
The Minima l  Chai n Principle : 
A Cross-linguisti c Stud y o f  Syntacti c Parsin g Strategie s 

Marica De Vincenzi 
Departmen t  o f  Psychology /  Universit y o f  Massachusett s 

The experimenta l  wor k presente d her e 
i s par t  o f  a  serie s o f  studie s don e o n 
sentenc e processin g i n Italian .  Th e 
goa l  i s  t o provid e a  cross-linguisti c 
testin g o f  sentenc e processin g models . 
Most  studie s i n sentenc e processin g 
hav e bee n don e i n English .  Cross -
linguisti c stud y i s motivate d b y th e 
possibilit y  tha t  th e processin g 
principle s identifie d t o dat e an d 
consequen t  processin g models ,  may hav e 
been biase d b y language-specifi c 
aspect s o f  English .  Fro m thi s las t 
perspectiv e th e compariso n o f  Englis h 
and Italia n i s particularl y 
interestin g becaus e th e tw o language s 
diffe r  i n th e settin g o f  a  linguisti c 
parameter .  Some natura l  language s 
allo w phoneticall y nul l  subject s i n 
tense d clause s (hencefort h 'pro' ,  a 
shor t  for m fo r  lexicall y nul l 
'pronominal '  element) ,  whil e other s d o 
not .  Th e tw o type s ar e instantiate d b y 
Italia n an d English ,  a s i n (1 )  (Th e * 
means tha t  th e Englis h sentenc e 
correspondin g t o th e Italia n on e i s 
ungrammatical .  I  giv e th e gr£immatica l 
Englis h translatio n i n parenthesis) . 
I t  ha s bee n show n tha t  othe r 
propertie s systematicall y correlat e 
wit h th e nul l  subjec t  properties , 
includin g a  fre e proces s o f  subjec t 
inversio n (2) . 

(1 )  a .  pr o CORRERA' 
b.  *pr o WIL L RUN. 

(he/she/i t  wil l  run ) 
(2 )  a .  pro j  CORRERA'  GIANNI ^ 

b.  *prO i  WIL L RUN GIANNIj . 
(Giann i  wil l  run ) 

As illustrate d i n th e example s (1 ) 
and (2 )  i n Italia n ther e ar e tw o type s 
of  lexicall y empt y categorie s tha t  ar e 
missin g i n English :  th e 'pro '  subjec t 
i n (1 )  an d th e 'pro '  subjec t  i n (2 ) 

tha t  i s  linke d t o anothe r  N P i n th e 
same sentenc e i n a  filler-ga p 
relationship .  (I n th e standar d 
analysi s th e pos t  verba l  subjec t  i s 
moved for m th e origina l  pre-verba l 
positio n i n (2)) .  Th e wor k presente d 
her e test s whethe r  thes e empt y 
element s ar e processe d followin g th e 
processin g principle s alread y 
identifie d i n Englis h (Grai n &  Fodor , 
1985 ;  Stowe ,  1986 ;  Frazie r  & 
D'Arcais ,  submitted ;  Clifto n & 
Frazier ,  i n press) . 

SPECIFIC HYPOTHESIS TESTED 

The specific processing principle 
tha t  i s  teste d her e use s th e notio n 
of  chain .  A  chai n i s define d a s a  se t 
of  coindexe d element s tha t  shar e on e 
themati c rol e (e.g. ,  agent ,  patient , 
etc. )  an d on e cas e (e.g. ,  nominative , 
accusative ,  etc) .  Th e shortes t  chai n 
i s on e i n whic h a n elemen t  i s i n it s 
unmoved positio n an d i t  i s  no t  linke d 
t o an y othe r  element s i n th e 
sentence ,  a s th e N P 'John '  i n (3) : 

(3) John runs. 
Chain s ca n als o hav e tw o element s 

as i n th e filler-ga p relationship s o f 
(4 )  an d (5 )  ('e ' 
phoneticall y empt y 
position) : 

designate s a 
structura l 

(4 )  What  girl i  di d yo u cal l  e^ ? 
(5 )  Maryj ^  decide d e ^  t o go . 

