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INTRODUCTION: MOTIVATION

The person who officials say ___ stole millions ...
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INTRODUCTION: MOTIVATION

The person who officials say ___ stole millions ...

GOAL: INCREMENTALLY OBTAIN CORRECT PARSE

o Filler-gap is hard for computers
[Rimell et al., 2009, Nguyen et al., 2012]
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INTRODUCTION: MOTIVATION

The person who officials say ___ stole millions ...

GoAL: TEST HUMAN PROCESSING CLAIMS
e Filler-gap is hard for humans? [Chomsky and Miller, 1963]
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INTRODUCTION: MOTIVATION

The person who officials say ___ stole millions ...

GoAL: TEST HUMAN PROCESSING CLAIMS

e Filler-gap is hard for humans [Gibson, 2000, Chen et al., 2005]
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INTRODUCTION: MOTIVATION

The person who officials say ___ stole millions ...

GoAL: TEST HUMAN PROCESSING CLAIMS

e Filler-gap is hard for humans [Gibson, 2000, Chen et al., 2005]
e Embeddings speed processing [Pynte et al., 2008]

e Finishing embeddings = Fast
[Wu et al., 2010, van Schijndel and Schuler, 2013]

Center embedding or filler-gap?
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OVERVIEW

CONTRIBUTION
Introduce an incremental semantic parser
o Fits reading times better than syntax parsing

e Replicate previous findings sans surface confounds
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OVERVIEW

CONTRIBUTION
Introduce an incremental semantic parser
o Fits reading times better than syntax parsing

e Replicate previous findings sans surface confounds

@ Generalized Categorial Grammar

® Incremental Semantic Parser

® Eye-tracking evaluation
O Results
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GENERALIZED CATEGORIAL GRAMMAR

Reannotate WSJ [Nguyen et al., 2012]

S vV
/\ /\
NP VP N V-aN
S T T S T
D N \ NP D N-aD V-aN-bN N
\ \ \ S \ \ \ S

the studio bought D N the studio bought D N-aD
\ \ \ \
the rights the rights

VAN SCHIJNDEL, SCHULER INCREMENTAL DEPENDENCIES Avuausrt 8, 2013 4/ 35



GENERALIZED CATEGORIAL GRAMMAR

We can also keep the WSJ traces around.

NP
— N
NP RP —
P —— N V-rN
| | | — D N-aD N-rN V-gN
. \ [ \ ——
the rights that /NP\ /VP\ the rights that N V-aN-gN
S I
l? '}' Y T D N-aD  bought
\ \
the studio bought ¢; the studio
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INTERPRETATION: REANNOTATION RULES

g:d h:c-ad g:dy h:c-ad g:d h:c-advy g:dy h:c-ady
(feagg h)ic Mi(fead @R h):cth M (feaag (hK):ct) Ak (feaa @ K) (MK): b
g:c-bd h:d g:c-bdy h:d g:c-bd h:dy g:c-bdy h:dy
(fevag h):c Ac(feva @KW h):ctd A (fena g (hK):cp Ak (fea (8 K) (R K)): ctp
(Aa-h)
g:u-ad h:ic g:u-ady hic g:u-ad h:cy g:u-ady h:icy
(fimgh)ic Ak (ﬁM(gk) h)CU )\k(ﬁl\]g(hk))icﬂ)' )\k(fim(gk) (hk))C’L}
g:c h:u-ad g:cyp h:u-ad g:c h:u-ady g:cyp h:u-ady
(prgh):C )\k(fFM(gk) h)CU )\k(prg(h k))C’L} Ak (fFM (gk) (h k))C’L}
(Ma-h)
g:c-ad g: c-bd g:.c
A (feaa {k} g): c-gd Ak (fe-aa {k} g):c-gd A (fim {k} g):c-gd
(Ga—c)
g:e h:c-gd g:d-re h:c-gd g:d-ie h:c-gd
Aidi(gi)N(hij)e XejTi(gki)A(hij):c-re X;Ti(gki)A(hij):c-ie
(Fa—c)
g:e hic-rd

