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lhe man: thegirl the cat scratched loved: died.

NP4 NP2 NPS VP4 VP2 VPSS

A'main clause, containinga REsurrounded on both
SIdEes, With'another : (s surreounded on both Sides
insident. (Likeranenion:)

Example froman expt by Gibson & ihomas (1999):

lhe ancient manuscript that the graduate student who
the new, card catalog had confused a great dealiwas
studying in thelibrary:Was missing a page.



Unusually difficult comprenension— Whether|ong or Short:
\Viore than twice as'hardiasiasingle embedding:

he man'the girllovedidied (and the cat'scratchedrher).

EasieriffNP3iisia pronoun’= “the pronoun effect (Bever)

he man the girll'scratchedloved died.

@ften perceivedi(wronglyl)as more grammaticaliiz\V.L2
ISlabsent = “the'missing=VPillusion®

lhe man the girl the cat scratched died.



Parser can‘t recursively callithe same sub=routine (IVliller &
Chomsky 1963).

\Viisparsedion-lineas coordination (Blumenthal 1966).

Density oisyntactic nodes per wordiis toorhish (JLATEedor &
Garrett 19687).

Can‘t'assign both subject andiobject roles to:NP2(Bever:
1970).

Sausage Viachine can‘t chunk word string correctly (Erazier
& Eedor197.8):

Disappeaning syntacticnodes (Erazier 1985).

Similarity, of phrases causes interference (Lewis &
Nakayamaj, 1999)

Syntactic prediction locality theory (Gibson & Thomas 1999)
il



Syntactic Prediction Locality Theorny (Gibson &lihomas)
Predicts:

High'memory cost at NP3} torstore predictions about still:
needed constituents. Threeincomplete clauses.

Very highlintegration cost at VP25 its subject and object
are pothnen-local

lhe patient who'thenurse Who'the clinic had hiread
admitted metJack.

NPAESINP2ESNRSEV PRI RP2E VRS



We'turn 2CE-RE monstersinto
nermal-sounding Englishisentences.

he rusty eldiceiling pipes that
the plumber my dad trainedfixed
continue tolleakioccasionally:c =

BUT Witheut the magic:

e pipes that the unlicensed plumber the' new janitor
reluctantlyassisteditried torepairburst: ¢

lhe plane that the transatlantic pilot my older cousin met
on hisS\vacation Was filying torPortugal crashed.



We claim: Presedy isialarge part of the usual 2CE-RE problem:

A'mismatch between the nested syntactic structure and the
need Torflat prosedic phrasing.

Prediction: I the prosody can be made natural, the Syntactic
structure willlve easy te process.  lihree chunks!

However, making the prosody naturalis difficult. lypicali phrase
lengths discourage it. Needveryshont NP2 NP3VRIV P2,

hisican explaintalliStpeculiarities of typical 2CE-RE:
Unnatural or misleading prosody = incomprehension.
Pronoeun as NP3fisiprosodicallylisht; improves rhythm:.
VP2 should e prosodically grouped withiits stubject NP2,

but difficult due to'phrase lengths = parsersuppresses V.P2.
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Effects ofi phrase lengths on ' sentence processing have been
demonstratedrat CUNY 1o Japanese (Inoue; Uehara; Hirese),
Hebrew (Shaked; VWebman), liurkishi(BDinctopal), Bulgarian
(Steyneshka); Arabic (Abdelghany):....

Encournaging phrase lengthsiior Englishi2ZCE-RE:

ihe rusty oldicelling pipes / that the plumbermy dadtrained
fixed// continue te'leakioccasionally.

[Disceuraging phraselengtns:

ihe pipesy/ thatthe unlicensed plumberthe new janitor,
reluctantly assisted tried terrepair /s burst.

ihe pipes /that'the unlicensed plumbery/ the new janitor
reluctantly assisted / tried terrepair/ burst.



Suppose you wanted to tell someone:

Sne manitnegirlthe

2,

/\
NP vP3
/\
NP1 RC1
/\

NP VP2

N

NP2 RC2

N

NP3 VP1

Nested syntactic tree (approx)

Cat SCratchedieved aied.

p_)

HOW teasSIgn PreSeaIc
StrUCtUre te tniSs syntactic treer:
Shiplitapartatinatiralisyntactic breaKs;
Starting irom the top:

,/

INte 2 URITS, STUNItS, 4 Units or::.

