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Previous studies have demonstrated agreement attraction effects in subject-verb agreement languages. It is an
open question whether such attraction effects extend to languages whose agreement systems differ from this
agreement pattern. To address this question, we conducted four forced-choice completion experiments investi-
gating agreement processing in Hindi. Hindi has a mixed-agreement system, where subject-verb agreement and
object-verb agreement occur in complementary structural contexts. We observed clear attraction effects in both

subject agreement and object agreement contexts. But we found little evidence that the distractor NP’s role, case
or syntactic prominence modulated attraction. Rather, attraction occurred when the distractor was itself an
agreement controller. We propose a Controller Coding account where Hindi speakers actively identify whether
an NP is an agreement controller and encode this information in memory, with agreement interference arising
primarily when multiple NPs are encoded as agreement controllers.

1. Introduction

Psycholinguistic research into verb agreement has been informative
for understanding how language users encode linguistic information in
working memory. Since subject-verb agreement is a linguistic de-
pendency that plausibly relies on memory retrieval in comprehension
and production (Badecker and Kuminiak, 2007; Franck and Wagers,
2020; Lewis and Vasishth, 2005; Wagers et al., 2009), it offers a window
into the memory mechanisms that subserve language processing. It has
been particularly fruitful to investigate when errors in agreement arise:
so-called agreement attraction errors. Investigations into these types of
errors have allowed researchers to explore many broad questions about
language processing, such as the relative priority of syntactic and se-
mantic cues in forming linguistic dependencies (Thornton and Mac-
Donald, 2003), and how abstract the cues that guide linguistic
processing are (Lewis and Vasishth, 2005; Schlueter et al., 2018;
Slioussar, 2018).

* Corresponding author.
E-mail address: sakshi.bhatia@curaj.ac.in (S. Bhatia).

In this paper, we investigate agreement attraction in Hindi, a mixed
agreement language: verb agreement is not exclusively with subjects (or
objects) across the board, but rather subject-agreement and object-verb
agreement occur in distinct contexts. By studying where Hindi speakers
do, and do not, make agreement attraction errors, we aim to explore the
cognitive mechanisms that subserve agreement dependency formation
in languages with complex agreement systems.

1.1. Agreement attraction: Representations and processes

In languages with exclusive subject-verb agreement e.g., English
(though see Chomsky, 1995; Haskell and MacDonald, 2005), the subject
NP is generally the agreement controller'. Although the verb must
generally agree with the subject in English, speakers sometimes make
agreement errors by expressing agreement with a non-target distractor
noun. This phenomenon is broadly called agreement attraction (e.g. Bock
and Miller, 1991; for more recent overviews, see Eberhard et al., 2005;

1 We adopt this term with some hesitation, as it is commonly associated with particular theoretical claims about the nature of the agreement relationship between
the subject and verb. ‘Control’ is often associated with the claim that the subject phrase copies its features over to the verb (Bock and Middleton, 2011; den Dikken,
2003). Here, however, we intend the term controller as a theory neutral term to describe whichever NP in a sentence must bear the same morphosyntactic features as

the verb.
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Bock and Middleton, 2011; Franck, 2017). For example, in (1), agree-
ment attraction occurs when the verb exhibits apparent agreement with
the distractor cabinets instead of the grammatically appropriate agree-
ment controller key. Related effects occur in comprehension as well.
Comprehenders spend less time reading ungrammatical verbs (Wagers
et al., 2009; Dillon et al., 2013; Lago et al., 2015), judge ungrammatical
verbs as more acceptable (Hammerly et al., 2019; Wagers, 2008; Wagers
et al., 2009), and show reduced P600 effects in agreement attraction
contexts (Tanner et al., 2014).

Journal of Memory and Language 125 (2022) 104322

There are different views on the underlying mechanisms that give
rise to agreement attraction errors. The cue-based retrieval hypothesis
(Badecker and Kuminiak, 2007; Wagers et al., 2009) which posits a
content-addressable working memory architecture for language pro-
cessing (McElree, 2006; Van Dyke and McElree, 2006), and the Self-
Organized Sentence Processing (SOSP) model (Smith et al., 2018; Vil-
lata et al., 2018; Villata and Franck, 2019), both attribute agreement
attraction effects to interference in forming a dependency between the
agreement controller and verb. On both models, featural similarity be-

(1)  Agreement Attraction Errors

a. *The key to the cabinets are on the table.
b. *The boy that liked the snakes are in the house.

Many factors influence the rate of agreement attraction. Importantly
for present purposes, one plausible factor that has been investigated is
the case status of controller and distractor NPs in a sentence. For
example, distractor NPs which are similar to the subject in terms of
surface case cues — i.e., if the distractor is nominative, or bears case
morphology that is syncretic with nominative case — appear to increase
the rate of attraction errors across a number of languages, such as Slovak
(Badecker and Kuminiak, 2007), Russian (Slioussar, 2018) and German
(Hartsuiker et al., 2003). For English, it has been observed that a case-
inflected distractor pronoun gives rise to fewer agreement attraction
errors (Nicol and Antéon-Méndez, 2009) relative to a case-ambiguous
noun (see also Nicol et al. (2016)).

