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*rocessing, Prosody, and OUptional fo

Thomas Wasow, Roger Levy, Robin Melnick, Haneli Sy and Tom Jusek

Abstract The infinitival marker ro is eptionsl i many instances of the do-de ¢
struction, exemplificd by serences Hke AT P wanr io do s fro0 go o
it has not previously been investigated what M.,gn?x,m govern speakers” choices ¢
use and omission. Herve, we analyze nearly 10,000 such examples from the Cu
of Contemporary American English Aﬁﬁﬂm.}w using mised-effects logistc
ston to determine the respective contributions ol a range of Tactors includmy
complexity, wordform frequency and prediciabilic prosody in pry
use. We found that ro use rate increases as phrasal complexdty inoreases
wordform frequency and predictability decre
nwm::mmmw:n theory and data on the use of other aﬁ:cxi funetion words. We
fird the frst quantitative corpus-based evidence for a rofe of prosody in
optional funciion-word use: ro 18 wsed more frequentdy when both the b
preceding and the immediately following syllables carry some sty Phis
that speakers use the intervening unstressed 1o 10 prevent stress olash. Th
holds in writing as well 2s in speech, lending support w Janet Fodor
imphicit prosody plays a role in sentence processing.
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Wevwards Do-be construction - Optional function words - Prosody - Frequency
© Predicwbility - Phrasal complexity - Uniform information density - Corpus
analysis + Mixed-effects models - Infinttive - Impliclt prosody - Information theory

Lengih - Stress clash

1 Impreduction

Fligkinger and Wi

v {2013) discuss a previously understudied phenomenon in
H the “do-be conswraction” (DBCY. This widely used constrac-
lion s characterized by a remarkably vich and interconnected set of constraints,
Before enumerating thent. we proseat a fbw examples:

English that they

£13 o the ting that D irked © do was o hewp the score close

B the fast wae shoudd do s make B4 as much ton as possible
Sl the UBO does is sakes Congress’s promises
dowhast we hove done 18 boeen ndiltary action in Bosma through NATO
| he's bown doing 18 going over lugal papers

A fhce value

Fhlckinger and Wasow sdentify the Tollowing as the characteristic properties of
L

e The top verb i the construction s s specificational copule—that is. 8 form of be
stpulating renity betwaen the denotations of s subject and Us comploment.

refative clause headed by one of the following s
whicd, thereg, alfl, baws, worsi, most, or lpast

4 firm of the word do oceurs withia the relative clag
& The complement of the copula is 2 verb phrase (VP
he vnderstood subject of the post-copula WP (PUVEY s the sam
st ol do.

I e form of

3 WO

> post-copula verb [POY) depends on the form of do tnthe subject.

There are many questions ong might ask abour this construction, including how
1o anafyze 11 within a particular theory of grammar {(Flickinger and Wasow do this
for Head-driven Phease Seructure Gramysar), what 118 discourse function is, how 1t

refates 1o other constructions (... pseudocledts), how it differs across dinlects and

registers of English, and what is history is. We will not address any of these here
rather, we are concerned with what conditions the presence or absence of the infini-
tival io al the beginning of the post-copula verb phrase (PCVP).

Asnoted in {20, the form of the post-copula verb (PCV) is constrained. Specifi-
alby, there are three possibie inflectional forms for the PCV! the same form as do

cepl whire stherwise moted, examples inothis chapler are from e Corpus of Coniemporary
American Eoglish doipsicorpusdbvuedwiooc ), or COCA for shorl We have tnmeated many of
the wamphes, keeping ondy whal 18 needed to make our polnt. Heseo, most of our examples are
ot atiad capi ation or sentence-fingd punctuation, lnvented examples bogm
with capitad otters and ened with periods

sel Grptiosal o

in the subjeet, base {that s, uninflected), or infinitval (dar s, so ollowed by an
uninflected verb)?

This is ilustrated in the contrasts betwesn {1 and (3%

{3) & The thing that Divked (o do was keep/ keaps/ kept™® keeping ihe soon awc
b, The least we should do s to make/* pakes™ made/ making 1 as maeh fun as poss
¢ What the UBO does bs wke/to take/aken/ " takling Congre
& What we have done is takedo take/ ook aking military action in Bosmin throug

NAT
e All ww

been doing 1s7golMo go/ went™ gone over legal papm

Thus, whenever the PCV can be mn base form {without o), 1T could just
i infinitival form (with so), and vice versa. To see the spparent interchan
of these forms, consider the examples in (4}, all of which were wken from Cory
of Conteraporary American English {COCAL bur only half of which had o in e
original:

{43 a what we're here on garth 1o do b o) eolebrae bumunity
b, what { would do is ﬁi sl upisn the press 1w police vourselves
. the other thing tha (07 do 15 {00) feiliune getiing Chinese treups nto Tit
it the most importast thing thet Brotlon Woods did was (50) wreaie two
ijemational cooperation on monetary international problems
¢ all they can do is (1o} clroamven thomsehves -
{ all T want 10 do is (1o} go 1w work

Audiences to whom we have presented these examples do not have clearsni
about which examples had w0 in the original ?

This raises the question of what factors lead people W0 use 1o in the DBO when
they do. The bulk of this chapter describes 2 stady almed ai answering this quéstion
and discussing why the answer is of theorstical fmerest. OF particular nole in the
context of this volume is the fact that one important factor influencing 1o use in the
DB s prosodic, and that the influence of prosody 13 evident in writlng as we
in speech,

2 Data Extraction and Aanotation

We conducted a corpus siudy using COCA, a 430-million word web-based oo
lection, roughly equally divided among specch (radio and wlevision merviews),
newspapers, magazines, fiction, and academic writing, dating from 1990 10 203

PCY &E has (o Wm a presest ?ﬁ?_wuma viting invented examp

Judge unacceptable:

(1) The thisg o doing s {t0) try w learn from my misakes
But the corpus studies we report here turaed up encugh real examp
us that Flickinger and Wasow wore misiaken.

T bxanmpies b, and Fhad 1o i the onigiong,

Ve daws in our statistical model were codlocied in the summer of 2012, wh
semewha srvaller {423 mllion words ) and did not vet have dats frem 2012

WS
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COCA i3 mmgged for part of speec, but not syntactically parsed, 1t has a usee-friend-
Iy web interface, which exgracts examples based on patierns that may include parts
of speech, particular words, digiunction, and wildeards. A small window of context
arpund the matching text can also be exiracted.

An earfier pilot study { Wasow et al, 2012) of optional 4o in the DBC had mvoived
hand-coding 1000 randomby selected examples from the spoken portion of COCA
for a variety of factors that we thought might correlate with so use. For this chapter,
our datuser was much larger, ncluding written as well as spoken examples. By us-
ing compuational Lools for extraction, cutling, and annoation, we were able not
only 1o obiain considerably more data but also 1o vonsider more factors than in the
pilor. These factors are described in Secr. 30 in the remainder of this section, we
desoribe the exwaction, culling, and annotation process.