Aidj(gi)N(hij)e (R)
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INTERPRETATION: REANNOTATION RULES

g:d h:c-ad g:dy h:c-ad g:d h:c-advy g:dy h:c-ady
(feagg h)ic Mic(fead @R h):cth M (feaag (MK): ) Ae(feaa @ K) (MK): b
g:c-bd h:d g:c-bdy h:d g:c-bd h:dvy g:c-bdy h:dy
(fevag h):c Ac(fea @K h):ct A (fenag (hK):ct Ax (fena (8 K) (h k))icd)( )
Aa-h
g:u-ad hic g:u-ady hic g:u-ad h:cy g:u-ady h:icyp
(imgh):c (i@ K) h):cp A (fimg (hR)):ctp Aw (fim (g k) (hK)):cp
g:c h:u-ad g:cyp h:u-ad g:c h:u-ady g:cyy h:u-advy
(fFMgh):c )\k(fFM@‘k) h):C’([) )\k (fFMg(h k)):Cl/) >\k (fFM@'k) (hk))Cl/(J )
Ma-h
g:c-ad g: c-bd g:.c
A (feaa {k} g): c-gd Ak (fe-aa {k} g):c-gd A (fim {k} g):c-gd
(Ga—c)
ge h:ic-gd g:d-re h:c-gd g:d-ie h:c-gd
Aidi(gi)N(hij)e XejTi(gki)A(hij):c-re X;Ti(gki)A(hij):c-ie
(Fa—c)
g:e hic-rd (R)

Aidj(gi)N(hij)e
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INTERPRETATION: REANNOTATION RULES

g:d h:c-ad g:dy h:c-ad g:d h:c-advy g:dy h:c-ady
(Faa8h):c N(fas @Rl e (Foaa 8 (R):C i (frnd € R (1 R): O
g:c-bd h:d g:c-bdy h:d g:c-bd h:dvy g:c-bdy h:dy
(febag h):c Ac(fena @K h):ctp A (febag (hk):ct) A (feba (€ K) (h k))ic¢( )
Aa-h
g:u-ad hic g:u-ady hic g:u-ad h:cy g:u-ady h:icyp
(frghic N (fu @Rt M (fug(R):ct e (it € K (BR):cw
g:c h:u-ad g:cy h:u-ad g:c h:u-ady g:cyy h:u-advy
(fFMgh):c )\k(fFM@k) h):C’()D )\k (fFMg(h k)):C’l/J )\k (fFM(gk) (h k)):C’l/(J )
Ma-h
g: c-ad g: c-bd g.c
Ak (fead {k} g):c-8d A (feaa {k} g):c-gd  Ai(fim {k} g):c-gd
(Ga—¢)
g:e h:c-gd g:d-re h:c-gd g:d-ie h: c-gd

Aidi(gi)N(hij)e Xej3i(gki)A(hij):cre XTi(gki)A(hij):c-ie
(Fa—c)

g:e hic-rd (R)
Aidj(gi)A(hij)e
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INTERPRETATION

Connected Components

S
/\
NP VP
T — T
D N V NP

the studio bought NP
N

S/NP

} NP/N
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INTERPRETATION

Reannotated Connected Components

V
/\
N V-aN
T ——
D N-aD V-aN-bN N

the studio bought N
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CONNECTED COMPONENT PARSING

NP/N
Working
Memory:
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CONNECTED COMPONENT PARSING

S
/\
NP VP

D N
| |
the studio

S/VP
Working
Memory:
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CONNECTED COMPONENT PARSING

S
/\
NP VP
/\ /\
D N V NP

the studio bought

S/NP
Working
Memory:
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CONNECTED COMPONENT PARSING

S
/\
NP VP
P —
D N \% NP

D N
|
the
S/NP
Working
Memory: NP/N
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CONNECTED COMPONENT PARSING

S
/\
NP VP
P ——
D N Vv NP
| | | -7
the studio bought D
/\
NP G
PN
D N
| |
the author
S/NP
Working
Memory: b/G
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CONNECTED COMPONENT PARSING

