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We investigated the processing of pronouns in Strong and Weak Crossover constructions as 
a means of probing the extent to which the incremental parser can use syntactic information 
to guide antecedent retrieval. In Experiment 1 we show that the parser accesses a displaced 
wh-phrase as an antecedent for a pronoun when no grammatical constraints prohibit binding, 
but the parser ignores the same wh-phrase when it stands in a Strong Crossover relation to 
the pronoun. These results are consistent with two possibilities. First, the parser could apply 
Principle C at antecedent retrieval to exclude the wh-phrase on the basis of the c-command 
relation between its gap and the pronoun. Alternatively, retrieval might ignore any phrases that 
do not occupy an Argument position. Experiment 2 distinguished between these two possibilities 
by testing antecedent retrieval under Weak Crossover. In Weak Crossover binding of the pronoun 
is ruled out by the argument condition, but not Principle C. The results of Experiment 2 indicate 
that antecedent retrieval accesses matching wh-phrases in Weak Crossover configurations. 
On the basis of these findings we conclude that the parser can make rapid use of Principle C 
and c-command information to constrain retrieval. We discuss how our results support a view 
of antecedent retrieval that integrates inferences made over unseen syntactic structure into 
constraints on backward-looking processes like memory retrieval. 
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1 Introduction
During incremental sentence processing the parser routinely engages backward-looking 
processes in order to establish a dependency between an item in the current input and 
an item that was previously seen. Establishing a dependency between either the parents 
RU¬which boys IRU�WKH�SURQRXQ¬WKHP¬in¬(1) is one such process.

(1) The parents wondered which boys�WKRXJKW�WKDW�WKH�JLUO�ZDV�ODXJKLQJ�DW¬them.

It is commonly assumed that the preliminary stage of this process requires retrieving a rep-
resentation of the antecedent from a store in memory (Sanford & Garrod 1981;  Gordon 
& Hendrick 1998; Sanford & Garrod 1998; Kennison 2003; Foraker & McElree 2007). 
0DQ\�SURPLQHQW�PRGHOV�RI�UHWULHYDO�SRVLW�WKDW�LWHPV�LQ�PHPRU\�DUH�LGHQWL˚HG�DFFRUGLQJ�
to their feature content (Nairne 1990; McElree 2000; Lewis, Vasishth & Van Dyke 2006). 
In the context of antecedent retrieval for anaphora, this is most commonly translated into 
WKH�DVVXPSWLRQ�WKDW�FDQGLGDWH�DQWHFHGHQWV�DUH�LGHQWL˚HG�RQ�WKH�EDVLV�RI�PRUSKRORJLFDO�
feature-match with a pronoun (e.g. Arnold et al. 2000; though see Cunnings, Patterson 
& Felser 2014). In its simplest form, morphologically driven antecedent retrieval should 

Glossa general linguistics
a journal of Kush, Dave, et al. 2017. Looking forwards and backwards: The real-time 

processing of Strong and Weak Crossover. Glossa: a journal of general 
linguistics 2(1): 70. 1–29, DOI: https://doi.org/10.5334/gjgl.280



Kush et al: Looking forwards and backwardsArt. 70, page 2 of 29  

allow access to any NP that both matches and precedes a pronoun, which guarantees 
access to an antecedent whenever one is present. However, such a procedure would 
have the undesirable property of allowing the parser to consider antecedent-pronoun 
relations that are not sanctioned by the grammar. Syntactic research has demonstrated 
many situations where a preceding and feature-matching NP is prohibited from serving 
as an antecedent for a pronoun. Grammatical constraints rule out such NPs (which we 
term distractor NPs) on the basis of properties of the larger representation in which they 
are contained. Most syntactic constraints reference the relative geometric position of 
the preceding distractor and the pronoun. For example, the Bound Anaphor Condition 
�5HLQKDUW�������EDUV�WKH�TXDQWL˚HG�13��43��no boy from binding the matching pronoun 
him�LQ�����EHFDXVH�WKH�43�GRHV�QRW�F�FRPPDQG�WKH�SURQRXQ�IURP�LWV�SRVLWLRQ�LQVLGH�WKH�
UHODWLYH�FODXVH��7KDW�LV��WKH�SURQRXQ�LV�QRW�FRQWDLQHG�ZLWKLQ�WKH�43·V�VLVWHU�SKUDVH�LQ�WKH�
syntactic tree. 

(2) *The girl [that no boyi talked to] tried to speak to himi.

Although properties of the syntactic representation play an integral role in accounts of 
untimed binding interpretations, less is known about which of these properties are used 
to guide immediate retrieval of potential antecedents during incremental parsing. There 
DUH�GLˤHULQJ�YLHZV�RQ�WKH�GHJUHH�RI�DOLJQPHQW�EHWZHHQ�JUDPPDWLFDOO\�DFFHSWDEOH�UHSUH-
sentations and the representations constructed during online comprehension (Ferreira & 
Patson 2007; Lewis & Phillips 2015). Also, even in a world where online processes are 
tightly coupled to grammatical constraints, it is possible that grammatical constraints 
DSSO\�DV�D�˚OWHU�RQ�D�EURDGHU� LQLWLDO� VHW�RI� UHSUHVHQWDWLRQV��SDUDOOHOLQJ� WKH�DVVXPSWLRQ�
of many grammatical models (Chomsky 1981; Grimshaw 1997; Legendre, Smolensky & 
Wilson 1998).

Recent studies have made progress on identifying certain properties that are available 
to retrieval by studying the real-time application of grammatical constraints. We highlight 
two lines of investigation that illustrate the scope of current knowledge.

One line of research suggests that antecedent retrieval can exploit local c-command 
relations between a distractor and a subsequent pronoun. A number of studies (Badecker 
& Straub 2002; Kennison 2003; Chow, Lewis & Phillips 2014) have tested comprehend-
HUV·� LPPHGLDWH�VHQVLWLYLW\�WR�3ULQFLSOH�%��&KRPVN\�������5HLQKDUW�������*URG]LQVN\�	�
Reinhart 1993) using a gender-mismatch paradigm such as the one in (3). The experi-
ments manipulated the gender match between a pronoun (him) and two preceding NPs: 
(i) a non-local NP (Arthur/Anne) that could serve as a structurally appropriate NP for the 
pronoun and (ii) a potential distractor NP (Jane/Bill). The distractor could not serve as an 
antecedent, according to Principle B, because it was a c-commanding clause-mate of the 
pronoun. 

(3) a. Arthur thought that Jane should give him another chance.
b. Arthur thought that Bill should give him another chance.
c. Anne thought that Jane should give him another chance.
d. Anne thought that Bill should give him another chance.

$FURVV�DOO�SUHYLRXV�VWXGLHV��SDUWLFLSDQWV�KDYH�FRQVLVWHQWO\�H[KLELWHG�JUHDWHU�GL˞FXOW\�SUR-
cessing the pronoun in sentences in which there was no grammatically acceptable NP 
that matched the pronoun in gender (3c, d) compared to sentences in which there was a 
 matching grammatically acceptable NP (as in (3a, b)). The fact that the pronoun is more 
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GL˞FXOW�WR�SURFHVV�LQ���G��WKDQ�LQ���D��E��LV�FRQVLVWHQW�ZLWK�WKH�DVVXPSWLRQ�WKDW�UHWULHYDO�
favors NPs that are acceptable antecedents according to Principle B over those that are 
not. A parser that did not make the relevant distinction would be expected to initially 
process the pronoun in (3d) as easily as the pronoun in (3a, b) on the assumption that 
morphological feature-match alone would lead the parser to temporarily consider the 
local NP Bill as a potential antecedent. 

Although researchers generally agree that grammatical antecedents enjoy a retrieval 
advantage, there is less consensus on whether retrieval nevertheless considers 
 unacceptable antecedents to some degree. Badecker & Straub (2002) observed that 
processing of the pronoun was more difficult in (3b) than in (3a), and took this to 
indicate that the unacceptable NP Bill interfered with retrieval of Arthur as the ante-
cedent of the pronoun. The authors interpreted this inhibitory interference as evidence 
that the parser occasionally retrieved Bill due to morphological match. However, the 
researchers found no evidence that Bill facilitated processing of the pronoun in (3d), 
relative to (3c). Such facilitatory interference would have been expected if the parser 
were prone to misretrieve Bill as an antecedent. More recent work (Chow, Lewis & 
Phillips 2014), has failed to find evidence of either inhibitory or facilitatory interfer-
ence, suggesting that antecedent retrieval does not consider antecedents ruled out by 
Principle B.

A complementary line of research has asked whether the parser can use non-local 
F�FRPPDQG�UHODWLRQV�WR�JXLGH�UHWULHYDO��.XVK��/LG]�	�3KLOOLSV�������&XQQLQJV��3DWWHUVRQ�
	�)HOVHU��������,Q�D�VHULHV�RI�H[SHULPHQWV�.XVK��/LG]�	�3KLOOLSV��������WHVWHG�LI�WKH�SDUVHU�
ZRXOG�DFFHVV�D�TXDQWL˚FDWLRQDO�13��43��DV�DQ�DQWHFHGHQW�IRU�D�SURQRXQ�WKDW�LW�GLG�QRW�
F�FRPPDQG�� LQ� YLRODWLRQ� RI� WKH� F�FRPPDQG� FRQGLWLRQ� RQ� TXDQWL˚HU�YDULDEOH� ELQGLQJ�
(Reinhart 1983). Those experiments manipulated the gender-match between a distractor 
43�HPEHGGHG�ZLWKLQ�D�UHODWLYH�FODXVH��no girl/boy scout in (4a)) and a pronoun within a 
higher clause (her). Reading times at the pronoun in (4a) were compared to the pair in 
(4b), where the embedded phrase was referential (the girl/boy scout). Because coreference 
does not require c-command, the authors reasoned that retrieval should have access to the 
referential NP in (4b) when it matched the pronoun.

(4) a. The troop leaders that no girl/boy scout had respect for scolded her after ...
b. The troop leaders that the girl/boy scout had no respect for scolded her after ...

Kush and colleagues found that gender match between the antecedent NP and the pro-
noun clearly facilitated processing of the pronoun when the antecedent was referential, 
EXW�QRW�ZKHQ�WKH�DQWHFHGHQW�ZDV�TXDQWL˚FDWLRQDO��7KH�DXWKRUV�WKHUHIRUH�FRQFOXGHG�WKDW�
comprehenders easily retrieved the referential NP as an antecedent for the pronoun, but 
GLG�QRW�UHWULHYH�WKH�43�RQ�DFFRXQW�RI�LWV�SRVLWLRQ��

Taken together, prior research indicates that the parser can use the geometric relation 
between a pronoun and a preceding NP to constrain antecedent retrieval. 
,Q�WKLV�SDSHU�ZH�VHHN�WR�IXUWKHU�H[SORUH�WKH�SDUVHU·V�DELOLW\�WR�PDUVKDO�V\QWDFWLF�LQIRU-

mation to prevent the retrieval of distractors. We investigate the processing of pronouns 
LQ�&URVVRYHU�FRQ˚JXUDWLRQV� �3RVWDO�������:DVRZ��������ZKLFK�ZH� LOOXVWUDWH�XVLQJ� WKH�
Strong Crossover construction in (5). In cases of Crossover the displaced wh-phrase which 
girl (henceforth, the wh-˚OOHU) is grammatically prohibited from binding the pronoun she 
GHVSLWH�WKH�IDFW�WKDW�WKH�˚OOHU�ERWK�PDWFKHV�WKH�SURQRXQ�LQ�PRUSKRORJLFDO�IHDWXUHV�DQG�
c-commands it from a position outside its local clause. 
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(5) Bob asked which girl it seemed that she thought Bill made fun of ______.

&RQ˚JXUDWLRQV�RI�WKLV�VRUW�KDYH�EHHQ�GXEEHG�¶FURVVRYHU·�FRQVWUXFWLRQV�EHFDXVH�WKH�SDWK�
WKDW�OLQNV�WKH�ZK�˚OOHU�WR�LWV�JDS�SRVLWLRQ��LQGLFDWHG�E\�WKH�XQGHUVFRUH��¶FURVVHV�RYHU·�WKH�
SURQRXQ·V�OLQHDU�SRVLWLRQ��7KH�XQDFFHSWDELOLW\�RI�ELQGLQJ�LQ�����FRQWUDVWV�VKDUSO\�ZLWK�WKH�
JHQHUDO�DFFHSWDELOLW\�RI�ZK�˚OOHU�DQWHFHGHQWV�LQ�FRQ˚JXUDWLRQV�OLNH�����ZKHUH�FURVVRYHU�
does not occur.

(6) Bob asked which girl ______ had said that she thought Bill made fun of Clint.

Crossover constructions provide a valuable test case of the limits of syntax-guided 
UHWULHYDO��EHFDXVH�WKH�UHODWLYH�VXUIDFH�JHRPHWULF�FRQ˚JXUDWLRQ�EHWZHHQ�WKH��GLVWUDFWRU�
DQG� WKH� SURQRXQ� LV� LQVX˞FLHQW� WR� UXOH� RXW� ELQGLQJ�� XQOLNH� LQ� SUHYLRXV� FRQVWUXF-
WLRQV�WHVWHG��,I�UHWULHYDO·V�DELOLW\�WR�GUDZ�RQ�V\QWDFWLF�LQIRUPDWLRQ�LV�OLPLWHG�WR�XVLQJ�
the geometry of the preceding representation, then we would expect the parser to 
 (temporarily) consider which girl as a binder of the pronoun in (5). If, however, ante-
FHGHQW� UHWULHYDO� DYRLGV� LQWHUIHUHQFH� IURP� WKH�XQOLFHQVHG�ZK�˚OOHU� LQ�&URVVRYHU� FRQ-
˚JXUDWLRQV��ZH�ZRXOG�KDYH�HYLGHQFH� WKDW� UHWULHYDO�SURFHVVHV�KDYH�D�ZLGHU� UDQJH�RI�
V\QWDFWLF� LQIRUPDWLRQ� DW� WKHLU� GLVSRVDO�� $V� VXFK�� WKH� ˚UVW� JRDO� RI� RXU� VWXG\�ZDV� WR�
 determine whether the parser is subject to interference from the distractor which girl in 
6WURQJ�&URVVRYHU�FRQVWUXFWLRQV�OLNH������7R�SUHYLHZ�RXU�UHVXOWV��ZH�˚QG��HYLGHQFH�WKDW�
UHWULHYDO�LV�VHQVLWLYH�WR�WKH�GLVWLQFWLRQ�EHWZHHQ�XQDFFHSWDEOH�˚OOHUV�LQ�6WURQJ�&URVVR-
YHU� FRQ˚JXUDWLRQV� DQG� DFFHSWDEOH� ˚OOHUV� WKDW� FDQ� ELQG� D� SURQRXQ� LQ� �QRQ�&URVVRYHU�
FRQ˚JXUDWLRQV�

In light of the sensitivity of retrieval to Strong Crossover, we ask a second question: what 
property of the syntactic representation does retrieval exploit to exclude  consideration of 
WKH�XQDFFHSWDEOH�˚OOHU"�*UDPPDWLFDO� DFFRXQWV�RI� FURVVRYHU� OLQN� WKH�XQDFFHSWDELOLW\�RI�
6WURQJ�&URVVRYHU�WR�WZR�GLVWLQFW�FRQVWUDLQWV��HDFK�RI�ZKLFK�WDUJHWV�D�GLˤHUHQW�DVSHFW�RI�
the syntactic representation. 