W iniviatly extracted all examples that included some form of the verb do. bl-
iowed by sare form of the verb be, optionally followed by 1o, and {obligaiorily)
foilowed by any verb in base form.® The exteaction pattern atlowed up o two® words

Y intervene berwesn any two of these words—that is, it could be abbreviated as:

D DWW BE DWW (o DIWHWY) Vbased

.

where IO means any form of do, W means one word, and "BE” means any
form of be. The resulting sumple was then parsed with the Stanford parser (Kletr
and Manning 26037 Through trial and evror, we developed a wgrep2 (Rohde 2003}
pattern 1o help us cull out examples that were not in fact instances of DBC,
Annotation was done with Perl scripts, some of which made use of the parses.
Fhe most obvious need tor the parses was in measuring the lengths of constituents,
inee that requited assigning constituent siructure, But the parses were also used in
dentifving such things as the ocowrsnces of do and be whose forms we thought
might influence fo use. The annotations provided by the scripts were subsequently
used 1o automaticalty code the data for the factors we considered for use in model-
ing. i some cases, the annotations could simply be used as codings (for example,
the formm of do in the subject and whether the example was written or spoken}, but
in others some additional computation was required-—e.g., the measure of subject
fongth was compuied by subtracting the position of the subject’s head noun i the
sentence (that i s distance from the start of the sentence) from the position of do
wothe sentence. These computations were carried out by an R script, which also
senamed somie of the annotations and remeoved unused fleld,
Some codings (e, ones that did not give one of our seven nouns as the head
noun of the subject or that gave the number of words wﬁé?w do and be as more

SLIOUA hus two distingt tags vorh BASE and verb INT For uninflecied nonfinite verbs, We have
not been able 1o discor o conslstent basts for this distinetion, aithough verb INF scems 1o appesr
after av ot considurably higher rate than verb BASE, In all of our searches, we wsad the disjune-
on of these Bwo ings 1 search for what we call buse forms of verbs. For the purposes of this
chapler, we reaiod e 1w COUA tags as interchangeable, That is, when we say a verb’s form is
b, we mean 8 1 aniniected and nod preceded by 1o; and when we say & verby is infinntival, we

PR

preceded by a

Cihe Hananon of al mest tw intervening words was required for computativnal reasons.

ing, Prosody, and Optionad 1o 13

than two} triggered hand cheeks of particular examples, and additional random hand
checks were performed. Altogether, we hand-checked hundreds of examples and
discarded examples that were not the type of DBC sentences we were investizati
Cur final dataset contained 10,116 examples, bt 143 of them had uncoded
for some variable used in our analysis. Furthermore, only one example involved
were form of the copula. We dropped these 144 examples before siatistica] N:.r:v.
50 that our analyses involved 9972 examples. In a 5:%% check of over 100
amples, all were examiples of the DM with base or infinlthval POV

We used the same pipeline to extraet and annotete DBC examples from the

corpus (Clert et al. 2004). Fisher consists of wlephone conversatic
:wmmg topics; it is far smaller abowt 22 mitlion words) than COCAL Anatvs
Fisher dataset was qualitatively consistens with the COCA model we report be
but the number of examples exiracted (861 was 100 small 10 show reliphle effers
for many of the significant factars in our COUA data. Consequently, we proy
detalled accounting only of the COUA siudy,

3 Factors in Our Analysis

Based on earlier work on optiomal sar i both relative clauses and complen
clauses (see Jueger 2010; Wasow et al. 2011, inter alin), we expecied that similar
factors might influence the presence or absence of 10, In wzz?,zwﬁ WE BRpeeis
ed factors that contribute to the provessing difficulty of 2 DR sentence would
ngrease the probability of ro use. These factors include long mef SeRILacTi
complex phrases within the sentence. They also Include the use of relatively in
guent words or word forms.

Why should processing difficulty encourage 1o use? The obvious answer 1 1hs
the extra little word wkes time, giving the .%aawﬁ, an exira fraction of & second Tor
planning the remainder of the utlerance and lexical retrisval, The exira time i
useful for the listener, providing more Gme for parsing and fexical retrieval. The
work on dhar suggests that these effects show up in witing as well as in spesch.
even though our hypotheses about why they cecur are based on the lemporal pres-
sures on speakers and listeners, This could be due either o habits of speach bei
preserved in writing, or o similar temporal pressuess on readers. W
tempt 10 Tesolve this question here.

We coded measures of phrasal complexity and word frequency based on U
parts of the atterance mod closely connected with the site of optional fo and thus
most likely a priosi 1w infiuence speaker’s choloe, where by “connected” we mean
parts of the utterance that are components of the DB (see {7) above) and’or are
close to optional 1o in terms of linear ordering. For phrasal complexity, this led us 1o
code the amount of material in (1) the subject NP berween the head nown and o, (1)
between do and ke, (iH) between be and the POV, and (v) in the PUVE We ¢
that in ali cases, more material would lead 1o greater gtterance complexity an
greater preference for to. Both length and complexity can, of course, be measuied

dlso

will not ai
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i multiple ways. For length, we ised number of words, though number of syllables

might hawve been as %xa or bener, as might duration (for speech) or aumber of
characiers {for weitingy. There is a subsiantial body of literawre (see, e.g., Hawking
1904, Wasow 2002) that has found number of words 10 be a good proxy for more
1ed measures of complexity. Complexity measures tend o depend on the
igned, and the ones we had were not very reliable, Moreover, since com-
sure we looked at

aptiist
parse as
slexity is ighly correlated with length, the only complexity me
wis mumber of verbs in & phrase. This wrned oul 1o be highly collinear with fenggth
and o less reliable predicton, so we ended ap relying only on number of words for
our lengihvcomplexity measures,

» also examined e effects of wordform frequencies” for critical components
of the OB the head of the subject NP, the form of do, the form of the specifica-
tional copula be, and the POV, For the fimst three of these, only a small nurber of
wordforms are possible, so in our analysis we dircctly modeled the 1o use prefer-
ence associaled with each wordform and performed explotatory visualizations of
the relationshin between preference and in-constraction frequency of the word form
(Bect. 4.1,

In conrast, there are many different PCVs, funthermore, the PCY s distine-
tivie among DRC components in that there 38 1g reason from @ mathematic
cally precise theory for predicting that #s frequency will atfect fo use proference.
Wamely, the theory of uniform wrformation density (U Levy and Jaeger 2007,
Juegar F010Y poshs that communicative efficiency is optimized if information
tramsemitted ot @ uniform rate, and that speakers ke advantage of the grammatical
opportunities afforded 1 them to smooth this information rate out. The notion of
“information” here is bused on information theory (Shannon 1948}, and 15 measured
as log of inverse probability {equivalently, negative log-probability) or surprisel. 1t
follews thay optional function words 1ike thar and so are more likely to be inserted
i .gwmémxu where, without them, there might be an information peak.® To un-
derstand how this appiies 1o the DBC, we can use reasoning directly analogous to
that developed 3 Levy and Jaeger (2007) for that-use in relative iaa ,,, he key
is that e POV is often the first point in the uerance where it becomes Clear that
the uilerance must invobve a DBC. Consider the variant of Example (3a) without 1o