S
/\
NP VP
T _——
D N Vv NP
| | | T
the studio bought D N
/\
NP G
S |
D N s
| |
the author
S/N
Working
Memory:
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CONNECTED COMPONENT PARSING

S
/\
NP VP
P _——
D N \% NP
| | | T~
the studio bought D N
/\ I
NP G rights
T |
D N s
| |
the author
S
Working
Memory:
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INTERPRETATION: REFERENT STATES

millions
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INTERPRETATION: FA/LA

First or Last element of a CC

Jap. geje o A (gzic/d{jz}iz) Xt

Fap e o A ((g4F)icit)

Jap, e o A (gZ:C/d{jZ}I'Z) Xt
Jap. pejeen o A (ghic/d {j}if) A (feitt)

itjci

X —rm Frd (-Fa)

Xt —m e (+Fa)

g:d h:e = (f g h):c
Jup jejeaze o A (g%:d i) g:d h:e = M\(f (g k) h):c
e N ((fgf):ic/e i} i*) ) g:d hie = M(f g (hk)):c
g:d h:e = \(f (g k) (hk)):c
(-La)

):
):

Hiljl,. it

g:d h:e = (f g h):c
i weajeae o A (g7a/c I A (85diY) ) gid hie = M(f (g k) h):c
jer .. A (g8t o(fgl)a/e{jFt)itt) g:d h:e = M\(f g (hk)):c
g:d h:e = \(f (g k) (hk)):c
(+La)

):
):

Ell'ljl" 1
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INTERPRETATION

Hi‘ (T/I‘li,lil) the +FaLa,—N

Fiyiy T/THin}in) A (.:N/N-aD{iz}iz) person p ;. -«
Elili; (..ZT/T{i]Iil) A (..ZN/V-I‘N {i3|i3) who +Fa+Lc,~N

3i1i3i«, (s :T/I‘Iillil) Al :N/V-gN {l6| i3) officials +Fa-La-N

Figigigiy (- T/T{ig}in) A (. :N/V-gN{ighiz) A (.:V-gN/V-aN-gN{ig}ig) say ;o n
3i1i3i|1 (.. T/T {ig}iy) A (..:N/V-aN{iy}i3) stole +Fa,+La N
E"ilijiu (. :T/I' |i|}i|) A (. ZN/N {im}ig) millions —Fa,+La,-N
3, CT/THig i)
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INTERPRETATION: FB/LB
P € {-r-i}xC
Faj mp jeje - N @y /20 ("N A A (ghie/d {j} i) xe

A e e A (gy /29 7Y im) A A (85 (F1{nYF))ic i)
xe = Ak (f'{k} f):d  (=Fb)

ap e eje o N (My/zp("}i") A A (ghie/d {0 iY) xe
g jejeren o A (gmy/z {jn}in) A oA (ghie/d {jEY i) A ((F/{jn}f):e i)
xe o Me(F{K} F)re  (+Fb)

g jerjere o A (8My/z0 YT A o A (gh:d i)
3pp g eje o N (&Ty/zp{n}in) Ao A ((fg9) o (F/{jn}):cp/e {j¢} i)
g:d h:e = M\ (fg (F'{k} h)):cyp (-Lb)

Fnp o jerjerje o A (@MY 29 YT A A (g5 Ta/ep Y IET) A (g5 i)
Fji e, jerjer o A (8My/z {jryin) Ao A (g5 o (fgf) o (F{jm}):a/e {5 }iET)
g:d hie = M\(fg (f'{k} h)):ctp  (+Lb)
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INTERPRETATION: LC/N

El,‘ljln ;l—ljl—l;l VAN (gZd,Z)
Fnjr. jeje o N ((f8°) o (Mnki (hk)):a/e {j*} i)

g:d h:ey = (fg h):c

(-Lc)
Jnp jeajeage o A (gz_lia/c{jl_l}il_l) A (glidiz) L )
S s e N (&0 (&) o Oy (Ao G} ) £ v = (g e
(+Lc)
Jap e o A (7 c/dy (i1} A (ghdy/e (i} i) (+N)