The unacceptability of binding in Strong Crossover is commonly blamed – at least in 
part – on a violation of Binding Principle C (Chomsky 1982). Like other constraints on 
anaphora, Principle C makes reference to the geometry of the syntactic representation to 
rule out binding. However, unlike more common constraints on anaphora, which regu-
ODWH�ELQGLQJ�EDVHG�RQ� VXSHU˚FLDO� UHODWLRQV�EHWZHHQ�DQ�DQDSKRU�DQG�D�SUHFHGLQJ� LWHP��
Principle C rules out binding in Strong Crossover on the basis of the relation between the 
SURQRXQ�DQG�WKH�JDS�SRVLWLRQ�RI�WKH�˚OOHU��ZKLFK�IROORZV�WKH�SURQRXQ�LQ�WKH�OLQHDU�VWULQJ��
3ULQFLSOH�&�YLRODWLRQV�LQ�6WURQJ�&URVVRYHU�DUH�HDV\�WR�GLDJQRVH�RˡLQH�RQFH�WKH�IXOO�VWUXF-
WXUH�RI�D�VHQWHQFH�KDV�EHHQ�SDUVHG��EXW�LGHQWL˚FDWLRQ�LV�SRWHQWLDOO\�PRUH�FRPSOLFDWHG�IRU�
DQ�LQFUHPHQWDO�SDUVHU�WKDW�GRHV�QRW�KDYH�DFFHVV�WR�WKH�HQWLUH�VHQWHQFH�DW�WKH�WLPH�LW�˚UVW�
encounters the pronoun. During left-to-right processing of Crossover constructions the 
SDUVHU�HQFRXQWHUV�WKH�SURQRXQ�EHIRUH�LW�KDV�ERWWRP�XS�FRQ˚UPDWLRQ�RI�WKH�JDS�SRVLWLRQ�
(as illustrated in (7)). 

(7) Bob asked which girl it seemed that she …

,I�WKH�SDUVHU�XVHG�NQRZOHGJH�RI�3ULQFLSOH�&�WR�EORFN�DFFHVV�WR�WKH�IHDWXUH�PDWFKLQJ�˚OOHU�
LQ�����WKH�DFWLRQ�ZRXOG�KDYH�WR�EH�PDGH�EDVHG�RQ�WKH�SUHGLFWLRQ�WKDW�WKH�˚OOHU·V�JDS�PXVW�
fall within the c-command domain of the pronoun (as illustrated in (8)).
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(8) Bob asked which girli it seemed that she [ …  ______i ]

 

3ULRU�ZRUN��.D]DQLQD�HW�DO��������KDV�GHPRQVWUDWHG�WKDW�NQRZOHGJH�RI�3ULQFLSOH�&�FDQ�
be used to guide prospective search for antecedents during cataphoric processing, but the 
FRQ˚JXUDWLRQV�WHVWHG�LQ�WKRVH�H[SHULPHQWV�GLG�QRW�UHTXLUH�DQWHFHGHQW�UHWULHYDO��7KXV��LW�
is unknown at present whether inferences over yet-to-be-seen structural relations can be 
used to constrain antecedent retrieval. As we discuss further in the General Discussion, 
forward-looking sensitivity to Principle C poses an interesting challenge for retrieval mod-
els that assume that retrieval is exclusively driven by properties of the prior context (e.g. 
Lewis, Vasishth & Van Dyke 2006).

It is also possible that the parser could rule out binding in (8) without direct reference 
WR�WKH�FRQ˚JXUDWLRQ�RI�WKH�SURQRXQ�DQG�WKH�JDS��,Q�DGGLWLRQ�WR�3ULQFLSOH�&��UHVHDUFKHUV�
assume that Strong Crossover is also governed by a constraint that does not make direct 
reference to c-command (Chomsky 1976; Koopman & Sportiche 1982; Reinhart 1983; 
Sportiche 1985; Ruys 2000; Shan & Barker 2006). Motivation for this constraint comes 
from Weak Crossover constructions like (9). Binding in (9) is not prohibited by Principle 
C, because the pronoun her does not c-command the gap, nevertheless the relation is 
unacceptable.1

(9) Bob asked which girl it seemed that her friend thought Bill made fun of ______.

5HVHDUFKHUV�GLVDJUHH�RQ�WKH�SUHFLVH�IRUPDOL]DWLRQ�RI�WKH�FRQVWUDLQW�UHVSRQVLEOH�IRU�WKHVH�
MXGJPHQWV��EXW�PRVW�DFFRXQWV�OLQN�WKH�XQDFFHSWDELOLW\�RI�̊ OOHU�SURQRXQ�ELQGLQJ�LQ�����DQG�
����WR�WKH�IDFW�WKDW�WKH�˚OOHU�RFFXSLHV�D�QRQ�DUJXPHQW SRVLWLRQ��WKH�VSHFL˚HU�RI�&3���)RU�
example, many syntactic accounts require that an NP must occupy an A(rgument)-position  
LQ�RUGHU� WR�ELQG�D�SURQRXQ� �5HLQKDUW�������5X\V��������%HFDXVH�˚OOHUV� LQ�6WURQJ�DQG�
:HDN�&URVVRYHU�FRQ˚JXUDWLRQV�GR�QRW�PHHW�WKLV�FULWHULRQ��WKH\�DUH�QRW�HOLJLEOH�ELQGHUV��

The requirement that binding must occur from an A-position would be straightforwardly 
captured if antecedent retrieval were “blind” to any phrase in a non-argument position. 
Filler-blind retrieval would easily avoid interference from matching wh-phrases in both 
6WURQJ�DQG�:HDN�&URVVRYHU�FRQ˚JXUDWLRQV��+RZHYHU��VXFK�D�SDUVHU�ZRXOG�DOVR�QHHG�WR�
HQVXUH�WKDW�˚OOHUV�LQ�DFFHSWDEOH�FRQ˚JXUDWLRQV�VXFK�DV�����ZHUH�VRPHKRZ�PDGH�´YLVLEOHµ�

 1�$V� WKHLU�QDPH�VXJJHVWV��:HDN�&URVVRYHU�FRQ˚JXUDWLRQV�DUH�RIWHQ�GHVFULEHG�DV� VRPHKRZ� OHVV�PDUNHG� LQ�
introspective judgments than Strong Crossover violations (see Wasow 1972; Cole 1974 for early discussion). 
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to retrieval before the pronoun was encountered. Intuitively, this could be achieved by 
XSGDWLQJ�WKH�UHSUHVHQWDWLRQ�RI�D�˚OOHU�VR�WKDW�LW�ZDV�WUHDWHG�OLNH�DQ�RUGLQDU\�DUJXPHQW�
phrase once its gap had been encountered during left-to-right parsing. This would allow 
WKH�˚OOHU� LQ� ���� WR�HVVHQWLDOO\�ELQG� WKH�SURQRXQ� IURP� WKH�JDS�SRVLWLRQ� �6KDQ�	�%DUNHU�
2006).2 

Such an implementation would constitute evidence that in addition to the geometry 
of the preceding representation, retrieval must also have information about the type of 
syntactic position occupied by a phrase. We note that this solution would appear intui-
tively preferable to an explanation in terms of Principle C violations for two reasons. First, 
it would have wider empirical coverage, encompassing both cases of Strong and Weak 
&URVVRYHU��6HFRQG��LW�ZRXOG�OLQN�WKH�DFFHVVLELOLW\�RI�WKH�˚OOHU�WR�D�VXSHU˚FLDO�SURSHUW\�RI�
the preceding representation, a conclusion that aligns with the widely shared assumption 
WKDW�UHWULHYDO�XVHV�DVSHFWV�RI�DQ�LWHP·V�ORFDO��HQFRGLQJ��FRQWH[W�WKDW�FDQ�EH�FRGHG�DV�FRQ-
tent features for cue-based memory access (see Lewis, Vasishth & Van Dyke 2006; Kush, 
/LG]�	�3KLOOLSV����������

Because (9) and (5) are identical in all relevant respects except for the pronoun-gap 
c-command relation, the A-binding constraint that blocks binding in (9) also applies to 
6WURQJ�&URVVRYHU�FRQ˚JXUDWLRQV��7KHUHIRUH��LW�ZRXOG�QRW�EH�SRVVLEOH�WR�GHWHUPLQH��EDVHG�
on sensitivity to Strong Crossover alone, which aspect of the syntactic representation bore 
UHVSRQVLELOLW\�IRU�H[FOXGLQJ�WKH�˚OOHU�LPPHGLDWHO\�DW�UHWULHYDO��

In the experiments described below we sought to tease apart these two options by 
comparing interference in Strong and Weak Crossover constructions. We reasoned that 
WKH�SURFHVVLQJ�RI�SURQRXQV� LQ�:HDN�&URVVRYHU�FRQ˚JXUDWLRQV� VKRXOG�SURYLGH�D�PHDV-
ure of sensitivity to the constraint on A-binding. If antecedent retrieval is equally good 
DW�LJQRULQJ�PDWFKLQJ�ZK�˚OOHUV�LQ�:HDN�DQG�6WURQJ�&URVVRYHU�FRQ˚JXUDWLRQV��WKHQ�ZH�
would have evidence that retrieval is sensitive to the type of position that its targets 
occupy. We would have no evidence for Principle C sensitivity. If, on the other hand, we 
˚QG�WKDW�DQWHFHGHQW�UHWULHYDO�LV�EHWWHU�DW�UHVLVWLQJ�WKH�LQ˜XHQFH�RI�PDWFKLQJ�ZK�˚OOHUV�
LQ�6WURQJ�&URVVRYHU�WKDQ�LQ�:HDN�&URVVRYHU��ZH�FDQ�DWWULEXWH�WKH�UHVLGXDO�GLˤHUHQFH�WR�
Principle C. 

2 Experiment 1: Strong Crossover
Experiment 1 measured the impact of a feature-matching wh-˚OOHU�RQ�WKH�SURFHVVLQJ�RI�D�
VXEVHTXHQW�SURQRXQ�XVLQJ�D�JHQGHU�PLVPDWFK�SDUDGLJP��:H�FRPSDUHG�WKH�HˤHFW�RI�WKH�
JHQGHU�PDWFK�EHWZHHQ�WKH�˚OOHU�DQG�WKH�SURQRXQ�LQ�VHQWHQFHV�LQ�ZKLFK�WKH�˚OOHU�ZDV�DQ�
DFFHSWDEOH�DQWHFHGHQW�IRU�WKH�SURQRXQ�WR�VHQWHQFHV�LQ�ZKLFK�WKH�˚OOHU�DQG�SURQRXQ�ZHUH�
LQ�D�6WURQJ�&URVVRYHU�FRQ˚JXUDWLRQ��

2.1 Materials
Experimental materials consisted of 36 sets of 6 conditions each; an example set of test 
items is provided in Table 1. 

All test items were a single sentence composed of three right-branching clauses. The criti-
FDO�SURQRXQ�ZDV�WKH�VXEMHFW�RI�WKH�PRVW�GHHSO\�HPEHGGHG�FODXVH��7KH�ZK�˚OOHU�RFFXSLHG�

 2 This update procedure appears inconsistent with the assumptions of syntactic analyses that do not allow a 
˚OOHU�WR�ELQG�D�SURQRXQ�GLUHFWO\��.RRSPDQ�	�6SRUWLFKH�������5HLQKDUW�������6SRUWLFKH�������5X\V��������
8QGHU�WKHVH�DQDO\VHV��D�˚OOHU�RQO\�ELQGV�D�WUDFH�DW�WKH�JDS�VLWH��,W�LV�WKH�WUDFH�LWVHOI�WKDW�RFFXSLHV�WKH�DUJX-
ment position and binds the later pronoun. Although we have described the procedure in terms that suggest 
D�´GLUHFW�FRPSRVLWLRQµ�DSSURDFK�WR�˚OOHU�LQWHUSUHWDWLRQ�DQG�ELQGLQJ��3LFNHULQJ�	�%DUU\�������3ROODUG�	�6DJ�
1994; Steedman 2000), it is equally possible to describe the update procedure in terms of traces: Instead of 
XSGDWLQJ�WKH�UHSUHVHQWDWLRQ�RI�WKH�˚OOHU��WKH�SDUVHU�ZRXOG�VLPSO\�QHHG�WR�FUHDWH�D�UHSUHVHQWDWLRQ�RI�D�WUDFH��
which should then act as a potential binder visible to antecedent retrieval. 
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the left periphery of the second clause, creating an indirect question. We chose to use 
LQGLUHFW�TXHVWLRQV�LQVWHDG�RI�GLUHFW�TXHVWLRQV�WR�PLQLPL]H�SUDJPDWLF�ORDG�DQG�WR�SURYLGH�
a small amount of context for the critical clauses. This design choice also made it possible 
to ask participants yes/no comprehension questions. The gender of the main clause sub-
ject never matched the gender of the pronoun, so coreference between the two was not 
possible. 

Four of the six conditions followed a 2 × 2 factorial design crossing the factors 
*ಌஐ0ଈഝఇ and &ಧഌഌಧൕ. The *ಌஐ0ଈഝఇ factor manipulated the gender of 
WKH�ZK�˚OOHU�VR�WKDW�LW�PDWFKHG�RU�PLVPDWFKHG the pronoun in gender. We held the gender 
of the pronoun constant across test items and manipulated *ಌஐ0ଈഝఇ by varying 
WKH�KHDG�13�RI� WKH�ZK�˚OOHU��+HDG�QRXQV�ZHUH� HLWKHU� GH˚QLWLRQDOO\� RU� VWHUHRW\SLFDOO\�
JHQGHUHG��%RWK�QRXQ�W\SHV�KDYH�EHHQ�VKRZQ�WR�SURGXFH�UHOLDEOH�JHQGHU�PLVPDWFK�HˤHFWV�
(Sturt 2003; Kreiner, Sturt & Garrod 2008). 

