
The Statisti
al Distribution of English Coordinate NounPhrases: Parallelism and Weight E�e
tsNWAV 31Roger LevyStanford UniversityO
tober 11, 20021 Introdu
tion1.1 Coordination: Like Conjun
tsCoordination under Context-Free Grammars (CFGs):(1) Prin
iple of Conjoin Likes (Chomsky, 1965)X !X Conj XBut Conjoin Likes has been demonstrated to be false (Peterson, 1986; Sag et al., 1985):(2) Pat is a Republi
an and proud of it (
oordination of NP and AdjP)Claim: Although Conjoin Likes is false as a 
ategori
al 
laim, it is true as a statisti
al
laim. Taking it as a statisti
al 
laim in
reases, rather than de
reases, its explanatory power.1.2 Constituent Ordering Preferen
esSensitivity to 
onstituent \weight" or \heaviness" of preferred synta
ti
 position & extrapo-sition:(3) Extraposed obje
t PP (Wasow, 1997)a. The prose
ution showed pi
tures of gruesome details of the vi
tim's wounds tothe jury.b. The prose
ution showed pi
tures to the jury of gruesome details of the vi
tim'swounds.
. The prose
ution showed pi
tures of it to the jury.d. * The prose
ution showed pi
tures to the jury of it.(4) Heavy NP shift (Hawkins, 1994) 1

Roger Levy|NWAV 31|Distribution of Coordinate NPs 2a. I gave the valuable book that was extremely diÆ
ult to �nd to Mary.b. I gave to Mary the valuable book that was extremely diÆ
ult to �nd.
. I gave the book to Mary.d. ? I gave to Mary the book.(5) Parti
le Movement (many resear
hers)a. She pi
ked the books up.b. She pi
ked up the books.
. She pi
ked up all the folders she had forgotten the night before.d. ?? She pi
ked all the folders she had forgotten the night before up.Proposed explanations for apparent \weight e�e
ts":� Sensitivity to information status: given information pre
edes new information (Giv�on,1983; Siewierska, 1993; Arnold et al., 2000), and given information is generally ex-pressed more su

in
tly. Predi
ts that ordering preferen
es will be language- andposition-independent.� Ease of 
omprehension:{ minimize the amount of stru
ture ne
essary to identify the mother 
onstituent(Hawkins, 1994). Dire
tionality of preferen
e is relativized to positions of fun
-tional & lexi
al heads of the spe
i�
 language.{ General avoiden
e of large 
enter embeddings; for long 
onstituents, preferen
e is�nal > initial > medial. (Kuno, 1973; Dryer, 1992; Siewierska, 1993)� Ease of produ
tion: saving longer 
onstituents for later postpones 
ommittment andfa
ilitates produ
tion (Wasow, 1997). Predi
ts language-independent ordering prefer-en
es, relativized to other produ
tion-time demands.� Ambiguity Management: 
onstituents are ordered so as to minimize ambiguity. Butambiguity intuitions may not mat
h 
orpus frequen
ies (Gibson and S
h�utze, 1999)(Example 6 and Figure 1 below).(6) the NIH and the Centers for Disease Control (WSJ)Claim: Weight e�e
ts o

ur in NP 
oordination, sensitive to dis
ourse status and 
on-stituent size. E�e
ts also vary with synta
ti
 position.2 ParallelismData sour
e: LDC Penn Treebank, Wall Street Journal, Brown, and Swit
hboard se
tions(Mar
us et al., 1994).11The Wall Street Journal se
tion of this 
orpus 
onsists of roughly 1 million words of 1989 Wall StreetJournal text; the Brown se
tion is about half a million words of a balan
ed 
orpus of Ameri
an English, andthe Swit
hboard 
onversation 
onsists of re
orded telephone 
onversations between Ameri
an adults, and isroughly the same size as the WSJ 
orpus.



Roger Levy|NWAV 31|Distribution of Coordinate NPs 3NPNP PPthe Centers P NP NPfor Disease Control NP CC NP??? and the NIHFigure 1: Mismat
h between 
orpus atta
hment frequen
y (low atta
hment) and 
ompre-hension preferen
e (high atta
hment); 
.f. Example 6. (Gibson and S
h�utze, 1999)� Gross statisti
al generalization: unlike 
oordinations are rare (Table 1).WSJ Brown Swit
hboardUnlike Coord. 
ontaining NP 60 35 98NP 
oordination 9201 2470 3083% Unlike Coord.2 0.6% 1.4% 3.1%Table 1: Empiri
al frequen
ies of unlike 
oordinations 
ontaining NPAttestations of unlike 
oordination: gently, and with minimum pain at ea
h stage (Brown);52 years old and a 27-year Reuters veteran (WSJ); not 
ruddy, but not a dress either (Swit
h-board).Extending the statisti
al Conjoin Likes generalization beyond gross synta
ti
 
ategory:the internal stru
tures of 
onjun
t daughters should also be similar.(7) a. NPNP1 CC NP2b. NPNP1NP PP CC NP2NP PPThe distribution of expansions of NP1 and NP2 from 7a are 
orrelated. Therefore, lo
altree 7b is seen more often in WSJ than otherwise expe
ted (Table 2).3� Right daughters show two to three times the frequen
y of PP atta
hment as do leftdaughters (likely due to weight e�e
ts dis
ussed in Se
tion 3)2Though it's tempting to draw 
on
lusions about the relationship of 
orpus type to unlike 
oordinationfrequen
y, the results given should be 
onsidered preliminary. The Treebank is highly in
onsistent in itsannotation of unlike 
oordinations, and many be best analyzed as like 
oordinations.3All p values are given based on two-tailed tests.