Doerasiittierdamage
as poessiblertorthe
SYRtactictree!

©



[least'damage to syntactic tree = pProsedic andsyntactic
Phrases shouldive , ds faras pPossible.

Edge alighment: Aligng XPESelkirk(2000)
Wiap: lruckenbrodt (1999)
he Sense Unit Condition: Selkinki(1984)

Alse optimaliphrase constraints:

Binary Minimum: (ip> 2 presedic words). Selkirki(2000)
Binany Viaximum: (ip'< 2 prosodic Words)

Balance:. Gee & Grosjean (1933)

Unifermity. Ghini(1993)
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Snip once - 2 prosodic phrases

Ihe'manithe girlthe cat'scratched/oved! fdied

Y
——

/\ : '
NP1 RC1 9 NP1 RC1
/\ /\
NP VP2 NP VP2
PN PaN
NP2 RC2 NP2 RC2
RN PaN

NP3 VP1 NP3 VP1
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ENCouraging phrase lengths

Balanced alighed prosody: 7+5="12:words: (4+4'stresses’)

he girl'the man Iflove met 'died oficholerain 1960.

DISCouraging phraselengths (typical)

Unbalancedialighed prosody:10+1 = 11 words (6+1 stresses)
helittierboy that the cat the dog chased bit: | ‘died.

An NP containing an REisn it usually.only2 or 3:woerdslong!

Unless NP3tisia pronoun, this 2=phrase prosedic phrasing is
Nard terachieve. Soets try snipping again.
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Snip again - 3 prosodic phrases
Jhe man | ‘thegirlthe cat'scratchedloved | ‘died

w1 R
NP VP2 > NP VP2
N AN
NP2 RC2 NP2  RC2
N VAN
NP3  VP1 NP3  VP1

1S



ENCouraging phrase lengths
Balancedialigned prosody: 3+6+31=12

lheelegantwoman' | that the'man ['leve met | liVesiin Barcelona.

DISCouraging phrase lengths
Unbalanced alighed prosoedys: 2+8+1 =11

hegirl’ ‘that the young man lllove metin Barcelona ‘died:

How te:make 2CE-REC pronounceanle?.
Encourage phrasing , By lensthening NP1 and
\/P3" on the outside, andishortening RE1Nintthe midale.

What iifRC1 canit be shortened? Cut again®.
14



4 prosodic phrases

IIherman || thegirlithe cat scratched: floveadl fdied

-—@@
NP2 RC2

PN /\
NP3  VP1 NP3 VPL

1



Expand VP2 terachieve balanced aligned prosedy: 2+4+342=11

lheactor | that'someonelllove! imetin Barcelonar 'died yesterday:

BUt not aniimprovement!Sine sentenceis beginning to break up:
lhe ‘shopping listTeffect.

SUNIMARY O INTUITONS:

lhe 4-way, proesodic phrasing splits up the complex: middie
constituent. nisieught terhelp by easing the crushin RE1:

Butintuitively,itisless helpfulithan the 3=wayphrasing.

Let’s put theseintuitions te experimental test.
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Elicited prosody expts test these intuitions

#* Expenment 1 (Felelof<aNle <=l VAW S22 0(4))

11 - 4 Readithe'sentences r’Js lently, thenalouafor
faee)ellnfey; i)l le) Vel o)A tlefdnnllnles o) pronounceability

and comprehensnblllty,
Familiarization pre-procedure o iricrzzase ability:

U?.

* Expenment 2 (Sielpleiie<s Folelo) a\\V/| =] A2 0)(6))
1| & Readithelsentences first silently, then aloud for
recording; fellowed by 11 = 1«11y judgsment

A more objective measure of parsability.

# Experiments 3 and 4 methods: Recall; Double Reading

17



Pairs 0fi 2CE-RE sentences, same totalllength. Phrase lengths either
or the 3=phrase proesoady:

L ERO S el e R [oF-FeI[I-JM that the plumber continue to leak occasionally.
LRSS | that the unlicensed plumber | the new janitor [ reluctantly assisted [ tried to repair |[Beli[&:

Iypicallitems from a previous study (Gibsen & lihomas, 1999),
unifermly/leng constituents. We regard as

LLEELREENARERTN [ 8 that the grad student who the new card catalog
had confused a great deal was studying in the library [BUEEUISS IR eEl{=F

Eilleritems withrmild parsing challenges: ifinot because, early/late
closure, NP/clause complement, parentheticallAdverbial clauses.
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Familiarization protocol in Expt 1

(aim: to avoid a floor effect)

Displayed one sentence at a time, in turn.
Read each sentence silently, then aloud.

