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to Gorrell and to Gibson and Hickok
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Papers by Gorrell and by Gibson and Hickok in this issue question Picker-
ing and Barry’s (1991) arguments against empty categories in sentence
processing. This reply disputes Gorrell’s claims that Pickering and Barry’s
(PB’s) interpretation of the data is inadequate, and, in agreement with
Gibson and Hickok, reinforces the arguments that the gap location is
irrelevant to the formation of an unbounded dependency. However, it
accepts that it is possible to provide “predictive” accounts where a gap can
be postulated before the gap location is reached. But any such proposal is
likely to be more complicated and less natural than PB’s, since there is no
processing reason to assume the reality of gaps. In order to demonstrate the
naturalness of the gap-free account, this reply next shows how PB’s propo-
sals can be modelled in an approach to incremental processing based on a
version of flexible categorial grammar, and how the differential complexity
of various recursive constructions can be accounted for. Finally, the paper
considers the implications of PB’s proposals for various processing strate-
gies, and suggests that PB’s conclusions are reinforced by Bock, Loebell
and Morey's (1992) evidence from language production. It concludes that
processing evidence gives us no reason to postulate empty categories.

INTRODUCTION

The papers by Gorrell and by Gibson and Hickok in this issue argue
against Pickering and Barry’s (1991) claim that empty categories are not
employed by the sentence processor. This paper provides a reply to these
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criticisms. Let us first summarise the most important points in Pickering
and Barry (PB), introduce some terminology and outline the structure of
this reply.

Transformational grammar (e.g. Chomsky, 1965) assumes that many
sentences are generated as a result of a process of movement, so that a
question like (1) below is derived from an underlying “canonical” level of
representation known as deep structure:

1. Which man do you think Mary loves?

At deep structure, Which man is located after loves, but it is then moved to
the front of the sentence. In Government-Binding Theory (GB: Chomsky,
1981), an empty category known as wh-trace is left after loves, and is co-

indexed with the moved element:
2. [Which man], do you think Mary loves @,?

There is also a need for some way of associating the trace and loves, so
that Which man can be associated with loves. A consequence of this
approach is that the utterances of a language are divided into those which
have basic word orders and those whose word orders are derived from
more basic forms. A sharp wedge is placed between two types of construc-
tion, one which is derived via movement, the other which is generated
directly by a phrase structure component.

In contrast, if transformations are abandoned entirely, all constructions
can be treated as equally basic.! The similarities between sentence pairs
such as actives and passives, or topicalisations and their untopicalised
counterparts, can be captured by rules which assign representations to the
pairs which are related in systematic ways; for example, the sentence pairs
can be given very similar meanings. There is no need to assume that one
form is basic and the other derived. This approach is adopted in flexible
categorial grammar (Moortgat, 1988; Steedman, 1987) as well as other
frameworks mentioned in PB (Hudson, 1984; Kaplan & Zaenen, 1988).
On these theories, the association between Which man and loves is direct:

3. [Which man]; do you think Mary [loves],?

These two approaches imply very different accounts of how language is
processed (assuming that these grammars reflect mental representations at
some level). In transformational theories, relevant properties of deep

IThis need not be the case. For instance, GPSG (Gazdar, Klein, Pullum & Sag, 1985) has
traces but no transformations. It is not clear which kind of processing account such
grammars fit most happily with, so we shall not consider them further.
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structure have to be accessed. In the context of GB i
moved element and the trace can be established l;yth;af;l:;icﬂ?:tw(e;;dthe
19?8). Only aft.er the gap is filled can Which man be interprerid as tc;lr’
object of loves in (2). Gap-filling is generally thought to involve a spe 'ale
ised component of the sentence processor, such as a HOLD cel:l . d
associated subroutine in an ATN (Wanner & Maratsos, 1978) or am (? nl
detacl?ed from simple syntactic analysis (e.g. Clifton & l’;‘razier 1989; ?\Tu el:
& S?amney, 1989). Hence a relatively rare construction ty, caias .
considerable architectural complication in the language pr£§ssor %a
same chgf? is found in the processor as in the grammar. But in' .
ltransformat:onal theories, there is no need to assume a gap—fillin mecgon-
ism, and unbounded dependencies can be treated in the same bagsic wa -
other_ cqnstrur.‘tions. All that the processor has to do is to establish diy -
ass;)Bcnatlons ;uchhf'is the one shown in (3) above. 5
argue for this position on the basis of eviden i
complexity of various constructions. Most of thecieall:\?:;ttii p!’:i:::Sl:la%
evidence (e.g. Crain & Fodor, 1985; Stowe, 1986; Swinney For]()le Frau[::
felder & Bresnan_, unpublished) does not distinguish the, two a,lccount]:
beca.mse the trace is adjacent to the verb which subcategorises for the trace:
[as in (2)]. In contrast, PB concentrate on cases where the verb and the
trace are separated by an intervening post-verbal argument of arbitr
length and complexity, as found in (PB 15), repeated below: i