(2) a.

tween the agreement controller and distractor can lead speakers to
erroneously activate the distractor as the agreement controller some
proportion of the time. These accounts offer a natural explanation of the
effects reviewed above. For example, the more similar a distractor is to
the target controller in terms of its case features, the more likely it is to
be misidentified or misretrieved as the agreement controller, and hence
the more likely it is to cause attraction-type errors (Badecker and
Kuminiak, 2007).

On the other hand, representational accounts (see, for example,
Eberhard et al., 2005; Staub, 2009; Hammerly et al., 2019) hold that
difficulty in computing agreement is related to difficulty or uncertainty
in binding grammatical features to items in working memory: the
presence of plural distractor NPs impacts the encoding of the number

*The bill for the accountants were outrageous. MORE COMMON ERROR

b. *The bill for them were outrageous.

The claim that case cues modulate agreement attraction has not gone
uncontested, however. A recent paper by Avetisyan et al. (2020) offers
the critique that while reported effects exhibit the predicted numerical
trend, the results are not always statistically significant, e.g., for Dutch
in Hartsuiker et al. (2001). Furthermore, the conflation of word category
(NP/Pronoun) and overt case in some studies makes it difficult to clearly
attribute the observed effects to overt case cues (Hartsuiker et al., 2001;
Nicol and Anton-Méndez, 2009). In addition, Avetisyan et al. (2020) fail
to find evidence for the modulation of agreement attraction by case
features in Armenian.

Similarity between distractors and controllers in other structural
features has also been argued to influence the rate of agreement
attraction. Greater syntactic prominence of a distractor NP leads to an
increased likelihood for an error (Bock and Cutting, 1992; Franck et al.,
2002; Franck, 2017; Franck and Wagers, 2020). For example, in (3),
errors are more common for the more prominent PP internal distractor
compared to the relative clause internal distractor (but see Bock and
Cutting, 1992).

(3) a

*The key to the cabinets are on the table.

LESS COMMON ERROR

specification of the subject phrase, rendering it uncertain or equivocal.
Note that these two mechanisms are not mutually exclusive. As seen in
(Hammerly et al., 2019; Lorimor et al., 2015; Tanner et al., 2014; Yadav
et al., 2021), these models can provide complementary insights about
agreement processing.

1.2. Beyond subject-verb agreement

Although there has been much research into agreement attraction in

MORE COMMON ERROR

b. *The boy that liked the snakes are in the house. LESS COMMON ERROR

(Bock and Cutting, 1992)
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Table 1
Summary of hypothesis space and predictions.

Hypothesis Attraction predicted due to

Subject Prioritization Hypothesis
Construction Specific Controller
Hypothesis
Unmarked Case Hypothesis
Structural Prominence Hypothesis
Controller Coding Hypothesis

Subject distractor
Subject distractor in Subject agreement clauses
Object distractor in Object agreement clauses
Distractor with unmarked case
Structurally Prominent distractor
Distractor which is an agreement controller

subject-verb agreement in Western European languages?, it has not been
as thoroughly explored outside of this Sprachbund. While there are
many notable exceptions to this trend®, it still seems fair to say that more
cross-linguistic work is called for in order to better address the question
of how general the theories of agreement computation based on patterns
observed across Western European languages are (see Anand et al.,
2011, among others, for a broader discussion of the limited linguistic
diversity in Psycholinguistics research).

The importance of addressing this question is thrown into sharper
relief if one considers how the currently studied languages in agreement
processing constitute only a small subset of the cross-linguistic agree-
ment typology. Languages differ quite dramatically in the kinds of
agreement systems they have. Some languages exhibit both subject and
object agreement simultaneously e.g., Basque (Béjar and Rezac, 2003;
Béjar and Rezac, 2009; Santesteban et al., 2013; Zawiszewski et al.,
2016). Others like Hindi, allow subject agreement and object agreement,
but in complementary contexts (among others Pandharipande and
Kachru, 1977; Butt, 1993; Mahajan, 1990; Bhatt, 2005; Keine, 2016;
Bhatia, 2019). Still other agreement systems are possible: in some lan-
guages it is not argument role (subject, object), but rather the person or
number features of NPs that gate agreement e.g. Nishnaabemwin/
Ojibwe (Valentine, 2001; Béjar and Rezac, 2003; Béjar and Rezac, 2009;
Bhatia et al., 2018; Nevins, 2011). At present, apart from subject
agreement, we only have representation from a limited number of
studies on object agreement in agreement processing (Santesteban et al.,
2013; Villata and Franck, 2019), and much of the agreement typology
remains understudied.