The factor &ಧഌഌಧൕ�PDQLSXODWHG�ZKHWKHU�WKH�̊ OOHU�ZDV�OLQNHG�WR�D�JDS�WKDW�SUHFHGHG�
or followed the pronoun. In the NoCrossover conditions, the gap was in the subject posi-
tion of the second clause, where it preceded and c-commanded the pronoun. Hence, the 
˚OOHU�ZDV�D�VWUXFWXUDOO\�DSSURSULDWH�DQWHFHGHQW��,Q�WKH�&URVVRYHU�FRQGLWLRQV�WKH�JDS�ZDV�
the object of a post-verbal preposition in the third clause. In this position the gap followed 
DQG�ZDV�F�FRPPDQGHG�E\�WKH�FULWLFDO�SURQRXQ��,Q�WKLV�FRQ˚JXUDWLRQ��WKH�˚OOHU�ZDV�QRW�D�
grammatically acceptable antecedent for the pronoun. 

The second clause predicate also varied with the &ಧഌഌಧൕ factor. In NoCrossover sen-
tences the second clause predicate was a manner of speech verb or a propositional attitude 
verb. In Crossover sentences, the predicate was a raising predicate (it seemed/it appeared). 
Raising predicates were used because they permit expletive subjects that do not add to the 
referential load or complexity of the intervening clause (Gibson 1998). This allowed us to 
hold referential complexity constant across Crossover and NoCrossover conditions.

Two control conditions were added to the basic 2 × 2 design. These control condi-
tions were identical to the Crossover-Match and NoCrossover-Match conditions with one 
change. In Control conditions, the subject pronoun in the third clause was replaced by a 
proper name (Dana in Table 1). These conditions provide a baseline of processing com-
plexity that factors out the contribution of pronoun processing. For example, they allow 
XV�WR�PHDVXUH�DQ\�SURFHVVLQJ�FRVWV�DVVRFLDWHG�ZLWK�WKH�GLˤHUHQW�˚OOHU�JDS�GHSHQGHQFLHV�
FRPSXWHG�LQ�&URVVRYHU�DQG�1R&URVVRYHU�VHQWHQFHV��7KH�˚OOHUV�DOVR�VHUYHG�DQ�DGGLWLRQDO�
SUDFWLFDO�SXUSRVH��WKH\�GLVUXSWHG�SDUWLFLSDQWV·�DELOLW\�WR�SUHGLFW�D�GRZQVWUHDP�SURQRXQ�
upon reading an intermediate wh-phrase.

Table 1: Example experimental item set from Experiment 1.

NoCrossover-Match Jane asked which maintenance man ____ had said that he already spoke with Donna 
regarding the food-fight in the cafeteria.

NoCrossover-Mismatch Jane asked which lunch lady ____ had said that he already spoke with Donna regarding 
the food-fight in the cafeteria.

Crossover-Match Jane asked which maintenance man it appeared that he already spoke with ____ 
 regarding the food-fight in the cafeteria.

Crossover-Mismatch Jane asked which lunch lady it appeared that he already spoke with ____ regarding the 
food-fight in the cafeteria.

NoCrossover-Control Jane asked which maintenance man ____ had said that Dana already spoke with Jim 
regarding the food-fight in the cafeteria.

Crossover-Control Jane asked which maintenance man it appeared that Dana already spoke with ____ 
regarding the food-fight in the cafeteria.



Kush et al: Looking forwards and backwardsArt. 70, page 8 of 29  

%DVHG� RQ� SULRU� UHVHDUFK�� ZH� H[SHFWHG� D� JHQGHU�PLVPDWFK� HˤHFW� LQ� WKH� 1R&URVVRYHU�
 conditions (Garnham et al. 1995; Badecker & Straub 2002). We expected participants to 
KDYH� QR� GL˞FXOW\� SURFHVVLQJ� WKH� FULWLFDO� SURQRXQ� LQ� WKH�1R&URVVRYHU�0DWFK� FRQGLWLRQ�
EHFDXVH� WKH�PDWFKLQJ�˚OOHU�FRXOG� VHUYH�DV�DQ�DFFHSWDEOH�DQWHFHGHQW��:H�H[SHFWHG�SDU-
WLFLSDQWV�WR�H[SHULHQFH�JUHDWHU�SURFHVVLQJ�GL˞FXOW\�DW�WKH�SURQRXQ�LQ�WKH�1R&URVVRYHU�
Mismatch condition because the pronoun would lack an explicit matching antecedent 
�2VWHUKRXW�	�0REOH\��������:H�H[SHFWHG�WKH�JHQGHU�PLVPDWFK�HˤHFW�WR�PDQLIHVW�LQ�MXGJ-
ment studies as a decrease in the average acceptability of NoCrossover-Mismatch condition 
compared to the NoCrossover-Match condition. In the self-paced reading studies we expect 
longer RTs in NoCrossover-Mismatch condition either immediately at the pronoun or in the 
QH[W�UHJLRQ��DV�LW�LV�FRPPRQ�IRU�VXFK�PLVPDWFK�HˤHFWV�WR�EH�IRXQG�LQ�RQH�RU�WZR�́ VSLOORYHUµ�
regions directly following the critical word or region of interest (Just & Carpenter 1978).  

We assessed the sensitivity to the Strong Crossover constraint by measuring whether 
JHQGHU�PDWFK�KDG�D� VLPLODU� HˤHFW� RQ� WKH�SURFHVVLQJ�RI� WKH�SURQRXQ� LQ�&URVVRYHU� VHQ-
tences. If either Principle C or the A-binding constraint acts as an immediate categorical 
restriction on antecedent retrieval, we would predict that there should be no gender-mis-
PDWFK�HˤHFW�LQ�&URVVRYHU�VHQWHQFHV��$YHUDJH�DFFHSWDELOLW\�UDWLQJV�VKRXOG�QRW�GLˤHU�LQ�RXU�
MXGJPHQW�VWXGLHV�DQG�WKHUH�VKRXOG�EH�QR�UHOLDEOH�GLˤHUHQFH�LQ�57V�EHWZHHQ�WKH�&URVVRYHU�
Match and Crossover-Mismatch conditions at the pronoun or spillover region in the online 
reading record. If, however, neither constraint applies at the point of antecedent retrieval, 
ZH�VKRXOG�REVHUYH�D�JHQGHU�PLVPDWFK�HˤHFW�LQ�WKH�&URVVRYHU�VHQWHQFHV�WKDW�LV�FRPSDUD-
EOH�LQ�VL]H��DQG�ORFDWLRQ��WR�WKH�JHQGHU�PLVPDWFK�HˤHFW�LQ�WKH�1R&URVVRYHU�VHQWHQFHV��

2.2 Experiment 1a
:H�˚UVW�FRQGXFWHG�DQ�RˡLQH�DFFHSWDELOLW\�MXGJPHQW�WDVN�WR�YHULI\�WKDW�VSHDNHUV�UHMHFWHG�
Strong Crossover violations in our test sentences. 

2.2.1 Participants
Twenty-two participants (mean age = 36.2, range 21–60, 6 male) were recruited through 
WKH�$PD]RQ�0HFKDQLFDO�7XUN��$07��PDUNHWSODFH�DQG�SDLG�������IRU�WKHLU�SDUWLFLSDWLRQ�
(see Gibson, Piantadosi & Federenko 2011 and Sprouse 2011 for discussion of collecting 
MXGJPHQWV�RQ�$07���3DUWLFLSDQWV·�,3�DGGUHVVHV�ZHUH�UHVWULFWHG�WR�86�LQWHUQDO�ORFDWLRQV��
Three participants were excluded from analysis because their average ratings did not dif-
fer across conditions, suggesting that they did not perform the task as requested. 

2.2.2 Procedure and materials
Presentation used the IBEX Farm web-based experimental presentation platform, devel-
oped and managed by Alex Drummond (www.spellout.net/ibexfarm/docs). Sentences 
were presented above a 7-point acceptability scale. The left and right end-points of the 
VFDOH�ZHUH� ODEHOHG� ¶EDG·� DQG� ¶JRRG·�� UHVSHFWLYHO\�� 3DUWLFLSDQWV� FRXOG� UHFRUG� D� UHVSRQVH�
either by using their cursor to click a value, or by pressing a number on their keyboard. 
Participants were given three practice sentences prior to beginning the exercise. Test 
LWHPV�ZHUH�LQWHUVSHUVHG�DPRQJ����DFFHSWDEOH�̊ OOHUV�RI�FRPSDUDEOH�OHQJWK�DQG�FRPSOH[LW\�

2.2.3 Analysis 
$FFHSWDELOLW\�UDWLQJV�IURP�LQGLYLGXDO�SDUWLFLSDQWV�ZHUH�]�VFRUHG�SULRU�WR�DQDO\VLV��:H�˚W�
OLQHDU�PL[HG�HˤHFWV�PRGHOV�WR�WKH�UDWLQJV�GDWD�XVLQJ�WKH�OPHU7HVW�SDFNDJH���.X]QHWVRYD��
%URFNKRˤ� 	� &KULVWHQVHQ� ������ LQ� 5� �5� 'HYHORSPHQW� &RUH� 7HDP���0RGHOV� LQFOXGHG� D�
VLPSOH� GLˤHUHQFH� FRGHG� ˚[HG� HˤHFW� RI� &ಧഌഌಧൕ�� D� +HOPHUW�FRGHG� ˚[HG� HˤHFW� RI�
 &ಧಌஐబഝబಧಌ7൰ೡ��DQG�WKHLU�LQWHUDFWLRQ��7KH�KHOPHUW�FRGHG�HˤHFW�RI�&ಧಌஐబഝబಧಌ7൰ೡ�had 



Kush et al: Looking forwards and backwards Art. 70, page 9 of 29

three levels: Control v. Test, GenderMatch, and GenderMismatch. Coding &ಧಌஐబഝబಧಌ7൰ೡ�
in this fashion allowed us to LVRODWH�WZR�GLˤHUHQW�FRQWUDVWV�RI�LQWHUHVW��7KH�˚UVW�FRQWUDVW�
compared the mean value of the dependent variable (rating or RT) in the control condi-
WLRQV� WR�PHDQ�YDOXH�RI� WKH�SURQRXQ�FRQGLWLRQV� �ZH� ODEHO� WKLV�HˤHFW�3ಧ vs. &ಧಌഝಧ౯�
LQ� VXEVHTXHQW�GLVFXVVLRQ���7KH� VHFRQG� FRQWUDVW�PHDVXUHG� WKH� HˤHFW�RI�*ಌஐ0ଈഝఇ 
within the pronoun conditions by comparing the mean values of sentences with a match-
ing pronoun to those with a mismatching pronoun. 
:H�XVHG�¶SDUVLPRQLRXV·�UDQGRP�HˤHFWV�VWUXFWXUHV�IRU�DOO�PRGHOV��DV�UHFRPPHQGHG�E\�
%DWHV�HW�DO����������5DQGRP�HˤHFWV�VWUXFWXUHV�ZHUH�GHWHUPLQHG�E\�˚UVW�˚WWLQJ�D�PRGHO�
ZLWK�D�PD[LPDO�UDQGRP�HˤHFWV�VWUXFWXUH��%DUU�HW�DO��������DQG�WKHQ�LWHUDWLYHO\�VLPSOLI\LQJ�
WKH�PRGHO�E\�UHPRYLQJ�UDQGRP�HˤHFWV�ZLWK�]HUR�YDULDQFH�LGHQWL˚HG�XVLQJ�WKH�UH3V\FK-
/LQJ�SDFNDJH��%DWHV�HW�DO���������5HSRUWHG�S�YDOXHV�ZHUH�H[WUDFWHG�IURP�WKH��̊ WWHG�PRGHO�
objects using the Satterthwaite approximation implemented by the lmerTest package 
�.X]QHWVRYD�HW�DO���������3DLUZLVH�FRPSDULVRQV�ZHUH�FRQGXFWHG�XVLQJ�WKH��GLˡVPHDQV���
function in lmerTest.

2.2.4 Results and discussion
$YHUDJH�UDZ�DQG�]�VFRUHG�DFFHSWDELOLW\�MXGJPHQW�VFRUHV�DUH�JLYHQ�LQ�Table 2. A summary 
statistical analysis is in Table 3. 

Crossover sentences were rated higher on average than NoCrossover sentences (p < .001), 
control sentences received higher average ratings than test sentences (p < .001), and 
Match sentences were rated higher than NoMatch sentences (p < .001). The higher rat-
LQJV� LQ� WKH� FRQWURO� FRQGLWLRQV� LQGLFDWH� WKDW� �L�� WKH� ˚OOHU�JDS� GHSHQGHQFLHV� WKHPVHOYHV�
were not a source of unacceptability in either Crossover or NoCrossover sentences were 
DFFHSWDEOH�DQG��LL��UHPDLQLQJ�GLˤHUHQFHV�LQ�DFFHSWDELOLW\�VKRXOG�EH�OLQNHG�WR�WKH�SUHVHQFH�
RI�WKH�SURQRXQ��7KH�VLJQL˚FDQW�&ಧഌഌಧൕ�×�3ಧ�ൕ��&ಧಌഝಧ౯�(p < .001) interaction 
UH˜HFWHG�WKH�IDFW�WKDW�&URVVRYHU�KDG�D�PRUH�SURQRXQFHG�HˤHFW�RQ�WHVW�FRQGLWLRQV�WKDQ�RQ�
control conditions. 