4. In which box did you i
1 put the very large and beautifully decorated
wedding cake bought from the expensive bakery? : g

bel:lnf:ch etxziirnplcs, PB claim that gap-filling implies that the filler cannot
el rpreted as an argument to the verb until the post-verbal argument
o en processed in its entirety. PB provide a good deal of evidence that
o vefl)_gsdr'lot hlappen, and therefore argue that the filler is associated with
e irect g Tlhe paper proposes that empty categories play no role in
s S}gll) 1_?13 t e_refore that a thc'ory of linguistics within cognitive
c 1 avoid empty categories. It is these conclusions which
L:on and leckok (GH) and Gorrell dispute.
o : u; ;ﬁw introduce some terminology which should help clear up some
(DAEi) ) ol:vmg Qorrell, we deﬁnf_: the Direct Association Hypothesis
o s _the cla1n:1 tha? the filler is associated with the subcategoriser
e ii) wx: out going via an empty category. (Note that this makes no
i th:lflﬂ 1 processing comp}exxty.) This is contrasted with gap-filling,
e L lcr 13 gsmcxa}ed with the gap, and the gap with the subcategor-
pl‘oc':ess us also distinguish stanfiara' gap-filling, which can occur when the
= or .reaches the gap location, from predictive gap-filling, which can
cur earlier. As we shall see, Gorrell’s and GH’s proposals constitute
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different versions of predictive gap-filling.”? We define the Immediate
Association Hypothesis (IAH) as the claim that the filler can be associated
with the subcategoriser immediately the subcategoriser is reached. The
IAH is consistent with both the DAH, as proposed by PB, and GH’s
predictive gap-filling account. Finally, it is important to note that these
distinctions are unrelated to the issue of whether the processor employs a
first resort strategy, where the unbounded dependency is formed immedi-
ately it can be (Fodor, 1978). Hence we can have first resort standard gap-
filling, first resort IAH, and so on. For most of the following discussion, we
shall assume that a first resort strategy is employed, but we return to this
important issue later.
The arguments of the two papers concentrate on two claims. The first is
that PB have not presented an adequate analysis of the presented data,
while the second is that PB are wrong to assume that the evidence against
standard gap-filling is necessarily evidence against gaps, and for direct
association. This paper will first provide a defence against the first claim,
dealing with Gorrell and then with GH. Gorrell disputes much of our data
against standard gap-filling and provides alternative explanations of our
findings, but then appears to accept some of our data, and eventually
proposes an account which does not fit with standard gap-filling after all.
On the other hand, GH accept that PB’s data disprove standard gap-
filling. However, they claim that we fail to provide an adequate account of
processing complexity. Much of what they say appears to be correct, but it
should be pointed out that PB did not attempt to provide such an account.
In considering the criticisms found in both papers, it is important to stress
that our account is only concerned with the effect of nesting on processing
complexity. It does not claim that all complexity is due to nesting.

The next section discusses the other objection to PB, which is that it is
wrong to assume that abandoning standard gap-filling requires abandoning
gaps. Both Gorrell and GH claim that it is not necessary for the processor
to reach the gap location for a gap to be posited. This reply accepts that it is
possible to provide such accounts, and therefore that PB’s argument
against standard gap-filling is stronger than the argument against gaps
themselves. However, the use of gaps remains an avoidable complication if
the gap location itself plays no role in processing (as PB’s data imply). Both
papers present predictive accounts; GH’s is indistinguishable from PB’s in
terms of the processing data in question, but Gorrell’s account assumes
that unbounded dependencies can sometimes be formed even before the

?In fact, predictive accounts may on occasion require that gap-filling occurs at some point
after the gap location. For instance, GH's model would predict this behaviour if the
subcategoriser came after the gap (as in who do you think left?). Such cases are not

important for present purposes.
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subcategoriser is reached. This pa i .
:]espect, and criticises his interpr:gal:if)rn cg?p;:::ngoneu

ata.