In (4) the semantic role of the 
Wh-wor d (th e filler )  depend s o n 
structura l  propertie s o f  th e sentenc e 
tha t  follows ,  namel y tha t  ther e i s a 
'gap' ,  o r  empt y positio n i n th e 
phras e structur e a t  th e direc t  objec t 
positio n resultin g i n a n empt y 
patien t  role .  Similarly ,  th e 
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interpretatio n o f  th e lexicall y empt y 
structura l  positio n (th e gap )  o f  th e 
subjec t  o f  th e infinitiva l  't o go "  i n 
(5 )  i s controlle d i n interpretatio n b y 
th e N P 'Mary '  (th e filler) .  I n bot h o f 
thes e cases ,  then ,  ther e i s a  chai n o f 
lengt h 2  betwee n tw o elements .  Goin g 
bac k t o th e Italia n examples ,  i n (2 ) 
ther e i s a  chai n o f  lengt h 2  betwee n 
th e Inverted-subjec t  (henceforth ,  I -
subject )  an d th e pre-verba l  subjec t 
position .  I n (1 )  ther e i s a  chai n o f 
lengt h 1 .  Th e lexica l  empt y elemen t  i n 
subjec t  positio n i s unmove d an d no t 
linke d t o an y othe r  element . 

The processin g principl e teste d her e 
i s th e Minima l  Chai n Principl e 
(henceforth ,  MCP) : 

Minimal Chain Principle; 
Avoi d postulatin g unnecessar y chai n 
members a t  S-structure ,  bu t  d o no t 
dela y require d chai n members . 

The second clause of the principle 
amount s t o a  statemen t  o f  th e "gap-as -
first-resort "  principl e (Fodor ,  1978 ) 
or  th e Activ e Fille r  Hypothesi s 
(Frazie r  &  D'Arcais ,  submitted) .  Her e 
I  wil l  focu s o n th e firs t  claus e o f 
th e principle :  i t  suggest s tha t  whe n a 
pars e i s ambiguou s betwee n a  shorte r 
and a  longe r  chain ,  th e parse r  wil l 
prefe r  th e shorte r  chain .  I n th e 
limit ,  thi s mean s tha t  th e parse r  wil l 
prefe r  t o hav e n o multiple-elemen t 
chain s a t  all .  Le t  u s tak e a s example s 
sentence s (1 )  an d (2) .  When a  reade r 
get s th e verb ,  she/h e know s tha t  ther e 
i s a  lexicall y empt y subjec t  position . 
But  th e pars e o f  th e pre-verba l 
subjec t  positio n i s ambiguou s betwee n 
a pr o i n a  singleto n chai n (a s i n (1) ) 
or  a  pr o i n a  multiple-elemen t  chai n 
(a s i n (2)) .  Severa l  interestin g 
question s aris e a t  thi s point :  doe s 
th e parse r  commi t  itsel f  t o a  choic e 
of  o f  empt y categor y i n th e absenc e o f 
disambiguatin g information ? An d i f 
yes ,  wha t  i s th e choic e tha t  th e 
parse r  makes ? I  assum e tha t  th e parse r 
commit s itsel f  on-lin e t o a  structura l 

choic e withou t  waitin g fo r 
disambiguatio n (se e Frazie r  & 
Rayner,198 2 )  an d I  wil l  tes t  whethe r 
th e huma n parse r  follow s th e MCP 
principl e i n makin g choices .  Thi s 
predict s tha t  th e parse r  wil l 
initiall y  pursu e th e singleto n chai n 
analysis .  Thi s wil l  prov e t o b e 
correc t  i n (1) ,  bu t  no t  i n (2 )  wher e 
a post-verba l  N P occurs .  Therefor e 
sentence s lik e (2 )  shoul d b e harde r 
t o pars e tha n sentence s lik e (1) . 

Her e I  wil l  presen t  tw o 
experiment s tha t  hav e teste d th e MCP 
principle .  Th e firs t  experimen t 
teste d th e predictio n o f  th e MCP 
sketche d above ,  usin g sentence s lik e 
(6 )  whic h ar e structurall y ambiguou s 
betwee n th e interpretatio n (6a )  an d 
(6b )  becaus e th e ver b i s optionall y 
transitive : 

(6) HA CHIAMATO GIOVANNI. 
a.*pr o CALLE D GIOVANNI . 

