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Processin g Ver b Phras e Anaphor s 

Michael K. Tanenhaus 
Universit y o f  Rocheste r 

and 

Greg N. Carlson 
Universit y o f  Iow a 

In this paper we present three experiments which investigate the hypothesis 
propose d b y Hankame r  an d Sa g (1976 )  tha t  ther e ar e tw o distinc t  kind s o f 
anaphor s i n natura l  language—"deep "  an d "surface "  anaphors .  "Deep "  anaphor s 
i n Englis h includ e amon g othe r  thing s definit e pronouns ,  "One"-pronominals , 
an d N u U Componen t  anaphora ,  exemplifie d i n (1 )  below . 

1. a. John left. He was angry. (Definite pronoun) 
b .  Mar y bough t  a  gree n car .  Fran k bough t  a  re d one .  (On e pronominal ) 
c.  Mar y kne w w h o wa s guilty .  Bu t  sh e wouldn' t  tel l  .  (Nul l  Component ) 

"Surface" anaphors, on the other hand, include examples of Verb Phrase Ellipsis, 
Gapping ,  an d Sluicing . 

2. a. Sander built a new house. Max did , too, (Verb Phrase Ellipsis) 
b .  Willia m caugh t  a  barracuda ,  an d Harry ,  ,  a  shark . 
c.  Someon e jus t  calle d you .  Bu t  I  don' t  kno w wh o . 

AU anaphors, we assume, fall into one of these two classes. 

One of the primary differences between the two categories is that deep 
bu t  no t  surfac e anaphor s ma y fin d thei r  antecedent s i n th e genera l  contex t 
of  us e (e.g .  somethin g pointe d a t  o r  otherwis e mad e salient) .  Surfac e anaphors , 
unlik e dee p anaphors ,  requir e th e presenc e o f  a  linguistically-expresse d ante -
cedent .  Consider ,  fo r  instance ,  a  situatio n i n whic h tw o peopl e ar e watchin g 
a fisherma n ree l  i n a  fish .  Unde r  thos e circumstances ,  on e o f  th e bystander s 
coul d tur n t o th e othe r  an d say ,  "D o yo u thin k he'l l  ea t  ̂ t? "  (usin g a  dee p 
anaphor) ,  bu t  no t  "An d Bill' s  nephew ,  a  rainbo w trout "  (infelicitiousl y usin g 
a surfac e anaphor ,  meanin g Bill' s  nephe w caugh t  a  rainbo w trout) .  Thus , 
dee p anaphor s tak e antecedent s whic h ma y o r  ma y no t  b e linguistically-introduce d 
antecedents .  We wil l  assum e tha t  dee p anaphor s fin d thei r  antecedent s i n 
some non-linguisti c for m o f  representation ,  whil e surfac e anaphor s see k antecedent s 
among linguisti c representations . 

Moreover, we follow Sag and Hankamer (1984) in assuming that the level 
of  linguisti c structur e i n whic h surfac e anaphor s fin d thei r  antecedent s i s 
mor e abstrac t  tha n surfac e structure ;  i n fact ,  a  leve l  o f  logica l  for m seem s 
t o b e th e mos t  appropriat e leve l  a t  th e presen t  tim e (thi s i s a  leve l  o f  linguisti c 
representatio n i n whic h scop e o f  operators ,  suc h a s quantifie d NP's ,  i s  unambigu -
ousl y represented) .  Althoug h multipl e level s o f  linguisti c representatio n ar e 
assume d b y m a n y forma l  linguisti c an d A I  theories ,  littl e i f  an y processin g 
evidenc e support s th e nee d fo r  suc h abstrac t  levels .  Dee p an d surfac e anaphor s 
offe r  a n idea l  contras t  fo r  studyin g th e processin g o f  thes e representations , 
becaus e i n th e sam e contex t  o f  interpretation ,  the y ma y inde x differen t  aspect s 
of  menta l  representation s o n th e wa y t o th e sam e fina l  interpretation . 