Since it is possible to model PB’s d i i it i
necessary to show that the DAH isat(::)r:;::ti?)ﬂew::'li]timaﬁapi, e
emp.mcally adequate approach to sentence processing. The Aatie a}nd
outlmgs such an account: a gap-free incremental proce.ssin nf)fit  based
on flexible categonal grammar (as introduced in PB). The acgcm ?l e
on a gramma.trcal framework proposed in Barry and Pick i (o
1mplement§d In terms of a shift-reduce parser. It deals w'ttelrmg vl
de;,;‘endcncms Wwith tht? same mechanisms that are employeld fcl::l Rounde.d
?al cocrllstructlons. This proposal represents direct association in a stc:alioll:;-
orward way, and'ac?ounts for the complexity of various kinds of e
constructions. This implies that there is no need to em ls 4 nestt?d
proces.smg, and therefore that they can be regarded e
complication. e

'I_'he paper then briefly considers the im: lication, :
vanoubs possible strategies of ambiguity rel;olutions\:;ei]i}?ea;gur;:n:t?{t)s fO;
an unbounded dependency is locally doubtful, and explores the relat:‘lo::s

8 model in thisg
s (1991) experimental

sions i

i orf ;3:15 paper and of PB appear to be complementary and suggest that

smltep ction .and comprehension are “‘direct”. The conclusion is that
nce processing has no need for empty categories. {

GORRELL'S DISCUSSION OF PB’S DATA

PB’s evi '
§ evidence against standard gap-filling is based on examples where the

gap location is a lon
‘ g way after the subc i i
from the intuition that people can inter ot i o
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that he eventually presents an account which is definitely not compatible
with standard gap-filling. So he does not appear to dispute PB’s basic
point, even if he disagrees with most of the arguments.

Let us begin by summarising his arguments and our responses. In his
section on memory load, Gorrell’s criticisms are based on the assumption
that filler—subcategoriser distance is an important determinant of memory
load. In fact, this is not our claim; rather, we argue that the association
between a filler and subcategoriser via a gap should involve at least the
same complexity as an association between a subcategoriser and an
unmoved argument in the same location as the gap, and that this is not in
fact the case; indeed, he appears to accept this argument. In addition,
Gorrell objects to most of our arguments regarding nested constructions,
although again he accepts one argument (essentially the same as in the
memory load section). While Gorrell identifies some interesting perspec-
tives on our data, his arguments do not bear on our fundamental point that
nested dependencies must present severe processing difficulties when there
are enough levels of nesting, but the multiple pied-piping examples (like
PB 42, repeated below) are not hard:

(PB 42) John found the saucer on which Mary put the cup into which I
poured the tea.

As a result, most of his arguments do not affect our conclusions. For
instance, he demonstrates that complexity occurs in sentences without
nested unbounded dependencies. He also claims that (PB 42) is in fact
somewhat hard to process, but explains this in terms of garden-pathing. If
(PB 42) involved nested dependencies, then it should be extremely hard to
process, like classically nested constructions. Although Gorrell’s points
have merit, they do not invalidate our conclusions, as we shall see below.

Memory Load

Gorrell criticises PB’s argument that gap-filling makes incorrect predic-
tions about memory load. He claims that we fail to take into account a
number of important factors, and concludes that filler—subcategoriser
distance is not a better predictor of processing difficulty than filler—trace
distance. But this claim is never made nor intended. In fact, we are
concerned with the relation between the subcategoriser and the trace, not

the filler and the trace.
Let us first review our argument concerning (PB 32) and (PB 33)

(Gorrell’s 15 and 16):

(PB 32) We gave every student capable of answering every single tricky
question on the details of the new and extremely complicated
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thleory about the causes of political i -

