefundion(s) of interest rather than some other
fundioninvolved in thejudgnent task.

3 How can psychological realism help resolve theoretical issues in linguistics?

3.1 Utilizing psychological realism

To establish linksbetween behavioral data and the structure of particular cognitive
fundions psychological research adopts two basic strategies. Oneisthroughdetailed
examindion of particular tasks. Researchers adopttheories of a paticular fundionandits
interaction with other fundions empirical research is then used to test and refine these theories
(both in terms of the structure of fundionsas well asthar interactiong. A secondapproach isto
seek convaging evidence from awide variety of tasks. Many cognitive fundionsare typically
assumed to beutilized in awide variety of tasks. For example, psycholinguistic theories of

gpeech perception typically assume that there is acommon set of cognitive fundionsengaged in
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al peceptud tasks. At some level thisisobvioudy true for any perceptud task, the hearer must
at aminimum perform some anaysis of the speech sounds(otherwise there would be no stimulus
to peform thetask on!). Researchers can rely onthese fundiond commonditiesto draw on
performance across awiderangeof tasks to condrain theories of specific cogntive fundions

The sectionsbd ow examine how these strategies have been used to examinethe naure of
phonogctic knowledgein both speech perception and produdion. Thefirst step isto establish
tha phonogctic knowledgeisin fact utilized in bath perception and produdion. To suppot this
claim, thefundiond architecture of core processes involved in perception and produdionis
outlined. These architectures characterize how phonotactic knowledgeis deployed on-linein
these behaviora tasks. Conveaging evidence fromavariety of behavioral tasks tha engagethese
core processes is then reviewed. Thisbody of work provides suppot for the hypothesized
fundiond architecture® claim tha phonotactic knowledgeplays a critical role in these tasks.

Armed with some validation of our linking assumptions we can then turn to more
deailed questionsregarding the nature of phonogctic knowledge In thecourse of reviewing
daafrom perception and produdion, we toudh ontwo types of results tha bear ontwo key
issuesin linguistic theory: therelationship between grammar and lexicon and the gradient vs.
categorical naure of phonotctic knowedge

Within the generative tradition systematic aspects of phonobgical knowledge(e.g.,
phonogctics) have typically been reflected by thestructure of thegrammar. Thisisseenasa
distinat component of the cognitive system from that of the (phonobgical) lexicon (Chomsky &
Halle, 1968) This specifiesthose phonobgica structures which correspondto lexical items of
thelanguage(i.e, words). However, this distinction has not been universally adopted (even with

thegeneative tradition. Recent work in linguistic theory has strongly emphasized theview that
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lexicon and grammar are highly intertwined, inseparable components of the cognitive system
(e.g., Burzio, 1996;Bybee, 2001)

The secondissue addressed bdow conaernsthe nature of phonogctic well-formedness.
As discussed above many generative grammatical modds have focused on categorical
distinctionsin well-formedness. However, more recently there has been agrowinginterest in
modding gradient distinctionsin grammatical knowledge There has been consderable
disagreement in theliterature regarding whether the former or latter perspective best
characterizes the naure of our linguistic knowledge (see, e.g., Newmeyer, 2003 and assodated
commentariesin LanguageB1(1) for a recent discussion).

As discussed bdow, behavioral dataN interpreted within fundiond frameworks for
speech perception and produdionN can hdp resolve these questions  With regard to thefirst
issue, cognitive fundionsencoding phonotctic knowledgeare distinct from (butinteract with)
those encoding word-specific knowedge thisis congstent with the claim tha lexicon and
grammar are indgpendent components of linguistic knowedge Second, gradient distinctionsin
phonosctic well-formedness influence perception and produdionN suggesting phonosctic
knowledgeis notlimited to categorica distinctions

3.1 Phonotactic knowledge in speech perception

3.1.1 Phonotctic knowledgewithin thefundiond architecture of speech perception

As discussed above many psycholinguistic theories of speech perception assume two
broad fundiond stages in speech perceptiontasksinvolving stimuli upto thesize of single
spoken words(e.g., McClelland et al., 2006) Thefirst stagetakes asinputarelatively fine-
grained representation of acougic information (e.g., acoudic features) and produes as output a

pre-lexical representation elaborating thelinguistic structure of the acoudic input(e.g., by
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specifying segmental and prosodic structure). The second stage uses this pre-lexical
representation to retrieve alexical representation of the utterance (e.g., a unitary whole-word
representation <DOG> which is used to access semantic and syntactic information). In this
discussionthefirst stagewill bereferred to as pre-lexical processing and the second as lexical
processing. (Note: these two stages of processing may overlap and interact; see McClelland et
al. 2006;Norriset a., 200Q for discussion). Thisbasic decompostion of the system into two
distinct lexical and pre-lexical representationshas received suppot from a variety of perceptud
tasks (for recent reviews, see Gaskell, Quinlan, Tamminen, & Cleland, 2008;McQueen, Cutler,
& Norris, 2006)