Table 2: Average raw and z-scored acceptability ratings from Experiment 1a. Standard error of the 
mean in parentheses.

raw ratings Match Mismatch Control
NoCrossover 4.41 (.18) 2.45 (.15) 4.67 (.16)
Crossover 1.93 (.10) 1.89 (.11) 4.62 (.16)

z-scores Match Mismatch Control
NoCrossover 0.53 (.08) –0.45 (.07) 0.70 (.08)
Crossover –0.74 (.05) –0.75 (.06) 0.71 (.08)

Table 3: Summary of linear mixed effects regression on z-scored ratings from Experiment 1a. 
P-values estimated using the Satterthwaite approximation (***p < .001).

t-value
C!"##"$%! 9.31*** 
P!" $. C"&'!"( 18.07***    
G%&)%!M*'+, 7.52***  
C!"##"$%! - P!" $. C"&'!"( –6.82***  
C!"##"$%! - G%&)%!M*'+, 7.16***    
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The &ಧഌഌಧൕ�×�*ಌஐ0ଈഝఇ�(p���������LQWHUDFWLRQ�LQGLFDWHV�WKDW�WKH�HˤHFW�RI�
JHQGHU�PDWFK�EHWZHHQ�WKH�SURQRXQ�DQG�WKH�˚OOHU�ZDV�GLˤHUHQW�EHWZHHQ�&URVVRYHU�DQG�
1R&URVVRYHU� VHQWHQFHV�� *HQGHU�PDWFK� EHWZHHQ� WKH� ˚OOHU� DQG� WKH� SURQRXQ� UHVXOWHG� LQ�
higher acceptability scores in the NoCrossover conditions (t = 10.38, p < .001), but had 
QR�GLVFHUQLEOH�HˤHFW�RQ� WKH� UDWLQJ�RI� WKH�&URVVRYHU conditions (t < 1). This statistical 
analysis corroborates what is clear from the ratings in Table 2: among the test conditions 
NoCrossover-Match condition received the highest ratings, consistent with the interpreta-
WLRQ�WKDW�SDUWLFLSDQWV�HDVLO\�HVWDEOLVKHG�D�GHSHQGHQF\�EHWZHHQ�WKH�˚OOHU�DQG�WKH�SURQRXQ��
:KHQ� WKH� VHQWHQFHV�FRQWDLQHG�D�PLVPDWFKLQJ�˚OOHU� LQ� WKH� VDPH�SRVLWLRQ��DFFHSWDELOLW\�
VFRUHV�ZHUH�ORZHU��FRQ˚UPLQJ�WKDW�DQ�DQWHFHGHQW�OHVV�SURQRXQ�UHGXFHV�WKH�DFFHSWDELOLW\�
of test sentences (Gordon & Hendrick 1997). Crossover sentences received relatively low 
DFFHSWDELOLW\�UDWLQJV��7KLV�SDWWHUQ�RI�DFFHSWDELOLW\�VFRUHV�FRQ˚UPV�WKDW�SDUWLFLSDQWV�GLV-
SOD\�RˡLQH�VHQVLWLYLW\�WR�6WURQJ�&URVVRYHU��

2.3 Experiment 1b: self-paced reading
([SHULPHQW��D�FRQ˚UPHG�WKDW�QDWLYH�VSHDNHUV�UHMHFW�ELQGLQJ�EHWZHHQ�ZK�˚OOHUV�DQG�SUR-
nouns in our Strong Crossover materials, indicating that our constructions were suitable 
for testing the real-time application of the constraint. In Experiment 1b we tested the 
HˤHFW� RI� 6WURQJ�&URVVRYHU� LQ� LQFUHPHQWDO� FRPSUHKHQVLRQ� E\�PHDVXULQJ�ZKHWKHU� LOOLFLW�
antecedents are initially considered upon encountering a pronoun. 

2.3.1 Participants
Fifty participants from the University of Maryland community participated in the 
 experiment in exchange for course credit. 

2.3.2 Procedure
Participants were run on a desktop PC using the Linger software package (Doug Rohde, 
MIT) in a self-paced word-by-word moving window paradigm (Just, Carpenter &  Woolley 
1982). Each trial began with a sentence masked by dashes appearing on the screen. 
Letters and punctuation marks were masked, but spaces were left unmasked so that 
 word-boundaries were visible. As the participant pressed the spacebar, a new word 
appeared on the screen and the previous word was re-masked. Test sentences were 
SVHXGR�UDQGRPO\�LQWHUVSHUVHG�DPRQJ����˚OOHU�VHQWHQFHV�RI��FRPSDUDEOH�OHQJWK�DQG�FRP-
plexity. A comprehension question followed each sentence. Participants were instructed 
to read sentences at a natural pace and to respond to the comprehension questions as 
DFFXUDWHO\�DV�SRVVLEOH��3DUWLFLSDQWV�UHVSRQGHG�WR�TXHVWLRQV�XVLQJ�WKH�I�NH\�IRU�¶\HV·�DQG�
WKH�M�NH\�IRU�¶QR�·�3DUWLFLSDQWV�ZHUH�QRWL˚HG�LI�WKH\�DQVZHUHG�LQFRUUHFWO\��(DFK�SDUWLFLSDQW�
was randomly assigned to one of the six lists, and the order of the stimuli within each 
SUHVHQWDWLRQ�OLVW�ZDV�SVHXGR�UDQGRPL]HG�VR�WKDW�QR�WZR�WHVW�LWHPV�ZHUH�HYHU�SUHVHQWHG�LQ�
direct succession.

2.3.3 Analysis
7ZR�SDUWLFLSDQWV·�GDWD�ZHUH�H[FOXGHG�IURP�DQDO\VLV�IRU�KDYLQJ�DEQRUPDO�57�YDULDQFH�3 
Prior to analysis we decided upon 70% accuracy on comprehension questions as a  threshold 
for inclusion in further analysis. All participants exceeded this threshold; thus none were 
excluded. Reaction times (RTs) above 2.5 standard deviations of the mean by region and 

 3�7KH�˚UVW�SDUWLFLSDQW�ZDV�UHMHFWHG�GXH�WR�ORZ�YDULDQFH�LQ�DYHUDJH�ZRUG�UHDGLQJ�WLPHV��VWDQGDUG��GHYLDWLRQ�
RI�WKH�SDUWLFLSDQW·V�PHDQ�E\�UHJLRQ�57������PV���7KH�VWDQGDUG�GHYLDWLRQ�RI�WKH�VHFRQG�SDUWLFLSDQW·V�UHDG-
LQJ� WLPHV�ZDV� DEQRUPDOO\� ORQJ� �!����PV���%RWK�RI� WKHVH�SUR˚OHV� VXJJHVW� WKDW� WKH�SDUWLFLSDQW�ZDV�QRW�
 performing the task as instructed.
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FRQGLWLRQ�ZHUH�H[FOXGHG�IURP�DQDO\VLV��5DWFOLˤ��������UHVXOWLQJ�LQ�DQ�H[FOXVLRQ�RI�URXJKO\�
2.7% of all observations. Statistical analyses of accuracy data and  log-transformed RTs 
XVHG�PL[HG�HˤHFW�PRGHOV�ZLWK�WKH�VWUXFWXUH�GHVFULEHG�LQ�([SHULPHQW��D��

We present analysis of RTs in a number of regions of interest: the pre-pronoun 
 complementizer, the critical pronoun, as well as the adverb, and verb. We note, however, 
WKDW�ZH�EDVH�RXU�FRQFOXVLRQV�DERXW�WKH�SUHVHQFH�RU�DEVHQFH�RI�D�JHQGHU�PLVPDWFK�HˤHFW�
on the RTs at the pronoun and post-pronoun adverb region (the spillover region). The pre-
SURQRXQ�UHJLRQ�ZDV�SUHVHQWHG�DQG�DQDO\]HG�VLPSO\�WR�HVWDEOLVK�WKDW�WKHUH�ZHUH�QRW�SUH�
SURQRXQ�GLˤHUHQFHV�EHWZHHQ�WKH�FRQGLWLRQV�WKDW�FRXOG�KDYH�FRQIRXQGHG�PHDVXUHPHQW�RI�
WKH�HˤHFW�RI�JHQGHU�PLVPDWFK�

2.3.4 Results
Comprehension question accuracy
The mean comprehension question accuracy for experimental items across participants 
ZDV��������$FFXUDF\�GLG�QRW�GLˤHU�VLJQL˚FDQWO\�DFURVV�FRQGLWLRQV��ORJLVWLF�PL[HG�HˤHFWV�
model, all z values < 1).

Self-paced reading results
Average word-by-word RTs by region and condition are plotted in Figure 1.4 A summary 
of the statistical analyses of test conditions is shown in Table 4. 

 4 RTs for multi-word regions represent the average over all individual words within those regions.

Figure 1: Average self-paced reading times Experiment 1b. Error bars indicate standard error of 
the cell means.
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7KHUH� ZHUH� QR� VLJQL˚FDQW� HˤHFWV� DW� WKH� SUH�FULWLFDO� FRPSOHPHQWL]HU�� $W� WKH� FULWLFDO�
 pronoun, the Control conditions were read more slowly than the Pronoun conditions 
(t = 2.72, p ��������7KLV�GLˤHUHQFH�SUHVXPDEO\�UH˜HFWV�WKH�IDFW�WKDW�SDUWLFLSDQWV�WRRN�
longer to read proper names than pronouns.   
$W�WKH�SRVW�SURQRXQ�DGYHUE�WKH�PRGHO�UHYHDOHG�D�VLJQL˚FDQW�PDLQ�HˤHFW�RI�*ಌஐ0ଈഝఇ�

(t = –3.16, p < .01), ZKLFK�ZDV�TXDOL˚HG�E\�D�PDUJLQDOO\� VLJQL˚FDQW�&ಧഌഌಧൕ × 
*ಌஐ0ଈഝఇ interaction (t = –1.87, p < .10). Planned comparisons showed a clear 
JHQGHU�PLVPDWFK�HˤHFW�LQ�WKH�1R&URVVRYHU�FRQGLWLRQV��JHQGHU�PDWFK�EHWZHHQ�WKH�˚OOHU�
and the pronoun facilitated processing (t = 3.55, p ��������GLˤHUHQFH� ����PV���7KH�
VPDOO�QXPHULFDO�WUHQG�WRZDUGV�D�JHQGHU�PLVPDWFK�HˤHFW�LQ�WKH�&URVVRYHU�FRQGLWLRQV�ZDV�
not statistically reliable (|t| ������$�PDUJLQDOO\�VLJQL˚FDQW�&ಧഌഌಧൕ × *ಌஐ0ଈഝఇ�
interaction was also observed at the following verb region (t = 1.77, p < .10). Planned 
FRPSDULVRQV� DJDLQ� UHYHDOHG� D� VLJQL˚FDQW� JHQGHU�PLVPDWFK� HˤHFW� LQ� WKH� 1R&URVVRYHU�
 conditions (t = 2.22, p �������GLˤHUHQFH� ����PV���*HQGHU�PDWFK�GLG�QRW�IDFLOLWDWH�SUR-
cessing in the Crossover conditions (t������GLˤHUHQFH� �²��PV��

Table 4: Summary of linear mixed effects models from Experiment 1b. P-values estimated using 
the Satterthwaite approximation (+p < .10; *p < .05; **p < .01).

Estimate (s.e.) t-value
Complementizer
I&'%!+%.'   5.767 (0.03)  190.968
C!"##"$%!   0.001 (0.01)  0.137  
P!" $. C"&'!"(   0.019 (0.02)  0.956  
G%&)%!M*'+,   0.003 (0.02)  0.226  
C!"##"$%! - P!"   0.030 (0.04)  0.808  
C!"##"$%! - G%&)%!M*'+,  –0.052 (0.03) –1.618  

Pronoun region
I&'%!+%.'   5.775 (0.0) 180.233 
C!"##"$%!  –0.010 (0.0)  –0.728    
P!" $. C"&'!"(   0.055 (0.0)   2.718** 
G%&)%!M*'+,   0.011 (0.0)   0.647    
C!"##"$%! - P!"   0.034 (0.0)   0.894    
C!"##"$%! - G%&)%!M*'+,   0.045 (0.0)   1.300    

Adverb
I&'%!+%.'   5.824 (0.04) 154.118 
C!"##"$%!  –0.010 (0.02)  –0.609    
P!" $. C"&'!"(   0.015 (0.02)   0.700    
G%&)%!M*'+,   0.057 (0.02)   3.158** 
C!"##"$%! - P!"   0.026 (0.04)   0.628    
C!"##"$%! - G%&)%!M*'+,   0.068 (0.04)   1.865+ 

Verb
I&'%!+%.'  5.822 (0.03) 177.173  
C!"##"$%!  0.001 (0.02) 0.122     
P!" $. C"&'!"(  0.004 (0.02) 0.215     
G%&)%!M*'+,  0.031 (0.02) 1.433     
C!"##"$%! - P!"  0.027 (0.04) 0.687     
C!"##"$%! - G%&)%!M*'+,  0.060 (0.03) 1.766+ 
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2.3.5 Discussion
Experiment 1 tested whether retrieval accessed a feature-matching but grammatically 
XQDFFHSWDEOH�ZK�˚OOHU�DV�D�SRWHQWLDO�DQWHFHGHQW�IRU�D�FULWLFDO�SURQRXQ�LQ�6WURQJ�&URVVR-
YHU�FRQVWUXFWLRQV��:H�GHWHUPLQHG�ZKHWKHU�WKH�ZK�˚OOHU�KDG�EHHQ�UHWULHYHG�E\�PHDVXULQJ�
WKH�HˤHFW�WKDW�JHQGHU�PDWFK�ZLWK�WKH�ZK�˚OOHU�KDG�RQ�WKH�SURFHVVLQJ�RI�WKH�SURQRXQ��:H�
FRPSDUHG�WKH�HˤHFW�RI�WKH�˚OOHU�ZKHQ�LWV�JDS�FDPH�EHIRUH�WKH�SURQRXQ�WR�LWV�HˤHFW�ZKHQ�
the pronoun preceded and c-commanded the gap. When the gap preceded the pronoun 
WKH�˚OOHU�ZDV�D�JUDPPDWLFDOO\�DFFHSWDEOH�DQWHFHGHQW��EXW�ZKHQ�WKH�JDS�IROORZHG�WKH�SUR-
QRXQ�WKH�˚OOHU�ZDV�QRW�DQ�DFFHSWDEOH�DQWHFHGHQW�EHFDXVH�ELQGLQJ�ZDV�UXOHG�RXW�E\�ERWK�
Principle C and the A-binding constraint.
2ˡLQH�UDWLQJV�DOLJQHG�ZLWK�WKH�JUDPPDWLFDO�JHQHUDOL]DWLRQ�WKDW�VSHDNHUV�UHMHFW�ELQGLQJ�

under Strong Crossover. Participants gave high ratings to NoCrossover sentences when 
WKH�˚OOHU�PDWFKHG�WKH�SURQRXQ�LQ�JHQGHU��DQG�JDYH�ORZ�UDWLQJV�WR�1R&URVVRYHU�VHQWHQFHV�
ZKHQ�WKH�̊ OOHU�PLVPDWFKHG�WKH�SURQRXQ��&URVVRYHU�VHQWHQFHV�UHFHLYHG�ORZ�UDWLQJV�UHJDUG-
OHVV�RI�ZKHWKHU�WKH�˚OOHU�PDWFKHG�WKH�SURQRXQ��
7KH�VHOI�SDFHG�UHDGLQJ�UHVXOWV�LPPHGLDWHO\�IROORZLQJ�WKH�SURQRXQ�UH˜HFWHG�D�SDWWHUQ�
VLPLODU�WR�WKH�RˡLQH�MXGJPHQWV��5HDGLQJ�WLPHV�WZR�UHJLRQV�DIWHU�WKH�SURQRXQ�ZHUH�IDVWHU�
ZKHQ�WKH�˚OOHU�PDWFKHG�WKH�SURQRXQ�LQ�JHQGHU�DQG�WKH�WZR�ZHUH�QRW�LQ�D�&URVVRYHU�FRQ-
˚JXUDWLRQ��:KHQ�WKH�˚OOHU�DQG�WKH�SURQRXQ�ZHUH�LQ�D�6WURQJ�&URVVRYHU�FRQ˚JXUDWLRQ��
JHQGHU�PDWFK�GLG�QRW�KDYH�D�UHOLDEOH�HˤHFW�RQ�SURFHVVLQJ�LQ�WKH�VDPH�UHJLRQV��:H�DFNQRZO-
edge that the full &ಧഌഌಧൕ × *ಌஐ0ଈഝఇ�interaction ZDV�RQO\�PDUJLQDOO\�VLJQL˚-
cant in the full analysis, but we do not take this as evidence against Crossover sensitivity. 
3ODQQHG�FRPSDULVRQV�UHYHDOHG�GLˤHUHQFHV�EHWZHHQ�WKH�VL]H�RI�WKH�JHQGHU�PLVPDWFK�HˤHFW�
LQ�WKH�&URVVRYHU�DQG�1R&URVVRYHU�VHQWHQFHV��7KH�QHJOLJLEOH�GLˤHUHQFH�EHWZHHQ�UHDGLQJ�
times in the matching and mismatching Crossover conditions also strongly suggests that 
SDUWLFLSDQWV�GLG�QRW�FRQVLGHU�PDWFKLQJ�ZK�˚OOHUV�LQ�6WURQJ�&URVVRYHU�FRQ˚JXUDWLRQV��,Q�
OLJKW�RI� WKH�FORVH�DOLJQPHQW�EHWZHHQ�WKH�JUDPPDWLFDO�JHQHUDOL]DWLRQ�� WKH�RˡLQH� MXGJ-
ments in Experiment 1a, and the reading times in Experiment 1b, it is unlikely that pro-
noun processing ignores Crossover constraints. The results are consistent with either of 
the following possibilities: either Crossover constraints apply categorically or as highly-
weighted constraints. We return to this point our General Discussion.

