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“The function of a symbol is is to carry information forward in time 
in a manner that makes it accessible to computation.” 
 
(Randy Gallistel, yesterday morning) 
 
 
 
 
“My goal is to understand computation using structured 
representations in memory.” 
 
(Colin Phillips, very early yesterday morning) 
 



Language	  Processing	  

Process	  models	  	  
Focus	  on	  what	  speakers	  do	  quickly	  
	  
LiGle	  interest	  in	  abili7es	  that	  manifest	  more	  slowly	  

Process-‐neutral	  models	  	  
Focus	  on	  what	  speakers	  can	  do	  
when	  freed	  of	  7me/memory	  limits	  
	  
Talk	  of	  ‘mental	  computa7on’	  
But	  liGle	  interest	  in	  real-‐7me	  opera7ons	  

Gramma4cal	  Theories	  

Fast	  

Slow	  

Not	  a	  linguis7cs	  vs.	  psychology	  split:	  
	  
Language	  development	  shows	  no	  such	  divide	  



Map	  
0.	  Levels	  of	  analysis	  
	  
1.	  Reconciling	  linguis7c	  constraints	  &	  memory	  mechanisms	  
	  
2.	  Reduc7onism	  vs.	  implementa7on	  
	  
3.	  Linking	  linguis7c	  cues	  to	  world	  knowledge	  



Levels	  of	  Analysis	  
	  
≠	  
	  

Architectural	  Components	  



how many dots? 





how many dots? 





Number Cognition 
•  Multiple systems for encoding quantity: 

 
Approximate number system 
Exact number system 

•  Task-specific routines for specific numerical problems can be 
distinguished from deeper understanding of number 
 
e.g., 423 x 56 = ___ 
 
e.g., early counting: “one, two, three, four … two dogs!” 



Chomsky 1965 
•  “We thus make a fundamental distinction between competence (the 

speaker-hearer's knowledge of his language) and performance (the 
actual use of language in concrete situations). Only under the 
idealization set forth in the preceding paragraph is performance a 
direct reflection of competence. […]  
Observed use of language […] may provide evidence as to the 
nature of this mental reality, but surely cannot constitute the actual 
subject matter of linguistics, if this is to be a serious discipline.” (p. 4) 

•  “To avoid what has been a continuing misunderstanding, […] a 
generative grammar is not a model for a speaker or a hearer. […]  
When we say that a sentence has a certain derivation with respect 
to a particular generative grammar, we say nothing about how the 
speaker or hearer might proceed, in some practical or efficient way, 
to construct such a derivation. These questions belong to the theory 
of language use - the theory of performance. (p. 9) 

claim	  #1	  
cogni7ve	  system	  vs.	  behavior	  

(necessary)	  

claim	  #2	  
different	  cogni7ve	  systems	  

(empirical	  hypothesis)	  



Standard	  Gramma4cal	  Analysis	  
	  
(a.k.a.	  ‘syntac7c	  theory’)	  

Hierarchical	  groupings	  of	  terminals	  
	  
All	  elements	  are	  discrete	  symbolic	  
representa7ons	  
	  
No	  7me	  dimension	  
	  
Deriva7ons	  generally	  not	  taken	  as	  
claims	  about	  actual	  7me	  steps	  	  
(Phillips	  &	  Lewis	  2013)	  

Default	  ques7ons:	  
How	  acceptable	  is	  this	  sentence?	  
Why	  is	  it	  so	  (un)acceptable?	  Does	  it	  violate	  combinatorial	  rules?	  Is	  it	  just	  hard?	  
	  
…	  This	  is	  a	  narrow	  set	  of	  ques7ons	  to	  ask.	  



Cogni4ve	  Models	  of	  Sentence	  Structure	  Building	  
	  
(a.k.a.	  ‘processing	  theories’)	  

Same	  ques7ons	  +	  many	  more	  
	  
Order	  always	  maGers	  
Time	  some7mes	  maGers	  
	  
representa7on	  =	  	  
memory	  encoding	  
	  
dependencies	  =	  
memory	  access	  
	  
nodes	  may	  have	  varying	  
ac7va7on	  levels	  
	  
computa7ons	  may	  depend	  on	  
indep.	  cogn.	  abili7es	  
	  
comprehension,	  produc7on	  
work	  w/	  limited	  informa7on	  

Lewis,	  Vasishth	  &	  Van	  Dyke	  2006	  

Dillon,	  SloggeG,	  Mishler,	  &	  Phillips	  2013	  



Neural	  Models	  of	  Sentence	  Structure	  Building	  
Different	  vocabulary	  /	  toolkit	  
Constraints	  from	  connec7vity	  &	  anatomy	  
Nodes	  correspond	  to	  complex	  ac7vity	  paGern	  
	  

Van	  der	  Velde	  &	  de	  Kamps	  2006	  



One Language System 
Multiple Levels of Analysis 

“linguistic” 

“cognitive” 

“neural” 

“computational?” 

“algorithmic?” 

“implementational” 

Marr 1982 

Marr-levels don’t really 
fit language research. 
 
And there aren’t really 
3 discrete levels. 



Multiple Language Systems 
Multiple Levels of Analysis 

 
 
 
 
 
 

ß Grammar 
Parser à 
Producer 



Blame Assignment 

structural constraints 

(left-right) order 

resource limitations 

time 

memory architecture 
and access 

non-discrete units 

etc. 



Standard	  Syntac4c	  	  
Accounts	  

structural	  constraints	  

(leg-‐right)	  order	  

resource	  limita7ons	  

7me	  

memory	  architecture	  
and	  access	  

non-‐discrete	  units	  

etc.	  



Reduc4onist	  
Accounts	  

structural	  constraints	  

(leg-‐right)	  order	  

resource	  limita7ons	  

7me	  

memory	  architecture	  
and	  access	  

non-‐discrete	  units	  

etc.	  



Enriched	  Accounts	  

structural	  constraints	  

(leg-‐right)	  order	  

resource	  limita7ons	  

7me	  

memory	  architecture	  
and	  access	  

non-‐discrete	  units	  

etc.	  



Order-‐based	  Accounts	  

structural	  constraints	  

(leg-‐right)	  order	  

resource	  limita7ons	  

7me	  

memory	  architecture	  
and	  access	  

non-‐discrete	  units	  

etc.	  



John

said

that

he

ate the entire pizza

S

NP VP

S’

Comp

V

S

NP VP

V NP

An	  order-‐based	  account:	  Phillips	  1996,	  2003	  



•  Many	  tools	  used	  to	  diagnose	  groupings	  
of	  words:	  	  

–  coordina7on	  
–  dele7on	  
–  interpreta7on	  (coreference,	  scope)	  
–  movement,	  focus,	  topicaliza7on	  
–  etc.	  

•  There	  are	  many	  cases	  where	  the	  tools	  
converge	  on	  the	  same	  result	  

•  There	  are	  also	  many	  cases	  where	  the	  
tools	  yield	  conflic7ng	  results	  

•  Sugges7on:	  this	  well-‐known	  dilemma	  
reflects	  opacity	  effects	  arising	  from	  
leg-‐right	  deriva7ons	  	  
	  
(cf.	  classic	  arguments	  for	  deriva7ons	  in	  
phonology)	  

An	  order-‐based	  account:	  Phillips	  1996,	  2003	  



•  Related	  arguments	  

–  Schlenker	  (1999):	  German	  adjec7ve	  inflec7on	  
–  Boeckx	  (1999):	  islands	  
–  Richards	  (2000):	  ‘subjacency	  tax’	  effects	  in	  Japanese	  
–  Guimaraes	  (2003):	  syntac7c	  amalgams	  
–  McGinnis	  &	  Gerdts	  (2003):	  Kinyarwanda	  applica7ves	  
–  Barker	  &	  Shan	  (2006):	  crossover	  phenomena	  
–  Chung	  et	  al.	  (2006):	  licensing	  ‘sprou7ng’	  
–  Choi	  &	  Yoon	  (2006):	  Japanese/Korean	  argument	  clusters	  
–  Kempson,	  Cann	  et	  al.	  (2001/2005):	  varied	  phenomena	  [Dynamic	  Syntax]	  
–  Steedman	  (2000,	  etc.):	  various	  phenomena	  [Comb.	  Categorial	  Grammar]	  



1.	  Reconciling	  Access	  Mechanisms	  &	  
Linguis7c	  Constraints	  



Is there a green square? 



Is there a green square? 



Is there a green square? 



Is there a green square? 



Is there a green square? 



Is there a green square? 



Is there a green square? 



Is there a green square? 



Is there a green square? 



Is there a green square? 



Is there a green square? 

Dual Visual Search Mechanisms 
 
Feature search is 
(i)  fast, set-size invariant 
(ii) susceptible to interference, partial  
     matches, and “illusory conjunction” 
 
Conjunction search is slow, serial 
 
(Treisman & Gelade 1980 etc.; 
but cf. McElree & Carrasco, 1999) 



the key 

to the cells were 

S 

Subj 

PP 

VP 

V 

the key 

to the cells were 

S 

Subj 

PP 

VP 

V 

Two ways to search structures in memory 

serial, structure-guided search parallel, cue-guided (direct) access 
in content-addressable memory 

+plural 
+subject 

1 0 0 0 
0 0 0 1 

structure-sensitive, avoids interference 

slow, esp. for longer relations 

susceptible to interference 

fast, even for longer relations 

McElree et al. 2003; Lewis et al. 2006; Martin & McElree 2008, 2009; Wagers, Lau, & Phillips, 2009 



Content-addressable memory in 
language processing 

 
1.  Timing 

2.  Facilitatory Interference 



Bi-partite architecture of memory 

Passive 

Stringent limitations on the scope of information that can be 
concurrently processed 
 

  
Broadbent 1958; Wickelgren et al., 1980; 
Garavan, 1998; Cowan, 2001; McElree, 
2006; Verhaegen & Basak, 2007; Jonides 
et al., 2008  

Active Passive 



Speed-Accuracy Tradeoff (SAT) 
Memory Access 



SAT: Possible Outcomes 

Fig. 3 presents hypothetical SAT functions illustrat-
ing how different SAT timecourse patterns can dis-
criminate between alternative retrieval processes.
Consider first the expected result that interpolating more
material between the filler and gap position decreases the
accuracy of responding. Recall that this could be be-
cause there is a lower probability that a representation
of the filler is available when the verb is processed and/or

because there is a higher probability of misanalyzing
material up to and including the final verb. If additional
material decreases only the overall accuracy of re-
sponding, the corresponding functions will differ in as-
ymptotic level alone. Panel A depicts two hypothetical
conditions that differ in this manner.