In this two-stage framework, phonogctic knowledgeis assumed to be encoded within
pre-lexical processes; the speed and accuracy with which pre-lexica representationsare
activated reflects ther phonogctic well-formedness. For example, with respect to categorical
well-formedness Dupouxet al. (1999 assume tha categorically ill-formed sequences lack stored
suprasegmental representationspossessed by categorically well-formed sequences (specifically,
demisyllables). Thelack of such stored representationsleadsto greater errors and slowed
processing times onill-formed sequences. With respect to gradient distinctionsin phonogctic
well-formedness, Luce, Goldinge, Auer and Vitevitch (2000;see also Vitevitch and Luce, 1999)
assume tha representationd units within relatively well-formed sequences facilitate one
anotherN allowing for more rapid and accurate retrieval for more vs. less well-formed structures
(for discussion of similar mechanisms, see Newman, Sawusch and Luce, 1999;Notris et al.,
2000)

Thisfundiond architecture predicts anumber of behavioral manifestationsof

phonogctic well-formedness. This section focuses on sub-word perceptud tasks in which
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paticipantsidentify, categorize, or discriminae auditory stimuli withoutbang required to
explicitly attend to properties of whole words (Note that smilar effects are foundin tasks that
dorequire attention to whole words e.g., lexical decison: Berent, Everett, and Shimron 2001;
word segmentation: McQueen, 1998;Van der Lugt, 2001) Unde some accounss (e.g.,
McClelland et al., 2009, performance in sub-word tasks directly reflects pre-lexical
representations phonogctic congraints therefore directly influence sub-word task performance.
In contrast, other accounts (e.g., Norriset a., 2000 augment thetwo-stage architecture above
with an additiond set of representationsthat receive inputfrom both pre-lexical and lexical
representations These decision representationssuppot performance in sub-word level tasks
(e.g., dlowing participants to judgewhether a phaneme was present in a stimulus). Note,
however, that these representationsdirectly receive inputfrom pre-lexical representations this
accounttherefore aso predicts phonotctic well-formedness should influence behavior in sub-
word tasks.

Althoughsub-word tasks do not explicitly invokelexical representations mog current
accounts predict that lexical factors can exert an indirect influence on performance (this
interaction between lexical and phonotctic knowedgewill be discussed in greater detail bdow).
In some theories (e.g., McClelland et a., 2006) lexical and pre-lexical processes interact with
oneanothe. Unde other accounts, sub-lexical decision representationsreceive inputboth from
pre-lexical and lexical processes (e.g. Norriset a., 2000) Therefore, unde both architectures,
both lexical and sub-lexical properties exert an influence on sub-word task performance.

3.1.2 Evidence tha pre-lexical processes disprefer categoricaly ill-formed structures

Categorical distinctionsin phonotctic well-formedness clearly exert an influence on

gpeech perception. Many researchers have noted that relative to categorically well-formed



Goldrick Psychological realism 30

phonobgical structures (e.g., attested English clugters such as/pl/), categornically ill-formed
structures (e.g,. undtested English clugers such as/dl/) are more difficult to peceive. Thishas
been noted for quite some time; for example, Trubetzkoy (1939:62-64) discusses howthe
condraints of oneg3 native languayeimpede accurate identification of soundsequences from
foreignlanguayes. Conveaging evidence from avariety of perceptud tasks has provided more
systematic confirmation of these observations All of these studies assume tha categorical ill-
vs. well-formedness of a phonobgical structure isroughly indexed by its absence vs. presencein
lexical items of alanguage For example, no English word endsin /h/; the phonogctic
knowledgeof English speakers therefore specifiestha word-find /h/ is categoncally ill-formed.

3.1.2.1 Identificationtasks. The semind study of Brown and Hildum(1956)found

English listeners made more transcription errors on categorically ill-formed sequences than they
did onwell-formed sequences. More recent studies in other languayes have confirmed this
result, both in terms of accuracy (e.g., French: HallZ Segui, Frauenfelder and Meunier, 1998;
Japanese: Dupouxet al., 1999 aswell asreactiontimes (i.e., in phonene monitoring tasks,
Segui, Frauenfelder, and HallZ, 2001) Furthermore, errors on these categorically ill-formed
sequences are not randont they tendto result in categorically well-formed sequences (e.g.,
French speakers mistranscribeill-formed /dl/ as well-formed /gl/: HallZet al., 1998) This
suggests tha ill-formed stimuli activate well-formed pre-lexical representations

|dentification of perceptudly ambiguousstimuli is biased towards categorically well-
formed sequences (e.g., English: Massaro and Cohen, 1983;Japansese: Dupouxet a., 2007).
For example, when /r/ but not/l/ forms a categorically well-formed cluger (e.g., /tri/ vs. */tli/),
English listenersCcategorization of stimuli on asynthesized /r/-/I/ continuumis biased towards

Irl. Theopposte patern isfoundwhen thewell-formed cluger is composed of /I/ (e.qg., /di/ vs.
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*/srif). (See Moreton, 2002,for recent related results.) Similar results have been foundin
dichotic fuson. When conflicting stimuli are presented to each ear, their perceptud fusoninto a
single stimulustendsto result in categorically well-formed sequences (e.g., in Endlish, /b/+/1/ is
resolved as /bl/ not/Ib/; Day, 1968 1976;for similar resultsin Portuguese, see Morais, Castro,
Scliar-Cabral, Kolinsky, and Content, 1987)

3.1.2.2 Discrimindion tasks. Participants have difficulty discriminaing (at least some)

ill-formed from well-formed sequences. Dupouxet al. (1999)doaumented Japanese speskersO
difficulty (dower reactiontimes, greater errors) in discriminaing categoricaly ill-formed
cononant-connant sequences from the corresponding categorically well-formed cononant-
vowel-connant sequence (e.g., ebzo is difficult to discriminate from ebuz). Davidson (2007)
reported similar perceptud difficulties for Engish speakers. Kabak and Idsardi (2007)found
Korean speakers have difficulties in discrimination tasks with sequences tha are categorically
ill-formed with respect to syllable-conditioned paterns(e.g., */g/ in codd®. For Japanese
speakers, DehaeneLambertz, Dupouxand Gout (2000) reported ssimilar results usng an implicit
electrophysological measure of discrimination; furthermore, Jacquamot, Pallier, LeBhian,
Dehaene and Dupoux(2003)founddistinct paterns of neura activity for categoricaly well- vs.
ill-formed sequences during discrimination tasks.