Overall, the results of Experiment 1 indicate that antecedent retrieval displays imme-
GLDWH� DOLJQPHQW�ZLWK�RˡLQH� MXGJPHQWV�RI� ELQGLQJ� UHODWLRQV� LQ� 6WURQJ�&URVVRYHU� FRQ-
˚JXUDWLRQV�� +RZHYHU�� RXU� UHVXOWV� GR� QRW� GHWHUPLQH� ZKLFK� JUDPPDWLFDO� FRQVWUDLQW� LV�
responsible for this alignment. In Experiment 2 we investigate the processing of Weak 
Crossover constructions to disentangle the contributions of Principle C and the A-binding 
constraint.

3 Experiment 2: Weak Crossover
([SHULPHQW���GHPRQVWUDWHG�WKDW� WKH�SUHVHQFH�RI�D�PDWFKLQJ�ZK�˚OOHU�KDG� OLWWOH�� LI�DQ\��
LPSDFW�RQ�WKH�LPPHGLDWH�SURFHVVLQJ�RI�WKH�FULWLFDO�SURQRXQ�LI�WKH�˚OOHU�DQG�WKH�SURQRXQ�
ZHUH�LQ�D�6WURQJ�&URVVRYHU�FRQ˚JXUDWLRQ��([SHULPHQW���VRXJKW�WR�GHWHUPLQH�ZKHWKHU�D�
PDWFKLQJ�˚OOHU�ZRXOG�EH�VLPLODUO\�LJQRUHG�DW�D�FULWLFDO�SURQRXQ�ZKHQ�WKH�SURQRXQ�DQG�
˚OOHU�ZHUH�LQ�D�:HDN�&URVVRYHU�FRQ˚JXUDWLRQ��,I�˚OOHUV�DUH�LJQRUHG�LQ�ERWK�FRQ˚JXUDWLRQV��
LW�ZRXOG�VXJJHVW�WKDW�WKH�SDUVHU�XVHV�WKH�QRQ�DUJXPHQW�VWDWXV�RI�WKH�ZK�˚OOHU�WR�H[FOXGH�
ELQGLQJ�XQGHU�&URVVRYHU�� ,I� SURQRXQ� UHVROXWLRQ� DSSHDUV� WR� FRQVLGHU�PDWFKLQJ�˚OOHUV� LQ�
:HDN�&URVVRYHU� FRQ˚JXUDWLRQV��ZH�ZRXOG� KDYH� HYLGHQFH� WKDW� UHWULHYDO� GRHV� QRW�PDNH�
immediate use of information about position type. Under this scenario the results of Exper-
iment 1 would provide evidence that Principle C is responsible for the sensitivity shown 
in Experiment 1, and hence that pre-computation of relevant structure must be involved.
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3.1 Materials
The materials from Experiment 1 were changed minimally to create Weak Crossover con-
˚JXUDWLRQV�� 7KH� FULWLFDO� VXEMHFW� SURQRXQV� IURP� ([SHULPHQW� ��ZHUH� UHSODFHG�ZLWK�13V�
with pronominal possessors (e.g., he in Experiment 1 was changed to his supervisor in 
([SHULPHQW�����,Q�WKLV�FRQ˚JXUDWLRQ�WKH�FULWLFDO�SURQRXQ�GRHV�QRW�F�FRPPDQG�WKH�JDS�VLWH��
because it is embedded within the larger subject phrase.

The proper names used in the embedded subject position in the control conditions of 
([SHULPHQW���ZHUH�UHSODFHG�ZLWK�GH˚QLWH�13V�ZKRVH�KHDG�QRXQ�PDWFKHG�WKH�SRVVHVVHG�
NP in the test conditions. This was done to ensure that the embedded subject region was 
as closely matched as possible across the test and control conditions. The post-pronoun 
critical region was also lengthened by adding an additional auxiliary between the critical 
subject NP and the verb. An example item set is shown in Table 5.

3.2 Experiment 2a: Acceptability judgment
:H� FRQGXFWHG� DQ� DFFHSWDELOLW\� MXGJPHQW� VWXG\� WR� YHULI\� WKDW� WKH� ZK�˚OOHUV� LQ� :HDN�
�&URVVRYHU�FRQ˚JXUDWLRQV�ZRXOG�EH�MXGJHG�XQDFFHSWDEOH�

3.2.1 Participants 
7ZHQW\�RQH�SDUWLFLSDQWV��PHDQ�DJH� ���������PDOH��ZHUH�UHFUXLWHG�WKURXJK�WKH�$PD]RQ�
0HFKDQLFDO�7XUN�PDUNHWSODFH��DQG�SDLG�������IRU�WKHLU�SDUWLFLSDWLRQ��3DUWLFLSDQWV�ZHUH�
recruited using the same criteria as for Experiment 1a. Three participants were excluded 
from analysis because their ratings of control sentences were unusually low.

3.2.2 Methods and analysis 
Experimental presentation and analysis were identical to Experiment 1a. The 36 experimental 
LWHPV�IURP�([SHULPHQW���ZHUH�LQWHUVSHUVHG�DPRQJ����DFFHSWDEOH�DQG����XQDFFHSWDEOH�̊ OOHUV�

3.2.3 Results and discussion
5DZ�DQG�]�VFRUHG�DFFHSWDELOLW\�MXGJPHQW�VFRUHV�DUH�JLYHQ�LQ�7DEOH����6XPPDU\�VWDWLVWLFDO�
analysis is presented in Table 7.

As in Experiment 1a, NoCrossover sentences were rated higher on average than Crossover 
sentences, Control sentences received higher ratings than test sentences, and Match sen-
tences were more acceptable than Mismatch sentences (all ps < .001). 

The average acceptability ratings exhibit a pattern indicative of Weak Crossover sen-
sitivity, similar to the Strong Crossover sensitivity observed in Experiment 1a. There 

Table 5: Example experimental item set from Experiment 2. Underscores indicate gap position 
(not presented to participants). Presentation in Experiment 2b was word-by-word. Vertical bars 
denote phrase boundaries used in phrase-by-phrase presentation in Experiment 2c.

NoCrossover-Match Jane | asked | which janitor | (____) had said | that | his supervisor | might | have | 
already | spoken | with | Donna | regarding | the food-fight | in | the cafeteria.

NoCrossover-Mismatch Jane | asked | which lunch-lady | (____) had said | that | his supervisor | might | have | 
already | spoken | with | Donna | regarding | the food-fight | in | the cafeteria.

Crossover-Match Jane | asked | which janitor | it seemed | that | his supervisor | might | have | already | 
spoken | with | (____) regarding | the food-fight | in | the cafeteria.

Crossover-Mismatch Jane | asked | which lunch-lady | it seemed | that | his supervisor | might | have | 
already | spoken | with | (____) regarding | the food-fight | in | the cafeteria.

NoCrossover-Control Jane | asked | which janitor | (____) had said | that | the supervisor | might | have | 
already | spoken | with | Donna | regarding | the food-fight | in | the cafeteria.

Crossover-Control Jane | asked | which janitor | it seemed | that | the supervisor | might | have | already | 
spoken | with | (____) regarding | the food-fight | in | the cafeteria.
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was a robust *ಌஐ0ଈഝఇ × &ಧഌഌಧൕ interaction (t = 3.74, p < .001), which 
�LQGLFDWHV�WKDW�JHQGHU�PDWFK�DˤHFWHG�&URVVRYHU DQG�1R&URVVRYHU�VHQWHQFHV�GLˤHUHQWO\��
*HQGHU�PDWFK�KDG�D�UHOLDEOH�HˤHFW�RQ�WKH�DFFHSWDELOLW\�RI�WKH�1R&URVVRYHU�VHQWHQFHV�
(t = 6.31, p < .001). The mean acceptability of the Match-Crossover sentences was 
slightly higher than NoMatch-Crossover VHQWHQFHV��EXW�WKLV�VPDOO�QXPHULFDO�GLˤHUHQFH�
ZDV�QRW�VLJQL˚FDQW�LQ�SODQQHG�FRPSDULVRQ��t = 1.01). It is possible that with greater 
SRZHU�WKDW�WKLV�QXPHULFDO�GLˤHUHQFH�ZRXOG�DFKLHYH�VLJQL˚FDQFH��ZKLFK�LQ�WXUQ�ZRXOG�
lend quantitative support to the general intuition that Weak Crossover is “weaker” 
or more easily violated than Strong Crossover (e.g. Lasnik & Stowell 1991). Overall, 
KRZHYHU��WKH�SULQFLSDO� �̊ QGLQJ�RI�([SHULPHQW��D�ZDV�WKDW�SDUWLFLSDQWV�˚QG�YLRODWLRQV�
RI�:HDN�&URVVRYHU�XQDFFHSWDEOH�� LUUHVSHFWLYH�RI�KRZ�WKLV� VPDOO�GLˤHUHQFH� VKRXOG�EH�
interpreted.

3.3 Experiment 2b: Self-paced reading 
3.3.1 Participants
Thirty participants from the University of Maryland community participated in the exper-
iment in exchange for course credit. 

3.3.2 Procedure
The procedure was identical to Experiment 1b. The pre-pronoun region of interest in 
Experiment 2b was the same as in Experiment 1b. As in Experiment 1b, we present analy-
sis from a number of words between the pronoun and the preposition immediately fol-
lowing the verb. In Experiment 2b these regions are: the post-pronoun noun (supervisor in 
Figure 2), and the ˚UVW�DX[LOLDU\�(might).

3.3.3 Analysis
The data of one participant were excluded due to history of cognitive impairment. One 
SDUWLFLSDQW�ZKRVH�DYHUDJH�DFFXUDF\�RQ�FRPSUHKHQVLRQ�TXHVWLRQV�IHOO�EHORZ�D�����FXW�R �ʕ

Table 6: Average raw and z-scored acceptability ratings from Experiment 2a. Standard error of the 
mean in parentheses.

raw ratings Match Mismatch Control
NoCrossover 4.45 (.17) 3.19 (.16) 4.36 (.16)
Crossover 3.09 (.16) 2.83 (.17) 3.96 (.16)

z-scores Match Mismatch Control
NoCrossover 0.49 (.10) –0.24 (.09) 0.44 (.09)
Crossover –0.35 (.08) –0.50 (.08) 0.16 (.08)

Table 7: Summary of linear mixed effects regression on z-scored ratings from Experiment 2a. 
P-values estimated using the Satterthwaite approximation (***p < .001).

t-value
C!"##"$%! 6.35*** 
P!" $. C"&'!"( 6.57***    
G%&)%!M*'+, 5.19***  
C!"##"$%! - P!" $. C"&'!"( –1.79***  
C!"##"$%! - G%&)%!M*'+, 3.74***    
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WKUHVKROG�RQ�DOO�LWHPV��˚OOHUV�DQG�WHVW�LWHPV��ZDV�H[FOXGHG�IURP�DQDO\VLV��2QH�LWHP�ZDV�
excluded due to a typo. Statistical analysis was identical to Experiment 1b. 

3.3.4 Results 
Comprehension question accuracy
Mean comprehension question accuracy on test items across participants was 83.0%. 
$FFXUDF\�GLG�QRW�GLˤHU�VLJQL˚FDQWO\�DFURVV�FRQGLWLRQV��_z_�����IRU�DOO�HˤHFWV���

Self-paced reading results
Average word RTs by region and condition are plotted in Figure 2. A statistical summary 
of all results is given in Table 8. 
7KHUH�ZDV�D�VLJQL˚FDQW�*ಌஐ0ଈഝఇ × &ಧഌഌಧൕ� LQWHUDFWLRQ� LQ� WKH�ZK�˚OOHU�

region (t = –2.92, p ��������0DWFKLQJ�˚OOHUV�ZHUH�UHDG�VLJQL˚FDQWO\�PRUH�VORZO\�WKDQ�
PLVPDWFKLQJ�˚OOHUV�LQ�WKH�1R&URVVRYHU�FRQGLWLRQV��t = 2.43, p < .05). A marginally 
VLJQL˚FDQW�GLˤHUHQFH�LQ�WKH�RSSRVLWH�GLUHFWLRQ�ZDV�REVHUYHG�LQ�WKH�&URVVRYHU�FRQGL-
tions (t  �²�������:H�FRQVLGHU� WKLV� HˤHFW� VSXULRXV�DQG�DWWULEXWH� LW� WR� H[SHULPHQWDO�
noise because all conditions were lexically identical up to and including the wh-
˚OOHU�UHJLRQ��,Q�WKH�IROORZLQJ�UHJLRQ�&URVVRYHU�VHQWHQFHV�ZHUH�UHDG�PRUH�VORZO\�WKDQ�
NoCrossover sentences (t = –2.19). This pattern appears to be driven by a sustained 
VORZGRZQ� LQ� WKH� &URVVRYHU�0LVPDWFK� FRQGLWLRQ�� 7KLV� QXPHULFDO� GLˤHUHQFH� FDUULHG�
RYHU�LQWR�WKH�SUH�SURQRXQ�FRPSOHPHQWL]HU�UHJLRQ��EXW�GLˤHUHQFHV�EHWZHHQ�FRQGLWLRQV�
ZHUH�QRW�VLJQL˚FDQW��

Our model revealed that the Control conditions were read more quickly in the pronoun 
region than the Pronoun conditions (t = –3.45, p < .01). Among the pronoun conditions, 
the Match conditions were read marginally more quickly on average than the Mismatch 

Figure 2: Average word-by-word self-paced reading times Experiment 2b. Error bars indicate 
standard error of the cell means.
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conditions (t = 1.66, p ��������6RPHZKDW�VXUSULVLQJO\��WKH�JHQGHU�PLVPDWFK�HˤHFW�ZDV�
greater in the Crossover conditions than in the NoCrossover conditions, as indicated by 
D�PDUJLQDOO\�VLJQL˚FDQW�*ಌஐ0ଈഝఇ × &ಧഌഌಧൕ�interaction (t = 1.81, p < .10). 
3ODQQHG�FRPSDULVRQV�UHYHDOHG�D�VLJQL˚FDQW�JHQGHU�PLVPDWFK�HˤHFW�LQ�WKH�&URVVRYHU�FRQ-
ditions (t = 2.46, p < .05), but not in the NoCrossover conditions (t < 1). It is important 
to note that this *ಌஐ0ଈഝఇ × &ಧഌഌಧൕ�LQWHUDFWLRQ�UH˜HFWV�D�SDWWHUQ�WKDW�LV�WKH�
opposite of what we would have expected to observe if antecedent retrieval were sensitive 
to the A-binding constraint. 
5HDGLQJ�WLPHV�DW�WKH�SRVW�SURQRXQ�QRPLQDO�ZHUH�IDVWHU�ZKHQ�WKH�˚OOHU�PDWFKHG�WKH�SUR-

noun than when it mismatched it (t = 2.75, p ��������$W�WKH�˚UVW�DX[LOLDU\�IROORZLQJ�WKH�
FULWLFDO�UHJLRQ�WKHUH�ZDV�D�PDUJLQDOO\�VLJQL˚FDQW�*ಌஐ0ଈഝఇ × &ಧഌഌಧൕ�interac-
tion (t = –1.88, p ��������2QFH�DJDLQ�WKLV�LQWHUDFWLRQ�UH˜HFWHG�D�WUHQG�WRZDUGV�D�ODUJHU�
JHQGHU�PLVPDWFK�HˤHFW�LQ�WKH�&URVVRYHU�FRQGLWLRQV�WKDQ�LQ�WKH�1R&URVVRYHU�FRQGLWLRQV��

Table 8: Summary of linear mixed effects models from Experiment 2b. P-values estimated using 
the Satterthwaite approximation (+p < .10; *p < .05; **p < .01).