Roger Levy|NWAV 31|Distribution of Coordinate NPs 4Right dtrLeft dtr NP !NP PP otherNP !NP PP 408121 249536other 515802 38533566Table 2: Contingen
y table of left and right NP 
onjun
t daughter expansions from 7a(subs
ripts are expe
ted values under independen
e of sister expansions). p� :001� There is a statisti
ally signi�
ant 
orrelation between right and left 
onjun
t expansionsfor all 
orpora� The strength of the e�e
t for PP expansions, as measured by mutual information4, isstrongest for newswire text (WSJ) and weakest for the spoken 
orpus (Swit
hboard).(8) a drawing of Pino

hio and a photograph of Mr. Florio's rival, Republi
an Rep. JimCourtner (NP PP and NP PP)(9) a. the phase-out of a battery fa
ility in Greenville, N.C., the re
ent 
losing of aHostess 
ake bakery in Cin
innati and a redu
tion in sta� throughout the 
om-panyb. NPNPNP PPIN NPNP PP-LOC
, NPNP PPIN NPNP PP-LOC
CC NPNP PPIN NPPP-LOCWSJ Brown Swit
hboardMutual Information **0.108 **0.075 *0.00249Table 3: Mutual information for NP! NP PP expansions of 
onjun
t sisters. **: p� 0:01;*: p < 0:053 Conjun
t Weight and PositioningData Sour
e: Treebank WSJ se
tionMethod: 
ompare lengths in words of NP 
onju
t sisters4Mutual information 
an be interpreted as the average measure of informativity between two randomvariables. It is zero for independent variables and in
reases as informativity in
reases|that is, as knowingthe out
ome of one variable helps guess the out
ome of the other.
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lear tenden
y for longer 
onjun
ts to follow shorter 
onjun
ts, as
an be seen in Figure 2.5� However, the e�e
t is not as strong as found for Heavy Noun Phrase Shift and DativeAlternation by Wasow (1997), who reported a \weight monotoni
ity" rate of >86% forboth alternations. For NP 
onjun
ts, weight monotoni
ity is 68.1%.� Figure 3 shows weight monotoni
ity by di�erent in 
onjun
t length. In
reasing weighthas a gradually stronger e�e
t on 
onjun
t positioning, up to virtual disappearan
e ofL > R ordering for di�eren
e 18 and higher.
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Length(Right conjunct) − Length(Left conjunct)Figure 2: Preferen
e for in
reasing NP 
onjun
t length, all 
oordinate NPs, WSJ(Length(right sister) - Length(left sister)). Mean length di�eren
e is 0.63.1 Conjun
t position and theories of parsing 
omplexity� Theories of weight-dependent 
onstituent ordering have generally fo
used on the VP,plus subje
t pla
ement in free word order languages (Siewierska, 1993; Hawkins, 1994;Wasow, 1997)� In English, this has meant that all theories predi
t the same 
onstituent order for thedata5In this se
tion, an NP 
onjun
t pair is a valid datapoint if it is split by a 
onjoining 
ategory (CC).
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e-initial 
oordinate NP are preverbal and leftmost; they provide a testbed inEnglish for 
ompeting theories{ In the Hawkins (1994) theory of Constituent Re
ognition Domains, the positioningof non-head 
onjun
ts is important only for the identi�
ation of the immediatemother 
ategory{in this 
ase, the 
oordinate mother. Nouns and Determiners
onstru
t NPs, and the bulk of heavy NPs is post-nominal, so small before large(L < R) is optimal.{ In pragmati
 theories, older (and thus shorter) material pre
edes newer; thisshould hold irrelevant of 
oordinate mother position{ In theories of pure 
enter-embedding avoidan
e, the senten
e-initial position issuperior, so large should pre
ede small for NPs that begin senten
es (L > R)� Figure 4 shows the di�eren
e in sister NP 
onjun
t size for senten
e-initial positions.Although there is still a small preferen
e for in
reasing 
onjun
t weight (p = 0:007),the di�eren
e has shrunk 
onsiderably from Figure 2. Interestingly, for 
onjun
t lengthdi�eren
e � 3, weight and ordering are no longer signi�
antly 
orrelated (p = 0:35).� Although some L > R examples may be fa
ilitated by ambiguity management (see3.2 below), neither produ
tion 
onsiderations nor dis
ourse fa
tors seem to o�er anexplanation for the de
rease in preferen
e for L < R. Examples:(10) L > R senten
e-initial 
onjun
t NPsa. Last week's un
ertainty in the sto
k market and a weaker dollarb. The state-owned industrial holding 
ompany Instituto Na
ional de Indus-tria and the Bank of Spain� Plausible explanation: leftmost position is preferred stru
turally over the se
ond, pre-verbal position for larger 
onstituents, 
onsistent with simple 
omprehension-orientedtheories of 
enter-embedding avoidan
e.6� Result does not support Hawkins's CRD theory, or pragmati
 theories of 
onstituentorder3.2 Other e�e
ts� Dis
ourse 
onstraints(11) Given before new in senten
e-initial 
oordinate NPsa. Ray White in Utah and Walter Bodmer, a resear
her in Great Britain,(WSJ)6One possible alternative explanation is that subje
ts tend to be human or animate a
tors and there maybe more stringent non-linguisti
 