3.1.2.3 Perceptud difficulties with categoricaly ill-formed sequences arise in pre-lexical

processing. To establish theevidentia statusof the observationsfromidentification and
discriminaiontasks, it iscrudal to show the effects derive from pre-lexical processes. With
respect to theinvolvement of more basic auditory processing, it is unlikely tha these

identification results reflect inheent uncertaintiesin theacoudic signd. Listene groupswith

® Note that Kabak and Idsardi (2007)failed to findsimilar discrimination deficits for
heterosyllabic sequences tha are categorically ill-formed in Korean (e.g., *[ k.m]).
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varying languaye backgroundsexhibit different paterns of peformance (e.g., Dupouxet a.,
1999,showed that French listeners have no difficulty perceiving sequences that are difficult for
Japanese paticipants). Acoudically identical ambiguoustokens(e.g., stimuli onan /r/-/l/
continuum) are processed differently depending on the context in which they appear (Massaro
and Cohen, 1983) agan suggesting tha it isnat intringc propeaties of theacoudic signd tha
givesrise to these effects. Findly, with respect to lexical effects, Dupoux,Palier and Kakehi
(2001)foundcomparable paternsof transcription errors regardless of whether theerror resultsin
aword or nonwordN suggesting these phonotctic effects are not asimple reflection of abias to
report existing lexical items (see Day, 1968,for smilar results in dichotic fuson tasks).

3.1.2.4 Implicationsfor theories of phonotctic knowledge Convegingresultsfroma

variety of perceptud tasks and languages provide suppot for thefundiond architecture outiined
above They are broadly consstent with theclaim that categorica distinctionsin phondactic
well-formedness are encodel by pre-lexical processesin perception. Beyondsimply validaing
our linking assumptions they also provideingghtinto therelationship between cognitive
fundionsreflecting grammatical (e.g., phonogctic well-formedness) and lexica (e.g., word-
specific) knowedge Thearchitecture aboveassumes tha these are encodad by two distinct
fundions(pre-lexical andlexical); consstent with this, empirical studies show tha phonogctic
well-formedness exerts an influence on perceptud performance indgpendent of lexica
knowledge This suppotstheclaim that lexicon and grammar form distinct components of our
phonobgical knowedge

3.1.3 Evidence tha pre-lexical processes disprefer relatively ill-formed structures

3.1.3.1 Conveaqing evidence for perceptud sensgtivity to gradient variationsin well-

formedness. More recent research suggests that degrees of well-formedness within attested
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sequences of alanguage lead to relative ease of perceptud processing. These studies have
indexed degrees of well-formedness usng phonotadic probablityN the probability of agiven
phonobgical structure within alanguaye This can beindexed by variousn-gram measures (e.g.,
relative probability of single phones such as/s/ or biphones such as/st/, estimated using either a
corpusof utterances or alexical database). Pitt and Samud (1995 arguead tha stimuli composd
of phonobgical structures with high phonogctic probability are detected more quickly in
monitoring tasks. Pitt and McQueen (1998)reported that identification of ambiguoussoundsis
biased towards structures with highe phonogctic probability. Vitevitch and Luce (1999
examined English speakersOspeeded same/different judgments. For nonwords thereactiontime
for correct GameOresponssiis faster for syllables with high vs. low phonogctic probability (see
Vitevitch, Pisoni, Kirk, Hay-McCutcheon, and Y ount, 2002 for similar results for cochlear
implant patients with goodword recognition abilities). Findly, Coetzee (2008)foundtha in the
identification of perceptudly ambiguoussoundsEnglish listeners show a dispreference for
attested forms that violate phonogctic condraints on connant co-occurrence (i.e., the
Obligaory Contour Prindple).

These effects can be plaugbly attributed to pre-lexical processing. Research by Vitevitch
and colleagues suggest tha effects in discrimination tasks cannotbe attributed to more basic
auditory or lexical processes. Two critical observationsarguefor this point. First, behaviora
effects changeas afundion of task. For tasks tha emphasize lexical propeties (e.g., lexical
decision), peformance primarily reflects similarity to lexical itemsN in contrast to the
phonogctic probability effects observed in discrimination tasks. Thisisfoundeven when
identical stimuli are used in both tasks (Vitevitch and Luce, 1999) Second,within the same

task and items, the degree to which filler items are compo<sed of real lexical itemsleadsto shifts
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in theinfluence of lexical vs. phonogctic factors (i.e., the use of modly real word fillerslead to a
greater influence of lexical factors; Vitevitch, 2003. Since identical stimuli yield contrasting
behavioral effects acrosstasks, it is unlikely that the effects derive from purely acoudic
propeties of thestimuli. With respect to lexical effects, theability of participants to shift from
phonogctically- to lexically-driven behavior within and across tasks is congstent with
independent contributionsof both pre-lexical and lexical representationsto discriminaion.