(he/she/i t  calle d Giovanni ) 
b,  *prO i  CALLE D GIOVANNI . 

(Giovann i  called ) 

If the parser obeys the' MCP 
principle ,  the n th e interpretatio n 
(6a )  shoul d b e preferre d ove r  (6b) . 
Therefor e w e predic t  tha t  whe n 
disambiguatin g materia l  occur s late r 
i n th e sentence ,  (6b )  shoul d b e 
harde r  t o proces s tha n (6a )  becaus e a 
revisio n o f  th e initia l  assignmen t  i s 
needed . 

The sam e predictio n wa s teste d i n 
a secon d experimen t  wit h intransitiv e 
verb s belongin g t o tw o differen t 
classes ,  ergative s an d unergatives . 
Thes e tw o ver b classe s diffe r  i n 
havin g th e subjec t  originatin g i n 
post-verba l  positio n (7a )  o r  i n pre -
verba l  positio n (7b )  (Belletti , 
1988) ,  an d ar e easil y identifie d 
becaus e the y selec t  differen t 
auxiliar y verbs : 

(7) a. E' ARRIVATA pro. 
*  I S ARRIVE D pro . 

(she/i t  arrived ) 
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b.  pr o H A ESITATO . 
*pr o HA S HESITATED. 
(he/she/i t  ha s hesitated ) 

In the case of a lexically expressed 
subjec t  i n post-verba l  position ,  w e 
hav e a  singleto n chai n i n (8a )  an d a 
multiple-elemen t  chai n i n (8b) : 

(8) a. E' ARRIVATA UNA AMIGA. 
*  I S ARRIVE D A  FRIEN D 

( A frien d arrived ) 
b.  pro j  H A ESITAT O UNA AMICAi -

*prO i  HA S HESITATE D A  FRIEND^ . 
( A frien d ha s hesitated ) 

The MCP principle predicts that a 
structur e lik e (8a )  shoul d b e easie r 
t o proces s tha n (8b )  becaus e i n th e 
latte r  cas e th e reade r  mus t  for m a 
chai n relatin g th e post-verba l  subjec t 
t o th e pre-verba l  position .  However , 
i f  th e ver b i s  ergative ,  a s i n (8a )  n o 
chai n wil l  nee d t o b e formed . 

EXPERIMENTS 

Experiment 1 used 20 
sentence s wit h a  temp o 
betwee n a  pro-subjec t  ( a 
an Inverted-subjec t  (a s 
Two sentence s ha d 
transitiv e ver b (cond i 
and on e ha d a n 
intransitiv e ver b (con d 
continue d wit h a 
disambiguate d it .  Sampl e 
Experimen t  1  ar e th e fo l 

triplet s o f 
rar y ambiguit y 
s i n (6a) )  o r 
i n (6b)) : 
an optionall y 
tio n 1  an d 2 ) 

obligatoril y 
itio n 3 ) .  Eac h 
phras e tha t 
sentence s fo r 

lowing : 

bos s t o offer-u s a  raise) . 

The rationale clause in the first 
exampl e pragmaticall y force s a 
readin g i n whic h "th e boss "  i s  th e 
objec t  o f  "called "  an d th e matri x 
sentenc e ha s a  nul l  subjec t  i n pre -
verba l  positio n (pro) .  Th e rational e 
claus e i n th e secon d sentenc e force s 
th e readin g i n whic h "th e boss "  i s 
th e subject ,  occurrin g i n post-verba l 
position .  I n th e firs t  case ,  n o chai n 
i s needed .  I n th e secon d case ,  a  2 -
elemen t  chai n mus t  b e create d whe n 
th e disambiguatin g phras e i s 
encountered .  Followin g th e MCP th e 
disambiguatin g phras e i n conditio n 1 
wil l  no t  requir e reanalysi s an d wil l 
be rea d quickly .  Th e disambiguatin g 
phras e i n conditio n 2  doe s requir e 
reanalysi s an d wil l  b e rea d slowly . 
When th e ver b i s  obligatoril y 
intransitiv e (cond .  3 :  "telefonare " 
i s intransitiv e i n Italian )  ther e i s 
no ambiguit y o f  th e post-verba l  NP . 
I f  th e parse r  i s  sensitiv e t o thi s 
fact ,  i t  wil l  no t  initiall y  choos e 
th e pro-subjec t  interpretation ,  an d 
thu s i t  wil l  no t  hav e t o perfor m 
reanalysi s whe n th e rational e claus e 
beginnin g "pe r  offrirci "  arrives . 