One of the more compelling arguments for a deep-surface distinction is 
tha t  surfac e anaphor s see m t o requir e tha t  thei r  antecedent s b e constituent s 
at  th e appropriat e leve l  o f  linguisti c representation ,  wherea s dee p anaphor s 
do not .  Conside r  th e example s i n (3) . 
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3. a. Someone has to take out the garbage. 
b .  Th e garbag e ha s t o b e take n out . 
c.  Bu t  Bil l  refuse d t o . 
d.  Bu t  Bil l  refuse d . 

Sentence (3a) may be felicitously followed by either (3c) or (3d) equally 
well ,  thoug h (3c )  i s a  cas e o f  surfac e VP-Ellipsis ,  wherea s (3d )  i s a n exampl e 
of  a  dee p N u U Complemen t  anaphor .  However ,  i f  bot h ar e precede d i n a  dis -
cours e b y (3b )  instead ,  (3c)—th e surfac e anaphor—become s infelicitous ,  wherea s 
(3d)—th e dee p anaphor—remain s perfectl y acceptabl e an d easil y interpretable . 
Thi s i s becaus e i n th e logica l  for m o f  (3a )  th e ver b phras e ("tak e ou t  th e gar -
bage" )  i s a  constituent ,  a s i t  i s  o n th e surface ,  wherea s th e logica l  for m o f 
(3b )  ha s n o constituen t  assigne d th e meanin g "tak e ou t  th e garbage, "  agai n 
th e sam e a s surfac e for m i n whic h "th e garbage "  an d "(be )  take n out "  d o no t 
for m a  singl e constituent .  Followin g Hankame r  an d Sag ,  w e wil l  refe r  t o thi s 
as th e "parallelism "  requiremen t  o f  surfac e anaphors ,  reflectin g th e intuitio n 
tha t  th e anteceden t  o f  a  surfac e anapho r  require s structur e paralle l  t o tha t 
require d a t  th e sit e o f  th e anapho r  itself ;  i n th e cas e o f  (3c )  a  V P ,  missin g 
at  th e sit e o f  th e anaphor ,  i s  require d a s a n antecedent .  O n th e othe r  hand , 
dee p anaphor s fin d antecedent s base d o n knowledg e o f  situation s an d othe r  con -
ceptua l  phenomena ,  wher e th e linguisti c notion s o f  categor y an d constituenc y 
do no t  com e directl y int o play .  Henc e ther e i s n o "parallelism "  requiremen t 
fo r  dee p anaphors ,  lik e (3d) . 

In three experiments we manipulated the parallelism of the antecedent. 
Usin g a  "make s sense "  judgmen t  tas k (henceforth ,  "th e judgmen t  task") ,  w e 
aske d subject s t o rea d a  contex t  sentenc e an d the n decid e whethe r  a  subse -
quentl y presente d targe t  sentenc e mad e sens e give n th e context .  Thi s tas k 
was chose n becaus e i t  provide s bot h judgmen t  an d reactio n tim e data ,  an d 
becaus e i t  require s th e subject s t o integrat e th e anapho r  wit h precedin g dis -
cours e i n orde r  t o mak e th e judgment .  Al l  o f  th e contex t  an d targe t  sentence s 
wer e grammatica l  sentence s i n English ,  bu t  som e o f  th e fille r  target s di d no t 
make sens e give n th e contex t  (e.g .  "Bil l  wo n firs t  prize .  H e wa s gla d tha t 
he didn' t  , "  o r  "To m too k ou t  th e garbag e willingly .  H e objecte d t o doin g 
it." ) 

In our first experiment, we created non-paraUel antecedents by changing 
activ e sentence s int o passive s (e.g .  "Somebod y ha d t o tak e ou t  th e garbage " 
vs .  "Th e garbag e ha d t o b e take n out." )  Th e passiv e create s a  non-paralle l 
anteceden t  becaus e th e V P i n th e activ e (th e onl y reasonabl e anteceden t  i n th e 
context )  i s  n o longe r  a  constituen t  i n th e passive .  We reasone d tha t  i f  dee p 
anaphor s fin d thei r  antecedent s i n conceptua l  representations ,  the y shoul d b e 
equall y comprehensibl e wit h bot h paralle l  an d non-paralle l  antecedent s a s th e 
contex t  sentence s shoul d giv e ris e t o th e sam e o r  nearl y th e sam e conceptua l 
representation s (thoug h se e th e genera l  discussio n below) . 