Distinct electrophysologica responss have been doaumented for highvs. low
probability sequences (Dutch: Bonte, Mitterer, Zellagui, Pod mansand Blomert, 2005)
However, it isundear if these reflect pre-lexical processes. AlthoughPylkkShen, Stringfellow,
and Marantz (2002)reported oneelectrophysological measure isinfluenced only by phonogctic
probability, Stockall, Stringfellow and Marantz (2004) foundtha the same measureis aso
sendtive to similarity to existing lexical items.

Incongstent results with respect to therole of lexical vs. pre-lexical processes have also
been reported in studies of identification of ambiguousstimuli. Newman et al. (1999)reported
tha lexical effects onidentification of perceptudly ambiguousstimuli are suppressed for stimuli
with very high phonogctic probability. Pitt and McQueen (1998)reported phonotctic
probability effects on identification when similarity to existing lexical itemsis equaed. These
two studies suggest an independent contribution of phonogctic probability on perceptud
processing. However, Magnuon, McMurray, Tanenhaus and Adlin (20033 foundthat when
phonogctic probability effects conflict with similarity to lexical items, thelatter domnaes
performance (see Magnuon et a., 2003b;McQueen, 2003,for further discussion).

As madeclear by these latter studies, sub-word tasks are clearly influenced by propeties

of both lexical and pre-lexical representations However, finding such astho< of Vitevitch
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(20@3) reviewed abovesuggest tha pre-lexical representationsmake an indgoendent contribution
to sub-word task performance. Thisis congstent with an influence of phonogctic well-
formedness on perception indegpendent of tha of the lexicon.

A find source of evidence for perceptud sengtivity to gradient distinctionsin well-
formedness comes from studies examining the perception of sequences which are unatested in
ond3 naivelanguaye Asnoted above it has been proposd that grammars can distinguish
degrees of well-formedness among unatested forms (e.g., Coezee, 2008;Davidson, 20068).
Berent, Steriade, Lennatz, and Vaknin (2007) examined English hearersOdentification of
clugerstha are absent from English. These clugers vary in the degree to which they respect
cross-linguistic markedness generadizations(e.g., /bn/, with asonoiity rise, isless marked than
/Ib/, with asonoiity fall). They foundgreater rates of misidentification for clugers which are
cross-linguistically marked (see Berent & Lennatz, 2007;Peperkamp, 2007,for additiond
discussion of these findings Berent, Lennetz, Jun, Moreno & Smolensky, 2008for similar
results with Korean listene's; and Berent, Lennatz, Smolensky, & Vaknin-Nusbaum, 2009for
extenson of these results to nasal-initia clugers). Thisis congstent with the encoding of
gradient distinctionsin well-formedness (as indexed by cross-linguistic markedness) among
unatested forms. Unlike theother perceptud studies reviewed above these experiments are not
simply limited to categorical contrasts between relatively ill-formed and well-formed groupsof
items. Berent and colleagues foundtha accuracy rates vary across thevariousill-formed
clugersN suggesting perceptud processes are sendtive to degrees of well-formedness

3.1.3.2 Implicationsfor theories of phonotctic knowledge Studes of gradient well-

formedness providefurthe evidence tha lexicon and grammar form distinct components of our

phonobgical knowedge Additiondly, they provide suppat for the claim that our knowedgeof
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phonogctics can do more than distinguish categorically well- fromill-formed structures. Among
both attested and unatested form, our knowledgeof phono#ctics encodes gradient distinctions
in well-formedness.

3.2 Phonotactic knowledge in speech production

3.2.1 Phono#ctic knowledgewithin thefundiond architecture of speech produdion

Like psycholinguistic theories of speech perception, produdion accounts assume the
presence of whole-word lexical representationstha mediate between phonobgical and
syntactic/semantic information. In produdion, these whole-word representationsserve as input
to cognitive processes tha manipulate soundstructure. Generally, theories assume two broad
stages of processing (for arecent review of theoretical perspectives and suppoting evidence, see
Goldrick and Rapp, 2007) Thefirst (phonobgical spdl-out) takes as inputwhole word
representationsand yieldsrelatively abdract, coarse-grained phonobgical information as output
(e.g., unprosodified segments, ungecified for featural content). The second stage of processing
(phondic encoding) takes these abdract representationsas inputand yields (more) fully specified
representationsof soundstructure tha drive subsequent articulatory planning and execution
processes.

Phonotctic congraints are assumed to exert an influence on phoneic encoding processes
with theresult tha structures that are more phonogctically well-formed are retrieved more
rapidly and accurately than ill-formed structures. For example, Wheeler and Touretzky (1997)
propo%d tha phoneic encoding assignssegments (retrieved during lexical phondogical
processing) to prosodic postionsvia a congdraint satisfaction procedure. When segments are
misordered in speech errors, licenang condraints tend to blodk ill-formed sequences from beng

produced (e.g., blocking theerror Qoo blued-> */tlu blu/). Goldrick and Larson (in press)
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accounted for effects of gradient distindtionsin well-formedness by extending Warker and Dell@
(2006)theory of phoneic encoding. Unde this account, the strength of connectionsbetween
lexical phonobgical and phoneic representationsvaries with phonogctic probability. Since
error probability isrelated to relative activation levels (Warker and Dell, 2006, the more
strongly activated high probability forms are more likely to occur as errors than low probability
forms.