The pre-asymptotic portion of the SAT function
measures processing speed or dynamics, jointly specified
by the intercept of the function (when accuracy departs
from chance, d 0 ¼ 0) and the rate at which accuracy
grows from intercept to asymptote. The intercept mea-
sures the minimum time needed to form an interpreta-
tion that would serve to discriminate acceptable from
unacceptable forms. The rate of the SAT function re-
flects either the rate of continuous information accrual if
processing is continuous or the distribution of finishing
times if processing is discrete or quantal (Dosher, 1976,
1979, 1981, 1982, 1984; Meyer, Irwin, Osman, & Kou-
nois, 1988). In either case, differences in intercept or rate
implicate underlying differences in the speed of pro-
cessing. This situation is depicted in Panel B of Fig. 3,
where the functions are associated with different inter-
cepts and rates of rise to a common asymptote.

If access to the filler!s representation requires a search
process when the matrix verb is encountered, then the
SAT intercept and/or rate of will systematically slow as
more material is interpolated between the filler and gap.
Rate or intercept differences can arise from factors other
than retrieval speed; for example, they might arise from
differences in the inherent complexity of computing

Fig. 2. Sample trial sequence illustrating the speed-accuracy tradeoff (SAT) variant of the acceptability judgment task.

Fig. 3. Hypothetical SAT functions illustrating two conditions
that differ by SAT asymptote only (A) or by SAT intercept and
rate (B).

B. McElree et al. / Journal of Memory and Language 48 (2003) 67–91 73

Asymptotic difference 
Reflects the strength of the 
representation or the likelihood of 
completing a parse/process. 

Rate/intercept difference 
Reflects the speed of processing:  
how quickly information accumulates 
continuously, or the differences in an 
underlying discrete finishing time 
distribution. 



Evidence from memory dynamics 

ACCESSING SEMANTIC AND PHONOLOGICAL INFORMATION 179

position functions within each judgment. After identifying
the best fit for each judgment, all 15 conditions (3 judg-
ments ! 5 serial positions) were fit simultaneously in
order to isolate differences among the three judgments. In
all cases, the fits were performed on individual subject
data. Fits of the average (over subjects) data were used to
summarize consistent patterns across subjects.

To quantify the impact of serial position on the retrieval
functions for each judgment, sets of competitive fits were

performed that systematically varied the three parameters
of Equation 1. These fits ranged from a null model, in which
the 5 serial position functions were fit with a single ! (as-
ymptote), " (rate), and # (intercept) parameter, to a fully
saturated 15-parameter model, in which each serial posi-
tion was allotted a unique !, ", and # parameter. This analy-
sis yielded a clear and consistent pattern across the three
judgments. In each case, the best fit to the data was a 5!-
1"-2# model. With one exception (noted below), models

Figure 3. Average d $ accuracy (symbols) as a function of processing time for item
(A), rhyme (B), and synonym (C) judgments. Smooth curves in each panel show the
best fits of Equation 1 with (the average) parameters listed in Table 1.

talk	  –	  yard	  –	  boat	  –	  store	  -‐	  tales	  

Probe recognition – SAT response-signal task 
Wickelgren, et al., 1980, McElree & Dosher, 1989 

FAST SLOOOOOWWWW 



McElree et al. 2003 







Distance affects asymptote, but not temporal dynamics 
Interpretation: whole sentence accessed in parallel – no serial search 
Concern: wh-constructions are not a good test of distance effects 



“And in the absence of large-scale policy differences 
between the two candidates, the personal nature of their 
exchanges are  more likely to result in lasting 
damage.” [4/9/08] 

“Republicans privately acknowledge this, arguing that in the 
hands of a more popular politician, the ideas that Cheney 
are putting forward  could find fertile ground with the 
American people.” [5/21/09] 

Agreement 

the personal nature of their 
exchanges are 

the ideas that Cheney 
are putting forward 



“The	  key	  to	  the	  cells	  unsurprisingly	  were	  rusty	  …”	  
	  

(Bock & Miller 1991; Pearlmutter et al. 1999; Deevy et al. 1998;  
Staub 2009; Wagers, Lau, & Phillips 2009; Eberhard et al. 2005) 

Agreement Illusions 

“The key to the cell   unsurprisingly were rusty …” 
 

It’s not simply ‘proximity concord’: 

“The musicians who the reviewer praise so highly …” 

“The musician   who the reviewer praise so highly …” 

And it is selective – plurals create illusions, singulars don’t 

“The keys to the cell unsurprisingly was rusty …” 
 

And it happens all the time … 

Not only do we produce agreement errors – we generally fail to notice them 



“Rapid writing will no doubt give 
rise to inaccuracy. … A singular 
nominative will be disgraced by a 
plural verb, because other 
pluralities have intervened and 
have tempted the ear into plural 
tendencies. I am ready to declare 
that, with much training, I have 
been unable to avoid them.” 
(Anthony Trollope, 1883) 



What	  causes	  agreement	  aJrac4on?	  	  
	  
1.  Encoding:	  hallucina7ng	  plural	  subject	  

2.  Access:	  misretrieving	  irrelevant	  noun	  

Wagers, Lau, & Phillips 2009, J Mem Lang 

Evidence:	  Gramma4cal	  Asymmetry	  
	  
Illusions	  of	  acceptability	  
	  

	  The	  key	  to	  the	  cabinet	  were	  
	  The	  key	  to	  the	  cabinets	  were	  

	  
No	  illusions	  of	  unacceptability	  
	  

	  The	  key	  to	  the	  cabinet	  was	  
	  The	  key	  to	  the	  cabinets	  was	  



the key 

to the cells were 

S 

Subj 

PP 

VP 

V 

the key 

to the cells were 

S 

Subj 

PP 

VP 

V 

Two ways to search structures in memory 

serial, structure-guided search parallel, cue-guided (direct) access 
in content-addressable memory 

+plural 
+subject 

1 0 0 0 
0 0 0 1 

structure-sensitive, avoids interference 

slow, esp. for longer relations 

susceptible to interference 

fast, even for longer relations 

McElree et al. 2003; Lewis et al. 2006; Martin & McElree 2008, 2009; Wagers, Lau, & Phillips, 2009 



Lewis et al. 2006 



(Lewis,	  Vasishth,	  &	  van	  Dyke	  2006,	  TICS;	  cf.	  McElree	  2006)	  

Memory-‐access	  Model:	  ACT-‐R	  

Key	  features	  
(i)  Parallel-‐access 	   	   	  à	   	  7me-‐constant	  retrieval	  
(ii)  Content-‐addressable 	  à 	  suscep7ble	  to	  par7al-‐match	  interference	  
(iii)  Limited-‐size	  buffers	   	  à 	  ~	  restricted	  focus	  of	  aGen7on;	  const.	  shun7ng	  

	  	  

Some	  content	  cues	  
	  

+plural	  
+masculine	  
+animate	  

+quan7fica7onal	  
	  

subject	  
main	  clause	  
current	  clause	  

etc.	  



Same Memory – Different Access 

Subject-Verb Agreement 
 
The diva [that accompanied the harpist   on stage] clearly was flawless … 
The diva [that accompanied the harpists on stage] clearly was flawless … 
 
The diva [that accompanied the harpist   on stage] clearly were flawless … 
The diva [that accompanied the harpists on stage] clearly were flawless … 

Subject-Reflexive Agreement 
 
The diva [that accompanied the harpist   on stage] clearly presented herself … 
The diva [that accompanied the harpists on stage] clearly presented herself … 
 
The diva [that accompanied the harpist   on stage] clearly presented themselves … 
The diva [that accompanied the harpists on stage] clearly presented themselves … 

Dillon, Mishler, Sloggett, & Phillips, 2013 

illusion


no illusion
Both processes require access to same element

-- the subject of the same clause.




Grammatical Illusions 
•  Agreement 

Clifton, Frazier & Deevy, 1999; Wagers, Lau, & Phillips 2009 

•  Negative Polarity 
Vasishth et al. 2008; Xiang et al. 2009; Parker & Phillips 2013 

•  Comparatives 
Wellwood et al. in prep 

•  Case 
Bader & Bayer 2006; Sloggett 2013 

•  Thematic assignment 
Ferreira et al. 2003; Kim & Osterhout 2005; Kuperberg 2007 
BUT Chow & Phillips 2013 

•  Anaphora: Principle B (disputed) 
Badecker & Straub 2002; Lee & Williams 2006 
BUT Nicol & Swinney 1989; Clifton et al. 1997; Runner et al. 2006; Lewis et al. 2012 



On-line Grammatical Sensitivity 
•  Anaphora: Principle C 

English: Kazanina et al. 2007; Japanese: Aoshima et al. 2009;  
Russian: Kazanina & Phillips 2010 
English-crossover: Kush, Lidz, & Phillips 2013 

•  Anaphora: Principle A 
Nicol & Swinney 1989; Clifton et al., 1998; Badecker & Straub 2002; Sturt 2003; 
Xiang et al. 2009; Dillon et al. 2013 

•  Islands 
Subjects: Stowe 1986; Bourdages 1992; Traxler & Pickering 1996; Omaki & Schulz 
2010; Rel. Cl.: McElree & Griffith 1998; CSC: Wagers & Phillips 2009; wh-islands: 
Neville et al. 1991; Japanese: Yoshida et al. 2004; Parasitic gaps: Phillips 2006 

•  Sluicing 
Yoshida et al. 2011 

•  Agreement (selective) 
Wagers, Lau, & Phillips 2009 

•  Case (selective) 
Bader & Bayer 2006 

•  Anaphora: Principle B (disputed) 
Nicol & Swinney 1989; Clifton et al. 1997; Runner et al. 2006; Lewis et al. 2012  
BUT: Badecker & Straub 2002; Lee & Williams 2006 



Generalizations 
•  Successes imply richly structured mental encodings  

 
(yes, we already knew they exist, now we know they’re created quickly) 

•  If the representations are intact, then the failures must reflect 

–  Intact grammar + noisy access mechanisms (cue-based retrieval) 
–  … and some other sources that don’t concern us here (cf. S. Lewis & Phillips 2015) 
–  We do not want to simply allow different phenomena to work differently – learning! 