Sample materials for this experiment are illustrated in (4). The parallel 
anteceden t  i s represente d i n contex t  sentenc e (4a) ,  th e non-paralle l  anteceden t 
i n contex t  sentenc e (4b) .  Th e surfac e an d dee p anaphor s (wit h a  definit e 
pronoun )  wer e presente d a s exemplifie d i n targe t  sentence s (4c )  an d (4d) , 
respectively . 

4.  a .  Someon e ha d t o tak e ou t  th e garbage . 
b .  Th e garbag e ha d t o b e take n out . 
c.  Bu t  Bil l  refuse d t o . 
d.  Bu t  Bil l  refuse d t o d o ^ . 
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Twenty sets of materials, similar to (4), with fillers, were counterbalanced 
acros s fou r  presentatio n lists .  Th e result s fo r  3 2 subject s ar e presente d 
i n Tabl e 1 .  A n interactio n wa s obtaine d betwee n parallelis m an d typ e o f  anapho r 
i n th e judgmen t  data ,  wit h parallelis m affectin g judgment s t o surfac e bu t  no t 
dee p anaphors ,  an d i n th e reactio n tim e data .  However ,  contrar y t o ou r  expec -
tations ,  parallelis m di d significantl y affec t  comprehensio n time s t o dee p anaphor s 
as wel l  a s surfac e anaphors . 

In the second experiment, we created non-parallel antecedents in a different 
way ,  b y presentin g antecedent s i n a  nominaUze d form .  Thi s present s th e 
non-parallel  anteceden t  a s a  constituen t  (unlik e i n experimen t  1 ) ,  bu t  a  constitu -
en t  o f  th e wron g categor y fo r  th e surfac e anaphor—a n N  instea d o f  a  V P . 
Sampl e material s ar e presente d i n (5) .  Th e paralle l  an d non-paralle l  antecedent s 
ar e presente d i n th e contex t  sentence s (5a )  an d (5b) ,  respectively ,  an d th e 
surfac e an d dee p anaphor s i n targe t  example s (5c )  an d (5d) ,  respectively . 

5. a. It always annoys Sally when anyone mentions her sister's name. 
b .  Th e mentio n o f  he r  sister' s nam e alway s annoy s Sally . 
c.  However ,  T o m di d anywa y ou t  o f  spite . 
d.  However ,  T o m di d i t  anywa y ou t  o f  spite . 

The results for 28 subjects are presented in Table 2. Again, parallelism 
interacte d wit h typ e o f  anapho r  i n th e judgmen t  task ,  wit h parallelis m havin g 
no effect s o n th e proportio n o f  dee p anaphor s judge d t o mak e sense ,  bu t  stron g 
effect s o n th e surfac e anaphors .  Ther e wa s a  mai n effec t  o f  parallelis m i n 
th e reactio n tim e dat a an d n o interactio n wit h typ e o f  anaphor . 

Summarizing the results of the first two experiments, we find that parallel-
is m di d no t  affec t  judgment s t o dee p anaphors ,  wherea s i t  ha d robus t  effect s 
on judgment s t o surfac e anaphors .  I n contrast ,  reactio n tim e (whe n th e anapho r 
was judge d t o mak e sense )  wa s affecte d b y parallelis m fo r  bot h type s o f  anaphors . 
W hy shoul d non-parallelis m increas e reactio n time s t o comprehen d dee p anaphors , 
bu t  hav e n o effec t  o n judgments ? On e explanation ,  propose d b y M u r p h y (1982) , 
i s  tha t  dee p anaphor s i n som e wa y contai n mor e clue s t o th e natur e o f  th e 
antecedent ,  an d ar e thu s les s dependen t  o n surfac e for m tha n surfac e anaphors . 
T h e partia l  dependenc e o n surfac e form s account s fo r  th e increase d reactio n 
times ,  whil e th e additiona l  "clues "  facilitat e judgment . 