Estimate (s.e.) t-value
Complementizer
I&'%!+%.'   5.844 (0.03) 173.00
C!"##"$%!   –0.015 (0.02)   –0.602
P!" $. C"&'!"(   –0.058 (0.03)   –2.246*
G%&)%!M*'+,   –0.003 (0.02)   –0.153
C!"##"$%! - P!"  0.015 (0.05)  0.294
C!"##"$%! - G%&)%!M*'+,   0.061 (0.05)   1.347

Pronoun region
I&'%!+%.'  0.061 (0.03) 175.536
C!"##"$%!  0.003 (0.02)   0.142
P!" $. C"&'!"( –0.096 (0.03)  –3.449**
G%&)%!M*'+,  0.040 (0.02)   1.663+
C!"##"$%! - P!" 0.070 (0.06)   1.263
C!"##"$%! - G%&)%!M*'+,  0.088 (0.05)   1.814+

Post-pronoun Noun
I&'%!+%.'  5.892 (0.04) 152.242
C!"##"$%!  –0.007 (0.02)  –0.288
P!" $. C"&'!"( –0.079 (0.03)  –2.396*
G%&)%!M*'+,  0.079 (0.03)   2.746**
C!"##"$%! - P!" –0.055 (0.07)   0.825
C!"##"$%! - G%&)%!M*'+,  0.028 (0.06)   0.477

First auxiliary
I&'%!+%.'  5.890 (0.04) 165.442
C!"##"$%!  –0.007 (0.02)  –0.325
P!" $. C"&'!"( –0.073 (0.03)  –2.332*
G%&)%!M*'+,  0.003 (0.03)   0.094
C!"##"$%! - P!" 0.061 (0.06)   1.040
C!"##"$%! - G%&)%!M*'+,  0.097 (0.05)   1.869+
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EXW�WKH�JHQGHU�PLVPDWFK�HˤHFW�LQ�WKH�&URVVRYHU�FRQGLWLRQV�GLG�QRW�SURYH�WR�EH�UHOLDEOH�LQ�
planned comparisons (t = 1.25). 

3.3.5 Discussion
7KH�VLJQL˚FDQW�JHQGHU�PLVPDWFK�HˤHFWV�DW�WKH�SURQRXQ�DQG�RQ�WKH�IROORZLQJ�QRXQ�SUR-
YLGH� SUHOLPLQDU\� HYLGHQFH� WKDW� WKH� DUJXPHQW�QRQ�DUJXPHQW� VWDWXV� RI� WKH� ˚OOHU� GRHV�
not have an immediate impact on antecedent retrieval. We must qualify this statement 
EHFDXVH�WKH�HˤHFW�RI�JHQGHU�PDWFK�DW�WKH�SURQRXQ�ZDV�VRPHZKDW�HTXLYRFDO�LQ�OLJKW�RI�
WKH�SDLUZLVH�GLˤHUHQFHV�EHWZHHQ�WKH�&URVVRYHU�FRQGLWLRQV�HDUO\�LQ�WKH�VHQWHQFH��(YHQ�
WKRXJK�GLˤHUHQFHV�LQ�UHDGLQJ�WLPHV�EHWZHHQ�WKH�WZR�&URVVRYHU�FRQGLWLRQV�ZHUH�FRPSD-
UDEOH�DW�WKH�SUH�SURQRXQ�FRPSOHPHQWL]HU�GLUHFWO\�EHIRUH�WKH�SURQRXQ��ZH�FDQQRW�UXOH�
RXW� WKH� SRVVLELOLW\� WKDW� WKH� GLˤHUHQFHV� LQ� SUHYLRXV� UHJLRQV� FDUULHG� RU� LQ˜XHQFHG� WKH�
HˤHFW�RI�JHQGHU�PDWFK�DW�WKH�SURQRXQ�DQG�DIWHUZDUG��:H�UDQ�([SHULPHQW��F�LQ�RUGHU�WR�
GHWHUPLQH�ZKHWKHU�ZH�ZRXOG� UHSOLFDWH� WKH�JHQGHU�PLVPDWFK�HˤHFW��ZKLOH�HOLPLQDWLQJ�
EDVHOLQH�GLˤHUHQFHV��

3.4 Experiment 2c
3.4.1 Participants
Sixty-two participants (mean age = 34.03, 31 male) were recruited through the Ama-
]RQ�0HFKDQLFDO�7XUN�PDUNHWSODFH�DQG�SDLG�������IRU�WKHLU�SDUWLFLSDWLRQ��3DUWLFLSDQWV·�,3�
addresses were restricted to those within the continental US. 

3.4.2 Procedure and materials
We used a procedure that was broadly similar to the procedure in Experiment 2b with 
PLQRU�PRGL˚FDWLRQV��6HQWHQFHV�ZHUH�SUHVHQWHG�XVLQJ�,%(;�)DUP��%HFDXVH�ZH�ZHUH�FRQ-
cerned that unmonitored internet participants might be more likely to attend less to short 
regions, we used a phrase-by-phrase moving window display method in Experiment 2c. 
We reasoned that lengthening the regions would increase the possibility that participants 
would dwell on the region containing the pronoun. 

3.4.3 Analysis
The analysis procedure was identical to Experiments 1b and 2b. Two participants were 
excluded from the analysis because their overall comprehension accuracy fell below 70%. 

We used the same analysis regions in Experiment 2c as in Experiment 2b except for the 
pronoun region. Since the pronoun and the post-pronoun were presented as a single unit, 
WKH\�ZHUH�DQDO\]HG�WRJHWKHU��WKH�pronoun region). 

3.4.4 Results and discussion
Comprehension question accuracy
0HDQ� FRPSUHKHQVLRQ� TXHVWLRQ� DFFXUDF\� ZDV� ������ DQG� GLG� QRW� GLˤHU� E\� FRQGLWLRQ�
(|z_�����IRU�DOO�HˤHFWV���

Reading times
Average phrasal RTs by region and condition are plotted in Figure 3. A statistical sum-
mary of results in the test conditions is given in Table 9.
7KHUH�ZHUH�QR� VLJQL˚FDQW�GLˤHUHQFHV� LQ� UHDGLQJ� WLPHV� DFURVV� FRQGLWLRQV� DW� WKH�˚OOHU�
UHJLRQ��7KH�SDLUZLVH�GLˤHUHQFHV�WKDW�ZHUH�REVHUYHG�EHWZHHQ�WKH�&URVVRYHU�FRQGLWLRQV�DW�
the embedded predicate in Experiment 2b were absent, ensuring a stable baseline for two 
UHJLRQV�SULRU�WR�WKH�FULWLFDO�SURQRXQ��5HDGLQJ�WLPHV�DW�WKH�FRPSOHPHQWL]HU�ZHUH�JUHDWHU�LQ�
the NoCrossover conditions than in the Crossover conditions (t = 3.10, p < .01).
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At the pronoun region the Pronoun conditions were read more slowly on average than 
the Control conditions (t = –2.48, p < .05). Participants read the phrase containing the 
JHQLWLYH�SURQRXQ�DQG�QRXQ�IDVWHU�ZKHQ�WKH�SURQRXQ�PDWFKHG�WKH�˚OOHU�LQ�JHQGHU��PDLQ�
HˤHFW�RI�*ಌஐ0ଈഝఇ� t = 2.50, p < .05). No *ಌஐ0ଈഝఇ × &ಧഌഌಧൕ�interac-
tion was observed (t ������ZKLFK�LQGLFDWHV�WKDW�WKH�VL]H�RI�WKH�JHQGHU�PLVPDWFK�HˤHFW�GLG�
QRW�GLˤHU�VLJQL˚FDQWO\�EHWZHHQ�WKH�&URVVRYHU�DQG�1R&URVVRYHU�FRQGLWLRQV��
,Q�WKH�˚UVW�DX[LOLDU\�UHJLRQ�WKH�0DWFK�FRQGLWLRQV�ZHUH�UHDG�PRUH�TXLFNO\�RQ�DYHUDJH�

than the Mismatch conditions in the subsequent auxiliary region (t = 3.10, p < .01). 
7KH�PRGHO�UHYHDOHG�D�VLJQL˚FDQW�*ಌஐ0ଈഝఇ × &ಧഌഌಧൕ�interaction (t = –2.39,  
p ��������ZKLFK�UH˜HFWV�WKH�IDFW�WKDW�WKHUH�ZDV�D�VLJQL˚FDQW JHQGHU�PLVPDWFK�HˤHFW�LQ�WKH�
NoCrossover conditions (t = –3.88, p < .001), but not in the Crossover conditions (t < 1). 
7KH�VDPH�SDWWHUQ�RI�HˤHFWV��FKDUDFWHUL]HG�E\�D�*ಌஐ0ଈഝఇ × &ಧഌഌಧൕ�interaction, 
persisted into the second auxiliary region (t = –2.48, p < .05). Reading times in both 
Crossover conditions were comparable (t�������EXW�D�FOHDU�JHQGHU�PLVPDWFK�HˤHFW�ZDV�
present in the NoCrossover conditions (t = 3.48, p < .01). This trend towards facilitation 
in the Match-NoCrossover condition alone persisted throughout the next three regions.

3.4.5 Discussion
Overall, the results of Experiment 2c are broadly consistent with the results of  Experiment 2b.  
:H�REVHUYHG�D�JHQGHU�PLVPDWFK�HˤHFW�DW�WKH�UHJLRQ�FRQWDLQLQJ�WKH�SURQRXQ�LQ�ERWK�WKH�
Crossover and the NoCrossover conditions. The *ಌஐ0ଈഝఇ × &ಧഌഌಧൕ  interaction 
WKDW�ZRXOG�FKDUDFWHUL]H�:HDN�&URVVRYHU�VHQVLWLYLW\�ZDV�QRW�REVHUYHG�LPPHGLDWHO\�LQ�WKH�
same region. Immediately following the pronoun region, we did observe a  *ಌஐ0ଈഝఇ ×  
&ಧഌഌಧൕ� interaction. We take these results to indicate that  participants successfully 

Figure 3: Average phrase-by-phrase self-paced reading times in Experiment 2c. Error bars  indicate 
standard error of the cell means.
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DSSO\� WKH� FRQVWUDLQW� RQ� $�ELQGLQJ� DW� D� GHOD\� LQ�:HDN� &URVVRYHU� FRQ˚JXUDWLRQV�� 7KLV�
delayed sensitivity contrasts with the behavioral pattern observed in Strong Crossover 
sentences, where grammatical sensitivity was apparent immediately at the pronoun. The 
UHVXOWV�VXJJHVW�WKDW�HDUO\�VHQVLWLYLW\�WR�WKH�XQDFFHSWDELOLW\�RI�WKH�PDWFKLQJ�ZK�˚OOHU�LQ�
6WURQJ�&URVVRYHU� FRQ˚JXUDWLRQV� VKRXOG�EH�DWWULEXWHG� WR�3ULQFLSOH�&� UDWKHU� WKDQ� WR� WKH�
A-binding constraint. 

4 General discussion
Our primary empirical goal in this study was to assess whether online antecedent retrieval 
H[KLELWV�VHQVLWLYLW\�WR�&URVVRYHU�FRQ˚JXUDWLRQV��2XU�WKHRUHWLFDO�JRDO�ZDV�WR�LQYHVWLJDWH�
which aspects of the syntactic representation the parser can use to constrain anteced-
ent retrieval. We achieved this second goal by comparing immediate sensitivity to two 
�GLˤHUHQW� FRQVWUDLQWV�� 3ULQFLSOH� &� �&KRPVN\� ������ DQG� WKH� FRQVWUDLQW� RQ� $�ELQGLQJ�
( Reinhart 1983).

Table 9: Summary of linear mixed effects models from Experiment 2c. P-values estimated using 
the Satterthwaite approximation (+p < .10; *p < .05; **p < .01).