Vy daditrainedaiplumoers:
HEreiIsitheplimpermyaad traineas
e plumbermy aaa trainedifixed tne rusty old celling pIpes:
HEre arethe sty elaicellingpIpesitnattne plumouermyaaad trainediixea:

Trig rusity alel ggifisie) Olgas ittt tng olurmass iy ciel irzlinged iigd cornirits o) lez1s ggezisionzllly,

Judge the yellow one:
How easy to pronounce? 1-5
How easy to understand? 1 - 5

19!



Examples from Expt 1 reading study

great deal was studying in the

2. Example pronunciations of separated-VP2




Some curiosities

he ancient manuscript that the grad student the new card catalog had confused a great deal was studying

in the library was missing a page. Examples: 1 o: Item: G&T (DISC)

he song that the grunge rock drummer Elisabeth MacIntyre used to date submitted to a competition won.

he plane that the transatlantic pilot my older cousin met on his vacation was flying to Portugal crashed.
f: : Length_DISC




ENC lengths avoid a separated VP2 (the “4-phrase presody)

Prosodic phrasing patterns

W No [VP2 break
W Recursion

M Separated VP2
71 No [VP3 break

ENCouraging phrase lengths DISCouraging phrase lengths G&T equal phrase lenghts

22



(total 51)

ENC SENTENCES (total 53)  DISC SENTENCES

16
14
12

Hintegrated VP2 10 M integrated VP2

M separated VP2
[ separated VP2

2+ departure from equal frequency, of the five

COMPrenension scores for that prosody. type:
23



ENC AND DISC COMBINED

I integrated VP2
Il separated VP2

24



More experiments, different methods

25 WVIISSING=V IR eect:
JJ INPUL grammaticality;judgment)

. EXpt.

(Visu
. EXpL SEAUdIteny Input:

(recallitest)

_EXpt 4 boublereaaing:
(Gn-lNEN=RIpProblEm e deEpPEer)

N
Ol



Half offitems hadia word or phrase missing. Haliwere complete.

No pre-familiarization. Readionce silently, thenraloud, thentjudge
(Isiita reallEnglishisentence?).

he rusty eldiceiling pipes that the plumber my dad trained fixea
continue tolleakioccasionally.

Admittedly, thelrusty eld celling pipes that the plumbermy.dad
trained continue tolleakioccasionally:

lhe pipes that'the unlicensed plumber thernew janitor reluctantly
assisted tried to repair burst.

1[0/ NG-0NE S SUrPrISE, the pipes that the unlicensed plumber the new.
janitor reluctantly assisted burst.
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Highijudgmentiacecuracy onithe 2CE-REtems: (Surprising!)

ENC phrase lengths facilitated'acceptance of: Complete items.

ENC phrase lengthsmore often yielded the eptimal 3=chunk
presedic grouping) INPAS NP2 INPSIVRANVR2: WERSH |

In NP=region: DISE lengthsiincreased breaks aiterrNP2:

InVE=region: BDISE lengths increased ne=break before VL3:
Ilnen syntactic judgment accuracy wWas at chance.

lhese data'supportintuitions and Expt 1*s self-judgments:

No-missing-VR2illusion Little tendency (o' over-accept the
Missinglitems; fereither ENC o BISE. (IF'den t knew: why.)

2,




Fodor, Goldman daihoerne (2015)
All'sentences were grammatical;

alll6'phrases infa sentence were medium length:

Eecordediby artrained speaker. Prosody.
pPrevided: 3 prosedic phrasings ior the same woerd string.

LListen torsentence (just ence), then typeoutas much
Ofit:as yeu can.