Experiment 2 used 20 pairs of 
sentence s wit h ergativ e an d 
unergativ e verb s tha t  hav e post -
verba l  subjects ,  a s i n (8) .  The y 
occurre d i n tw o conditions ,  wit h 
ergativ e an d unergativ e verbs : 

cond.l :  ler i  mattin a h a chiamat o i l 
capouffici o pe r  chiedergl i  u n auraent o 
di  stipendio .  (*Yesterda y calle d th e 
bos s t o ask-hi m a  raise ) 

cond.l :  Quest a volt a e '  venut a un a 
car a arnic a a d aiutarc i  a  traslocare . 
(*Thi s tim e cam e a  dea r  frien d t o 
hel p u s move ) 

cond.2 :  ler i  mattin a h a chiamat o i l 
capouffici o pe r  offrirc i  u n aument o d i 
stipendio.(*Yesterda y calle d th e bos s 
t o offer-U S a  raise ) 

cond. 2 Quest a volt a h a esitat o 
una car a amic a a d aiutarc i  a 
traslocare .  (*Thi s tim e hesitate d a 
dea r  frien d t o hel p u s move) . 

cond.3 :  ler i  mattin a h a telefonat o i l 
capouffici o pe r  offrirc i  u n aument o d i 
stipendio .  (*Yesterda y telephone d th e 

Readin g Tim e shoul d b e fas t  fo r  th e 
ergativ e post-verba l  subjec t 
sentence s (cond.l )  a s compare d t o th e 
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Table 1 
Averag e Readin g Tim e fo r  Correc t  Response s i n Experimen t  1 . 

segment # 

condition 1 
(V^ ,  pr o subject ) 
conditio n 2 
(V^ ,  I-subject ) 
conditio n 3 
(V^ ,  I-subject ) 

Note: V^ = verb transitive; V^ = verb intransitive. 
* :  onl y i n conditio n 1  th e correc t  respons e was :  " I  d o no t  know " 

examples: segment ^^ 
1 2  3  4  5 

cond .  1 
Yesterday /  calle d th e boss /  t o as k him /  a  raise /  i n stipend . 
cond .  2 
Yesterday /  calle d th e boss /  t o offe r  us /  a  raise /  i n stipend . 
cond .  3 
Yesterday /  telephone d th e boss /  t o offe r  us /  a  raise /  i n stipend . 

Table 2 

Average Reading Time for each segment in Experiment 2. 

segment # 1 2 3 4 % 

condition 1 (Vg) 989 1043 894 893 .980 

condition 2 (V^) 998 1300 925 881 .883 

Note: Vg « verb ergative; V^ •= verb unergative. 

examples: segment it 
1 2 3  4 

cond .  1 :  Yesterday /  cam e a  frien d /  t o hel p us /  move . 
cond .  2 :  Yesterday/hesitate d a  friend /  t o hel p us /  move . 

unergative post-verbal subject reading task. Subjects pushed a key 
sentence s (cond.2) ,  becaus e o f  th e wit h th e righ t  han d t o star t  eac h 
necessit y o f  formin g a  chai n i n th e trial ,  an d the y pushe d th e sam e ke y 
unergativ e bu t  no t  th e ergativ e case .  t o se e eac h successiv e phras e o f  th e 

sentence .  Onl y on e phras e wa s visibl e 
PROCEDURE AN D DESIG N a t  a  time .  When eac h phras e appeared , 

th e previou s on e (t o th e left ) 
The 2  experiment s wer e ru n together .  disappeared .  Subject s wer e instructe d 