3,-1]-1_. jetje1 oo A (gl*1 o ()\hiﬂj(hj)) og‘:c/e {jlfl} I'Zfl)

All of these rules may be made probabilistic
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INTERPRETATION

Hi‘ (T/I‘li,lil) the +FaLa,—N

Fiyiy T/THin}in) A (.:N/N-aD{iz}iz) person p ;. -«
Elili; (..ZT/T{i]Iil) A (..ZN/V-I‘N {i3|i3) who +Fa+Lc,~N

3i1i3i«, (s :T/I‘Iillil) Al :N/V-gN {l6| i3) officials +Fa-La-N

Figigigiy (- T/T{ig}in) A (. :N/V-gN{ighiz) A (.:V-gN/V-aN-gN{ig}ig) say ;o n
3i1i3i|1 (.. T/T {ig}iy) A (..:N/V-aN{iy}i3) stole +Fa,+La N
E"ilijiu (. :T/I' |i|}i|) A (. ZN/N {im}ig) millions —Fa,+La,-N
3, CT/THig i)
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EVALUATION: SYNTACTIC VS SEMANTIC

SYNTACTIC PARSER [VAN SCHIJNDEL ET AL., 2013]
e Only Fa/La
e Trained on WSJ 02-21
e Split-merged x5 [Petrov et al., 2006]

SEMANTIC PARSER
e Trained on Reannotated WSJ 02-21

e Split-merged x3
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EVALUATION: SYNTACTIC VS SEMANTIC

TeEST CORPUS: DUNDEE
e Log-transformed go-past durations
e Omit:
e first and last of each line (wrap-up)

e < 5 times in WSJ (accuracy) [Fossum and Levy, 2012]
e saccade length > 4 (track loss) [Demberg and Keller, 2008]

VAN SCHIJNDEL, SCHULER INCREMENTAL DEPENDENCIES Aucgusr 8, 2013 19 / 35




EYE TRACKING

Go-past durations:

John went to the shop today

Cumulative factors are summed over the go-past region
Non-cumulative factors are based on the initial word in a region (shop)
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EYE TRACKING

Go-past durations:

\
John went to the shop today

= Go-past region

Cumulative factors are summed over the go-past region
Non-cumulative factors are based on the initial word in a region (shop)
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EVALUATION: SYNTACTIC VS SEMANTIC
Fitting a linear mixed effects model (/mer in R)

FIXED EFFECTS

e Word length e Region length

e Sentence position e Cum. surprisal

e Prev, Next word fixated? e Cum. entropy reduction [Hale, 2003]
e Unigram and bigram probs e Joint interactions

e Surprisal [Hale, 2001] e Spillover predictors

BY-SUBJECT RANDOM SLOPES

e Region length . .
G g. e Cumulative surprisal
e Prev word fixated?

Subject and Item random intercepts

VAN SCHIJNDEL, SCHULER INCREMENTAL DEPENDENCIES Aucgusr 8, 2013 21 /35




EVALUATION: SYNTACTIC VS SEMANTIC

‘ Model ‘ log-likelihood ‘ AIC
syntactic -64175 128619
semantic -64169 128609

Goodness-of-fits

Relative likelihood: 0.0009 (n = 151,331)

VAN SCHIJNDEL, SCHULER
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EVALUATION: SEMANTIC FACTORS

‘ Factor ‘ coeff ‘ std. err. ‘ t-score ‘ p-value ‘

F+L- (encoding) 0.014 | 0.005 | 2.665 | 0.02
F-L+ (integration) | -0.021 | 0.005 | -4.109 | 0.001

F—L+|N+ -0.021 | 0.005 |-4109 | 7
F-L- - - - 50
F+L+ - - - -

Significance of residualized factors on reading time.
Positive t-score: inhibition
Negative t-score: facilitation
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EVALUATION: SEMANTIC FACTORS