Thesengtivity of phoneic encoding processes to phonogctic well-formedness predicts a
number of effectsin speech produdion. Thediscussion bdow focuses on tasks tha do not
involve asubgantial perceptud component (e.g., immediate repdition/shadowing; Munon,
2001;0nishi, Chambers, and Fisher, 2002)or metalinguistic tasks (e.g., word blending;
Treiman, Kesser, Knewasser, Tincoff, and Bowman, 2000) However, it should benoted tha
smilar effects are ob%erved in these studies.

3.2.2. Evidence tha phonéic encoding processes disprefer categoricaly ill-formed structures

Produdiondifficulties for phonogctically ill-formed structures have longbeen
recognized by researchersin linguistics (e.g., Whorf, 1940) Subsquent behavioral studies have
more systematically confirmed these observations Asin perception studies, categorical well-
formedness distinctionsare indexed by presence vs. absence in alanguayel lexical items. In
elicited produdion studies, targets tha are categoricaly ill-formed targets yield highe error rates
than well-formed targets (Amharic and Chaha Rose and King, 2007; English: Davidson, 20063.
Thearchitecture abovea so predicts tha when errors are made, it islikely that targets will be
replaced by categorically well-formed structures (as was observed in perceptud errors; e.g.,
HallZet al., 1998) Consstent with this, numeroustranscription-based studiesin various

languayes report that spontaneousspeech errorsrarely result in structures which are categorically
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ill-formed in a speaker@ native languaye (e.g., English speakers rarely produced errors such as
OniffO-> AnihQ Arabic: Abd-El-Jawad and Abu-Salim, 1987;English: Vouslen, Brown and
Harley, 2000;German: MacKay, 1972;Mandain: Wan and Jaeger, 1998) Althoughhighe
rates of phonogcticaly ill-formed produdionshave been observed in experimentally elicited
tonguetwister produdions, transcription andysis still reports a bias towards categorically well-
formed structures (e.g., English: Butterworth and Whittaker, 1980)

Complementing work on native language phonogctic condraints, recent transcription
studies have examined the effect of implicitly acquired categorical distinctionsin well-
formedness. Déll, Reed, Adams and Meyer (2000)exposed English speakers to sound
distributionstha suggest some structure is categoricaly ill-formed within the experiment. For
example in onecondition, /f/ is confined to onset, suggesting /f/ is categorically ill-formed in
coda For another set of participants, /f/ is confined to codg suggesting /f/ is categoricaly ill-
formed inonset. They findtha virtudly all speech errorsresult in formsthat are categorically
well-formed with respect to the experimental condtion (e.g., in theformer experimental
condition, virtudly al /f/ error outcomes appear in onst asin edG>0edQ in thelatter, /f/
errors appear in coda).

Aswith the perceptud datareviewed above it iscritical to establish tha such effects
reflect the cognitive component of interestN here, phoneic encoding processes. Dell et a.3
(2000)results strongly suppot this. Thefact tha participant behavior reflects relatively arbitrary

well-formedness distinctionsspecific to each condition suggests tha these effects do notreflect

" At asubsegmental level, recent ingrumental studies suggest that speech errors can result iniill-
formed combinaionsof articulatory gestures (e.g., Smultaneoustonguetip and tonguedorsum
raising during produdion of a stop; Goldgein, Pouplier, Chen, Saltzman and Byrd, 2007,
McMillan, Corley, & Lickley, 2008;Pouplier, 2007, 2008) Findingssuch as these undescore
theimportance of usng more quantitative measures of participant@ behaviorN notonly in well-
formedness judgments butin more prototypical @aboratoryOstudies.
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intringc motoric propaties of ill-formed structures. With respect to lexical effectsin the same
paradigm, Goldrick (2009 findsthe effects of implicitly acquired well-formedness distinctions
are not eliminated by the excluson of word error outcomes. ParticipantsQerror outcomes till
respected experiment-specific well-formedness when responss like GedOwere excluded from
theandysis (leaving only nonwordslike GepQ. This suggests asimple lexica bias cannot
accountfor theobserved error paterns (Furthermore, a simple transcriber bias cannotaccount
for contrasting paterns across conditions in both studies, the same transcribers andyzed each
condition.)

3.2.2 Evidence tha phonéic encoding processes disprefer relatively ill-formed structures

Among attested sequences, relatively well-formed structures are more accurately and
rapidly processed than ill-formed structures. Asin studies of speech perception, this has been
indexed via phonotctic probability. Vitevitch, ArmbrYser and Chu (2004)foundpictures with
high probability names have shorter naming latendes in English than pictures with low
probability names. Laganaro and Alario (2006)foundtha pictures whose names are composd
of highvs. low frequency syllables have shorter naming latendesin French. With respect to
accuracy, elicited produdion studies (e.g., English: Kupin, 1982) and studies of individuds with
aphasia(e.g., English: Blumstein, 1973)repott greater accuracy for high vs. low probability
structures.