•  So why are the failures selective? (cf. Phillips, Wagers, & Lau 2011) 

–  Forwards vs. backwards looking processes (‘forewarned is forearmed’) 
–  Dependency-wise differences in access mechanisms or use of features  

(e.g., agreement vs. anaphora) 
–  Availability of relational structural notions in access mechanisms 

à example of c-command (we’ll get back to that in a moment) 



GRAIN SIZE OF SELECTIVE 
FALLIBILITY 

Surprise #1 

Dan	  Parker	  



scintillating grid illusion 

Lingelbach 1994 



scintillating grid illusion 
 
… disappears 

Geier et al 2008 



Agreement attraction
*The manager [who oversaw the employee(s)] were dishonest

(eye-tracking data from Dillon, Mishler, Sloggett & Phillips 2013)



Reflexive non-attraction
*The manager [who oversaw the employee(s)] doubted themselves

(eye-tracking data from Dillon, Mishler, Sloggett & Phillips 2013)



Gender non-attraction
• Reflexive and antecedent must also agree in gender

*He/She said that [the nurse pricked himself]

(Sturt 2003, expt. 1)

Consistent finding: ���
no illusions-of-acceptability w/ reflexives
Sturt 2003; Xiang et al. 2009; Dillon et al. 2013; Kush 
et al. 2012; Nicol & Swinney, 1989; Clifton et al. 1999; 
Kennison & Trofe, 2003; Patil et al. 2011, etc.

Possibility #1: serial search (Dillon in press)
Possibility #2: only syntactic cues (Dillon et al. 2013)



Stronger mismatches 

Previous studies of reflexives limited to contexts involving 
a single feature mismatch, e.g., number or gender 

Surprising modeling prediction (ACT-R) 
 
Multiple feature mismatches  
➜ exponential increase in presence of 
illusion 

Perfect  
Match 

Si
ze

 o
f i

llu
si

on
 

1  
Mismatch 

2  
Mismatches 

3  
Mismatches 



Experiments 1a-c 

Comparison: contexts involving 1- vs. 2-feature mismatches 
 
Method: eye-tracking while reading 
 
 
Experiment 1a: gender + number 
 
Experiment 1b: gender + animacy 
 
Experiment 1c: number + animacy 

The man who saw the girl went the the 
store today. 



1-feature mismatch: gender mismatch                    (items adapted from Sturt 2003) 
 
Grammatical with lure 
 The librarian said [that the schoolgirl reminded herself about the assignment]. 
 
Grammatical without lure 
 The janitor said [that the schoolgirl reminded herself about the assignment]. 
 
Ungrammatical with lure 
*The librarian said [that the schoolboy reminded herself about the assignment]. 
 
Ungrammatical without lure 
*The janitor said [that the schoolboy reminded herself about the assignment]. 

2-feature mismatches: gender + number mismatch 
 
Ungrammatical with lure 
*The librarian said [that the schoolboys reminded herself about the assignment]. 
 
Ungrammatical without lure 
*The janitor said [that the schoolboys reminded herself about the assignment]. 
 
 



Experiment 1a 

R
ea

di
ng

 T
im

e 
(R

ef
le

xi
ve

) 

1-FEATURE 
MISMATCH  

2-FEATURE 
MISMATCH  

No difference Illusion 

GRAM UNGRAM UNGRAM 

+L
UR

E 

+L
UR

E 



Experiments 1a-c 

Experiment 1a: gender + number 
 
 
 
Experiment 1b: gender + animacy 
 
 
 
Experiment 1c: number + animacy 
 
 
 



Revised	  Generaliza7on	  
•  Previous	  	  

agreement	  is	  suscep7ble	  to	  illusions	  
reflexive	  licensing	  is	  not	  
à	  they	  deploy	  different	  memory	  access	  mechanisms	  

•  Revised	  
agreement	  and	  reflexives	  are	  both	  suscep7ble	  to	  illusions	  
…	  but	  differen7ally	  suscep7ble	  
à	  they	  deploy	  the	  same	  memory	  access	  mechanisms	  
à	  but	  structural	  informa7on	  is	  weighted	  more	  strongly	  for	  reflexives	  

•  Why	  do	  they	  differ?	  
Agreement	  à	  predictable;	  errors	  trigger	  retrieval,	  structure	  unreliable	  
Reflexives	  à	  not	  predictable;	  retrieval	  happens	  anyway,	  structure	  reliable	  



ACT-‐R	  simula4on	  data:	  structural	  vs.	  morphological	  cues	  





RELATIONAL ACCESS 
Surprise #2 

Dave	  Kush	  



Core	  Ques4on	  

How	  do	  we	  encode	  and	  navigate	  
structured	  mental	  representa7ons?	  

Structures	  are	  easy	  to	  draw.	  But	  what	  kind	  of	  mental	  object	  are	  they?	  

Linguis7c	  arguments:	  rela7onal	  no7ons	  like	  c-‐command	  are	  pervasive.	  

In	  some	  architectures	  it	  is	  trivial	  to	  capture	  rela7onal	  no7ons	  like	  c-‐command.	  
In	  other	  architectures	  it	  is	  not	  trivial.	  



c-‐command	  constraints	  
•  Bound	  variable	  anaphora	  

–  No	  studenti	  [that	  listened	  to	  this	  physics	  professor]	  thinks	  that	  hei	  is	  a	  genius.	  
–  *The	  student	  [that	  listened	  to	  no	  physics	  professori]	  thinks	  that	  hei	  is	  a	  genius.	  

•  Many	  other	  rela7ons	  :	  c-‐command	  is	  pervasive	  

–  Wh-‐dependencies	  
–  Reflexive	  binding	  
–  Nega7ve	  polarity	  
–  Control	  

•  Possible	  effects	  on-‐line	  

–  c-‐command	  serves	  “ga7ng”	  func7on:	  only	  c-‐commanders	  accessed	  
–  c-‐command	  as	  non-‐exclusive	  constraint,	  on	  par	  with	  others	  (number,	  case,	  etc.)	  
–  c-‐command	  not	  directly	  implicated	  in	  retrieval	  at	  all	  



Core	  Ques4on	  

How	  do	  we	  encode	  and	  navigate	  
structured	  mental	  representa7ons?	  

Structures	  are	  easy	  to	  draw.	  But	  what	  kind	  of	  mental	  object	  are	  they?	  

Linguis7c	  arguments:	  rela7onal	  no7ons	  like	  c-‐command	  are	  pervasive.	  

In	  some	  architectures	  it	  is	  trivial	  to	  capture	  rela7onal	  no7ons	  like	  c-‐command.	  
In	  other	  architectures	  it	  is	  not	  trivial.	  

If we have

(i) Graph structure representation

(ii) Serial search mechanism

then c-command is cheap




the key 

to the cells were 

S 

Subj 

PP 

VP 

V 

the key 

to the cells were 

S 

Subj 

PP 

VP 

V 

Two ways to search structures in memory 

serial, structure-guided search parallel, cue-guided (direct) access 

+plural 
+subject 

1 0 0 0 
0 0 0 1 

structure-sensitive, avoids interference 

slow, esp. for longer relations 

susceptible to interference 

fast, even for longer relations 

McElree et al. 2003; Lewis et al. 2006; Wagers, Lau, & Phillips, 2009 



(Lewis,	  Vasishth,	  &	  van	  Dyke	  2006,	  TICS;	  cf.	  McElree	  2006)	  

Memory-‐access	  Model	  

Key	  features	  
(i)  Parallel-‐access 	   	   	  à	   	  7me-‐constant	  retrieval	  
(ii)  Content-‐addressable 	  à 	  suscep7ble	  to	  par7al-‐match	  interference	  
(iii)  Limited-‐size	  buffers	   	  à 	  ~	  restricted	  focus	  of	  aGen7on;	  const.	  shun7ng	  

	  	  

Some	  content	  cues	  
	  

+plural	  
+masculine	  
+animate	  

+quan7fica7onal	  
	  

subject	  
main	  clause	  
current	  clause	  

etc.	  



Core	  Ques4on	  

How	  do	  we	  encode	  and	  navigate	  
structured	  mental	  representa7ons?	  

Structures	  are	  easy	  to	  draw.	  But	  what	  kind	  of	  mental	  object	  are	  they?	  

Linguis7c	  arguments:	  rela7onal	  no7ons	  like	  c-‐command	  are	  pervasive.	  

In	  some	  architectures	  it	  is	  trivial	  to	  capture	  rela7onal	  no7ons	  like	  c-‐command.	  
In	  other	  architectures	  it	  is	  not	  trivial.	  

C-command is not content

“E c-commands H” is not an 
inherent property of node E, that 
exists independent of H’s presence




Principle C 
S

NP VP

V NP

he

ate the apple

S’VP

while
S

NP VP

Comp

John

was reading the book

He ate the apple while John was reading the book

In a forwards search, tracking 
c-command is straightforward 



Binding vs. Coreference
No cyclist thought the spectators loved him.

The spectators [that no cyclist acknowledged] 

      thought the people loved him.


The cyclist thought the spectators loved him.


The spectators [that the cyclist acknowledged] 

      thought the people loved him.

(Kush, Lidz, & Phillips, 2015) 



Binding vs. Coreference
2 x 2 Design:   GenderMatch x Referentiality


The troop leaders . . .

Match-Quant  [that no girl scout had respect for] 
Mismatch-Quant  [that no boy scout had respect for] 
Match-Ref  [that the girl scout had respect for] 
Mismatch-Ref  [that the boy scout had respect for] 


had scolded  her after the incident …
(Kush, Lidz, & Phillips, 2015) 



Binding vs. Coreference     n = 30

* 
n.s. * 

n.s. 

C-command gates access to antecedents in retrieval 
But what about Principle C effects in retrieval? (Kush, Lidz, & Phillips, 2015) 



Strong Crossover

Mary knew which man __ said that he liked cheese.




Mary knew which man it was that he liked ___.






+masc. 
+ sing. 

+masc. 
+ sing. 

(Kush, Lidz, & Phillips, in prep) 



Strong Crossover

*Mary knew which man it was that he liked ________.








c-command 

(Kush, Lidz, & Phillips, in prep) 



Strong Crossover and Retrieval

Jane asked …          NoCrossover Sentences
which janitor
which lunchlady 

_____ had said that he had spoken with Donna ...

Jane asked …    Crossover Sentences

which janitor
which lunchlady 

  …it seemed that he had spoken with _____  ...


(Kush, Lidz, & Phillips, in prep) 



Strong Crossover: SPR Times      n=30

(Kush, Lidz, & Phillips, in prep) 



Strong Crossover: Results

NoCrossover Conditions Crossover Conditions

* n.s. 

Antecedent retrieval accesses feature-matching 
fillers – only if they are grammatically appropriate.

Retrieval “ignores” feature-matching wh-phrases 
if the pronoun c-commands the gap-site.