USed’as measure ofi SUceess in structuring
the'woerdrstring (e George Miller1956):

{: NPHE  ENP2ENPSEVERASVRE2E  EVES
NPEIENP2E | ENRPSEVERASVE2E  EVES
INEPHIE  ENP2ENRPSEVERAH | BV RP25VES

A A
IS IS,
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Iihe parkirangerthatithe:Dutch teurst that the'snake bithadicalled for
stayed calm:. (ENEC)

ihe parkirangers; thatthe Dutchiteurist that the 'snake had'calledior;,
Stayed calm:.

iheiceditearthat themovie starthatthe barman kissed was drnking
loeked delicious: (ENEC)

Ihelice tea at the bar, thatithe movie starwas Kissing, Iooked
refreshing:

ihe maillbex that the Spornts carnthe cops chased plowed interwas
crushed. (NP=DISE)

e mailbex; that'the Sports'car chased was Ghushed.

iherewdy kids thatithe 'scoutieaderthatitne bees stungrhad punished
were misbehaving. (VR=DISE)

The rowdy kids that therbees stung fer misbehavingiwas punished:

29



Viainrclause usually:recalled; regardless ofithe presody.
Viere VPs omitted than NBs; regardless ofithe presody.

Viddle=level'clause (Upper RE)'shows worst recall; moestly due to
omission o VP2 (not attributable teromission ofitsisubject NP2).
AVersion of the

Overall; VRP-DISEC performed better than ENC. (Unexpected!)

Why?- e speculate: fthe pause between VR4 and VRP2's
unnaturalflinguistically, butwoeuld have advantages 1or memory:
Gives time to process VR 1. Protects VP2 against any: confusion
with VAT And VR3S Hinal; se veny salient, sorodd phrasing of
VPR3 dees littie’damage.

Infgeneral; the data'support the rele ol prosedy in pPrecessing
2CE-RE sentences, but perhaps not the ideal task after all.
30



Fodor;, Macaulay, Renkes; Callahan & Peckenpaughi (201:9):
Center-embedded sentences: Anonline problem or deeper?

EXpertjudgments ofithe naturalness oliparticipants: reading
prenunciation; withrer withoUt preview.

All'test'sentences had 6 phrases of medium length:

Eirst; read aloud without preview. (Attimer Checks No
cheating.) Instruction: Doentworny it deesn t come out right:
heniread it arsecond time the'way you thinkiit cught'te be
prenoeunced:.

Errers arelikelyiintthe first cold* reading: YWoeuld
confirm that 2CE-RE phrasing s ot typical o nermal:

prosoedy/syntaxsalignment:

ihis'second reading might-reveal that (seme!) Englishispeakers

dorhave presodic competence thatiracilitates 2CE-RE parsing.
31




Expert judgments of naturalness of reading pronunciation,

for Reading-1 and Reading-2. By subject, 12 items.

ol WLl nfall] |
| Lalal I Infali)_n

NAO’QON

!! DD !ﬂ aa aD I!
L L T lel

R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1  R2
Reading Reading

- wb
NAO’@ON

- Non-optimal D Optimal - Non-optimal D Optimal
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Double reading - % natural produced prosody

_Vieans: NPisequence: R vy TR2:8 5 L 5
VPisequence: Ry b TR28: )
S0 Preview deesnelp:

#* rlowaver: Extreme individual differences
SOME; Ssrecognizedithenatiraliphrasingrguickly:
@thers barely antvedatitby 2% reading; ornotatall:
. E.GL, partiCipant 2 NP SRAN B ER28 V.
WEP e = (3% 100

_Butparnticipant 5= NP SRAS ¥ A58 R25 1/
[VPRIERAT ¥AS58 R2 V.



lihe extreme (laughable!)'awkwardness o 2CE-RE sentences
disappears when prosedy/syntax:alignmentis achievable.

SOt IS not attributable te the recursive syntactic structure:

NOr torexcessive memorny load: Norte oW Corpus ireqUENGY....

Doesitimply Separate evolutionany: paths for syntax:and
phoenolegy?

Orjust different practical' needs for syntax: (hierarchical)and
phoenelegy (linear)?

How do'etherlanguages cope withitZ sttt peculiante Englisn?
In'some otherlanguages (Erench; German, Kerean, Japanese,
iurkish) 2CE-RE constructionsthave been describedias
complex; nottypicalioireveryday chat, but alsernot out of
bounds e nermal’comprehension: €an yoeu confinm:?

SO — 34



OVER T0 you'!

Your ideas?

Your language?

Thank you!