(PB 33) "‘{'ll:l:u?shi;tory o mifitary ru]l)er;tfiitizzfab“ny in small nations
answeri:-. ee fenze . whlch‘ We gave every student capable of
and extregmdyrgosrl::gll.e tricky question on the details of the new
instabilite ; plicated tl‘feory about the causes of political

y in small nations with a history of millitiry rulers ca

Sentence (PB 32) causes some i
processing difficult i

g _ y, which

leicatisz g;ve and @ prize are separated by an argument ofaggsaﬁ s

; g.ﬁui n ;pmplem_ty. Now consider processing (PB 33) under i
Eng o ige irst, which has to be associated with the empty cate osmndard
il s;rllstencq, and then‘this “filler-in-the-gap” has to be gasry i o
difﬁcuglrt Zs > clal_rn that thls_process should cause at least assomated
i mad):; Al p?:; m_(PB 32), simply because the same association l::: (t:h
_ s essing operation in a transformed .

. sent
::r:)::lltvee 1—:; ::a;; ti:s ds‘;:fne c?ggalexny as the same operation if]niiz c(;uniztictacl'
; ition, 33) involves gap-filling; this mi
rt : p-filling; thi
Zr:ln:ﬁi :d%ﬁlogz: processing complexity, but the argumgem di):; ltgll(:: tl'.lj::lr:g
. y important point is that th i
e / e gap-filling account i
casz c];t; :)an]-_lg'?dléﬁ(f::;ﬂ f(:jr (_PB }?:3) as (PB 32), and this is cleagg'eg:;tstl?:
- Onp. 137, admits this point, and hen
b . : ce accepts that standa
g is inadequate. This acceptance is enough to justify our positior:;i

In fact, a similar argu i
i gument can be made with (PB 15) (4 above) and (PB

(PB 16) Which box did
: you put the very large and beautifull
wedding cake bought from the expensive bakery in);decorated

In .
(PB 16) o> fling, the same association is made in both (PB 15) and
intervening . tge?;t };ng. in which box is associated with put over the long
in the two casés [a'm ence we would expect the same processing difficulty
stendiiig'ghonld b y incidental complexity of pied-piping or preposition
12). vikise tho 1o e COI}trol!ed for by the short sentences (PB 9) and (PB
S, T Ta ks ng objec.t 1s replaced by the cake], but this is not in fact
can explain the ease of (PB 16) compared with (PB 15) for

e

c I AP
It is in fact possible to object to our argument b

in-the-gap” are different from those of the filler itsy S o ia the propercies of the “flen

elf. On this account, the complexity effects

account of sentence processing em,
drgument from neste
Gorrell's critique. )

ploying standard gap-filli is i
d d L9 gap-filling, but this is one
ependencies is stronger. (Note that this point pI;;saszg wpl;i-(;thi:
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two reasons: either because the filler—subcategoriser distance is smaller, or
because there is no need to make an association between the verb and an
clement after the long object in (PB 16).

Gorrell provides us with a number of arguments which suggest that
filler—subcategoriser distance is not an important determinant of proces-
sing complexity; on the basis of these arguments, we would expect that the
second explanation for the difference between (PB 15) and (PB 16) is tlhe
right (or more important) one. But these arguments do not provide
evidence against the IAH. PB claim that remembering a filler must cause
some processing load (though it is certainly possible that the load may be
extremely small), but never claim, as Gorrell states, that filler—
subcategoriser distance is an accurate indicator of processing difficulty.
Other issues may be much more important, as Gorrell points out with his
examples (8)-(14), and his suggestion that preposition stranding is in
general awkward (after a long object) is probably correct. But standard
gap-filling predicts that pied-piping constructions like (PB 15) will be at
least as difficult, and this is not in fact so.

Gorrell argues that PB predict that constructions with a long distance
between filler and subcategoriser will be harder than ones with a short
distance. PB certainly do not argue that this distance is the sole contributor
to processing difficulty, nor that remembering a single filler is usually likely
to be hard. Hence it is not difficult to accommodate the lack of a marked
difference between Gorrell’s (13) and (7). In addition, PB do not predict a
marked difference between Gorrell’s (17) and (16) (PB 33). The DAH is
only concerned with the fact that (PB 32) and (PB 33) are different in
complexity. If the filler is remembered until after the object in (PB 33), it
should be at least as hard to process as (PB 32), irrespective of what causes
this processing difficulty. We can conclude that there is no reason for PB to
retract the arguments against standard gap-filling.