(Kush, Lidz, & Phillips, in prep) 



Strong Crossover and Retrieval

Jane asked …          NoCrossover Sentences
which janitor
which lunchlady 

_____ had said that he had spoken with Donna ...

Jane asked …    Crossover Sentences

which janitor
which lunchlady 

  …it seemed that he had spoken with _____  ...


wh-gap before pronoun 

wh-gap after pronoun 

(Kush, Lidz, & Phillips, in prep) 



Relational Access 
•  Real-time sensitivity to relational constraints 

–  Retrieval can target items based on c-command (bound vbls) 
–  Robustness of Principle C effects not due to forwards search 

•  What makes this possible? 

–  Serial access mechanism? Easily captures c-command sensitivity. 
… but how to invoke only when QP antecedent is available? 

–  Relational properties as content (via costly encoding function)? 

–  Even cases that look like (backwards) retrieval involve forwards updating 
e.g., QP & whP induce tracking of c-command path (cf. Kush 2013 PhD) 

 
•  Why doesn’t everything use this? 

–  Varying usefulness/reliability of deploying structure-sensitive mechanisms 
–  Feasibility of identifying elements likely to act as c-commanding licensors 



Intervention 
John found a picture of himself in the cabinet. 
*John found Mary’s picture of himself in the cabinet. 
 
Zhangsan zhidao Lisi piping-le ziji. 
Z.             knows  L.    criticized self 
*Zhangsan zhidao wo  piping-le ziji. 
Z.             knows  I    criticized self 
 
Nobody said that Bill would ever vote for Clinton. 
*Nobody said that everybody would ever vote for Clinton. 
 
What do you know that Sally likes __? 
*What do you know who likes __? 



Mandarin Long-Distance Reflexives 

 Lisi  nongshang-le  ziji  
Lisi  harm-PERF  self 
“Lisi harmed herself” 

  
 Zhangsan  shuo  Lisi  nongshang-le  ziji  
Zhangsan  says  Lisi  harm-PERF  self 
“Zhangsan says that Lisi harmed him / herself” 

 
 Antecedent for ziji must be 
(i) a subject 
(ii) animate 
(iii) c-commanding 



LD antecedent:     Coach Zhang say [that report [..] underestimate ziji] 
 
Local antecedent: Auto-biography say [Coach Zhang [..] underestimate ziji] 
 
No antecedent:     Auto-biography say [that report [..] underestimate ziji] 
 
 

   + control conditions without ziji. 

Speed-Accuracy Tradeoff (MR-SAT) 



ziji conditions 

[common scaling of d’ based on asymptote, for visualization of dynamics] 

control conditions 
(identical words, except for ziji) 

(Dillon et al. 2014) 

local 

long-distance 

Timing advantage for local antecedent 
à serial access to antecedents 



Structure & Memory 

structural constraints 

(left-right) order 

resource limitations 

time 

memory architecture 
and access 

non-discrete units 

etc. 



2.	  Implementa7on	  ≠	  
Reduc7onism	  



Blame Assignment 

structural constraints 

(left-right) order 

resource limitations 

time 

memory architecture 
and access 

non-discrete units 

etc. 



Wallace suspects that everybody doubts that Gromit makes cracking toast. 

Question Formation 



Wallace suspects that everybody doubts that Gromit makes          what. 

Question Formation 



What does Wallace suspect   that everybody doubts that Gromit makes           

Question Formation 



What does Wallace suspect    anybody who  doubts that Gromit makes           

Question Formation 

N


relative clause 

A relative clause is an ‘island’ – a wh-word cannot escape from it. 



Island Constraints 



A	  common	  inference	  

Fodor Weinberg Berwick Hawkins 

•  Gramma4cal	  generaliza4on:	  wh-‐dependencies	  are	  local	  

•  Parsing	  generaliza4on(s):	  local	  wh-‐dependencies	  are	  easier/preferred	  

•  ERGO…	  perhaps	  the	  gramma7cal	  generaliza7on	  derives	  from	  the	  
parsing	  generaliza7on	  
–  Variant	  I:	  locality	  constraints	  are	  nevertheless	  gramma7cized	  

Fodor	  1978,	  Berwick	  and	  Weinberg	  1984,	  Hawkins	  1999	  
–  Variant	  II:	  locality	  constraints	  in	  grammar	  are	  epiphenomenal	  

Kluender	  and	  Kutas	  1993,	  1998,	  2004,	  Sag	  et	  al	  2005;	  Hofmeister	  &	  Sag	  
2009,	  Maratsos	  and	  Kowalsky	  2005	  

Kluender Sag Maratsos Hofmeister 



How many students did the school enlarge the classroom for? 

How many students did the school enlarge the classroom for __? 

One way of testing time course of question interpretation 

!! 



What does Wallace suspect   anybody who   doubts that Gromit makes           

Question Formation 

N


relative clause 

A relative clause is an ‘island’ – a wh-word cannot escape from it. 
    

Does the constraint impact real-time comprehension of questions? Yes!


Stowe 1986; Traxler & Pickering 1996; Phillips 2006; Wagers & Phillips, 2009; Yoshida, Aoshima, & Phillips 2004


Does this tell us what is the source of island effects? No!




The	  logic	  of	  resource	  limita7on	  theories	  	  

an even greater  
processing disruption 

processing 
load 1 

processing 
load 2  + + = limited 

resources 

John thought that you knew who the president would pardon    __ ? 
 
John knew who you thought that the president would pardon    __ ? 

processing load 1: Longer wh-dependencies are harder to process than  
shorter dependencies (LENGTH) 

Crucially, longer dependencies lead 
to lower acceptability 

There are many potential reasons 
for this: memory encoding, or 
maintenance, or retrieval... 



The	  logic	  of	  resource	  limita7on	  theories	  	  

an even greater  
processing disruption 

processing 
load 1 

processing 
load 2  + + = limited 

resources 

processing load 2: Island structures are harder to process than non- 
island structures (STRUCTURE) 

Who __ thinks [CP that John bought a car ]? 
Who __ wonders [CP whether John bought a car ]? 

Crucially, island structures without 
island violations lead to lower 
acceptability 

There are many potential reasons 
for this: referential processing, 
syntactic complexity, semantic 
complexity... 

(Kluender and Kutas 1993b, Sprouse 2007) 



Argument	  #1:	  Individual	  differences	  

•  Theore7cal	  claim:	  island	  viola7ons	  are	  not	  ungramma7cal,	  just	  difficult	  
	   	   	   	   	   	   	  (e.g.,	  Kluender	  &	  Kutas	  1993;	  Hofmeister	  &	  Sag	  2010)	  

•  if	  island	  effects	  reflect	  processing	  capacity	  overload,	  
then	  severity	  of	  island	  effects	  should	  covary	  with	  individual	  capacity	  

•  Island:	  interac7on	  of	  (i)	  long	  extrac7on,	  (ii)	  island-‐inducing	  structures	  
	  
Subject	  island	  
a.	  Who	  ___	  thinks	  the	  speech	  interrupted	  the	  TV	  show?	  
b.	  Who	  do	  you	  think	  ___	  interrupted	  the	  TV	  show?	  
c.	  Who	  ___	  thinks	  the	  speech	  about	  global	  warming	  interrupted	  the	  TV	  show?	  
d.	  *Who	  do	  you	  think	  the	  speech	  about	  ___	  interrupted	  the	  TV	  show?	  

Sprouse,	  Wagers,	  &	  Phillips	  2012,	  Language	  

±Length	   ±Complex	  
	  	  	  Subject	  

±Both	  



Sprouse,	  Wagers,	  &	  Phillips	  2012,	  Language	  



size of island effect


island violation


Sprouse,	  Wagers,	  &	  Phillips	  2012,	  Language	  



4	  island	  types,	  2	  memory	  tasks	  (serial	  recall,	  n-‐back),	  n	  =	  315	  	  
island	  severity	  vs.	  memory	  capacity	  

capacity	  differences	  account	  for	  0%	  -‐	  3%	  of	  variance	  

Sprouse,	  Wagers,	  &	  Phillips	  2012,	  Language	  



Argument	  #2	  
	  

Yes,	  you	  can	  complete	  those	  
dependencies	  on	  line	  

…	  when	  the	  grammar	  allows	  it	  

Phillips	  2006,	  Language	  



Parasi7c	  Gaps	  

which school did the proposal to expand the school ultimately overburdened the teachers.

Phillips	  2006,	  Language	  



Parasi7c	  Gaps	  

which school did the proposal to expand the school ultimately overburdened the teachers.

Phillips	  2006,	  Language	  



Parasi7c	  Gaps	  

which people did the proposal to expand the school ultimately overburdened the teachers.

Phillips	  2006,	  Language	  



Parasi7c	  Gaps	  

which school did the proposal to expand the school ultimately overburdened the teachers.

Phillips	  2006,	  Language	  



Parasi7c	  Gaps	  

which school did the proposal to expand the school ultimately overburdened the teachers.

Generalization (Subject Island Constraint)
No long-distance dependencies across subject boundaries

Phillips	  2006,	  Language	  



Parasi7c	  Gaps	  

which school did the proposal to expand the school ultimately overburdened the teachers.

Generalization (informal)
Violations can be rescued by subsequent well-formed gaps.

Phillips	  2006,	  Language	  



Parasi7c	  Gaps	  

which school did the proposal to expand the school ultimately overburdened the teachers.

which school did the proposal that expanded the school ultimately overburdened the teachers.

Updated Generalization (informal)
A subclass of violations can be rescued by subsequent gaps.

Phillips	  2006,	  Language	  



Acceptability	  Ra7ngs	  

1

1.5

2

2.5

3

3.5

4

Good Bad Both
Gap Type

A
cc

ep
ta

b
ili

ty
 R

at
in

g

INF
FIN

Phillips	  2006,	  Language	  



Parasi7c	  Gaps	  

which school did the proposal to expand the school ultimately overburdened the teachers.

which school did the proposal that expanded the school ultimately overburdened the teachers.

which students…

which students…

implausible at ‘expand’���
plausible at ‘overburden’

plausible at ‘expand’���
plausible at ‘overburden’

Phillips	  2006,	  Language	  



Implica7ons	  -‐	  ‘Parsing	  Accounts’	  

which school did the proposal to expand the school ultimately overburdened the teachers.

which school did the proposal to expand the school ultimately overburdened the teachers.