Corpus: Reannotated WSJ

¢ Remove sentences with modifier embeddings [Pynte et al., 2008]

For example:
The CEO sold [[the shares] of the company]
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EVALUATION: SEMANTIC FACTORS

‘ Model ‘ coeff ‘ std err ‘ t-score ‘
Canonical | -0.040 | 0.010 -4.05
Other -0.017 | 0.004 | -4.20

Significance of residualized factors on reading time.
Positive t-score: inhibition
Negative t-score: facilitation

To achieve convergence, residualization was used

VAN SCHIJNDEL, SCHULER INCREMENTAL DEPENDENCIES Aucgusr 8, 2013 2% [ &5



CONCLUSION

RESULTS
e Described incremental semantic dependency parser
e General metrics are not hurt by semantic calculation
e Semantic metrics predict reading times better than syntactic
e Replicated negative integration cost without FG confound

e Failed to find support for maintenance cost
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Fin

Thanks to Elliot Schumacher (and viewers like you)!
Questions?
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EXTRAS 1: PROBABILISTIC FORMULAE

Po, (= 17 1(i,€) G, d) W Eyz(c 3 d ) 30, Py(d = %) [FF = (i,id", )] (1a)

Po, (' rF1(.0) G d) W E ; (e 5 d ) X Po(d = x) - [FF = (==, )]
(1b)
Pa,(+ 11, 0) (. d) K S Ep(c ¢ ) Pag ,(c — d e) (2a)
P, (= 14:€) G, d) & So Ee(c B¢ ) Pay (¢! = d e) (2b)
Po, (' (iyc) Gy d) (' d') (kye)) < [e,d,d’ € Cx{-g}xC A e¢Cx{-g}xC] (3a)
Pu, (= [ (i, c) G, d) (', d') (k&) e, d,d' ¢ Cx{-g}xC V ecCx{-g}xC] (3b)
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EXTRAS 1: PROBABILISTIC FORMULAE

i SRy ,
Pa, (7', A 116€) G ) d&f{f:f‘f e bplem e ) Pudende
if I=—" :[c =

[if 1=+ V[d..= ¢/] € Ae-h,Me—h : [ = j]
if 1=~ A[d.. = '] € Aa—d,Ma—d : [/ = izu]

if I='4": [rA = (', "id", j)]
'{if/:‘-' Ay @)
Pa, (ko) P10.c) Vo) &P (s ae)- {902 d S pmiient =1

if [de = c] € Aa—d,Me-h : [rB = (k, V(e), )]
{if [de = c] € Ae=h,Ma—d : [rB = (j, V(d), k)] (2)
if [de = c] € Fa—c B = (=]

def

Pro(r" 1 (i 0) (", ') /. d) (K, )

if ceCx{-g}xC A 3gd e=c A [d=d']€Gab:[rK= (i V(d),)]
ifceCx{-g}xC A ude =c A [e=e€]€Gab :[rK={(" V()i
ifceCx{-g}xC A 3pd e=c A[d=d]eGe :[rK=(i1,i")] 3)
ifceCx{-g}xC A Jude = Afe=e]eG :[rf={(i1,i"]

otherwise I ) |
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EXTRAS 1: PROBABILISTIC FORMULAE

1.N) 1..N def o il 1..N 1..N _¢
Po (a; la; 1 Xe-1) = P¢Z( =" | by xe1) - Pgé(qt a1 aq)

P (+ 16y xen) Py (oM T xea) €% man( laty#— o
Py (g M lari"a) P, (4 165 ) Ta=a 3] Pag , (6165 3) P,y (a1 " ariYabd)
+Pa (163 ) Pay(al BT &) Py (bla &) Py Mg aba) ()
Pos(a M ai"aba) Ay, (e b el b) - Py (P b7 b b) - Py (oMl gy ab)
Py (] sy b apg b)- qu(’K | by by &’ b)- P”fz“ (gt " aiMab) (6)
Poprtar Mapiab) < lap T =api T - Lof =al - [ef =1 - Lo M = )
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