Estimate (s.e.) t-value
Complementizer
I&'%!+%.'   6.002 (0.04) 140.087
C!"##"$%!   0.051 (0.02)   3.098**
P!" $. C"&'!"(   0.032 (0.02)   1.274
G%&)%!M*'+,   0.012 (0.02)   0.605
C!"##"$%! - P!"  –0.082 (0.04)  –1.872+
C!"##"$%! - G%&)%!M*'+,   0.050 (0.04)   1.319

Pronoun region
I&'%!+%.'  0.061 (0.06) 107.691
C!"##"$%!  0.003 (0.02)   0.195
P!" $. C"&'!"( –0.057 (0.02)  –2.479*
G%&)%!M*'+,  0.050 (0.02)   2.470*
C!"##"$%! - P!" –0.007 (0.05)  –0.162
C!"##"$%! - G%&)%!M*'+,  0.021 (0.04)   0.513

First auxiliary
I&'%!+%.'  6.005 (0.05) 124.179
C!"##"$%!  0.023 (0.01)   1.607
P!" $. C"&'!"( –0.047 (0.02)  –2.158*
G%&)%!M*'+,  0.055 (0.02)   3.104**
C!"##"$%! - P!" –0.051 (0.04)  –1.280
C!"##"$%! - G%&)%!M*'+,  0.083 (0.03)   2.386*

Second auxiliary
I&'%!+%.'  5.910 (0.04) 137.505
C!"##"$%!  0.013 (0.01)  0.915
P!" $. C"&'!"( –0.015 (0.02) –0.845
G%&)%!M*'+,  0.038 (0.02)  2.449*
C!"##"$%! - P!" –0.024 (0.04) –0.679
C!"##"$%! - G%&)%!M*'+,  0.077 (0.03)  2.480*
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,Q� WZR�RˡLQH�DQG� WKUHH� VHOI�SDFHG� UHDGLQJ� H[SHULPHQWV�ZH�XVHG�D� JHQGHU�PLVPDWFK�
SDUDGLJP�WR�GHWHUPLQH�LI�UHWULHYDO�ZRXOG�DFFHVV�D�SUHFHGLQJ�ZK�˚OOHU�WKDW�PDWFKHG�D�FULWL-
cal pronoun in gender as a potential antecedent. In each experiment we presented the wh-
˚OOHU�DQG�WKH�SURQRXQ�LQ�WZR�GLˤHUHQW�FRQ˚JXUDWLRQV��,Q�RQH�FRQ˚JXUDWLRQ�WKH�ZK�˚OOHU�
DQG�WKH�SURQRXQ�ZHUH�QRW�LQ�D�FURVVRYHU�UHODWLRQ�DQG�WKH�PDWFKLQJ�˚OOHU�ZDV�WKHUHIRUH�
D�JUDPPDWLFDOO\�DFFHSWDEOH�DQWHFHGHQW�IRU�WKH�SURQRXQ��,Q�WKH�VHFRQG�FRQ˚JXUDWLRQ�WKH�
˚OOHU�DQG�WKH�SURQRXQ�VWRRG�LQ�D�&URVVRYHU�UHODWLRQ�EHFDXVH�WKH�JDS�DVVRFLDWHG�ZLWK�WKH�
˚OOHU�IROORZHG�WKH�SURQRXQ�LQ�WKH�OLQHDU�VWULQJ��:H�FRPSDUHG�WKH�JHQGHU�PLVPDWFK�HˤHFWV�
LQ�WKH�DFFHSWDEOH�FRQ˚JXUDWLRQV�DQG�FURVVRYHU�FRQ˚JXUDWLRQV��:H�UHDVRQHG�WKDW�JHQGHU�
PLVPDWFK�HˤHFWV�VKRXOG�EH�VPDOOHU�RU�DEVHQW�LQ�FURVVRYHU�VWUXFWXUHV�WKDQ�LQ�DFFHSWDEOH�
structures if the parser was sensitive to the Crossover constraint. On the other hand, if 
JHQGHU�PLVPDWFK�HˤHFWV�LQ�&URVVRYHU�FRQ˚JXUDWLRQV�ZHUH�FRPSDUDEOH�LQ�VL]H�WR�HˤHFWV�LQ�
acceptable sentences, we could conclude that the constraints had not applied at the point 
of antecedent retrieval.
([SHULPHQW� �� LQYHVWLJDWHG� DQWHFHGHQW� UHWULHYDO� LQ� 6WURQJ� &URVVRYHU� FRQ˚JXUDWLRQV��

where the critical pronoun both preceded and c-commanded the gap. In Experiment 1a, 
DQ�RˡLQH�DFFHSWDELOLW\�MXGJPHQW�VWXG\��QDWLYH�VSHDNHUV�UDWHG�WHVW�VHQWHQFHV�DV�XQDFFHS-
WDEOH�ZKHQ�WKH�˚OOHU�DQG�WKH�SURQRXQ�VWRRG�LQ�D�6WURQJ�&URVVRYHU�UHODWLRQ��,Q�FRQWUDVW��
SDUWLFLSDQWV�JDYH�KLJK� UDWLQJV� WR� VHQWHQFHV�ZKHQ� WKH�˚OOHU�DQG� WKH�SURQRXQ�ZHUH� LQ�D�
JUDPPDWLFDOO\� DFFHSWDEOH� FRQ˚JXUDWLRQ�� 7KHVH� UHVXOWV� VKRZ� WKDW�&URVVRYHU� FRQVWUDLQWV�
LPSDFW�SDUWLFLSDQWV·�RYHUDOO�MXGJPHQW�RI�SURQRXQ�ELQGLQJ�UHODWLRQV��EXW�WKH\�GR�QRW�VSHDN�
to the question of whether such constraints apply immediately at antecedent retrieval dur-
ing incremental sentence processing. Experiment 1b used the self-paced reading method 
WR�WHVW�UHDO�WLPH�VHQVLWLYLW\�WR�6WURQJ�&URVVRYHU�FRQ˚JXUDWLRQV�DW�DQWHFHGHQW�UHWULHYDO��$V�
H[SHFWHG��ZH�IRXQG�D�VLJQL˚FDQW�JHQGHU�PLVPDWFK�HˤHFW�LQ�WKH�1R&URVVRYHU�FRQGLWLRQV�
immediately following the pronoun: participants read the following region faster when 
WKH�˚OOHU�PDWFKHG�WKH�SURQRXQ�WKDQ�ZKHQ�LW�GLG�QRW�PDWFK��7KLV�PLVPDWFK�HˤHFW�LQGL-
FDWHV�WKDW�SDUWLFLSDQWV�KDG�QR�WURXEOH�UHWULHYLQJ�D�PDWFKLQJ�˚OOHU�ZKHQ�LW�ZDV�DQ�DFFHSW-
DEOH�DQWHFHGHQW��$�UHOLDEOH�JHQGHU�PLVPDWFK�HˤHFW�ZDV�QRW�REVHUYHG�LQ�WKH�SRVW�SURQRXQ�
UHJLRQ�LQ�6WURQJ�&URVVRYHU�FRQGLWLRQV��7KH�GLˤHUHQFH�LQ�WKH�VL]H�RI�WKH�JHQGHU�PLVPDWFK�
HˤHFW� EHWZHHQ� WKH� 1R&URVVRYHU� DQG� WKH� &URVVRYHU� FRQGLWLRQV� LV� FRQVLVWHQW� ZLWK� WKH�
hypothesis that antecedent retrieval displays immediate sensitivity to either Principle C 
or the A-binding constraint. However, because both constraints apply to Strong Crossover, 
LPPHGLDWH�VHQVLWLYLW\�WR�WKH�FRQ˚JXUDWLRQV�GRHV�QRW�DOORZ�XV�WR�GHWHUPLQH�ZKLFK�FRQ-
VWUDLQW�ZDV�UHVSRQVLEOH�IRU�UXOLQJ�RXW�WKH�XQDFFHSWDEOH�˚OOHU��
([SHULPHQW���WHVWHG�DQWHFHGHQW�UHWULHYDO�LQ�:HDN�&URVVRYHU�FRQVWUXFWLRQV��ZKHUH�˚OOHU�

pronoun binding was only ruled out by the argument constraint. Testing Weak Crossover 
allowed us to measure the contribution of the argument constraint to antecedent retrieval 
in isolation. We argued that if antecedent retrieval was just as likely to ignore matching 
˚OOHUV�LQ�:HDN�&URVVRYHU�FRQVWUXFWLRQV�DV�LQ�6WURQJ�&URVVRYHU�FRQVWUXFWLRQV��ZH�ZRXOG�
have evidence that retrieval was sensitive to the argument constraint but not Principle C. 
,I��RQ�WKH�RWKHU�KDQG��DQWHFHGHQW�UHWULHYDO�DSSHDUHG�WR�DFFHVV�PDWFKLQJ�˚OOHUV�PRUH�UHDG-
LO\�LQ�:HDN�&URVVRYHU�WKDQ�LQ�WKH�6WURQJ�&URVVRYHU�FRQ˚JXUDWLRQV��WKHQ�ZH�FRQFOXGH�WKDW�
sensitivity in Strong Crossover was due to application of Principle C. 
7KH� DFFHSWDELOLW\� MXGJPHQW� VWXG\� ([SHULPHQW� �D� FRQ˚UPHG� WKDW� SDUWLFLSDQWV� GR�
QRW�DFFHSW�PDWFKLQJ�ZK�˚OOHUV�DV�DQWHFHGHQWV� IRU�SURQRXQV� WKDW� WKH\� VWDQG� LQ�D�:HDN�
Crossover relation with. In two self-paced reading experiments on Weak Crossover we 
REVHUYHG�D�SDWWHUQ�RI�UHVXOWV�WKDW�GLˤHUHG�VXEVWDQWLDOO\�IURP�WKH�UHVXOWV�RI�([SHULPHQW���� 
In Experiment 2b, a word-by-word self-paced reading study, we observed a large 
�JHQGHU�PLVPDWFK� HˤHFW� LPPHGLDWHO\� DW� WKH� SURQRXQ� LQ� WKH� &URVVRYHU� FRQGLWLRQV�� 7KLV�
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JHQGHU�PLVPDWFK�HˤHFW�DSSHDUHG�RQH�UHJLRQ�HDUOLHU�WKDQ�WKH�JHQGHU�PLVPDWFK�HˤHFW�LQ�
the acceptable NoCrossover conditions. In the post-pronoun region the gender-match 
HˤHFWV�LQ�WKH�&URVVRYHU�FRQGLWLRQV�GLG�QRW�GLˤHU�VLJQL˚FDQWO\�IURP�WKH�JHQGHU�PLVPDWFK�
HˤHFWV�LQ�WKH�1R&URVVRYHU�FRQGLWLRQV��7KH�UHVXOWV�RI�([SHULPHQW��E�SURYLGHG�SUHOLPLQDU\�
HYLGHQFH�WKDW�WKH�$�ELQGLQJ�FRQVWUDLQW�PLJKW�QRW�KDYH�DQ�LPPHGLDWH�HˤHFW�RQ�DQWHFHG-
ent retrieval. In Experiment 2c, a phrase-by-phrase self-paced reading study, we again 
REVHUYHG�FRPSDUDEOH�JHQGHU�PLVPDWFK�HˤHFWV�LQ�ERWK�WKH�&URVVRYHU�DQG�WKH�1R&URVVRYHU�
FRQGLWLRQV�� *HQGHU�PLVPDWFK� HˤHFWV� LQ�:HDN� &URVVRYHU� ZHUH� GLVWLQJXLVKHG� IURP�PLV-
PDWFK�HˤHFWV� LQ�1R&URVVRYHU�VHQWHQFHV�E\�WKHLU�GXUDWLRQ��)DFLOLWDWLRQ�ZDV� ORQJ�ODVWLQJ�
in the NoCrossover conditions: it began at the pronoun and persisted for a number of 
VXEVHTXHQW�UHJLRQV��7KH�JHQGHU�PLVPDWFK�HˤHFW�ZDV�VKRUW�OLYHG�LQ�WKH�:HDN�&URVVRYHU�
conditions: it emerged clearly at the pronoun, but subsided within two regions. 

Taken together, the results of Experiments 1 and 2 suggest that Principle C plays an 
immediate role in constraining the retrieval of potential antecedents for a pronoun. The 
JHQGHU�PLVPDWFK�HˤHFWV� LQ�([SHULPHQW���VXJJHVW� WKDW� WKH�DUJXPHQW�FRQVWUDLQW�GRHV�QRW�
LPPHGLDWHO\�EORFN�DFFHVV�WR�PDWFKLQJ�˚OOHUV�LQ�FURVVRYHU�FRQ˚JXUDWLRQV��:H�WKHUHIRUH�FRQ-
clude that antecedent retrieval must have access, in some form, to the relations between the 
SURQRXQ�DQG�WKH�XQVHHQ�JDS�SRVLWLRQ��:H�GLVFXVV�VRPH�LPSOLFDWLRQV�RI�RXU�˚QGLQJV�EHORZ��

4.1 The scope of syntactic prediction
$FFRUGLQJ� WR�RXU� UHDVRQLQJ�� WKH�DELOLW\� WR� LPPHGLDWHO\� UXOH�RXW�˚OOHU�SURQRXQ�ELQGLQJ�
LQ�6WURQJ�&URVVRYHU�FRQ˚JXUDWLRQV�UHTXLUHV�WKH�SDUVHU�WR�PDNH�D�GHFLVLRQ�EDVHG�RQ�WKH�
yet-to-be-seen gap position. We take this result to entail that the parser carries forward 
commitments about the position of a gap phrase, at least in abstract terms, in advance of 
UHFHLYLQJ�ERWWRP�XS�FRQ˚UPDWLRQ�RI�WKH�WUXH�JDS�SRVLWLRQ��7KDW�LV��WKH�SDUVHU�HQJDJHV�LQ�
VRPH�GHJUHH�RI�V\QWDFWLF�SUHGLFWLRQ�GXULQJ�˚OOHU�JDS�SURFHVVLQJ�WKDW�H[WHQGV�EH\RQG�WKH�
immediate phrase. 
2XU�UHVXOWV�DUH�EURDGO\�FRPSDWLEOH�ZLWK�D�QXPEHU�RI�GLˤHUHQW�PRGHOV�RI�˚OOHU�JDS�SUR-

cessing. They could be modeled by a serial parser that actively projects a gap position 
IRU�WKH�˚OOHU�LQ�DGYDQFH�RI�D�YHUEDO�KHDG��)RGRU�������&UDLQ�	�)RGRU�������6WRZH�������
)UD]LHU�	�)ORUHV�'·$UFDLV�������7UD[OHU�	�3LFNHULQJ�������1DNDQR�HW�DO��������/HH�������
Aoshima et al. 2009; Omaki et al. 2015). The results could also be accommodated by a 
parallel parser that draws inferences about the c-command relation between the pro-
noun and the gap across the distribution of possible continuations after the pronoun was 
encountered. Knowledge of phrase structure and grammatical rules guarantees, however, 
that the gap would still fall within the c-command domain of the pronoun in all possible 
continuations. Moreover a parser that explicitly tracked grammatically necessary c-com-
mand relations between objects in the syntactic representation (such as the monotonic 
parsing model of Sturt & Crocker 1996) would be able to implement Principle C without 
explicitly committing to a single structural analysis. Models that abstain from making 
predictions about the position of the gap site in advance of a potentially licensing head 
(Abney 1989; Goodluck et al. 1991; Pickering & Barry 1991; Pritchett 1992; Pickering & 
7UD[OHU�������ZRXOG�KDYH�PRUH�GL˞FXOW\�FDSWXULQJ�RXU�UHVXOWV��

4.2 Implications for cue-based retrieval models
Our results are potentially challenging for cue-based models of antecedent retrieval (e.g. 
%DGHFNHU�	�6WUDXE�������)RUDNHU�	�0F(OUHH�������.XVK��/LG]�	�3KLOOLSV��������8QGHU�
cue-based models, items are stored in a content-addressable memory and are tagged with 
features that encode their intrinsic properties (e.g., lexical and morphological informa-
tion), as well as features that encode aspects of the local syntactic and semantic context 
DW�WKH�WLPH�WKDW�WKH�LWHPV�DUH�˚UVW�HQFRXQWHUHG��0F(OUHH��)RUDNHU�	�'\HU�������/HZLV��
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Vasishth & van Dyke 2006; van Dyke & McElree 2011). An item is re-activated at retrieval 
in proportion to the degree to which its features match a set of retrieval cues provided by 
a retrieval trigger. For the purposes of antecedent retrieval, an NP is retrieved as a poten-
tial antecedent if it matches (at least a subset of) the features of the triggering pronoun. 