Any ‘processing based’ account of why this is bad…

…will fail to explain why the first gap can be created here…  

Phillips	  2006,	  Language	  



Argument	  #3:	  Other	  Dependencies	  	  
(Yoshida,	  Kazanina,	  Pablos,	  &	  Sturt,	  2013)	  



Argument	  #4:	  Cross-‐language	  Varia7on	  
•  English	  

	  
*The	  man	  [whoi	  [the	  suit	  [RC	  that	  __i	  is	  wearing]]	  is	  dirty]	  arrived	  late.	  

•  Japanese	  
	  
kiteiru	   	  yoohuku-‐ga	  yogoreteiru	   	  sinsi	  
is.wearing	  suit.nom	   	  dirty.is 	   	  gentleman	  

•  Major	  Subject	  Construc7on	  (Japanese,	  Korean,	  Chinese)	  
	  
[IP	  sono	  sinsii-‐ga	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [NP	  [CP	  proi	  __j	  kiteiru]	  	  	  	  	  [yoohukuj]]-‐ga	  yogoreteiru]	  
	  	  	  that	  	  	  gentleman-‐NOM	  	  	  	  	  	  	  	  	  	  	  	  	  pro	  	  	  	  	  	  	  	  wearing-‐is	  suit-‐NOM	  	  	  	  	  	  	  	  	  	  	  	  dirty-‐is	  
‘That	  gentleman	  is	  such	  that	  the	  suit	  that	  he	  is	  wearing	  is	  dirty.’	  
	  

•  	   [CP	  Opi	  [IP	  __i	  [NP	  [CP	  proi	  __j	  kiteiru]	  	  	  	  	  	  	  yoohukuj]-‐ga	  yogoreteiru]	  [sinsii]]	  
	  	  	  	  	  Op	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  pro	  	  	  	  	  	  	  wearing-‐is	  suit-‐NOM	  	  	  	  	  	  	  	  	  	  dirty-‐is	  	  	  	  	  	  	  	  gentleman	  
	  ‘The	  gentleman	  who	  the	  suit	  that	  he	  is	  wearing	  is	  dirty.’	  	  



English	  

*Which boy will John cry if Mary gives a present to __? 

Japanese	  

Dono-gakusee-ni  Taroo-wa [Hanako-ga __ present-o 
 which-student-dat    T-top           H-nom               present-acc 
 
ageta-ra] nakidasu-no? 
give-cond cry-Q? 
 
“Which student will Taroo cry if Hanako gives a  
  present to” 

N	  

Condi7onal	  Adjunct	  Clauses	  are	  islands	  in	  English,	  but	  not	  in	  Japanese.	  	  

Argument	  #4:	  Cross-‐language	  Varia7on	  

Yoshida	  2006,	  thesis	  



Ac7ve	  wh-‐gap	  crea7on	  and	  	  
(un)successful	  revision	  in	  children	  

Akira	  Omaki	  
Johns	  Hopkins	  U	  

Omaki,	  Davidson	  White,	  Goro,	  Lidz,	  &	  Phillips,	  2014	  



wh-‐aGachment	  ambiguity	  
	  	  	  	  	  	  	  	  Where	  did	  Emily	  tell	  someone	  that	  she	  hurt	  herself?	  

	  
	  
	  

1.  Main	  Clause	  interpreta7on:	  where	  ‘telling’	  happened	  
2.  Embedded	  clause	  interpreta7on:	  where	  ‘hur7ng’	  happened	  

If	  the	  child	  parser	  has	  the	  following	  proper7es:	  
1.   Ac4ve	  gap	  crea4on	  (e.g.,	  Garnsey	  et	  al	  1989;	  Stowe	  1986;	  Yoshida	  &	  Dickey	  2008)	  
2.   Reanalysis	  difficulty	  (e.g.,	  Choi	  &	  Trueswell	  2010;	  Trueswell	  et	  al.	  1999)	  

	  

à	  Main	  clause	  interpreta7on	  would	  be	  preferred	  



English	  vs.	  Japanese	  

Where	  did	  Emily	  tell	  someone	  that	  she	  hurt	  herself?	  
	  

Where-‐at	  	  

Doko-‐de	  	  

Emily-‐top	  

Emily-‐wa	  

[	  pro	   leg-‐acc	  

[	  pro	   asi-‐o	  

hurt	  

kegasita	  

comp	  ]	  

to	  	  ]	  

told-‐Q	  ?	  

iGa-‐no	  ?	  

Adult	  reading-‐7me	  evidence	  for	  first	  verb	  associa4on	  

(Aoshima	  et	  al.,	  2004;	  Nakano	  et	  al.,	  2002)	  



-‐-‐-‐	  
-‐-‐-‐-‐	  
!!	  



-‐-‐-‐	  
-‐-‐-‐
-‐	  !
!	  

Ques7on:	  
Where	  did	  Emily	  tell	  someone	  that	  she	  hurt	  herself?	  
	   POOL	   TREE	  



Verb-medial 
Emily kothae bollo [je   nijeke bætha korlo]���
Emily where  said   that self    hurt     did 
 
Verb-final���
Emily kothae [nijeke bætha korlo bole] bollo 
Emily where   self     hurt    did    that   said 
‘Where did Emily say that she hurt herself?’ 
	  

Bengali	  

Dus7n	  Chacón,	  Mashrur	  Im7az	  



Locality 

structural constraints 

(left-right) order 

resource limitations 

time 

memory architecture 
and access 

non-discrete units 

etc. 

Structural	  constraints	  exist,	  
and	  are	  deployed	  rapidly.	  
	  
But	  they	  are	  not	  reducible	  
to	  constraints	  of	  7me	  or	  
memory	  resources	  	  



3.	  Slow	  Predic7on	  
	  

Linking	  linguis7c	  knowledge	  and	  real-‐world	  knowledge	  

Pictures!	  

Wing	  Yee	  Chow	  
UC	  London	  

Ellen	  Lau	  
Maryland	  

Shota	  Momma	  
Maryland	  



What	  do	  bees	  do?	  



Genera7ng	  predic7ons	  

The	  gardener	  talked	  as	  the	  barber	  trimmed	  the	  __________	  …	  
	  
The	  barber	  talked	  as	  the	  gardener	  trimmed	  the	  __________	  …	  

mustache	  

hedge	  

135	  



I’m	  not	  going	  to	  solely	  blame	  all	  of	  man’s	  	  
ac7vi7es	  on	  changes	  in	  climate	  

I’m	  not	  one	  to	  aGribute	  every	  	  
ac7vity	  of	  man	  to	  climate	  change	  

9/30/08	  

10/02/08	  

Role-‐reversal	  errors	  in	  comprehension	  are	  
real,	  but	  how	  pervasive	  are	  they?	  
(i)  syntax-‐free	  interpre7ve	  mechanism	  
(ii)  recovery	  from	  error	  
(iii)  when	  intended	  meaning	  known	  



Electrophysiology of Sentence Comprehension 

•  Semantic anomaly  

N400 

I drink my coffee with cream and sugar 
I drink my coffee with cream and socks 

Kutas & Hillyard (1980) 

N400



  

he mows 
he *mow 

P600 

Left Anterior Negativity 
(LAN) 

Electrophysiology of Sentence Comprehension 



Where do we usually see an N400 effect? 

Cloze Probability 
•  He was stung by a … 
… bee / wasp / fly 

Priming 
•  doctor – NURSE 
•  table – NURSE 

Kutas (1993) 

low cloze 

high cloze 
medium cloze 

unrelated 

strongly related 
weakly related 



Amy bought the napkins that the café manager diligently folded in the booth.
Amy bought the napkins that the café manager diligently baked in the booth.

(Yeung et al., 2004)

MEG counterpart of N400 at 
successive word positions in 
sentence comprehension.



Failure to predict?

Some aspects of context fails to influence N400

Kuperberg et al. 2007; Kim & Osterhout 2005;  Kolk et al., 2003; 
Chow & Phillips 2013; van Herten et al., 2006; Bornkessel & 
Schlesewsky, 2006; Kolk & Chwilla, 2007; Hoeks et al., 2004)

Argument role-reversal 

At the breakfast the boy would eat …
?At the breakfast the egg would eat …

No N400 diff. b/w
Black & Blue.



Minimal Reversal

Japanese
–  Role reversal by case-marker reversal (NOM-ACC)
–  Two-word sentences (one argument dropped).

Bee-NOM STING 
Fish-ACC CATCH 

Scholar-NOM STUDY 
God-ACC WORSHIP



Minimal Reversal

Japanese
–  Role reversal by case-marker reversal (NOM-ACC)
–  Two-word sentences (one argument dropped).

?Bee-ACC STING 
?Fish-NOM CATCH 

?Scholar-ACC STUDY 
?God-NOM WORSHIP



Minimal Reversal

Japanese
–  Role reversal by case-marker reversal (NOM-ACC)
–  Two-word sentences (one argument dropped).

Canonical vs. Role-reversed
Bee-NOM STING vs. ? Bee-ACC STING

Fish-ACC CATCH vs. ? Fish-NOM CATCH
Scholar-NOM STUDY vs. ? Scholar-ACC STUDY
God-ACC WORSHIP vs. ? God-NOM WORSHIP



Design

Plausible Implausible
Bee-NOM  sting
Fish-ACC  catch

Bee-ACC  sting
Fish-NOM  catch

+ 蜂が 刺す

+ 蜂が 刺す

Short	  

Long	  

800ms	  

1200ms	  

Factor 1: Plausibility

Factor 2: SOA

Method details
N =24, all right handed native Japanese speakers
Delayed plausibility judgment;
160 Experimental (40 per condition) + 160 ‘filler’ sentences; Latin-Square



Result – Verb

- Canonical (bee-NOM sting)	  
- Reversed (bee-ACC sting)	  

Short	  SOA	  

- Canonical (bee-NOM     sting)	  
- Reversed (bee-ACC     sting)	  

Long	  SOA	  



Result – Verb

**	  

*	  

n.s	  

Average midline electrodes

N400 effect (amplitude difference )



Result – Control

****	   ***	  

N400 effect (amplitude difference )

Plausible Implausible
Turtle-NOM swim
Apple-ACC eat 

Turtle-NOM gets-cold
Apple-ACC shave



****	   ***	  

*	  

	  **	   	  n.s	  

Bee-NOM sting vs. Bee-ACC sting Apple-ACC eat vs. Apple-ACC shave NOM vs. ACC 

**	  

Verb Noun

Whatever the source of this difference, it is due to 
something that happens before the verb.

-> Slow prediction, not failure to predict/
N400’s failure to reflect prediction

This is probably 
not due to people’s 
inattentiveness to 
the case morph.
	  