With respect to error outcomes, the evidence is somewha mixed. Some speech error
andysesfind errors are more likely to result in high vs. low probability sequences (e.g., English:
Levitt and Healy, 1985;Motley & Baars, 1975. Similar results have been foundin cases of
aphasia (English: Buchwald, 2009;Buchwald, Rapp, & Stong 2007; Goldrick & Rapp, 2007,

French: BAand & Paradis, 1997;ltalian: Romani & Calabrese, 1998) In arecent study utilizing
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theDéell et a. (2000)paadigm discussed above Goldrick and Larson (2008 foundtha the
probability of error outcomes isinfluenced by phanotactic probability. However, many studies
have failed to find any asymmetriesin the probability of contrasting error outcomes (e.g.,

Arabic: Abd-El-Jawad and Abu-Salim, 1987;English: Shatuck-Hufnagd and Klatt, 1979
Swedish: SSderpdm, 1979) Findly, in aseries of studies Stemberger arguad tha althoughthere
isagenaa preference for highe frequency error outcomes, there is also a preference for lower
frequency forms ove (very highfrequency) default structures (see Stemberger, 2004 for a
recent review).

When phanotactic probability effects have been observed, they arguably reflect the
opeation of the cognitive component of interestN phoneic encoding. With respect to lexical
effects, Vitevitch et al. (2003)reported phonoktctic probability effects onlatency even when
items are matched in terms of similarity to existinglexical items. With respect to lower level
articulatory processes, at least two studies have shown tha performance on the same structures
varies across task conditions(Goldrick and Larson, 2008 Laganao and Alario, 2006)suggesting
tha intringc articulatory propeties cannotaccountfor these benavioral effects. Findly, two
additiond results provide postive evidence for a phondic encoding locusfor phonogctic
probability effects. Laganaro and Alario (2006)reported effects of syllable frequency are
eliminated when a seconday task disrupted phonéic encodingN suggesting this processis
necessary for produdng thebehaviora effect. Goldrick and Rapp (2007 contrasted the
performance of two aphasic individuds with deficits to phonobgical spdl-out processes vs.
phoneic encoding; effects of phonogctic probability are foundonly when errors arose

subsequent to a phondic encoding deficit. Thus athoughboth lexical propeties and
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phorotactics well-formedness influence speech produdion, thereis ample evidence tha
phonogctic well-formedness indgpendently influences speech produdion.

3.2.3 Implicationsfor theories of phondactic knowledge

Results from speech produdion conveage with thase from speech perception. Thereis
clear evidence tha phonogctic and lexical knowedgeare encoded by distinct cognitive
fundiondN suppoting the claim tha grammatical and lexical knowledgeform distinct
components of our knowedgeof phonobgical structure. Several studies aso suggest tha
phonogctic knowedgeencodes gradient distinctionsin well-formedness. Specifically, a number
of studies show not only differences between groupsof relatively well- vs. ill-formed structures,
but varying degrees of performance related to degrees of well-formedness. Davidson (20068
reported that English speakers produce distinct error rates for different clugersthat are
undtested in English. (Sheattributes to these varying error rates to varying degrees of well-
formedness reflecting the articulatory and perceptual propeties of thetargets, see Davidson,
2006b,for further discussion). In an elicited speech error task in two Ethiopian Semitic
languayes (Amhaic and Chaha) Rose and King (2007) founddistinct error rates for forms with
different degrees of OCP violations Findly, Goldrick and Larson (2008)foundthat the
probability of speech errors varied according to experiment-specific phonogctic probability.

3.3 Phonotactic knowledge in other behavioral domains

3.3.1 Memory

Current theories pogulate three core fundiond components for memory tasks (for recent
reviews see Badddey, 2003;Vallar, 2006) A phaological analysis component takes acoudic
inputof theto-be-rremembered stimuli and outputs a phonobgical representation (similar to pre-

lexical processing in theories of speech perception). Thephonobgical representation output by
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this system serves as inputto the phonobgical short term store, alimited capacity memory
system. Thisinterfaces with a phonobgical output buffer. This maintainsthe activation levels
of phonobgical representationswithin the short term store and suppotsrecal by interfacing
between the short term store and other processes suppoting spoken produdion (for discussion of
how the buffer interacts with other produdion processes, see Goldrick and Rapp, 2007,
Jacquamnot and Scott, 200§. Many theories assume a variety of other speech perception and
produdion processes also contribute to memory processing (e.g., lexical processesinvolved in
perception and produdion; see Martin and Gupta, 2004,for arecent review).

Thewidevariety of processes involved in short-term memory tasks creates several
oppotunities for phonosctic well-formedness to influence processing. Focuang specifically on
short-term recall tasks, Gathercole, Frankish, Pickering and Peaker (1999)outiined two broad
hypotheses to accountfor such effects. Since phorotactic well-formedness influence pre-lexical
perceptud processes, less well-formed structures may belessrobugly stored than more well-
formed structures. Alternaively, phonotctic well-formedness effects could arise in the context
of either rehearsal or recall, asinformationfrom other (perceptud or produdion) processes
senditive to phonogctic well-formedness is used to restore or recondruct decaying memory
representations (a process termed @edintegration®Schweickert, 1993)