Nested Constructions

Gorrell disagrees with most of PB’s arguments regarding nested construc-
tions, but appears to accept one argument which shows that the processor
does not wait until the end of sentences like (PB 42) and (PB 55), repeated
below, before associating each filler with its empty category [exactly as in
(PB 15) and (PB 33)]:

(PB 55) Jane opened the cupboard in which Bill left the box from which
Sue took the tray upon which John placed the saucer on which
Mary put the cup into which I poured the tea.

In fact, he uses this conclusion to motivate his own predictive account.
There is obviously no reason to dispute this conclusion. However, it is
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important to consider Gorrell’s argu i i : i
s guments, since he claims that PB’s main
Let us first discuss the point that Gorrell accepts. This i i
same argument as the one he has already accept(fd, extelrs;(;ic? ststlesilzl;ywtittlg
more thafl one filler. In (PB 42), standard gap-filling claims that both filler
are associated with the empty categories after long post-verbal argume ts?
in the case of the first filler, this intervening argument is very ]g:n gnci
complex. Gorrell accepts that the processing difficulty of (PB 42) is Eot as
great as would be found if the empty categories were replaced by lexical
phrasef.;‘ presumably, the contrast is between (PB 42) and the zlulti 1
preposition stranding example (PB 60), repeated below: -

(PB 60) John found the saucer which Mary put th :
the tea into on. Ty put the cup which I poured

However, he does not appear to believe that the fact that (PB 42) invol
nested filler—gap dependencies is relevant to this argument. oy
Gorrell accepts that (PB 42) does not present the processing difficulties
normally associated with nested constructions. It is unclear whether he
agrees th_at there is always some processing load associated with nested
constructions, or whether he accepts that enough levels of nesting will
cause processing breakdown. This is certainly the standard assumption, as
found in Chomsky (1965). Gorrell instead makes the point that com le;u't
can be found in sentences without nested unbounded dependencies pThls iz
true, but do_cs not run counter to our claims. As mentioned abc;ve we
make no claim that all complexity is a result of nesting. Indeed, there: are

many Englj_sh examples of nested constructions with no unbounded depen-
dencies which are hard to process:

5. I bought the man who showed the gi i
ou rl who ga
Seinthas ek, g gave the boy a kiss a
6. Johr_t said that Fred mentioned that Sue announced that she was
leaving to her mother to his father to everyone in the room.

In both examples, the three sentence-final phrases are arguments of the
three verbs in a nested pattern. Notice also that they contain “coherent
substructures” in Gorrell’s sense, yet this does not make them easy to
process. We shall later present a general processing account which repre-

sents the fact that such sentences involve nested dependencies. :
‘Gorrell’s Korean examples show that nested constructions of a similar
kind to thpse fquud in (5) and (6) are harder to process than equivalent
sentences in which the words are rearranged into a non-tested order with
?l:“:(];)ltzfsda l?hr::;ses (§4b). Analyses may well differ about whether (24b)
iare unboun efi dep_endency or not‘, but if it does, then this does not
0 make processing difficult. The point is that unbounded dependen-
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cies need not be especially hard compared with other constructions involv-
ing long-distance dependencies like (5) and (6) (indeed, the proposal is that
unbounded dependencies do not have any special status in processing at
all). However, PB do assume that all kinds of nested constructions are
difficult to process (so long as there are enough levels of embedding). In
sum, (PB 42) should be hard under standard gap-filling because it involves
nested filler—gap and gap-verb dependencies, but nested unbounded
dependencies need not be the only constructions which exhibit processing
complexity.

Gorrell next argues that multiple pied-piping sentences are in fact hard
to process, though he has previously acknowledged that they are not as
hard as standard nested constructions. He suggests that this difficulty is
caused by attachment ambiguity; there is a tendency for the processor t0
attempt to attach the second relative high (to the saucer rather than the
cup). This would appear 1o serve as a reasonable explanation for any mild
processing difficulty associated with this sentence. The obvious conclusion
would be that the lack of the expected severe processing difficulty associ-
ated with nested dependencies is not explained, and hence that there is no
reason to reinstate standard gap-filling.