Same pattern in verb-final structure in Chinese:
Last week  policeman BA suspect arrest…
Last week  suspect BA policeman arrest…

Policeman BA suspect ZAI  last week  arrest…
Suspect BA Policeman ZAI  last week  arrest… 

Same cloze contrast, different source:

… which customer the waitress had served… (25.4%)
… which waitress the customer had served… (zero)

… which illustrator the author had hired… (27.7%)
… which readers the author had hired… (zero)

Chow et al. (2015 ab); see Kukona et al. 2011 for eye-tracking evidence.



Prediction as a memory search

Prediction = memory search
Lexical prediction ~= semantic memory search problem 
 
Given bee-ACC…
what does it takes to predict swat (or whatever appropriate 
verb) instead of sting?

–  Search for a predicate that typically takes bee as a 
patient. 

–  Can we spot this item in semantic memory in one 
direct step? – probably not.



“Can	  you	  find	  	  
the	  man	  in	  the	  	  
stripy	  sweater?”	  

Encoding	  and	  accessing	  structured	  informa7on	  in	  memory	  



.....bee.......	  

STING BUZZ 
INSECT HONEY 
HIVE PAIN HURT 
SWAT

Spreading activation as search space 
reduction



S7ng	  
Buzz	  

Insect	  
Honey	  

Hive	  

Pain	  

Swat	  

Spotting the right items



Summary	  

structural	  constraints	  

(leg-‐right)	  order	  

resource	  limita7ons	  

7me	  

memory	  architecture	  
and	  access	  

non-‐discrete	  units	  

etc.	  

One-‐system	  architecture	  
	  

No	  dis7nct	  “processor”	  
	  

Mul7ple	  levels	  of	  analysis	  
	  

Memory	  
1.  Tension	  between	  

levels	  of	  analysis	  
2.  Reduc7onism	  

3.  Predic7on	  &	  memory	  

papers	  at	  ling.umd.edu/colin	  



Class	  2	  



Rela7ng	  Parsing	  and	  Grammar:	  
	  

20	  years	  on	  

Colin	  Phillips	  



1995	  



1996	  



2013	  



2015	  



2(+)-‐system	  accounts	  
•  Rela7on	  between	  linguis7c	  knowledge	  and	  real-‐4me	  mechanisms	  

	  
Standard	  view:	  there	  are	  dis7nct	  cogni7ve	  language	  systems	  

•  “…	  ongoing	  speech	  behavior	  does	  not	  u7lize	  a	  linguis7c	  grammar.	  
[evidence	  from	  various	  studies]	  …	  invalidates	  any	  model	  for	  speech	  
recogni7on	  that	  aGempts	  to	  directly	  incorporate	  gramma7cal	  rules	  
…”	  (Bever	  1970;	  also	  Fodor	  et	  al.	  1974)	  

•  Mo7va7ons:	  	  
(i)	  Arguments	  about	  reversing	  gramma7cal	  deriva7ons	  
(ii)	  Slaying	  the	  DTC	  dragon	   	   	  [Deriva7onal	  Theory	  of	  Complexity]	  

(iii)	  Comprehension	  ≠	  Produc7on	  
(iv)	  Judgments	  take	  7me,	  but	  comprehension	  is	  fast	  
(v)	  Grammars	  lack	  some	  key	  features	  of	  parsing	  systems	  
(vi)	  People	  do	  dumb	  stuff	  
	  



1-‐system	  account	  
•  Knowledge	  of	  language	  is	  knowledge	  of	  how	  to	  construct	  

representa7ons	  in	  real	  7me.	  

•  The	  mental	  grammar	  is	  implementa4on	  dependent	  –	  there	  is	  only	  one	  
way	  to	  build	  a	  given	  representa7on.	   	   	   	  [Phillips	  &	  Lewis	  2013]	  
	  
Main	  Claim:	  there	  is	  no	  evidence	  of	  separate	  gramma7cal	  computa7ons	  
that	  occur	  on	  a	  different	  7me	  scale	  than	  normal	  parsing	  and	  produc7on.	  
	  
(got	  evidence?	  let	  me	  know!)	  

•  Revising	  past	  claims	  (Phillips	  1996,	  2003,	  2004)	  
	  
(i)	  “The	  parser	  is	  the	  grammar” 	   	   	   	   	   	  ✖	  
(ii)	  Gramma7cal	  deriva7ons	  are	  strictly	  leg-‐right 	   	  ✖	  
(iii)	  Real-‐7me	  processes	  are	  gramma7cally	  ‘infallible’ 	  ✖	  
(iv)	  Concern	  with	  economy	  metrics	  (‘branch	  right’) 	  ✖	  



Gramma7cal	  Analysis	  
•  I	  have	  done	  liGle	  new	  work	  in	  this	  area	  since	  ~2000.	  

•  Reason	  1:	  prac7cal	  

•  Reason	  2:	  theore7cal	  
	  

•  Most	  findings	  in	  gramma7cal	  theory	  require	  no	  commitment	  to	  order	  

•  Reduc7onism	  



•  Related	  arguments	  

–  Schlenker	  (1999):	  German	  adjec7ve	  inflec7on	  
–  Boeckx	  (1999):	  islands	  
–  Richards	  (2000):	  ‘subjacency	  tax’	  effects	  in	  Japanese	  
–  Guimaraes	  (2003):	  syntac7c	  amalgams	  
–  McGinnis	  &	  Gerdts	  (2003):	  Kinyarwanda	  applica7ves	  
–  Barker	  &	  Shan	  (2006):	  crossover	  phenomena	  
–  Chung	  et	  al.	  (2006):	  licensing	  ‘sprou7ng’	  
–  Choi	  &	  Yoon	  (2006):	  Japanese/Korean	  argument	  clusters	  
–  Kempson,	  Cann	  et	  al.	  (2001/2005):	  varied	  phenomena	  [Dynamic	  Syntax]	  
–  Steedman	  (2000,	  etc.):	  various	  phenomena	  [Comb.	  Categorial	  Grammar]	  



Grammar	  in	  Comprehension	  
•  Fast/slow	  mis-‐alignments	  

•  Implemen7ng	  gramma7cal	  constraints	  in	  memory	  architecture	  

•  Harder	  case	  #1:	  head-‐finality	  

•  Harder	  case	  #2:	  incremental	  seman7c	  interpreta7on	  



Comprehension-‐Produc7on	  
•  Does	  structure	  building	  follow	  same	  steps	  in	  comprehension	  and	  

produc7on?	  

•  Does	  predic7ve	  structure	  building	  in	  comprehension	  mimic	  the	  language	  
produc7on	  system?	  

•  Do	  comprehension	  &	  produc7on	  imply	  dis7nct	  cogni7ve	  systems?	  



parser	   producer	  

grammar	  

But	  what	  are	  we	  aligning?	  

Op4on	  1	  
	  
Dis7nct	  cogni7ve	  systems	  

Op4on	  2	  
	  
Same	  cogni7ve	  system;	  
Different	  levels	  of	  
descrip7on	  (cf.	  Marr	  1982)	  

memory	   aGen7on	   world	  knowl.	   yadda	  yadda	  …	  

Psycholinguist	  1:	  “I’ve	  always	  assumed	  this	  was	  a	  discussion	  about	  the	  separate	  systems	  view.”	  

Psycholinguist	  2:	  “We’ve	  mostly	  assumed	  that	  levels-‐of-‐descrip7on	  view.”	  



“It	  has	  some7mes	  been	  argued	  that	  linguis7c	  
theory	  must	  meet	  the	  empirical	  condi7on	  that	  
it	  account	  for	  the	  ease	  and	  rapidity	  of	  parsing.	  
But	  parsing	  does	  not,	  in	  fact,	  have	  these	  
proper7es.	  […]	  In	  general,	  it	  is	  not	  the	  case	  that	  
language	  is	  readily	  usable	  or	  ‘designed	  for	  
use.’”	  (Chomsky	  &	  Lasnik,	  1993,	  p.	  18)	  

Close	  Alignment	  is	  not	  Desirable	  

“…the	  language	  comprehension	  system	  
creates	  representa7ons	  that	  are	  ‘good	  
enough’	  (GE)	  given	  the	  task	  that	  the	  
comprehender	  needs	  to	  perform.”	  (Ferreira	  &	  
Patson,	  2007,	  p.	  71)	  

“we	  understand	  everything	  twice”	  	  
(Townsend	  &	  Bever,	  2001)	  

“Two	  interpre7ve	  systems	  for	  natural	  
language.”	  (Frazier)	  



Close	  Alignment	  is	  Desirable	  

A	  gramma7cal	  model	  that	  is	  easily	  embedded	  in	  
a	  real-‐7me	  parsing/produc7on	  system	  is	  clearly	  
preferable.	  

Some	  Desiderata:	  
	  
1.	  Incremental	  elabora7on	  of	  par7al	  structures/interpreta7ons	  
	  
2.	  Computa7onally	  explicit	  
	  
3.	  Alignment	  of	  constraints	  on	  well-‐formedness	  and	  constraints	  on	  use	  

Steedman	   Sag	   Chesi	   Bresnan	   Kempson	   Kempen	   Hawkins	  



Mentalis7c	  Commitments	  of	  Standard	  Theories	  

which	   cheeses	  

like	  

Wallace	  

does	  

A.	  Literalist	  
Deriva7on	  is	  a	  literal	  sequence	  of	  mental	  
opera7ons	  that	  language	  users	  can,	  in	  principle,	  
carry	  out.	  (e.g.,	  Townsend	  &	  Bever	  2001)	  

B.	  Formalist	  
Speakers	  do	  construct	  the	  set	  of	  representa7ons	  in	  
a	  deriva7on	  (at	  least,	  LF,	  PF),	  but	  these	  respect	  a	  
formal	  ordering	  rela7on;	  rather	  than	  a	  strict	  
temporal	  order	  

C.	  Extensionalist	  
Deriva7ons	  are	  not	  hypotheses	  about	  sequences	  of	  
mental	  representa7ons,	  on	  any	  7me	  scale.	  
Accountable	  only	  to	  successful	  par77oning	  of	  
±gramma7cal	  sentences.	  	  

(i)  ‘Pragma4c’	  extensionalist	  
(ii)  ‘Principled’	  extensionalist	  
.	  	  

These are clear mentalistic hypotheses,

empirically testable, based on what people do


Beyond the reach of most empirical 
evidence. Components of theory have no 
independent status as cognitive objects.���
? ‘Efficiency’, ‘economy’, ‘learning’ ?