Many studies have shown tha performance in memory tasksis correlated with measures
of phonogctic well-formedness. Lists composed of structures with relatively highvs. low
phonogctic probability have highe recall accuracy (English: Nimmo and Roodenrys, 2002;
French: Mgerusand Van der Linden, 2003;experiment-specific probability: Maerus Van der
Linden, Mulder, Meulemans, and Peters, 2004). Participants show better recognition memory

for English nonwordswith relatively high vs. low phonogctic probability (Frisch, Large, and
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Pisoni, 2000) Findly, high probability have a greater likelihoad of appearing intact in short
term memory errorsin English and Korean (Lee and Goldrick, 2008) These effects are notlikely
to derive from lexical factors, as phonogctic probability effects on accuracy are foundwhen
similarity to existinglexical itemsis controlled (althoughboth influence accuracy; Thom and
Frankish, 2005;L ee and Goldrick, 2008;but see Roodenrys and Hinton, 2002)

These findingsprovidefurther evidence for both the independence of grammatical and
lexical knowedge aswell as therepresentation of gradient distinctionsin well-formedness.
However, the precise fundiond locus (or lod) of these effects are undearN they may derive
from stimulus coding and/or redintegration processes (see Badddey, 2003;Thom and Frankish,
2005,for discussion). Theevidentia statusof these resultsis thusless clear than studies of
produdion and perception, where behavioral effects could be more clearly linked to a specific
cognitive fundion.

3.3.2 Naturalistic corpara

Ultimately thegod of apsychological theory of real-time linguistic behavior isto move
beyond highly controlled experimental tasks (such as those discussed above to fully natura
communication contexts. Unfortunaely, given our limited undestanding of many of the
cognitive fundionsinvolved in natural communication, it is extremely difficult to clearly
establish theevidential statusof such data. For example, differencesin relative frequency with
which different phonobgica structures appear in corporamay nat only reflect propeties of a
widearray of phonobgical processes (involved in perception, produdion, or memory
processing) but also arangeof nonphonobgical processes® (involving other dimensonsof

linguistic structure as well as more general cogntive processes). More generdly, itiscritica to

® Newmeyer (2003)raises similar points, althoughhe draws quite different condusions
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note tha psychological realism is an issuefor those tha would commit sinsof commission as
well asomission. Jud asit isincorrect to assume tha some type of datais categorically
irrdlevant (e.g., expeimental daafrom perceptior/produdion has no bearing onlinguistic
theory), it isalso incorrect to assume all behavioral observationsare relevant for evaluaing
theoretical clams.
3.4 Utilizing psychological realism: Progress and prospects

Adoping the perspective of psychological realism has alowed usto draw prindpled
inferences conaerning phonotctic knowedgefrom speech perception and produdiondaa. In
contrast to word-likeness / acceptability judgnents, in these behaviora domainsthefundional
architecture of the core processes encoding phonotctic knowedgehas been articulated.
Althoughnotreviewed in detail above thebasic structure of these architectures has received
broad empirical suppot. With respect to phonotctic knowedgespecifically, the sectionsabove
reviewed daafromarangeof behaviora tasks tha make use of these core processes. The
results provide conveaging evidence to suppot theassumption tha phonogctic well-formedness
influences processing in both moddities. Building on this empirical suppot for ourlinking
assumptions we have used data from these tasks to address two key issuesin linguistic theory.
Across moddities and tasks we find broad suppot for two claims. the phonobgical grammar and
lexicon are distinct components of linguistic knowedge and our knowedgeof phonogctic well-
formedness can encompass gradient as well as categorical distinctions While this represents
important progress on key issues, a great many theoretical questionsare clearly still unresolved.

Thefollowing sectionsdiscuss two such areas for future work.
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3.4.1 Interactionsbetween lexical and grammatical knowledge

Asdiscussed in detail in the sectionsabove more recent work in each of these empirical
domains has established that phonogctic condraints exert an effect independent of thelexicon.
In perception, effects of phonotctic well-formedness derive from pre-lexical, notlexical
processes; similarly, in produdion, effects arise specifically within phoneic encoding. Thisis
incompaible with astrongclaim tha phonogctic and lexical knowledgeare completely
fundiondly indistinct. However, it should aso beclear from thereview abovetha both factors
contribute to paformance in a variety of domains furthermore, in many cases ther contributions
are notsmply additive. This suggests the indegpendent knowedgesystems representing these
two factors mug interact during processing. An interesting area for future research will be
examining the degree and naure of interaction required to accountfor the observed paterns of
behavior acrossdomains In developingthis line of inquiry, linguistic research should capitalize
ontheextengve empirical and theoretical work in psycholinguistics tha has examined
interaction between lexical and sub-lexical phondogica processes (for arecent review in
perception, see McClelland et a., 2006;produdion, Goldrick, 2006.

3.4.2 |Isphondactic knowledgedistributed across distinct psychologica fundions?

Asdiscussed in section 1, acritical issuein psychological realism is establishing how
components of linguistic theories link up to components of psychological theories. The
discussion abovehasidentified linkswithin perception and produdion between phonogctic
knowledgeand specific cognitive fundions However, thelink beween these fundionshas not
been discussed. Does thiswork suggest that phorotactic knowledgeis distributed (i.e., across

distinct pre-lexical processesin perception and phondic encoding processes in produdion)? Or,
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dternatively, isthere aoneto-onerelation between phonotctic knowledgeand asingle
cognitive fundion (i.e., asublexical process shared across perception and produdion)?