£5 what we've here on earth 10 do by celebrate humanily

Betore the POV celebrate, there are alternative ways that the unerance couid con-
tinue that do not jnvelve the DBC:
(6 n what we re heve on carih o do is @ complete mystery

b witat we e here on sarth 1o du is unique
¢ what we ra e on earth T do is not what you think we'ne here io do

W usedd Trequencies of These forms in our sample, rather than in the whole of TOUA

F 1o st whether people employ thas LD stridegy i actual usage :.:mw corpus studies has vee
sired compuiing inforenation at entical peints i ufferances on the basis of very local Information.

vty imeditely preceding segrams for sorme very small g

Processing, Prosody, and Optional fo

Therefore, in the ro-free variant, the POV conveys two distingt ple it
tion about the structure and content of mz wtteranee: (1 the fact of the DB, and (i

the identity of the PCV of the DBC These can be measueed information-theorett
cally as follows:

1
fog : g
POV Sm,,fmm onjext} DI

+ g &
Comtext) - PPUVIDIBC . Cox

The use of ro separates out these bwo ?anmw of information: fo conveys (1), w
after wo the POV conveys only (it Therefore, the optimal distribution of op
o from an information-density perspective would be w use I when {5 () ¢
are large. With respect o POV information content, this Hne of reasoning prodic
that {6 use in the DBC will be higher when the POV s less predictable, and G
is thus large. In principle, (i) should be measured with respedt 10 the comy
contexy; but a reasonsble and convenient first simplification 35 10 assun
PAPCYIDBC, Comexiy = APCVIDBCO p—namely, that in-consiruction POV
gueney allows us w approxirsae the information content of (i),

We also expected that priming could increase the probability of ro. 50 we ox-
pected that, when #o in the subject was In mfinitival form {that is. preceded by o)
the rate of 1o before the POV would be increased,

A expectation that was not derivative from the work on optionsl i wa
some phonological factors might influence the use of 7o, This idea was
t0 us by Arto Anttila, who has shown the influence of prosody on other
shternations in Boghish {e.g., Anttile ot al. 20100, He also brought 1o our atienti
a book published over a century ago entitled Riwtdon in w.a,ﬁé.,@ Prase {van Dias
1910) with a chapter entitled " The Inflnitive with and withowt proceding w7 whic
argued that o could have & prosodic Tungtion. Based on Anrila’s $UZLLS on, v
considered whether ro, which is virtually ahways unstressed, might sometimes serve
1o prevert two stressed svilables from appearing adj ﬁ; o one another, a
known to be disfavored and referred 1o as “stress clash™ {see Liberman and Prince
1977} To understand how this might influence spesker choice regarding ro produs-
tion, consider the following two examples from the spoken section of COUA, will
the presumably ™ siressed syHables in bold (see the next paragraph reganding
siatus of the copula i)

Hualio

(7} And one of the best ways 1 do i35 {10) break bread with thes,
(B Al can do is {10) continue Lo behave in o way that eares vour trast,

In both cases, the inclusion or omission of o has no bearing on the grommatica
of the sentence. However, speakers’ ro use decisions could alfect the prosod
mality of the utterances, In {73, omitting io would cause o stress ofash

¥ Ierestingdy. alt of the cases

discussed i van Dhraat's chapion, exeept she cotmple
now strike us as eategoricaily either requiring or probisbitiag 1o

ihese

No sound files are svailable for this corpus, so our assignmene of str
based on our own intultions.
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ot two consecutive stressed syliables, v and reqd—ihat would be avoided by the use
of vo. In (8), on the other hand, including fo would cause a stress lapse-——a sequence
of two consecutive unsiressed sytlables, 1o and con-, which would be avoided by
ion of o I speakers are sensttive 1o this porential prosodic function of
ra, they showld tend 1o include 1o when its omission would cause stress clash, and
ot zoowhen is inclusion would cause stress lapse. (In fact, ro was nsed i {7) and
omitted in £8) in COCAL) Now that in cases where nothing (other than o) inter-
venes between the aamaa and the PUVY, the predictions of clash avoidance and lapse
avoldanve are idemtical A POV with initial stress should favor 7o use more than a
PUY with noainitial stress, Sinee this covers a large majority of our examples, we
conflated clash avoldance and lapse avoidance into one factor, which we refer to as
vlash avoldance, or simply {potential} siress clash.

W deterpnined stress clash by mz:ﬁm:-& {1} the POV for whether # had initial
stress and (1) the word snmediately preceding the PCV {or the word immediately
preceding o, i ro is used) for whather i had final stress. Since the word :ﬁscm?
atiely preceding the POV is normally a copula-—usually fe-—our abilivy w investigate
potential offects of stress clash hinges on whether the copula is swessed. s #? 1f
50, 1t 15 not clearly audible, On the other hand, the fact that 45 in the DBC s never
sontracted {and sounds guite unacceptable when contracted, e.g., *Al your need to
pay aiession) sugaests that 1 does carry some stress. We thus considered the
copula as stressed in our dataset.

in cases where something {other than o} intervenes between the copula and the
POV, these arguments based on prosody depend on the stress pattern of the inter-
vening material. The situation is somewhat complicated by the fact that, when o

this o

dok

appears, intervening material can appear before and/or atter ro. Hence, when there
Is Dervening material but no o, there may be multiple locations where sertion
of o would be grammatical, and the effect on prosody would be different in each
pne. To avoid this complication, we made the simplifving assumption that, in cases
without 7o, the ahernative we were comparing the actual senience 1o was one with o
iminedintely preceding the POV, Because the vast majority of examples do not have
material inervening bebween the copula and the POV, this simplification Is uniikely
w0 have matecially affected our resulis,

fnn addition 10 prosody, we thought mn_,:m.zérm phonedogy might, conceivably,

nfluenee the wse of fo. Our reasoning was that, if the initial segment of the PCY
oo similar phonologleally o the final fsum:ri of the preceding word, the word
boundury might be obscured, We conjectured that such a situstion might Favor o
wse, O czzﬁcm::{ we voded for the initial segment of the POV and for the final
seprmant of the preceding word,

The final faetor we thought might affect o use s whether the sentence in quas-
tion i spoken or written. Dur sample comtamed méxsw ly equal numbers of examples
from speech (48635) and writing (3251, and we inchuded this factor as one we con-
sidered. We did not actuatly know what 1o expect i terms of this factor’s effects.
i e one hand, the DBC oceurs at a much higher rate o speech than Inowritlng

(recall that COCA 18 80% writien), and «ﬁ,m%z fanguage tends w employ more
complex stuctures and longer semences than speech. 1

¢ factors would lead 1o

Processing, Prosody, and Opuonal 1 e

the expectation of a higher rate of fo use in writing than i speech. On the od
hand, i one of the reasons for using m i w bay dme o production. then It shou
appear more frequently in speech, 1t tirns out that speech Bvors 1o user (o ocours in
38% of our spoken examples, compared 0 29% of written exanp

The following 15 a fist of the factors we ased 1 oure anaby

»  Head noun of the subject. We had four values for thiss aly, b WEAT, @l st
peR (for “superlative™), where the tast category includes the relatively rare he
nouns best, worst, mose, and feesy, plus the handf of examples with sometd
else heading the subject.