In order to test this hypothesis, as well as to test the more general obser-
vatio n tha t  th e critica l  facto r  i n ou r  experiment s coul d b e th e contras t  betwee n 
nul l  anaphor s an d phonologically-realize d anaphor s (e.g .  "it") ,  w e conducte d 
an experimen t  tha t  contraste d Nul l  Complemen t  anaphor s (e.g .  "Bil l  refuse d 

"  a s i n (3d) )  wit h Ver b Phras e Ellipsi s (e.g .  "Bil l  refuse d t o "  a s i n 
(3c)) .  Bot h anaphor s ar e nuU .  O n Murphy' s analysis ,  though .  Nul l  Complemen t 
anaphor s contai n fewe r  cue s tha n VP-Ellipsi s anaphors ,  althoug h Nul l  Complemen t 
anaphor s fal l  int o th e categor y o f  deep ,  rathe r  tha n surface ,  anaphors . 

Twelve sets of materials were constructed in which parallel and non-parallel 
antecedent s precede d eithe r  a  Nul l  Complemen t  anapho r  o r  a  VP-Ellipsi s anaphor , 
as exemplifie d abov e i n (3) .  Th e material s wer e counterbalance d acros s fou r 
presentatio n lists ,  an d 4 0 subject s wer e teste d usin g th e judgmen t  task .  Onl y 
twelv e set s o f  material s wer e use d becaus e th e numbe r  o f  Englis h verb s tha t 
allo w th e constructio n o f  a  Nul l  Complement/VP-Ellipsi s contras t  i s  limited . 
T h e result s ar e presente d i n Tabl e 3 .  Agai n w e se e a  robus t  interactio n betwee n 
typ e o f  anapho r  an d parallelis m o f  th e anteceden t  i n th e percentag e o f  sentence s 
judge d t o mak e sense ,  an d a  mai n effec t  o f  parallelis m i n th e comprehensio n 
tim e data . 
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Genera l  Discussio n 

Summarizin g th e result s o f  th e thre e experiments ,  w e fin d tha t  th e 
parallelis m di d no t  affec t  judgment s t o dee p anaphors ,  whil e i t  ha d a  robus t 
effec t  o n judgment s t o surfac e anaphors .  I n contrast ,  reactio n tim e (whe n 
th e anaphor s wer e judge d t o mak e sense )  wa s affecte d b y parallelis m fo r 
bot h type s o f  anaphors .  Ou r  hypothese s accoun t  fo r  th e differenc e i n judgments , 
bu t  d o no t  explai n w h y paralleUsr a shoul d no t  differentiall y  affec t  reactio n 
times .  I n particular ,  w h y shoul d lac k o f  parallelis m increas e reactio n tim e 
t o dee p anaphors ? Ther e woul d appea r  t o b e tw o possibl e account s consisten t 
wit h ou r  hypotheses .  On e i s tha t  subject s wer e makin g grammaticalit y judgments . 
I n checkin g fo r  grammaticality ,  attentio n i s pai d t o th e linguisti c for m antecedent s 
ar e expresse d in .  Th e non-consistenc y o f  th e antecedent s o f  th e passive s 
require s extr a step s i n checkin g plausibility ,  an d th e nominalize d form s 
represen t  th e les s usua l  sor t  o f  anteceden t  fo r  pronoun s standin g fo r  activities , 
verba l  phrase s bein g th e mor e expecte d typ e o f  antecedent .  Bu t  thi s hypothesi s 
seems implausibl e give n tha t  al l  th e sentence s give n subject s wer e i n fac t 
grammatical ,  an d tha t  subject s wer e basin g judgment s o n understandin g 
th e sentence s i n contex t  instea d o f  attendin g t o thei r  forma l  properties . 
A mor e likel y possibility ,  whic h w e pla n t o pursu e i n furthe r  research ,  i s 
tha t  th e manipulation s w e use d t o creat e non-paralle l  antecedent s a t  th e 
leve l  o f  linguisti c representatio n als o ha d effect s a t  th e conceptua l  o r  discours e 
model  level .  Mor e specifically ,  passivizin g a  sentenc e shift s focu s t o th e 
underlyin g direc t  objec t  (th e surfac e subject) ,  no w i n contras t  t o th e back -
grounde d ver b an d possibl y othe r  remainin g V P materia l  emphasizin g disunity , 
unUk e th e activ e counterpart .  Similarly ,  th e nominalize d form s use d i n th e 
secon d experimen t  presen t  th e action s a s i f  presuppose d o r  otherwis e back -
grounded ,  i n contras t  t o th e verba l  form s (Kiparsk y an d Kiparsk y (1971)) . 
I n bot h cases ,  usin g a  (deep )  V P anapho r  require s a  searc h whic h require s 
a shif t  o f  focus .  Thes e focu s shift s shoul d tak e time ,  bu t  resul t  i n antecedent s 
tha t  ar e completel y comprehensible .  Thus ,  th e focu s hypothesi s promise s 
an accoun t  o f  th e complet e dissociatio n betwee n th e effect s o f  non-parallelis m 
on reactio n time ,  an d th e effect s o n comprehensibilit y  a s indexe d b y th e 
proportio n o f  sentence s judge d t o mak e sense . 