Mo7va7ons	  for	  Standard	  View	  
(i)  Arguments	  about	  reversing	  gramma7cal	  deriva7ons	  	   	  [In	  Aspects	  model]	  

(ii)  Slaying	  the	  DTC	  dragon	   	   	   	   	   	  [Deriva7onal	  Theory	  of	  Complexity]	  

(iii)  Judgments	  can	  be	  slow	  
(iv)  Grammars	  lack	  key	  features	  of	  parsing	  systems	  

	  
(v)  Gramma7cal	  evidence	  for	  boGom-‐up	  deriva7ons	  

	  
(a)	  thema7c	  structures	  as	  ‘basic’;	  (b)	  cyclicity;	  (c)	  endocentricity	  of	  
phrases	  <	  upwards	  projec7on;	  (d)	  arguments	  for	  ordered	  opera7ons	  
	  

(vi)  Comprehension	  ≠	  Produc4on	  
	  
More	  generally:	  mul7ple	  ways	  of	  building	  same	  representa7on	  
	  

(vii)  People	  do	  dumb	  stuff	  
	  
…	  so	  the	  real-‐7me	  mechanisms	  don’t	  do	  what	  the	  grammar	  does	  



Implementa7on	  (In)dependence	  
•  Abstract	  statements	  can	  be	  very	  useful!	  

	  
e.g.,	  48	  ÷	  6	  =	  8	  
	  
e.g.,	  English	  wh-‐phrases	  are	  fronted,	  Chinese	  has	  wh-‐in-‐situ	  

•  An	  Implementa4on	  Independent	  abstrac7on	  can	  be	  realized	  in	  different	  ways	  
by	  mul7ple	  lower-‐level	  implementa7ons.	  

•  An	  Implementa4on	  Dependent	  abstrac7on	  is	  only	  ever	  realized	  in	  one	  way	  at	  
a	  less	  abstract	  level	  of	  descrip7on	  

•  Genera7ve	  grammars	  tradi7onally	  viewed	  as	  implementa7on	  independent.	  	  
	   	   	   	   	   	   	   	   	   	   	   	  (cf.	  Neeleman	  &	  van	  de	  Koot	  2009)	  
à	  speakers	  should	  be	  able	  to	  build	  the	  same	  representa7on	  in	  mul7ple	  ways	  



Implementa7on	  (In)dependence	  
•  An	  Implementa4on	  Dependent	  abstrac7on	  is	  only	  ever	  realized	  in	  one	  way	  at	  

a	  less	  abstract	  level	  of	  descrip7on	  
	  
à	  our	  main	  claim:	  human	  grammars	  are	  implementa7on	  dependent	  w.r.t.	  
sequencing	  of	  structure	  building	  opera7ons	  

•  If	  human	  grammars	  are	  implementa7on	  dependent,	  the	  extensionalist	  
characteriza7on	  of	  grammars	  is	  merely	  a	  convenient	  simplifica7on	  	  
	   	   	   	   	   	   	   	   	   	   	   	  (‘sog’	  abstrac7on;	  Jackendoff	  2002)	  

•  Is	  there	  relevant	  evidence?	  Less	  than	  we’d	  like.	  
	  
a.	  Speaking	  &	  understanding	  aren’t	  so	  different	  (order,	  representa7ons,	  …)	  
b.	  LiGle	  evidence	  that	  same	  interpreta7on	  can	  be	  built	  in	  different	  orders	  
	   	  e.g.,	  reading	  backwards	  is	  difficult-‐to-‐impossible	  
c.	  Reanalysis	  in	  parsing:	  more	  like	  ‘re-‐star7ng’	  than	  about	  ‘re-‐arrangement’	  



Implementa7on	  (In)dependence	  
•  An	  Implementa4on	  Dependent	  abstrac7on	  is	  only	  ever	  realized	  in	  one	  way	  at	  

a	  less	  abstract	  level	  of	  descrip7on	  

•  Slippery	  slope	  -‐	  so	  why	  not	  just	  describe	  everything	  in	  molecular	  terms?	  

•  No	  –	  implementa7on	  (in)dependence	  should	  be	  separately	  assessed	  at	  each	  
level	  of	  abstrac7on	  

•  Example	  –	  neural	  encoding	  of	  syntac7c	  representa7ons	  
	  
On-‐line	  construc7on	  –	  too	  fast	  to	  encode	  via	  changes	  in	  synap7c	  connec7vity	  
Long-‐term	  memory	  –	  plausible	  only	  via	  changes	  in	  synap7c	  connec7vity	  
	  
à	  mul7ple	  ways	  of	  encoding	  same	  informa7on	  neurally	  	  
	   	   	   	   	   	   	  (…	  some	  big	  caveats	  to	  this	  argument;	  cf.	  Jackendoff	  2002)	  



Re-‐visi7ng	  old	  claims	  
•  “The	  Parser	  is	  the	  Grammar”	  [PiG]	  (Phillips	  1996)	  

	  
No	  –	  grammar	  is	  one	  key	  component	  of	  a	  comprehension	  system.	  
Structure-‐building	  system	  is	  task	  neutral:	  comprehension,	  producHon,	  neither	  
AddiHonal	  mechanisms	  needed	  to	  map	  to/from	  external	  sHmuli	  
What	  maLers	  is	  that	  there’s	  only	  one	  structure-‐building	  system	  

•  Gramma7cal	  deriva7ons	  proceed	  in	  a	  strict	  led-‐to-‐right	  order	  (Phillips	  2003)	  
	  
No	  –	  what	  maLers	  is	  that	  a	  given	  sentence	  is	  built	  in	  only	  one	  order	  
Comprehension	  &	  producHon	  are	  *roughly*	  leQ-‐to-‐right	  
Some	  construcHons/languages	  demand	  departures,	  e.g.,	  Japanese	  head-‐
finality	  

•  Real-‐7me	  processes	  should	  be	  gramma4cally	  ‘infallible’	  (Phillips	  2004,	  2006)	  
	  
No	  –	  what	  maLers	  is	  that	  there’s	  one	  way	  of	  building	  the	  same	  representaHon	  
ProblemaHc	  would	  be	  evidence	  of	  a	  rough-‐and-‐ready	  ‘covering	  grammar’	  



What	  we’re	  not	  claiming	  …	  
•  Comprehension	  is	  always	  successful	  

	  
GrammaHcally	  accurate	  representaHon	  ≠	  accurate	  informaHon	  transfer	  
	  
Extreme	  case:	  you	  say	  something	  in	  a	  noisy	  bar	  –	  I	  completely	  misunderstand	  
My	  representaHon	  may	  be	  perfectly	  grammaHcal	  …	  just	  not	  what	  you	  meant	  

•  Reduc4onism	  
	  
Claims	  abound	  that	  certain	  grammaHcal	  constraints	  are	  epiphenomena	  –	  
reducible	  to	  effects	  of	  memory,	  naturalness,	  etc.	  	  
(e.g.,	  islands:	  Erteshik-‐Shir	  1976;	  Deane	  1991;	  Kluender	  &	  Kutas	  1993;	  Hofmeister	  &	  Sag	  2010	  
for	  discussion	  of	  reducHonist	  hypotheses,	  cf.	  Phillips	  2011)	  
	  
Claim	  that	  derivaHons/constraints	  apply	  in	  a	  fixed	  order	  is	  not	  a	  reducHonist	  
claim	  

•  Anything	  about	  ambiguity	  resolu4on	  



Mo7va7ons	  for	  Standard	  View	  
(i)  Arguments	  about	  reversing	  gramma7cal	  deriva7ons	  	   	  [In	  Aspects	  model]	  

(ii)  Slaying	  the	  DTC	  dragon	   	   	   	   	   	  [Deriva7onal	  Theory	  of	  Complexity]	  

(iii)  Judgments	  can	  be	  slow	  
(iv)  Grammars	  lack	  key	  features	  of	  parsing	  systems	  

	  
(v)  Gramma7cal	  evidence	  for	  boGom-‐up	  deriva7ons	  

	  
(a)	  thema7c	  structures	  as	  ‘basic’;	  (b)	  cyclicity;	  (c)	  endocentricity	  of	  
phrases	  <	  upwards	  projec7on;	  (d)	  arguments	  for	  ordered	  opera7ons	  
	  

(vi)  Comprehension	  ≠	  Produc4on	  
	  
More	  generally:	  mul7ple	  ways	  of	  building	  same	  representa7on	  
	  

(vii)  People	  do	  dumb	  stuff	  
	  
…	  mismatch:	  real-‐7me	  mechanisms	  don’t	  do	  what	  the	  grammar	  does	  



What	  is	  language	  for?	  

Organizing	  and	  transmi�ng	  informa7on	  
between	  speakers,	  i.e.,	  communicaHon	  

Organizing	  and	  transmi�ng	  informa7on	  
across	  7me,	  i.e.,	  thought	  

Language	  is	  designed	  for	  transmission	  
through	  serial	  medium.	  
	  
Core	  proper7es	  of	  language	  should	  
reflect	  this.	  

Language	  allows	  us	  to	  combine	  
representa7ons	  flexibly.	  
	  
Including	  proposi7onal	  embedding.	  
	  
Language	  is	  adap7ve	  even	  in	  the	  
absence	  of	  communica7on.	  
	  
Externaliza7on	  could	  be	  an	  
agerthought.	  

Steedman	   Pinker	  

Ted	  

Steve	  
Spelke	   de	  Villiers	   Chomsky	  



Standard	  Gramma4cal	  Analysis	  
	  
(a.k.a.	  ‘syntac7c	  theory’)	  

Hierarchical	  groupings	  of	  terminals	  
	  
All	  elements	  are	  discrete	  symbolic	  
representa7ons	  
	  
No	  7me	  dimension	  
	  
Deriva7ons	  generally	  not	  taken	  as	  
claims	  about	  actual	  7me	  steps	  	  
(Phillips	  &	  Lewis	  2013)	  

Default	  ques7ons:	  
How	  acceptable	  is	  this	  sentence?	  
Why	  is	  it	  so	  (un)acceptable?	  Does	  it	  violate	  combinatorial	  rules?	  Is	  it	  just	  hard?	  
	  
…	  This	  is	  a	  narrow	  set	  of	  ques7ons	  to	  ask.	  