» Subject length. This was measured In words, from the head noan to do.

= Form of do. We considered seven forms: base, mbinitive (with i), present |
nonthird person do, does, did done, and doing.

+ Form of the copula. The vast majorlty of the examples have i, bul way also e
curs with some frequency, and there are some examples with o,

» Number of intervening words between do and be. In the COCA dat, this
be zero, pne, or two, with most cases belag zero.

« Number of inlervening words between de and the POV Again, in the (04
data, this could be zero, one. or two, with most cases bemg zero.

= PCVP length. This was measured n words, including the POV {but exchading
when present). It relied on the parse wee 1o find the end of the POVE.

« Frequency of the PCY in our sample. As is standard in corpus studi
the fog of the frequency.

*  Stress clash. This would occur (without e i the POV had initial stress and the
preceding word had final stress. We treated the copula has having final stress

» Segmental phonology, We classified the nltal segment of the PCY and the final
segment of the preceding word (not counting fo, when present) into ong of Tour
caiegories: vowels, sibilants, sonorants, and other, We then coded each exampie
for whether the two segments in guestion were of the same or diflerent categorics.

» Speech versus writing.

L WED U

Figure | shows anivariate statistics for four of these factors: number of
be-PCB wnerveners, segmenial phonology, and stress olash. Univariate
other factors can be found in Sects. 4.3 and 4.4,

4 Model of the Data
4.1 Mixved Logit Models

To analyze the effects of these various factors in ow dals, we use mived-
{sometimes also called hierarchical or mudtilevel) logistic regression anabysis (or
mived fogit analysis for short; Pinheiro and Bates 2000; Breusnan et al. 2007 Ban
et al. 2008, Jaeger 2008 Mixed logit analysis uses dats 1o Infer the dependence of
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POY segment and final segment of preceding word, and potential siress clash. £0 post-
cipuild v et

asingie, dichotomous respoase variabde o our case, whether the optional word
(o s used In g given ulterance 0N one oF move predicrorys, allowing for the pos-
sibHity that different (actors may have overiapping and even interacting influences
ui tie Tesponse vaciable, In particutar, inixed fogit analysis foltows the assumption
of basic togistic regression (Cedergren and Sankoft E..E Agrests 2002) that all
effects of and interactions among predictors cun be expressed in wenns of additive
eilects on e Jog oddy of the outcome of the dependent variable; these effects are
e regression coefficients amd interred from data. For example. consider two hypo-
thetical utterances ditfering onty in the head noun of the subject:

Poarine SLRIstes tor do-be interveners, be-POT infervonen, segmental phonolopgy of

Processing, Frosody, and Optional to 111

19 & All she did was {to) stare and smile
b. What he did was (10} siare and smibe

If the ditfTerence in the regression cocificients wssociated with whar and Wt
for examnple, fug(d)= 1.39, then the difference in the log odds of (o use botweon
the examples weould also be 1,39, Additive effects on log odds can E::&r::, b
expressed as muitiplicative effeets on odds. so the ratio of the adds of 70 use
two examples swould be ehotidls 4 if the odds of 7o use were 12 for i) {33 % :E_;
of using ro), then the odds for (1) would be 21 {67 %6 chance); it the c&? were
for (1), then the vdds for (i) would be d:1 {80 % chance). and so forth, Wo code vu
dependent variuble and predictors such that positive regression cocetticionts indicite
favoring 1o use, whereas negative coefticients indicate favoring to-onissicn,
Mixed logit analysis extends this picture by adding 1o the "Hixed etfeor” o ur-
dinary togistic regression & set of "random effects”: idivsynaratic departures fiom
the “overall” population nonn in baseline behavior and sensitivity 1o predictor van.
ables that vary across meaningfully clustered subsets, (1 our casel 31 is the P00V
that makes mixed logil analysis essential. Since the presence or absence ol ro1y o
ieature of an vtterance highly local (in both lineur and structurad tenns) 1o the B v
1 is quite plausible that different PCVs might possess idiosyneratic ?&n?.__cc;
regarding baseline fevel of o use due (o histortcal acciden! andror systematic pres-
sures that we have not measured amd inciuded in our model. Furtherpiore, PU ( -
have a nearly Zipitan distribution (Zipl 1936} in our datasel {F1g. 2) su that ¢
PCVs are attested in dozens or even hundreds of utterances. 1 PCVs do in fuct e
idiosyneratic fo use preferences. -for example, if ger, which aecurs in over Wiy
observations, idiosyncratically prelers o more strongly than sk, whi
i nearly 500--nwot including such preterences in our model will inwertere wit
inferences we draw regarding the effects of other predictors. Finadly, note that ~av-
eral theoretically critical predictors in our model- ~nciuding in-construction POV
frequency, polential siress clash, and segmentai phonology  are nearly completety
determined by which PCV oceurs in the construction.’! By including o by -PON
“random intercept” in our model, we avoid the “languoge as fxed eiteot fuliacy”
(Clark 1973; Barr et al. 2013) and ensure thas, if we conclude that these predice-
1ors reliubiy affect fo use, it is above and beyond any apparent pateins that maght
emerge due W idiesyneratic PCV-specific preterences alone, For the same teasom,
we include a by-PCV “random siope™ tor the eitect of corpus 1ype i our moded,
since there couid be PCV-specific differences botween speech and writing i fo use

preterences. The complete formal specification of our mixed logit analysis 5 as
tottows: the probability of (o use in a given utterance with fxed-vilecls prodicins
denoted by x. ...« is

Pl = :mt\v
I+e”

W say meardy because in the infrequent cases when materint such as ads erhs inlem ¢in teta e
tw coputa and the PCV. stross-clash wnd segmental plonoiogy predictnrs ane deteristined by 1o
material, not by the PCY.
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and 1., and . are jointly normally distributed PCVespecific regression cosfti-
clents, We {it our model using version 0.999999-2 of the fmed package of R {Bates
et al, 2013, which estimates mixed logit models by maxiniizing Laplace-approxi-
matesd data lkelihood.