onstraints on their ordering within a 
oordinate (su
h as priority amongmultiple a
ting parties). Assuming length of name is independent of su
h 
onstraints, this would tend toredu
e any ordering preferen
e by weight.

Roger Levy|NWAV 31|Distribution of Coordinate NPs 8b. The latter two and Judge Daniel M. Friedman, 73, (WSJ)
. The 
ity park and a street bearing the Roths
hild name{ Figure 5 
ompares NP 
onjun
t sister pairs initiated by the and a. Assump-tion: de�niteness asso
iates with given information more often than inde�nite-ness. Mean 
onjun
t length di�eren
e is signi�
antly di�erent for the before athan vi
e versa, suggesting that both dis
ourse and weight play a role.(12) `Pre' NPNPthe . . . CC NPa . . .(13) `Post' NPNPa . . . CC NPthe . . .
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e in Length(R)-Length(L) for the-initial 
onjun
t before/after a-initial
onjun
t (p < 0:01; with outliers removed, p < 0:02)� Ambiguity management prin
iples



Roger Levy|NWAV 31|Distribution of Coordinate NPs 9{ Pun
tuation (
.f. S
hafer and Speer (1999) for parallels in intonation) and not-fully-parallel 
onjoiners, sometimes optional and sometimes obligatory, may elim-inate potential ambiguities in L > R 
oordinations(14) a. editor and 
o-owner of the Daily Tribune in Ames, Iowa, and Presidentof NBC News in New Yorkb. Joni Evans, re
ruited two years ago to be publisher of adult tradebooks for Random House, and Sonny Mehta, president of the presti-gious Alfred A. Knopf unit
. a satisfa
tory due diligen
e investigation by Penn Central, a de�nitiveagreement and regulatory approvalsd. the most egregious violator of weight prin
iples in WSJ:the politi
al manifestations of the Rowland-Molina theory (named af-ter the resear
hers who found in 1974 that 
hloro
uoro
arbons 
on-tributed to the depletion of ozone in the earth's atmosphere) and theMontreal Proto
ol{ Of 2261 WSJ L > R 
onjun
t pairs (ex
luding those with possessive pronouns),1206 are divided by a 
omma or a 
onjun
tion other than `and'{ Postposing heavy 
onstituents may avoid ambiguities of CC NP atta
hing on theright side of NP PP/S0 (Gibson and S
h�utze, 1999)4 Con
lusionCorpus-based model of the 
omposition and stru
turing of 
oordinate NPs:� Conjun
t NPs are generated by sampling from a joint distribution that re
e
ts a sta-tisti
al Coordinate Stru
ture Constraint (Tables 2 and 3)� The order of generated 
onjun
ts is 
hosen based on dis
ourse and pro
essing prin
iples(Figures 4 and 5)� This may explain Gibson and S
h�utze (1999)'s mystery: why do atta
hment prefer-en
es of 
onjun
tions into right-bran
hing NPs not re
e
t 
orpus frequen
y? Perhapsbe
ause the 
orpus frequen
y of high atta
hments is de
ated by positioning prefer-en
es. Alternatively, it may be that NP CC NP PP ambiguities are generally easier toresolve than NP P NP CC NP ambiguities via lexi
al preferen
es, so 
orpus frequen
iesdo re
e
t ambiguity-minimization.� Di�eren
e in strength of parallelism e�e
t between written/formal and spoken/informal
orpora (Table 3) suggests that parallelism is not produ
tion-oriented; it may be
omprehension-oriented, but most likely is partly stylisti
.
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tly test the explanatory for
e of semanti
 
ontext in parallelism:{ Control for external governor of 
oordinate mother{ Examine genitive/premodi�er pair alternations inside 
oordinate NPs with se-manti
ally neutral 
ontexts (
hairman of the 
ompany vs. 
ompany 
hairman)� Investigate whether 
oordinate mother weight 
onsiderations in
uen
e the expressionof individual 
onjun
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