They use d phrase-by-phras e self-pace d t o rea d a t  a  natura l  rate ,  whil e 
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maintainin g goo d comprehension .  Afte r 
eac h sentence ,  a  comprehensio n 
questio n appeare d o n th e scree n al l  a t 
onc e an d th e subjec t  ha d t o respon d t o 
th e questio n b y pressin g a  button .  Th e 
questio n querie d th e subjec t  o f  th e 
sentenc e (fo r  conditio n 1  an d 2  o f 
bot h experiments )  o r  som e randoml y 
chose n aspec t  o f  th e sentenc e 
(conditio n 3  o f  experimen t  1  an d 
fillers).Reactio n Tim e an d question -
answerin g tim e recorded . 
The subject s wer e sixt y colleg e 

student s o f  th e Universit y o f  Padov a 
(Italy) .  The y receive d writte n 
instructions ,  the n sa w 2 0 practic e 
trials ,  followe d b y th e experimenta l 
and fille r  trial s i n randomize d order . 
No subjec t  sa w mor e tha n on e versio n 
of  an y sentenc e and ,  accros s subjects , 
ever y experimenta l  sentenc e appeare d 
i n eac h condition . 

RESULTS 

Experiment 1: the data for Experiment 
1 ar e presente d i n Tabl e 1 ;  th e mea n 
reactio n time s wer e compute d fo r  eac h 
segment ,  afte r  eliminatin g time s tha t 
wer e longe r  tha n 500 0 msec .  an d 
shorte r  tha n 10 0 msec .  Readin g time s 
associate d wit h erroneou s answer s t o 
th e question s wer e discarde d an d th e 
dat a wer e normalize d b y eliminatin g 
thos e subject s (nine )  wh o mad e ove r 
80% errors .  I n th e critica l 
disambiguatin g regio n (segmen t  3 ) , 
ther e wa s a  significan t  differenc e i n 
readin g tim e i n thre e conditions ,  (Fj ^ 
(1,50)-3.16 ,  p<.04 )  an d (F 2 (1,19 ) 
-3.45 ,  p<.04) .  Pairwis e comparison s 
showed tha t  conditio n 1  wa s faste r 
tha n conditio n 2  (F ^  (l,50)-3.89 , 
p<.05 )  an d (F 2 (1,19 )  -  4.67 ,  p<.04 ) 
as wa s conditio n 3  (F ^  (l,50)-3.75 , 
p<.05) .  (F 2 (1,19)=5.20 ,  p<.03) .  Th e 
differenc e betwee n conditio n 1  an d 
conditio n 2  remaine d significan t 
(p<.06 )  whe n a  regressio n analysi s wa s 
use d t o adjus t  fo r  lengt h an d 
frequenc y difference s betwee n th e 
verbs .  O n th e 5t h segmen t  ther e wa s 

stil l  a  significan t  differenc e i n 
readin g tim e (F ^  (1,50)=,2.9 2 
p<.05) .  (F 2 (1,19 )  =2.97 ,  p<.06) .  A 
pairwis e compariso n showe d tha t  th e 
onl y significan t  differenc e wa s 
betwee n conditio n 1  an d 2  (F ^ 
(1,50)=4.90 ,  p<.02) ,  (F 2 (1,19)=4.65 , 
p<.04) .  Th e question s afte r  th e 
sentence s wer e answere d mor e 
accuratel y i n conditio n 3  tha n i n 
condition s 1  an d 2 ,  (F ^  (1,50)=46.62 , 
p<.001) ,  whil e th e latter s di d no t 
diffe r  significantl y fro m on e anothe r 
(F i  (1,50)=2.68 ,  p<.l l) . 

Experimen t  2 :  th e 2n d segment , 
containin g th e ver b plu s th e post -
verba l  subject ,  wa s rea d faste r  fo r 
ergativ e tha n fo r  unergativ e verbs . 
The differenc e wa s significan t  bot h 
i n a  simpl e analysi s o f  varianc e (F ^ 
(1,59)=52.28 ,  p<.001) ,  (F 2 
(1.19)=72.39 ,  p<.001 )  an d i n a 
regressio n analysis ,  adjustin g fo r 
lengt h an d frequenc y difference s 
among th e verb s (p<.04) .  Similarly , 
question s wer e answere d mor e 
accuratel y followin g ergativ e 
sentence s tha n followin g unergative s 
(F i  (1,59)=13.31 ,  p<.001.) . 