4.2 Have Model Besules

Owr Titted regression model is given in Table 1. Several of the factors in our model
are ponnumeric, specifically: head noun of the subject, form of do, form of the
copula, stress clash, g spesch versus writing, For Table 1, we employed what is
wpown as Cireatnent coding” (Chambers and Hastle 1991) for these factors: one

i
i

sing. Prosody

el Optional (o

Tabte 1 Overat] maodel 1

value of the factor s arbitrarily selected as the
sible values appears as & separate predictor in
representing the difference in effect on wepreference between the value in quest
and the baseline value for the facor, These baseline values are ALL for subjeoo NP
head, base do for do-type, iv for be-form, SPOKEN for corpus type. and .
tor stress. For the continuous predictors, in our Iniial model fit, we assume sn
linear effects on the Hoear predictor, but explore possible nonlinesr effects on o
use later in this section. Positive values in the fest column of Table 1 indicate thut
the predictor correlates positively with fo use. all other predicio
stang; negative values indicate a negative correlation with fo us

being held

the predictor’s effect, and the final column give
cance based on the Wald 7 statiseic.

i Fach major predicior statisticatly significant in Table 1 is alse significant by » 1k
test n which the aull hypothesis tocludes & random by-POUV slops or e pradicio
shiown).
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We firsi summarize those resubts that can readily be understood from Table 1,
and kater proceed o explain results that require further visualization. To begin with,
the randomn effects part of our fited model assigns considerable idiosyneratic vari-
abiliny across PO y. in ro-prefereace not captured by other predictors in our model:
the vandom by-POV intorcept has standard deviation 1 00 {units on the logit scaled.”?
However, the diosyneratic difference in ro-preference of any given PCY in written

ae i very small (standard deviation 017y PCVespecific 1o use
Preferences are CONSsen across genre. )

Moving on o fixed effecis, we see severnd critical pieces of evidence dupporting
our general predictions, Our general prediction from the perspective of witerance
planning was thal factors increasing memory oad and planning difficulty should
also increase the rate of fo vse. In Table | we see this prediction confinmed in the
positive parsineier estimates for the effects of the posi-head length of the subject
MNP e mamber of words intervening between do and be, and the length of the
POVE AN of these estimates differ significantly from zero at p<0.0035 or more
hly sigaiticant. We also ses confirmation of the more specific prediction of ULD:
zﬁ higher the conditional log-probability of the POV given the preceding context
tere, crudely approximated by conditioning on the fact of being in the DBRO), th
likely 7015 to be used. Forthe continuous prediciors and for speech versus writ-
see from the table that the correlations are all in the direction predicted.
the more general hypothesis thay difficulty in utterance planning fa-

VRIRLE wwurvw.ﬁ_w g

s, W Cin
bus, LH o

i
vors 0 usé receives broad empirical support. The exception is that the presence and
number of interveners between be and the POV has no effect on fo use preference in
this wodeb--but see Sect. 4.5 for further discussion of this predictor

we also explored two predictions regarding the effects of phonological predic-

wrs on fo use, The predicted effect of segmental phonotopy—namely, that the firgt
segiment of the POV and she final segment of the immediately preceding word being
of the sarme type would promote o use-——was not borne oul, However, the #a%ﬁaa

effeet of prosodye-—that when the §irst syilable of the PCV and the fingl syllabie of
the mediately preceding word are both stressed, 1o use would be favored to elimi-
nate stress olash—was strongly confirmed. This can be seen in Table | from the Tact
that the parameter estimate associgted with NO CLASH is negative (with respect to
the baseline level of CLASH),

4.0 Latevorical Prediciors in Greater Detaif

W now exnamine in greater detall the effects of categorical ?.wnm.ﬁo_,m 1k miore
than two levels: subject NP head, do type, and de form. Although Table 1 containg
all the information necessary 1o reconstruct the effect of each of these predictors,
s ot the easiest format in which to visualize these effects, in particular because

2ivye o better senve of effect sizes seen i our regression model, 2 difference of ong

To perhaps

utit on the lepit svale is equivident 0 the dilference ya?caz o use probabitities of, for n.f..E.RF
G2 and GO between U405 and (U2 between 052 and 027, or between 027 and 9.5
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mem%mx

T Zn,

2.8 30 32 34 Rl

Log frequancy of Subject NP head

Fig. 3 The effects of ditferent subjoct NP heads on 1o use preforence. Broor bars
errors of the regression parameter estimale

the degree of confidence in the sive and direction effect of the “haseline” ieve
of each predictor 15 not visible. For this reason, the next series of figures prov
visuaiizations of these effects based on “sumy™ or “deviation™ coding of predicio:
levels, where the effect of each predictor fevel is estimated subjest 1o the consirain
that the sum s zero. This representation also allows us to explors cur general hy-
pothesis that low-frequency material favors o use due 1o difficulny in utterance
planning and production. Because the subject NP head, o, and the copuia wre il
critical components of the DAC, it is Hkely that they would have similur influens
as the PCV: The more frequently the particular variant of each componant |
in the construction, the more it should favor ro-omission. We visualize the exient to
which each predictor’s effects confuorm 1o this w?mam?i; by passing wet é:, i b
it fines through the estimated effects in cach plot (Fig. 3 %3:2 Fip, ¢
cuch of these three components has only a ﬁwrw: number of variants, our
regarding re Ewa:w hip of variant frequency against 1o use preference ave necyssurih
exploratory but, as will be seen momentarily, are provocatively consisient with
general theoretical predictions.

Figure 3 shows the effects of different subject NF heads on o use preferenve
ﬁ?u_immwzacﬂwwsﬁ_&wvﬁiv;ﬁa%m:a%ﬁWzﬁwm?m‘:‘:.:éﬁ,ﬁm

Ject NP heads to disprefer 1o use more strongly, However, the disproference of the

bead all for fo is far sironger than would otherwise be expectod from this wad
We have no explanation at present for this exception,

The form of do is a purticuiarly interesting factor,
tion thar more frequent forms ™ of do would have lower

tovwn in Pl

G i

M The weights for the bestit Ting are the inverses of the squsred standand error of o
Cstimae,

* Frequeney fs meusured as 1he number of ovcurrences of the form in QULEIELR §5
do ot the DBC it our dalaset.
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excepl for one severe sxception: When do is infimitival {that is, 1o do), the use of
o with the POV is much higher than would be predicted on grounds of frequency.
This exception, however, 5 consistent with another psycholinguistically Eﬂ.iéag
prediction we made; that the 7o in the mfinitval do primes the later use of 1o, Thus,
Fig. 4 nicely matches our predictions,

Frovessing, Prosody, and Optional ro Y

Figure 5 shows the effects of different forms of the copula on o use prefe
Although there are only three distinet forms in our dataset,™ and one of them
is 5o infreguent thar our mode] has Hinde confidence o i precise effect, the general
trend, driven by relative preferences for s and way, 15 for more Treque
forms 1o be associated with less (o use, onge again consistent with our seners
pothesis,

i sum, inoall four Yerincal” componenis of the DB
the form of subject NP-fmernal do, the form of the main clause .&%EF
choice of POVwe find the same pattern emerging: Tha lower the in-con
frequency of the variant of a component, the more sty
One clear exception to this generalization, thi infinidval do doey nor dislay
despite its being far and away the most common do form.
nation, namely that it induces repetition printing of vo use
we see broad support from construction componaent frequencies for o
that utierance complexity favors 1o use.