I n summary ,  ou r  experiment s suppor t  a  processin g differenc e betwee n 
dee p an d surfac e anaphors .  The y furthe r  sugges t  tha t  surfac e anaphor s 
tak e linguisti c antecedents .  Thes e result s d o not ,  however ,  addres s th e 
questio n o f  wha t  leve l  o r  aspect s o f  linguisti c representatio n ar e importan t 
fo r  th e onlin e interpretatio n o f  surfac e anaphors .  I n wor k i n progres s w e 
ar e addressin g thi s issu e b y manipulatin g parallelis m i n differen t  way s i n 
orde r  t o se e whic h aspect s o f  representatio n ar e importan t  fo r  th e comprehensio n 
of  surfac e anaphors . 

93 



Tanenhaus ,  Carlso n 

Table 1 

Results of the Passive Experiment 

Anteceden t  T y p e 

Activ e (Parallel ) Passiv e Non-Parallel ) 

Anapho r 

Deep 

Surfac e 

% judge d t o (RT ) 
make sens e 

94 % 218 1 mse c 

89 % 216 5 mse c 

% judge d t o (RT ) 
make sens e 

91 % 238 1 mse c 

70 % 284 8 mse c 

Note :  Judgment s ar e t o th e sentenc e wit h th e anapho r  an d 
reactio n time s ar e t o thos e sentence s judge d t o mak e sense . 

Tabl e 2 

Results of the NominaUzation Study 

Anapho r 

Deep 

Surface 

Anteceden t  T y p e 

Activ e (Parallel ) 

% judged to (RT) 
make sens e 

87 % 

89% 

268 6 mse c 

2557 msec 

Passiv e (Non-Parallel ) 

(RT) % judge d t o 
make sens e 

87% 

71% 

295 2 mse c 

2923 msec 

Note :  Judgment s ar e t o th e sentenc e wit h th e anapho r  an d 
reactio n time s ar e t o thos e sentence s judge d t o mak e sense . 
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Table 3 

Results of Null Complement Verb Phrase Ellipsis Experiment 

Anapho r 

Paralle l 

Anteceden t  Typ e 

Non-Parallel 

% judge d t o RT(msec )  % judge d t o RT(msec ) 
make sens e mak e sens e 

Nul l  C o m p . 
(Deep ) 

VPE 

93 % 

95 % 

1825 0 

2015 3 

89 % 

77 % 

2152 5 

2120 8 

Note :  Judgment s ar e t o th e sentenc e wit h th e anaphor . 
Reactio n tim e dat a ar e t o sentence s judge d t o mak e sense . 
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