Cogni4ve	  Models	  of	  Sentence	  Structure	  Building	  
	  
(a.k.a.	  ‘processing	  theories’)	  

Same	  ques7ons	  +	  many	  more	  
	  
Order	  always	  maGers	  
Time	  some7mes	  maGers	  
	  
representa7on	  =	  	  
memory	  encoding	  
	  
dependencies	  =	  
memory	  access	  
	  
nodes	  may	  have	  varying	  
ac7va7on	  levels	  
	  
computa7ons	  may	  depend	  on	  
indep.	  cogn.	  abili7es	  
	  
comprehension,	  produc7on	  
work	  w/	  limited	  informa7on	  

Lewis,	  Vasishth	  &	  Van	  Dyke	  2006	  

Dillon,	  SloggeG,	  Mishler,	  &	  Phillips	  2013	  



Neural	  Models	  of	  Sentence	  Structure	  Building	  
Different	  vocabulary	  /	  toolkit	  
Constraints	  from	  connec7vity	  &	  anatomy	  
Nodes	  correspond	  to	  complex	  ac7vity	  paGern	  
	  

Van	  der	  Velde	  &	  de	  Kamps	  2006	  



One Language System 
Multiple Levels of Analysis 

“linguistic” 

“cognitive” 

“neural” 

“computational?” 

“algorithmic?” 

“implementational” 

Marr 1982 

Marr-levels don’t really 
fit language research. 
 
And there aren’t really 
3 discrete levels. 



Multiple Language Systems 
Multiple Levels of Analysis 

 
 
 
 
 
 

ß Grammar 
Parser à 
Producer 



Blame Assignment 

structural constraints 

(left-right) order 

resource limitations 

time 

memory architecture 
and access 

non-discrete units 

etc. 



John

said

that

he

ate the entire pizza

S

NP VP

S’

Comp

V

S

NP VP

V NP

An	  order-‐based	  account:	  Phillips	  1996,	  2003	  



•  Many	  tools	  used	  to	  diagnose	  groupings	  
of	  words:	  	  

–  coordina7on	  
–  dele7on	  
–  interpreta7on	  (coreference,	  scope)	  
–  movement,	  focus,	  topicaliza7on	  
–  etc.	  

•  There	  are	  many	  cases	  where	  the	  tools	  
converge	  on	  the	  same	  result	  

•  There	  are	  also	  many	  cases	  where	  the	  
tools	  yield	  conflic7ng	  results	  

•  Sugges7on:	  this	  well-‐known	  dilemma	  
reflects	  opacity	  effects	  arising	  from	  
leg-‐right	  deriva7ons	  	  
	  
(cf.	  classic	  arguments	  for	  deriva7ons	  in	  
phonology)	  

An	  order-‐based	  account:	  Phillips	  1996,	  2003	  





Immediate	  Constraint	  Applica7on	  
•  Anaphora:	  Principle	  C	  

English:	  Kazanina	  et	  al.	  2007;	  Japanese:	  Aoshima	  et	  al.	  2009;	  	  
Russian:	  Kazanina	  &	  Phillips	  2010	  

•  Anaphora:	  Principle	  A	  
Nicol	  &	  Swinney	  1989;	  Cligon	  et	  al.,	  1998;	  Badecker	  &	  Straub	  2002;	  Sturt	  2003;	  Xiang	  et	  al.	  
2009;	  Dillon	  et	  al.	  2012	  

•  Islands	  
Subjects:	  Stowe	  1986;	  Bourdages	  1992;	  Traxler	  &	  Pickering	  1996;	  Omaki	  &	  Schulz	  2010;	  Rel.	  
Cl.:	  McElree	  &	  Griffith	  1998;	  CSC:	  Wagers	  &	  Phillips	  2009;	  wh-‐islands:	  Neville	  et	  al.	  1991;	  
Japanese:	  Yoshida	  et	  al.	  2004;	  Parasi7c	  gaps:	  Phillips	  2006	  

•  Sluicing	  
Yoshida	  et	  al.	  2011	  

•  Agreement	  (selec7ve)	  
Wagers,	  Lau,	  &	  Phillips	  2009	  

•  Case	  (selec7ve)	  
Bader	  &	  Bayer	  2006	  

•  Anaphora:	  Principle	  B	  (disputed)	  
Nicol	  &	  Swinney	  1989;	  Cligon	  et	  al.	  1997;	  Runner	  et	  al.	  2006;	  Lewis,	  Chow,	  &	  Phillips	  2012;	  
BUT:	  Badecker	  &	  Straub	  2002;	  Lee	  &	  Williams	  2006	  

In ERP studies, rapid error detection is 
so commonplace that it is news if we fail 
to find detection of an anomaly within a 
few tenths of a second!




Reasons	  for	  mismatches	  
•  Dis7nct	  systems	  (covering	  grammar,	  heuris7cs/strategies)	  

•  One	  system,	  noisy	  architecture	  

•  One	  system,	  access	  to	  internal	  stages	  of	  computa7on	  

•  One	  system:	  mischaracterized	  grammar	  

•  One	  system:	  seman7c	  garden	  paths	  

e.g., NVN = clause 
e.g., error-reversal system 



Is	  the	  parser	  working	  too	  well?	  
•  Simple	  constraint:	  pronouns	  disallow	  clause-‐mate	  antecedents	  

	  
	   	  Dianne	  proclaimed	  that	  Janet	  outdid	  her.	  
	  
Binding	  Principle	  B:	  A	  pronoun	  must	  be	  locally	  free.	  (Chomsky	  1981)	  

•  Not	  so	  simple!	  Excep7onal	  cases	  reveal	  more	  complex	  syn-‐sem	  interac7ons	  
	  
	   	  You	  know	  what	  Mary,	  Sue,	  and	  John	  have	  in	  common?	  Mary	  admires	  	  
	   	  John,	  Sue	  admires	  John,	  and	  even	  John	  admires	  him,	  too.	  
	  
	   	  Everybody	  hates	  Larry.	  Only	  he	  himself	  piHes	  him.	  
	  
Excep7ons	  apply	  to	  coreference,	  but	  not	  to	  bound	  variable	  use	  of	  pronouns	  
	  
à	  mo7vates	  claim	  that	  ‘Janet	  outdid	  her’	  is	  syntac7cally	  fine	  
	  	  	  	  	  	  but	  not	  ‘Everybody	  outdid	  her’.	  Complex	  interac7on	  of	  syntax/pragma7cs	  



Is	  the	  parser	  working	  too	  well?	  
•  Drama7c	  developmental	  evidence	  emerged	  in	  late	  1980s	  (Chien	  &	  Wexler	  ‘90)	  

	  
Children	  dis7nguish 	   	   	  Mama	  Bear	  washed	  her. 	   	  many	  errors	  
	   	   	   	   	   	   	   	  Every	  Bear	  washed	  her. 	   	  few	  errors	  

•  The	  complex	  account	  of	  Principle	  B	  became	  mainstream	  	  
(…	  though	  innocent	  youth	  in	  intro	  courses	  largely	  spared)	  

•  But	  we	  inadvertently	  undermined	  this	  elegant	  finding	  
(Conroy,	  Lidz,	  Takahashi,	  &	  Phillips,	  2009)	  
	  
…	  so	  much	  for	  the	  developmental	  dissocia7on	  

“Grumpy	  painted	  him”	  



Is	  the	  parser	  working	  too	  well?	  
•  Perhaps	  adults	  would	  show	  the	  dissocia7on	  (Lewis,	  Chow,	  Phillips	  2012)	  

	  
	   	  The	  actor	  revealed	  that	  	  	  	  	  the	  producer	  had	  doubted	  him	  …	  
	   	  The	  actor	  revealed	  that	  every	  producer	  had	  doubted	  him	  …	  

•  And	  the	  gramma7cal/pragma7c	  account	  predicts	  flee7ng	  considera7on	  of	  
unacceptable	  antecedents	  

•  Fail! 	   	  No	  referen7al/quan7fica7onal	  contrast.	  No	  illicit	  antecedents.	  
•  x7	  

•  In	  this	  case	  the	  parser’s	  access	  to	  antecedents	  is	  surprisingly	  restric7ve	  
(but	  cf.	  Badecker	  &	  Straub	  2002)	  

•  Could	  reflect	  a	  simpler	  covering	  grammar.	  	  
Or	  perhaps	  the	  Syntax	  1	  account	  of	  Principle	  B	  is	  not	  so	  bad	  ager	  all	  



parser	   producer	  

grammar	  
Op4on	  1	  
	  
Dis7nct	  cogni7ve	  systems	  

Op4on	  2	  
	  
Same	  cogni7ve	  system;	  
Different	  levels	  of	  
descrip7on	  (cf.	  Marr	  1982)	  

To	  the	  extent	  that	  Fast	  Stuff	  and	  Slow	  Stuff	  align	  closely	  …	  	  
	  
…	  it	  minimally	  mo7vates	  a	  7ght	  link	  
…	  it	  removes	  a	  mo7va7on	  for	  the	  division	  
…	  but	  always	  hard	  to	  argue	  against	  a	  clever	  covering	  grammar	  

Mo7va7ons	  for	  this	  dis7nc7on	  are	  different.	  
	  
As	  useful	  as	  ever	  to	  give	  abstract,	  process-‐neutral	  descrip7ons	  
An	  implementa7on	  dependent	  abstrac7on	  is	  a	  convenience	  
Its	  process-‐neutrality	  doesn’t	  mean	  that	  there’s	  real	  process-‐neutrality	  



Finally:	  Capturing	  the	  Alignment	  
•  On-‐line	  findings	  mo7vate	  mechanisms	  that	  apply	  gramma7cal	  constraints	  

highly	  incrementally	   	  (modulo	  Mark	  Steedman’s	  important	  caveat	  about	  ‘chea7ng’)	  

•  Most	  grammar	  formalisms	  allow	  this	  (…	  or	  can	  be	  adjusted	  to	  do	  so)	  

•  That	  might	  not	  be	  enough.	  Evidence	  suggests	  that	  specific	  order	  may	  be	  forced	  
	  
…	  which	  is	  more	  surprising	  under	  accounts	  that	  offer	  flexible	  combinatorics	  

•  Not	  today’s	  focus:	  Forced	  leg-‐right	  structure	  building	  may	  provide	  beGer	  answer	  to	  Steedman’s	  
cons7tuency	  problem	  –	  which	  phenomena	  target	  ‘odd	  cons7tuents’,	  and	  which	  ones	  do	  not	  
(Phillips	  1996,	  2003)	  

•  Digging	  deeply	  into	  source	  of	  mismatches	  is	  important	  going	  forward	  
•  Understanding	  Parser-‐Producer	  rela7on	  is	  crucial	  for	  Parser-‐Grammar	  rela7on	  
•  Psycholinguists	  could	  also	  help	  to	  develop	  process	  models	  of	  Slow	  Stuff	  	  