it e

s hypotinesis

4.4 Contintous Prediciors in Greater Deinil

We now move on o 3 more detailed investigation of the effects of the comin
predictors for which we found significam effects on fo use preference in the base
model of Table 1. Our depth of understanding of these elfecis s limihe
assumption built into this base model that the effects of these prediciors are
m Jog-odds space. For each of these predictors, we exiplored their effects on to w
in more depth by relaxing this assumption: We removed the praedicior from ihe
basic model of Table 1 and put i its place a richer version of the predivtor using
restricted cubig sphines {(Green and Silverman 1994, which allow the model 1o b
nonlinear effects of the predictor on the tog odds of 1o use, Fivure 6 through T
depict these offects, together with 95 % confidence intervals, controlling the oflfe
of other predictors; as with Table |, move positive values indicate sironper
ence Tor io use. At the bottom of each fgure © @ summary of the data distriby
for the predictor in question: for discrete predictors (subject and POVP Tengih
histogram of counts among the 9972 total in the model. and for the continug
dictor of in-construction POV frequency, a kerne M Q:Er :m::ﬁ
Figure 6 shows the resulis for the post-hread length ol the subje

reveals a regularity invisible in the base maodel of Sv @ 1 that m?. JESH
of longer subject NEP's favoring fo use is reversed for very short subject N
four or fewer post-head words, The reason for this reversal s currently unclear
to us, Une speculative suggestion s as follows; In many ullerances with three «
four post-head subject NP words, the only muaterial beyond the minimum (which
two words: a single-word subject of the relative ciouse, and @ is auxilisey and/

Nate that we discarded the one instance 97 0 were copula since ste Hstuno i loaeil
ty esthnaie that form’s eifeer,
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Fig. 6 Bifes of the number of posi-huad words in ihe subject NP on 1o use preforence

raodal verbs proceding do. which may not add appreciably o utterance complex-
ity {Warren and Gibson 2002). This speculation would require further research w
investigate seriously, however,

The effert of the length of the PCVE is Hlustrated in Fig. 7. We see a near-linear
sffect of POVE length on 2o use preference throughout its range: the linearity as-
sumpticn of the base model in Table 1 was in fact reasonable.

Figure § shows the effeet of in-construction PCY log-frequency. As with PCVF
length, we see a near-finear effect throughout the range of PUV frequency {though
model confidence In eifect shape drops off for the sparse, highest-frequency PUY
cange), validating the linearity assumption of the base model in Table 1, which ulti-
mately derived from the theory of UED.

{i sum. more in-depth spline-based analyses of our continuous predictors largely
validate the linearity assumption implicit in the base model of Table 1. The one
enception is that there is a reversal of the subject NP post-head length gffect for
the shortest subject NPs, a patiern whose source we have speculated on but wirtiid
recuaire further research to understand more fully.
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4.5 Interaciions with Corpuy Type

Written languape shows al least one dilference from speech in #s lower gveral]
fouse Tates; moreover, (s not subjet 1o the same real-thne production pressures
as speech and does vot normally indicate what should be stressed (other than oc-
sional marking of contrastive stress through devices Hke boldfacing), Thus, it is
putural 1o ask whether the etfects of complexity and stress clash avoldance in our
model may differ beoween specch and writing. To answer this question, we Eﬁnm
for significant interactions between corpus type and each of the other prediciors in
our model, using lkelthood-ratio 1est model comparison in cach case berween the
base modet of Table t and a minimally enriched model in which only an interac-
:a between corpus type and the predictor in guestion was added. Qur predictors

felf ot three categories, In the first category are predictors that did not interact
x‘,;k,i.,?,wxm,.‘ with eorpuas Type: subject NP head, post-head subject NP length, form
of the copula, und siress clash, OF the predictors in this first category, stress clash
s more lengihy discussion, because there 1s 2 numerical interaction between
CONHS ?. ¢ and stre st that Is marginal in statisteal sipnificance (p=0.06),
with stress clush mattering less i writing than in speech,. More importantly, how-
ever, the eliect of stress clash ts ighly significant in each corpus type individually
(e U001y, with the same gualitative effect potential stress clash favors fo use.

Figure 9 lustrates this effecy, with effect estimotes and standard ervors derived
from o sunt-eoding representation of the interaction. The existence of the effect

Provessing, Prosady, and Optional 1o

in the writien data provides support for the part of Janet Fodor™s (1998] “tmpiicy
Prosody Hypothesis™ that Fodor (2002) frmulates as follows: “In silent read
a default prosodic sontour is projected onto the ;x:;;:a T Morenver, i
that writers are influenced in their wording choices by this implicis

in the second category are predictors that interact s _5:?&:? with corpus ¢
but not in ways that lead to a qualitative change in owr overall piciure:
aumber of interveasers betwaen do and be, and POV lengeh {all p<0.08)
of do-be interveners and PCVP length have the same effect In speech el writ g5
{with more of each favoring 1o use), but in éaw case the elfect s suronger |
ing than in speech. In the case of do type, the ineraction involved the form
and done Tavoring ro use more sirongly in zueaﬁv han in writhng, These pasto
forms are less common in speech than in writing, s0 this result is also con
tent with our theoretical picture of less frequent components of the vor
favoring to use.

The sole predictor in the third category was the number of Interveners hebween
be and the POV, which interscted significantly (pac 001 with corpus o ma i o
theoretically important way, Reeall that in the base mode! of Table 1 be-PUV 1.
terveners had no effect on 1o use preference. However, adding an inte ,xnzc: Wil
corpus type resulted in a far better Huing model (likelthood-rario test p < 4.001),
To understand this interaction. we nested be-POV interveners Inside corpus n
and added random by-PCV slopes of be-POV imierveners and s interaciion with
corpus type; in this model, we found that more be-PUV intervensrs fivored o
in written English Auém 66, p 0001 but marginally disfavored o use In spok
Enghsh (£=~0.21, p=0.09}. A likelihood ratio test confirmed tha the
between be-PCV interveners and corpus type is highty significant {p< 6.001 in thi
model with maximal random effects structure with respect 1o this oritical interaction
(see Barr et al, 2013,

Why would the effect of be-PCV interveners, unlike all sur other me
terance complexity, differ qualitatively between speech and writing? Consider ;
additionai materiai inserted between be and the PCY, unlike addiional mae
the NP subject or the m%?é%m_ sart of the POV P s in the same position as optio
f0, While some types of be-PCV interveners may be semansieally “full™-obi
wry in order for the utterance 10 convey the speaker’s intended x:.n.xxsm il
may ve semantically “empty,” and the speaker’s use of thenm may be driven by the
same considerations—ullerance planning and prosodic optimization-—1hat drive
use. The Doliowing pair (both from the speken part of COCA, falicos indig
mtervener) illustrates this potential contrast, the first semantcally “Tuli™ and the
second Pempty™:

§prosody,
jt

ruction

(10} a. alf we have w do is not contimie the § HGbillion-nyour nercase that Oba
m‘# Cr_zsa ats put inte domestic Qwr?mc:.ﬁ spending
o, all 1 has 10 do s just jump dowe that hit t thers

On this view, semantically “emply™ material may sometimes be used instead of e
and thus disfavor it 1f this view Is corvect, and such semantically “empry’
rial disfavoring 1o is more commen in speech than @ writing, it could explain ihe

o
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Tabie 2 Bawe of ro nse in speech versus weiting for cases with a one-word be-PUV intervenar

Aiserepancy seen in the effect of Ae-PUV across the corpus types: & frue underlying
effect of serpantically "0l mateciad that favors o could be obscurerd by a higher in-
cidenoe of semuantically “empiy” material In speech, We explored this hypothesis by
fovusing on the single-most coramon be-PCY imtervener, the word juse, Although
it b difflcull o judge when and to what extent just is semsantically “full” versus
mempty.” there are few iF any luterveners that are likely to be “empty”™ more ofien
than jisi. As i 1urns out, the behavior of just is highly revealing. Tabie 2 shows the
rate of 10 tse in &._aﬁﬁ,_ snd writing amony utieransces with single-word be-PCV in-
werveners. ' In writing, the rate of fo use s approximately the same for fust and other
single-wond m;ﬂ.«%ﬁ.w, in speech, howevern, juar distavors ro use far more strongly
than other single-word interveners.