However, Gorrell’s explanation for this tendency to attach high is surely
unwarranted. He claims that the parser attaches high in order to try to
avoid the nested pattern of dependencies which would be caused by low
attachment under standard gap-filling. As corroborative evidence, he cites
Blumenthal’s (1966) finding that subjects use a similar strategy in interpret-
ing classically nested constructions. There are two problems with this.
First, the tendency to attach high can be overridden, in which case the
nested pattern of filler—gap dependencies remains. However, Gorrell has
already accepted (p. 138) the fact that the processing load associated with
(PB 42) is much less than standard nested constructions when it is interpre-
ted correctly, i.e. with low attachment. Secondly, there is also a tendency to

attach high in recursive constructions which have no nested dependencies,
for example multiple subject relatives, or cases where the first post-verbal
argument is extracted rather than the second:

7. That’s the dog which chased the cat which ran away.
8. John poured the tea which Mary poured into the cup which Bill
placed on the tray.

In these examples, the processor may attempt to attach which ran away to
the dog and which Bill placed on the tray to the tea. This obviously cannot
be explained in terms of the processor attempting to avoid nested construc-
tions.

Gorrell claims that we predict (PB 42) should involve no processing
complexity because one relative can be completely processed before the
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next is e{lco}lntered. But this is not a prediction of our approach. Mod
complexity is likely to come from a number of sources, just as in '(7) an(:irate
abow?. One reason is that there the processor could b:.:, garden-pathed s
Fhe hlgh. attac;hynent reading, as Gorrell himself has pointed ogt : .
is thz_ut pled.-plpl!lg is a somewhat marked construction for most ; H;Jthcr
ml.llllpl.e pied-pipings ought to increase complexity. A more 1p t:OP e
reason is tlhat the process of hunting down the appropriate r.eferctrl;te'resu'“g
complex in (PB 42). Assuming an account where the comput 15 s
referenf;e_ is performed incrementally (e.g. Haddock, 1987) thg o s
dt_:termmmg which saucer is being referred to will I;e donc’ in tgmcess "
First, the processor must pick out the set of saucers which have ](:l) &:ageS-
g‘l':;l:::edt }?n them; it is assumed that the appropriate saucer is one of tahisct:.::l:S
n the processor can home in on the cup whi inito;
allqwm gitto c}isregard the other cups. anf thil?:sliihisip%os:il;g tt:)l t:l tfa i
which saucer is being referred to (see, e.g. Haddock, 1987) Th? e
tha‘t t.he relevant saucer cannot be discovered until the :':ncl of ;hc ciatr
'Il;'ll';is d](s) clea;rly a(?.arderlprocess than is involved in Gorrell’s (25) SC‘:::;:;:);
not predict a i i i
ki dau}s)e S in;l;'of interaction between the processing of the
Gortelll the'n g‘iticises PB’s “‘extended” example (PB 55), and ar
that parsing it is in fact complex. Certainly, there is no ;cason tfu l::
sbl;rp{:llzg a; :ﬁ;ﬂ; :orﬁplexity},,gecause the problems just discussed ought to
no . Hence PB’s proposals are entirely consi i
gbtglmng the Blumenthal effect. As examples (5) andy(G) dseltsr:z?lgtr‘::eh
aving coherent substructures does not prevent the ‘“classic” '
nested constructions. e
Cl‘}The next argument’ is Phat we have misinterpreted the term non-null in
omsky (196?). PB’s discussion is in fact somewhat anachronistic, since
eBnJFtlf icsa:leogtor;es ha(;ll nc(:; been invented at the time of Standard T;:eory
: clear why Gorrell regards multiple pied-piping se ;
:zit;i :jn (l?homsky‘s sense, sir'lce Cl'lomsky’s dgﬁnsionsp(qpuogted ?;egggsa::
ks e in the context of a discussion about deep structure. However, the
r;noguology clearly does not affect the argument either way. :
M 3535:378) z}rgues for a nested dependency constraint, under which
i r prefers nestefl patterns of dependencies to crossing ones. She
o n'tlp:re them with dlS]Oml' d_ependencies. There is very strong
e wo“lil the processor p’refe:rs d:s;oint dependencies to nested ones,
=il (1986;:x;;ect .[see PB’s discussion of Bach, Brown and Marslen-
S 5 réaszr 1Fstance]. :Thus the nes‘,ted dependency constraint
o L ;1 or assuming that nesting does not contribute to
Sh(‘.’)i‘n:)rrcll s criticisms of our arguments concerning nesting have been
wn not to bear directly on our basic claim that the processor does not