In the cue-based framework, an item can only be retrieved using cues that were already 
assigned to that item before the retrieval trigger. It is impossible to encode the pronoun-
JDS�F�FRPPDQG�UHODWLRQ�WKDW�GLDJQRVHV�D�FURVVRYHU�YLRODWLRQ�DV�D� IHDWXUH�RQ�WKH�˚OOHU��
EHFDXVH� WKHUH� LV�QR�HYLGHQFH� WKDW�D�SURQRXQ�H[LVWV�GRZQVWUHDP�ZKHQ�WKH�˚OOHU� LV�˚UVW�
encountered. As we discussed in the Introduction, the only property of the preceding 
FRQWH[W�WKDW�GLVWLQJXLVKHV�&URVVRYHU�˚OOHUV�IURP�DFFHSWDEOH�˚OOHUV�LV�WKHLU�QRQ�DUJXPHQW�
status. A simple procedure that excluded any item that does not bear an [Argument] 
feature, however, would be unable to make the relevant distinction between Strong and 
Weak Crossover. 

We should note that it is not impossible to devise a feature-based scheme capable of 
GLVWLQJXLVKLQJ�˚OOHUV�LQ�6WURQJ�&URVVRYHU�FRQ˚JXUDWLRQV�IURP�WKRVH�LQ�:HDN�&URVVRYHU�
FRQ˚JXUDWLRQV��7KH�GLVWLQFWLRQ�FRXOG�EH�PDGH�E\�D�SDUVHU� WKDW�PDGH�VHOHFWLYH�XVH�RI�
WKH�>$UJXPHQW@�IHDWXUH�GHSHQGHQW�RQ�FRQVWUXFWLRQ��,Q�6WURQJ�&URVVRYHU�FRQ˚JXUDWLRQV�
WKH�IHDWXUH�VKRXOG�EH�XVHG�SURPLQHQWO\��VR�DV�WR�H[FOXGH�˚OOHUV��EXW�WKH�IHDWXUH�VKRXOG�
SOD\�OHVV�RI�D�UROH�LQ�:HDN�&URVVRYHU�FRQ˚JXUDWLRQV��6XFK�FRQGLWLRQDO�FXH�XVH�LV�FRQ-
sistent with a proposal in Kush & Phillips (2014), where it was argued that properties 
RI�WKH�UHWULHYDO�FRQWH[W�FRXOG�DOORZ�WKH�SDUVHU�WR�PLQLPL]H�WKH�SUREDELOLW\�RI�LQWHUIHU-
ence by favoring certain cues either through preferential cue-weighting (see Clark & 
Gronlund 1996; Lewis & Vasishth 2005; van Dyke & McElree 2011), or outright cue 
exclusion. However, conditional cue use is generally inconsistent with the standard 
assumption that the parser makes unconstrained use of all potentially relevant cues at 
once (Badecker & Straub 2002; Jäger et al. 2015). Moreover, such conditional cue use 
raises an interesting learnability question: on what basis could a parser ever learn the 
FRQGLWLRQLQJ�UXOH"�

4.3 Time-course and strength of individual constraints
We have argued that our results provide evidence that knowledge of Principle C has an 
LPPHGLDWH�HˤHFW�RQ�DQWHFHGHQW�UHWULHYDO��+RZHYHU��WKHUH�DUH�GLˤHUHQW�ZD\V�LQ�ZKLFK�D�
FRQVWUDLQW�FRXOG�H[HUW�DQ�LQ˜XHQFH�RQ�WKH�LPPHGLDWH�SURFHVVLQJ�RI�D�SURQRXQ��2QH�LPSRU-
tant question to consider is whether Principle C excludes consideration of unacceptable 
matching NPs altogether, or whether it simply reduces the probability that such NPs are 
retrieved and considered. Many prominent models of antecedent retrieval posit that the 
YDULRXV� IHDWXUHV� WKDW� FKDUDFWHUL]H� DFFHSWDEOH� DQWHFHGHQWV� �H�J���PRUSKRORJLFDO�� V\QWDF-
tic, or discourse cues) make independent contributions to the probability of retrieving 
an NP as a candidate (Arnold et al. 2000; Badecker & Straub 2002; Runner, Sussman & 
 Tanenhaus 2006). Under these models it is possible that a syntactic constraint could lower 
the probability of retrieving a grammatically unacceptable NP, but it might not block 
access to an unacceptable NP altogether, if that NP matches other cues (e.g. gender or 
number). On this view we would expect some degree of partial-match interference from 
grammatically unacceptable NPs if they match other features with the pronoun. 

We failed to observe evidence of facilitatory or inhibitory interference from the 
PDWFKLQJ�˚OOHU�DW�RU�GLUHFWO\�DIWHU�WKH�SURQRXQ�LQ�WKH�6WURQJ�&URVVRYHU�FRQ˚JXUDWLRQV��
Processing of the pronoun was not reliably easier or harder in the Match-Crossover con-
GLWLRQ�FRPSDUHG�WR�WKH�0LVPDWFK�&URVVRYHU�FRQGLWLRQV��7KHVH�˚QGLQJV�FRQWULEXWH�WR�WKH�
JURZLQJ�QXPEHU�RI�VWXGLHV�WKDW�KDYH�IDLOHG�WR�˚QG�HYLGHQFH�RI�IDFLOLWDWRU\�LQWHUIHUHQFH�
during anaphor resolution: (Kennison, 2003; Sturt 2003; Lee & Williams 2008; Dillon 
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et al. 2013; Chow, Lewis & Phillips 2014; Kush & Phillips 2014; Cunnings, Patterson & 
)HOVHU�������.XVK��/LG]�	�3KLOOLSV�������WKRXJK�VHH�3DUNHU��/DJR�	�3KLOOLSV�������3DUNHU�
& Phillips 2017). 
2XU� ˚QGLQJV� DUH� FRQVLVWHQW� ZLWK� WKH� K\SRWKHVLV� WKDW� 3ULQFLSOH� &� HˤHFWLYHO\� EORFNV�

retrieval of grammatically unacceptable NPs altogether. We do acknowledge, however, 
that our results are also consistent with a model in which knowledge of Principle C was 
implemented as a highly-weighted, but not absolute, constraint on retrieval. We did 
REVHUYH�D�QRQ�VLJQL˚FDQW�WUHQG�WRZDUGV�D�PLVPDWFK�HˤHFW�LQ�WKH�SRVW�SURQRXQ�UHJLRQ�LQ�
([SHULPHQW����ZKLFK�PLJKW�FRQVWLWXWH�VXJJHVWLYH�HYLGHQFH�WKDW�XQDFFHSWDEOH�˚OOHUV�ZHUH�
occasionally retrieved or considered. 
,W�LV�FOHDU�WKDW�WKH�DUJXPHQW�FRQVWUDLQW�GRHV�QRW�KDYH�WKH�VDPH�GHJUHH�RI�LQ˜XHQFH�RYHU�

initial processing as does Principle C. If the results from Experiment 2b are taken at face 
value, it would be reasonable to conclude that the argument constraint has no measurable 
impact on initial antecedent retrieval. The A-binding constraint appears best character-
L]HG�DV�D�GHOD\HG�˚OWHU�RQ�SURQRXQ�UHVROXWLRQ�SURFHVVHV��7KH� UHVXOWV�RI�([SHULPHQW��F�
indicate that the delay in applying the constraint is relatively short: consideration of an 
XQDFFHSWDEOH�PDWFKLQJ�ZK�˚OOHU�WHUPLQDWHV�ZLWKLQ�WZR�ZRUGV�RI�WKH�SURQRXQ��+RZHYHU��
if we allow for initial constraints to be graded or probabilistic, we cannot be certain that 
the constraint has no immediate impact. The results are also consistent a model that 
allows the A-binding constraint to reduce the probability or ease of retrieving the unac-
FHSWDEOH�˚OOHU�ZLWKRXW�UHVWULFWLQJ�DFFHVV�WR�LW�DOWRJHWKHU��:H�ZLVK�WR�XQGHUVFRUH��KRZHYHU��
that even if the A-binding constraint were found to exert some impact on immediate 
processing, its impact is indisputably not large enough to account for the lack of a gender-
PLVPDWFK�HˤHFW�LQ�([SHULPHQW����7KHUHIRUH��RXU�FODLP�WKDW�3ULQFLSOH�&�KDV�DQ�LPPHGLDWH�
impact goes unchallenged. 

4.4 Future directions in processing Crossover
:H�ZLVK�WR�RˤHU�VRPH�˚QDO�UHPDUNV�RQ�WKH�SURFHVVLQJ�DQG�W\SRORJ\�RI�˚OOHU�JDS�FRQVWUXF-
tions, as well as to sketch some directions for future research. Our studies investigated 
Crossover sensitivity during the incremental processing of embedded wh-questions. Other 
˚OOHU�JDS��$·��GHSHQGHQFLHV��VXFK�DV�UHODWLYH�FODXVH�IRUPDWLRQ��DUH�DOVR�VXEMHFW�WR�&URVVR-
ver constraints. For example, native speakers judge co-interpretation of the girl and she (9) 
to be unacceptable.

(9) *Clint annoyed the girli that it had seemed that shei liked ______.

Our results establish immediate sensitivity to Strong Crossover when processing embed-
ded wh-questions, but they do not establish whether antecedent retrieval would exhibit 
FRPSDUDEOH�VHQVLWLYLW\�ZKLOH�SURFHVVLQJ�UHODWLYH�FODXVHV��RU�WRSLFDOL]DWLRQV���,W�LV�SRVVLEOH�
that antecedent retrieval would use the geometric relation between the pronoun and the 
JDS�WR�UXOH�RXW�FRQVLGHUDWLRQ�RI�WKH�˚OOHU��that, or a covert operator). However, it is also 
conceivable that the referential status of the relative clause head might interfere with 
WKH�SDUVHU·V�DELOLW\�WR�IRUHJR�FRQVLGHUDWLRQ�RI�WKH�LOOLFLW�GHSHQGHQF\��7KLV�FRXOG�KDSSHQ�LI�
antecedent retrieval erroneously contacted the girl in an attempt to establish co-reference 
with a previously-mentioned, matching NP. Future research investigating Crossover con-
˚JXUDWLRQV�LQ�RWKHU�GHSHQGHQFLHV�KDV�WKH�SRWHQWLDO��WKHUHIRUH��WR�SURYLGH�D�PRUH�VSHFL˚F�
FKDUDFWHUL]DWLRQ�RI�WKH�PHFKDQLVPV�RI�DQWHFHGHQW�UHWULHYDO��
)LQDOO\�� LW� KDV� ORQJ� EHHQ� DFNQRZOHGJHG� WKDW� WKH� UHIHUHQWLDOLW\� DQG� VSHFL˚FLW\� RI� WKH�
˚OOHU� KDV� DQ� HˤHFW� RQ� WKH� GHJUHH� WR�ZKLFK� WKH� JUDPPDU� WROHUDWHV� DSSDUHQW� YLRODWLRQV�
of Weak Crossover (see Lasnik & Stowell 1991; Falco 2007). Lasnik & Stowell (1991) 
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discussed how TXDQWL˚FDWLRQDO�˚OOHUV�OLNH�who�LQ����D��LQGXFH�:HDN�&URVVRYHU�HˤHFWV��EXW�
 QRQ�TXDQWL˚FDWLRQDO��L�H��UHIHUHQWLDO��˚OOHUV�OLNH�WKH�IURQWHG�the professor in (10b) do not.

(10) a. *Whoi do hisi�VWXGHQWV�DGPLUH�BBBBBB"
b. That professor, hisi students admire ______.

)DOFR��������DUJXHV�WKDW�WKH�VSHFL˚FLW\�RI�D�˚OOHU�DOVR�PRGXODWHV�WKH�GHJUHH�WR�ZKLFK�LW�
LV�VXEMHFW�WR�:HDN�&URVVRYHU�HˤHFWV��:HDN�&URVVRYHU�HˤHFWV�DUH�VWURQJHU�IRU�QRQ�VSHFL˚F�
˚OOHUV��H�J���who, who the hell��WKDQ�IRU�VSHFL˚F�˚OOHUV��H�J���FRPSOH[�ZK�SKUDVHV�OLNH�which 
professor). In light of these accounts, we can ask whether the delay in Weak Crossover 
VHQVLWLYLW\�WKDW�ZH�VDZ�LQ�([SHULPHQW���ZDV�GXH�WR�RXU�XVLQJ�VSHFL˚F�ZK-˚OOHUV��:RXOG�
ZH�VHH�LPPHGLDWH�:HDN�&URVVRYHU�VHQVLWLYLW\�LI�ZH�XVHG�EDUH�ZK�ZRUGV�LQVWHDG"�:H�OHDYH�
this question to future research.

5 Conclusion
We showed that the parser makes immediate use of Principle C when attempting to iden-
tify an antecedent for a pronoun in Strong Crossover constructions. Antecedent retrieval 
GLG�QRW�DSSHDU�WR�FRQVLGHU�JHQGHU�PDWFKLQJ�ZK�˚OOHUV�WKDW�VWRRG�LQ�D�6WURQJ�&URVVRYHU�
FRQ˚JXUDWLRQ�WR�D�SURQRXQ��+RZHYHU��ZH�GLG�˚QG�HYLGHQFH�WKDW�PDWFKLQJ�˚OOHUV�LQ�:HDN�
&URVVRYHU�FRQ˚JXUDWLRQV�LQWHUIHUHV�ZLWK�DQWHFHGHQW�UHWULHYDO��7KHVH�UHVXOWV�VXSSRUW�D�YLHZ�
of antecedent retrieval that integrates inferences made over predicted syntactic structure 
into  constraints on backward-looking processes like memory retrieval. They may also 
SURYLGH�QRYHO�LQVLJKW�LQWR�WKH�VFRSH�RI�ORQJ�GLVWDQFH�V\QWDFWLF�SUHGLFWLRQ�LQ�(QJOLVK�˚OOHU�
gap processing.
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