This speach-apecific disprefercace of fust for to use provides initlal contirmation
of gur hypothesis, We tested the iypothesis more rigorousty by fiiting & model with
both the intervener by corpus type iteraction, & muin effect of single-word juse, and
s inevaction between justund corpus type (with a eaximal random sifects structure
puct 1o these parameters). o this model, juse significantly disfavored fo use
0.081) but had no effect in writing (f=-0.01, p=0.96);
more be- POV interveners st favored ro use in writing {(£=0.64, p<0.005) but now
nad no effect in speech {(F=-0.03, p=078). That is, simply by accounting for the
nossible effect of just as behaving differemly from other be-PCV interveners, the
reverse offect of interveners n spoech disappeared altogether. We speculate that the
nndertying effect of semartically “full” interveners may be to favor 1o in speech
a3 i writing, but remains chscured by a longer tail a?x ter semantically “empiy”

interveners mdividually less frequent that fusr We lea ment of this specula-
1on as an open question for future research,

with o
i spuech (A= - 368, pe

& Copelasions and Directions for Future Work

O study of optional 7o in sthe DBC suppests that processing Jactors familiar
Troan the study of optional thar play a major role in determining where to is used.
These Tactors include measures of structurs] complexity and In-construction word
freguency, including the specific prediciion from the theory of ULD that in-con-
steuction frequency of the post-copular verb will be negatively assoctated with
1o use. These findings support the idea that these factors apply guite generally to
language produstion and are Hkely o infhuence the use of other optional function

in speech, 90 % of tese one-word inlerenens are jus? e writing, the Hgure s 3195

Proces

. Prosody, and Optionad 1o ;

words i similar ways, We also found that prosody, a facior not included bn models
of optional #wr, seems 1o play an important role in derermining whether |
use fo before the POV in DBC sentences. The fact that the same factor affe

against & serial, moduiarist view of the lexical-selection and phonclogical-encod
stages of language production, Production s commoniy seen 85 a cascaded provess
in whicl lexical selection precedes phonological encoding (Level 1993 On g se-
rial, modularist version of this view, preferences stated in wems of repre
e the ater stage of phonclogical encoding cannor affect decistons in the var
stage; on an interactivist view, such effects are possible through selfbmor me:: 1 and
feedback (see Goldrick 2008; Jaeger et al. 2012, for discussiony. Our
prosodic effects on lexical selection favors aE mieraciivist view,

A second broad theoretical consequence regards the pature of thes
effects, Our key empirical findings all involve the speaker making fo produstion do-
cisions that optimize the communicalive properties of the utterance. These propes-
ties include the time available fo prepare or recover from syntactically complex paits
of the utterance, the mformation-density profile of the witerance, and the prosodic
contoar of the utterance. Our results thus support 3 view of moment-by-monw
language produciion as being crucially guided by considerations of commun
optimality (Levy and Jaeger 2007; Jaeger 2010), Qur results do not, however, spaak
directly to the familiar question of audience design {Clark and bauphy 1942 Do
the effects we see on fo production reflect speaker-centric production pressures.
effort on the part of the speaker 10 optimize the witerance for the addressee” Thi
question is beyond the scope of the present chapler

As ancther test of the generality of the Influence of prosody on optional
use, we did a very preliminary check of fo use in ancther construgtion where il is
optional, namely, after the verb sedp. As the examples i (1) show, felp can
VP complements that are gither base or infinitival, irrespective of wheth
NP intervenes

Aiva

T A oby)

(1 a a tot of people helped o 1ind vou
b, she has helped find dorens ol people
¢ 1 did help Austin 1o find her voiee
d. he could help Luke find the patewn

We searched COCA for uses ol the verb Aelp followed by a verb, with or with
an intervening personal pronoun. We did this separately for the spoken and w
portions of the corpus.

We made the following working assumprions: felp is normally stressed:
andd personal pronouns in this position are typleally unstressed: and a large ?.%x...
ity of the verb tokens in our searches probubly have initial stress® Given (hes

hese assumplions need verification, and are deliberaiely simed with hog
verhs are not stress-initial, But more freguent words wend 1o bo shorter. s
vert tokens witl be monosyHabic and henos si islzal, and muany pobysyHable serbs are
stress indtiel, The reasoning leading to our prediviions dous not g through when 1he prosot

«uw.n Cirahiig «
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& Adter Alp in COUA
Spoken hils

;.2%:.;5. T s e (7%
1957 (27%) o VLZES (239

22012 (90%)
3878 (10%)

PEPRO Y 637 (8%
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asswmptions and the fact that both stress olash and stress lapse are disfavored, we
expected 10 see a far higher rate of ro use when 1o pronoun intervenes between help
anid the Tollowing verb. Including o after a pronoun puts two unstressed syilables
next 1o each other, resulting in stress lapse. On the other hand, including to when
no promoun is present often prevents stress clash, Table 3 gives the results of these

searahes,

In both speech and writing, the vate of w use after a personal pronoun is about
ald of what it Is when no pronoun is preseni. This is what we predicted. Of course,
the role of prosody in o use after help needs w be studied much more carefidly,
minimaily by inchuding further factors {like verb frequency), checking the actaal
stress patterns of the verbs, and by distinguishing between helping and the other
Habic) inflections of hedp, But the pattern in Table 2 strongly suggests that

[RELTRIEE

prosody plays a role in the use of optional 1 after Aelp, just as it does in the DBC.
soreover, the effect appears 1o hold in both speech and writing, providing addi-

tienal support for Fodor's Implick Prosody Hypothe

Returning to the DBC, while our study has made progress towards explaining
why 7o is used where It is, u great deal of the variability remains unaccounted for.
Owur model indicates that individual PCVs have different likelihoods of being pre-
ceded by 0, over and above what can be explaized by their in-construction freguen-
cies. ,&:m::a that these differences are not arbitrary lexival idiosyncrasies, we
would Hke o discover what properties of verbs are associated with being preceded
by toat W:ﬁw:x. THies

We conjecture that verh semantics may be releve

ant, and we have begun investi-

pating one semantic property. namely stativity. This was based in pan on a claim of

LakolT (1966), who used the DBC (with whar as the subject head) as & diagnostic
for nonstativity: thar s, he claimed that stative verbs could not appear as PCVs in
the DB, giving examples Tike {123, which be prefixed with asterisks:

{2 b o What bidid was hear the music,
b What Hasry dhd was know the answer,

O datpset ingludes
ample {13)

many courterexamples to Lakofs categortcal claim, for ex-

{133 o what we want yus 10 do 18 hear some stories of the real-ile peeple
e thing you need t do before you 2o in s know your rights

contrasiive siress, or when the Torm o hedp used 43 Aelping. Bul we are pondident thal our assiimp-
dens Roid Tor enough of the dea to make this o meaningiul prelnvinary st

Processing, Prosody, and Qptonal o

But Lakoft"s claim was not entirely off base. He Hsied 28 stative and 28 nonsiatis
verbs at the end of his paper. and a check of our datase! shows that the nonsiative
ones ocour i our collection at aboat six times the rae of the stative ones |
the nonstatives (out of about five million total sccurrences of these v .:? RN
versus 163 for the statives (out of about four million ol occurr
verbs).