Theevidence onthisissueis decidedly mixed. The fact tha phondactic well-formedness
influences both perception and produdion (as well as memory, well-formedness judgnents, and
other tasks) certainly suggests strong similarities between the capacities engaged in these various
processing domeins  Furthermore, across domains phonogctic condraints appear to besmilarly
structured (e.g., reflecting gradient as well as categorical well-formedness distinctions.
However, similarity does not necessarily imply identity, makingit undear if these daa suppot a
common capecity. Infavor of thespecialized capecity view, there is ample evidence tha distinct
Qepair strategies(i.e., mappingsfrom phonosctically ill- to well-formed structures) are invoked
in perception and produdion (e.g., Kabak and Idsardi, 2007). However, these differing strategies
could reflect thedifferential utilization of a single fundion specifying well-formedness (e.g.,
Smolensky, 1996) Existingempirical evidence istherefore unable to decide whether effects of
phonogctic well-formedness reflect atruly genera capecity or distina but similar capecities
specific to particular behavioral domains This represents a critical areafor future work
exploring therelationship between concepts from linguistic theories and the psychological
mechanisms involved in perception, produdion and memory.

4 Discussion: The Necessity and Poverty of Psychological Realism

This chapter has argued tha psychological realism should critically inform notjud the
methodobgical but also theoretical facets of linguistic research. A psychological framework
specifies thefundiond architecture of languaye processingN how linguistic knowledgeis
deployed in real time in specific behavioral tasks. Specifying this organization to some level of

deail isanecessary step in drawing inferences from linguistic daa (as all such daa ultimately
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reflects real-time behavior). When thisis notdone asin the case of well-formedness judgnents,
inferential errors are likely to occur. Stronge inferences can bedrawn in behavioral domains
such as speech perception and produdion where core aspects of the fundiond architecture
undelying an array of behavioral tasks have been articulated and empirically judified via
conveging evidence from these tasks.

Althoughpsychological realism isacritical component of lingustic research, it should
notbetheonly component. An exclusve focusonthe cognitive capecities of individud
speakers offers an incomplete accountof the structure of phonobgical systems. For example, a
number of theorists have provided explanaionsof phonobgical phenomenatha explicitly reject
theideatha all aspects of thelinguistic system reflect the capecities of individud language
users. Two broad types of such proposls have been advanced. One set attributes some
systematic aspects of phonobgical systems to the properties of linguistic popuktions(for a
review, see Pierrehunbet, 2006) For example, Pierrehumbert (2001)attributes the coarse-
grained naure of phonobgical paternsto thar stability acrossindividud differencesin
vocabulary. Anothe typeof accountfocuses on the role tha historical changeplaysin
determining the synchronic structure of languayes (e.g., Blevinsg 2004). Such contemporary
accounts of languaye structure have deep roots within linguistic thought Historical explanaions
have longplayed arole in explanaionsof language structure (see Blevins 2004:Chgpter 3fora
review). With respect to the propeties of linguistic popuktions thetenson between therole of
theindividud and collective has been appaent from the outset of moden linguistics. As noted
by Saussure: Q_anguaye existsin each individud, yet it iscommonto al (1916:19).0 This leads
him to speak of languaye both as something Gbsychological Owhich is Qleposted in thebrain (p.

19)Obut also as an entity that is utsidetheindividudE; it exists only by virtue of a sort of
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contract signed by the members of acommunity (p. 14).0 Adoping the perspective of
psychological realism should nottherefore lead one to ignore therole of linguistic communities
in shgping languaye structure; ouwr theories mug strive for a bdance between the groupand the
individud.

Claims of Qpsychological realityOand the use of psychological datain the development of
linguistic theories have provoked strong negative reactionsin both thelinguistic and
psychological research communities. Such reactionsare at least partially attributable to avariety
of misconaeptions Some are shared by practitionas of both disciplines; for example, conflating
theissue of algorithmic/neural realizability with developing psychological account of human
linguistic behavior. Other misundestandingsare primarily cross-disciplinary. Ontheonehand,
psychologists have sometimes assumed tha because linguists tend to post generaized capecities
(subserving many tasks) the congruds of linguistic theory are of adifferent kind than those
posted by psychologists. Infact, both theories focuson highly abdract, (incomplete)
characterizationsof the cognitive system at thefunctiond level of description. At mod,
cognitive psychological and linguistic theories merely differ in the degree of abgractionthey
adopt Thisisunaurprising, as characterizing more generalized capacities may require greater
abdraction. Ontheother hand, linguists have sometimes assumed tha usng psychological data
requires aindiscriminae assimilation of any and all facts aboutbehavior. Infact, cognitive
psychologists are acutely aware of thedifficulty of inferring cognitive structure from observed
behavior.

Addressing these misundestandingstherefore serves not only to illuminae the
connectionsbetween conaepts in psychological and linguistic theories. It also enrichesthe

empirical base for linguistic theories and the theoretical vocabulary of psychological theories.
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With respect to the case study examined hereN knowledgeof phonosctic well-formednessN the
evidence suggests that conagpts from linguistic theories are pat of the psychological capecities
of individuds, deployed in on-line behavioral tasks. Establishing such correspondences has
allowed usto draw on experimental datato inform theories of phonogctic knowedge Although
notdirectly acknowledged above these experimental studies have drawn (and will continueto
draw) heavily ontheoretical concepts fromlingustics. Addressing questionsof psychological
realism istherefore not smply an exercise in facilitating interdisciplinary relationships It holds
enomouspractical importance for the development of more comprehensve theories of the

structure, acquisition and use of language
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