DISCUSSION 

Both experiments confirm the 
hypothesi s tha t  th e parse r  follow s 
MCP,  preferrin g shorte r  chains .  I n 
experimen t  1  th e sentence s whos e 
pragmatic s ar e consisten t  wit h th e 
theoreticall y preferre d pro-subjec t 
analysi s ar e easie r  t o rea d tha n 
sentence s whos e pragmatic s forc e th e 
theoreticall y unpreferre d Inverted -
subjec t  reading .  Thi s resul t  i s 
especiall y surprisin g becaus e a  pr o 
has a  contextuall y give n anteceden t 
i n norma l  usage ,  bu t  i t  doe s no t  i n 
th e experimenta l  setting .  I n context , 
therefore ,  ther e shoul d b e a n eve n 
stronge r  preferenc e tha n th e on e 
foun d here .  When th e sentenc e 
contain s a n obligatoril y  intransitiv e 
ver b (a s i n conditio n 3 )  eliminatin g 
th e ambiguit y o f  th e post-verba l  NP , 
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readin g tim e fo r  th e critica l  segmen t 
"pe r  offrirci "  i s  fas t  relativ e t o 
"pe r  chiedergli" ,  a s i f  i t  doe s no t 
occasio n an y reanalysis . 

Experimen t  2  show s tha t  sentence s 
wit h a  subjec t  afte r  a n ergativ e ver b 
ar e easie r  t o proces s tha n simila r 
sentence s wit h unergativ e verbs .  Thi s 
confirm s th e MCP principl e tha t  th e 
parse r  prefer s analysi s tha t  requir e 
chain s o f  th e smalles t  possibl e 
length .  I t  als o provide s suppor t  fo r 
an analysi s o f  th e synta x o f  Italia n 
ergativ e verb s lik e tha t  presente d b y 
Bellett i  (1988) . 

CONCLUSION 

We have shown that the human sentence 
parse r  follow s a  structura l  principl e 
of  Minima l  Lengt h o f  Chai n i n parsin g 
lexicall y empt y element s an d i n 
establishin g filler-ga p relationships . 
Thi s principl e ca n b e see n a s a 
generalizatio n o f  th e Activ e Fille r 
principl e (assig n a n identifie d fille r 
as soo n a s possible )  whic h ha s 
receive d suppor t  fro m experiment s don e 
on Englis h an d Dutc h (Clifto n & 
Frazier ,  i n press ;  Frazie r  &  D'Arcais , 
submitted) .  Thus ,  w e ma y offe r  a 
unifor m accoun t  o f  processin g empt y 
categorie s whic h hold s fo r  language s 
varyin g i n thei r  inventor y o f  empt y 
categories . 

Thi s principle ,  finally .  i s 
consisten t  wit h a  vie w o f  languag e 
processin g a s operatin g unde r  tim e 
pressur e an d short-ter m memor y 
limitations .  On e ca n assum e tha t 
constructin g a  multiple-elemen t  chai n 
i s costl y i n term s o f  time ,  becaus e 
ther e i s a  dela y i n assignin g a n 
elemen t  t o it s argumen t  position . 
Keepin g element s i n memor y i n a n 
unstructure d for m i s generall y assume d 
t o b e mor e costlytha n mantainin g the m 
i n a n unstructure d for m (Miller , 
1965) .  Similarl y i t  ca n b e argue d tha t 
a multiple-elemen t  chai n i s costl y i n 
term s o f  effort ,  whe n severa l  element s 
must  b e kep t  i n short-ter m memor y 

(Wanner  &  Maratsos ,  1978) .  Th e 
consequenc e i s tha t  chian s containin g 
th e smalles t  possibl e numbe r  o f 
element s wil l  b e constructe d befor e 
chian s involvin g mor e element s 
becaus e th e forme r  ar e faste r  an d 
plac e les s burde n o n th e languag e 
processor . 
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