This suggests that there is g semantic icongruence belween e 10 ang
predicates, which might make the combination harder w0 produce and compre
1 stp, this could lead 1o higher rates of ro use in DBC examples with stalive
Testing this requires some independent means of assey the stativiny o s
And since stative verbs have low frequeney in the D ,.ﬁw we witl have to deten
whether any effect of stativity on jo use = already covered oowr model by
construction frequency. We are beginming 1o nvestigate these ssues. but do not s
have resuits 1o report.

Much remains to be done before we know alt the factors that influence the
to in the DBC. And a true understanding in. Mrc 1 ennmenon will reguire explana-
tions of why these factors influence fo us - do,

noes

Acksowledgment We are grate ol 10 peeo antuymoss revivwers (o7 thoughital ctmme
Her versions of this chapge

References

Agresti, AL {2002, Laivgorical duta 5&54??: o b New )
Antitta, A, Adams, M, & Speriosu, MO0 The role of prosody i
won. Language and Cognitive Processes, 25 18/9), Sa6 481
Baayen, R, M. Davidsen, D L. & Bates, 13 (2008 Misedeoi
random effects for subjects and sems. Jowrnal of Memory and Languoge, 3904,
Bare, DU ) Levy, By Scheepers, O & Tily, HLL (20830 Random effoots sty fur con

tory hypothests testing: Keep it maxamal. Journ! of SEE%,. %i M.ﬁ.:.ci:.,» :
Hates, DM Macchlor, Mo & Bolker, B8, Imed Linear mixed-
Packape version 09999992 2013, W, oran. ?azé.ﬁi orge fé Hﬁ;hﬁﬁ.
Bresnan, J. Cuend, AL Nikiting, T, & Baaven, H{2007) Prediang the dotive ahar
Boume, 1. Keaemer. & 3 Zwarts (Bds.), Qogaitive jowdutions of imterpreit
Amsterdan: Roval Netherlands Academy of Soiunoe.
pren, Ho L& Sankoll, S0 (3974) Varisbie sules: Porfgmanee ax o sum
competence, Loanguage, 3013, 333-335.
Chambers, J. M, & Hastie, T L 21991, Sratisteal models, fn . M Chambors &
stdistical modets in S {Chap. 2, pp. 13440, Loadon: Chapman and Hall.
eri, O, Mitler, D & Walker, Ko (2004) The fisher corpus A tesourge lor the
of speech-to-texs, LREC, 4, 6971,
Clark, H, HL41973) The language-as-fxed-effect fallaoy: A oritigue of lang g
cholowical research. Jowrsad of Verdad Lecrning ard Yerbal Bohovior 12) .
Chark, H. H., & Murphy, G. L. (1982} Ausdience design in meaning snd reference. In b FL
& W Kimtseh (Fds ), Languege and comprehension (Yol 8, pp. 287707
Hotland Pubtishing.

e




138 T Wasow el ¢

Fador, 1. 4% {19983 Learning 1 parse” Jowral of Pyvcholimguistic Research, 27, 285519,

Fodar, 4. D (2000, Prosodic disamblgaation in silent reading. Proceedings of NELS 30 M. Hiro-
wind (Hd, Amberstc GLSAL Undversity of Massachussis,

Gioldrick, M. {2006). Eimited nleraction b speech produstion: Clironometric, speech eiror, atul
senropsychologivel evidence. Langruge & Cogniave Frovesses, 2HT-8), 817835

Groen, B4 & Siiverman, B W, (1994, Nongarametnc regression and generalized linear moed
S roughneys perralty approaci. London: Thapman & Hall.

Flasking, & AL {1994Y, 2 pefarmance tieory of vrder and constitugney. Cambridge: Canbridge

piversiy Press,

Jaeper, T, F. (2008) ~Categorical dima analysis: Away from ANOVAs gransiormation o not) and

sweards logit mixed models " Jowenl of pemory uad loguage 394). 434-446,

daeger, T F (2010) Redundancy and seduction: Speakers manage syn ciiv iformation density,
Cogpnrive Fsvolology, Hi{1y, 2360

Farth Ko, & Hilliard, O (20123 Phonotogical overlup allvon fexical seleat ol during

centence produnnion. Jowenal of Experimental Povohology: Leavaing, Memory, & Cognition,

FERL 143010
Fiein, B & Manning, O 8 {20030 Acen icatizad parsing. Froceedings of the 4lsi
Meeting of Hre Association for Compuarionnl Linguistics. pp. 423430,
kot €51 19663 Stative adjectives uad verbs in English. In AL G Oettdnger (I Mathemuatical
finguistics cnd suomatic transfarion. Cambridge: Harvid Umiversity, Report NSE 19, come
putagion laboratory.
Dovell W, 5 ML 993, Spwaking: From snzenden o articulotion. Cambridge: MIT Press.
Lewy, R Po @ daeger T.F {20075 Speakers oplimize informstion density through synfactic re-
duction, o ), Plat & T Hotbman (Bds b Adbvances Ia newral nformalion processing sysiems
(. B49-836) Cambridge: MIT Press.
Liberman, M & Prince, A, {19770, On stress and Bnguistic hythm, dinguistie frguing 8, 249330,
Binheiro, 3 U Bates, 1ML 20003, Mixed-effects modeis in 8 and $-PLUS. Berlun Springer.
Hobgie, 1. 1, (2003), Terep? wser maneal. hitp/fedlab.mitedu/di/ Terepligrepl.pdi’
COF (19985 A mathomatical theory ol communications, Befl Svyrems Fechmical Jowrnal.
H56.
vag brrast, BOF Q1S HEL Rt i Eaglish p
andiung.

Warren, T & Gibson, 11 {2002),
Cognition, 8300 T80
Wasww, T {2 Faseverbal behuvior. Stanford: C511 Publicutions

Wasaw, T Jaoger T FL & O £, 12011), Lexdeal variation in relativizer frequen
BH Wiese (Bds. L ooy the sexpecred: Exceptions in gramsar {pp. 175195} Hertin:
e Gruyler
Giromne, B & Lovy, R(20123 Optional jo amd Prosody. Poster at the 25th annual
CLINY Confergnec on Human Sentence Processing. New York, March 2012,
Zipt. GU1938), The Pavchobinlogy of Language. London: Romlsdge.

e, Hetdeibery: Carl Winer's Universititsbuch

w influence of referential processing on sentence complexity.

sy i HL Simon