Hindi is a particularly interesting language to study from this
perspective, because its agreement grammar poses interesting chal-
lenges for language comprehension and production. Verbs in Hindi can
agree with subjects and objects, but in complementary structural envi-
ronments — a pattern we refer to as a mixed agreement system (Bhatia,
2019). Thus, unlike subject-verb agreement languages, the cues that
identify the agreement controller can vary from clause to clause, making
it arguably less straightforward to identify the agreement controller than
in an exclusively subject-verb agreement system. Given this, it is inter-
esting to ask how Hindi speakers implement their agreement grammar in
real-time. To approach this question, we first turn to a more detailed
description of the Hindi agreement system.

2 English (see, e.g., Eberhard et al., 2005); Dutch (Hartsuiker et al., 2001),
German (Hartsuiker et al., 2003), Italian (Franck et al., 2006; Franck et al.,
2008; Vigliocco and Franck, 1999), Spanish (Acuna-Farina et al., 2014; Anton-
Méndez et al., 2002; Bock et al., 2012; Franck et al., 2008; Foote and Bock,
2012; Lago et al., 2015) and French (Franck, Lassi, Frauenfelder, & Rizzi, 2006;
Franck, Soare, Frauenfelder, & Rizzi, 2010; Franck, Vigliocco, Anton-Méndez,
Collina, & Frauenfelder, 2008; Franck, Vigliocco, & Nicol, 2002; Vigliocco &
Franck, 1999; Villata & Franck, 2016)

3 Arabic (Lorimor, 2007; Tucker, Idrissi, & Almeida, 2015, 2016, 2021),
Armenian (Avetisyan et al., 2020), Basque (Santesteban et al., 2013), Korean
(Kwon and Sturt, 2016), Persian (Franck, Sadri Mirdamadi, & Kahnemuyipour,
2020), Russian (Lorimor et al., 2008; Slioussar, 2018), Slovak (Badecker and
Kuminiak, 2007), Turkish (Lago et al., 2019)
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1.3. Hindi: a mixed agreement system

Hindi" is an SOV language with an agreement pattern where the verb
exhibits agreement with subjects and objects® but in complementary
contexts. Consider the examples in (4) and (5). In (4), the verb pakregi:
‘will catch’ is inflected for feminine, singular agreement features,
showing agreement with the subject of the sentence billi: ‘cat.” In (5), the
verb pakre ‘caught’ shows masculine, plural agreement features,
agreeing with the grammatical object cu:he ‘rats.’.

(4)  Subject agreement:

Subject Object  Verb

billi: cu:he pakr-egi:
cat.F.SG rats.M.PL catch-FUT.F.SG
‘The cat will catch the rats.’

(5)  Object agreement:

Subject Object  Verb

billi:=ne cu:he pakr-e
cat=ERG rats.M.PL catch-PFV.M.PL
‘The cat caught the rats.’

Critically, a number of morphosyntactic factors need to be consid-
ered jointly to determine whether the verb shows subject agreement or
object agreement. First, the verb can agree only with an NP that is un-
marked, that is, not bearing any overt case-marker®. In (5), the gram-
matical subject bears the ergative case marker = ne, which rules it out as
an agreement controller. When there are multiple NPs which are un-
marked for case there is an asymmetry between subjects and objects.
This is seen in (4) where the verb must agree with the unmarked subject.
This is generally attributed to a difference in structural prominence
between subjects and objects, with subjects generally being ‘higher’ or
more prominent in the syntactic structure than objects. The possibility of
object agreement arises only if the subject is case-marked and there is a
bare grammatical object. Thus, an unmarked subject is an indicator of

“ In this paper, we will refer to the language under study as Hindi rather than
Hindi-Urdu. While the labels Hindi and Urdu can be used interchangeably in
colloquial spoken language use, in their official uses Hindi and Urdu are
associated with distinct scripts. Since the experiments reported in this paper
utilized written materials in the Devanagari script which is associated with
Hindi rather than Urdu, we opt for the label Hindi.

5 As aptly pointed out by one of the reviewers, the agreement system of
Hindi, also draws attention to the broader question of what are prototypical
subject properties crosslinguistically. For example, unlike languages like En-
glish, agreement can not be used to identify a subject in Hindi. For the simple
intransitive and transitive structures used in our paper, subject and object
identification is relatively straightforward (e.g. for transitive verbs: the subject
is an agent, the object is a patient), but we point the reader to the explorations
of this question for Hindi in the syntax-semantics literature (see for example
(Poole, 2015; Bhatia and Poole, 2016), among others).

6 The literature on agreement in Hindi has referred to instances where a noun
does not bear any overt case marker as unmarked for case, non-overtly case
marked or zero-marked for case (Pandharipande and Kachru, 1977; Bhatt, 2005;
Bobaljik, 2008; Keine, 2016). As unmarked is the most common term in the
literature, that is what we adopt.
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upcoming subject agreement, while a case-marked subject unambigu-
ously rules out subject agreement. ’ The case-status of NPs is also con-
nected to the properties of the verb. In (5), the perfective aspect on the
transitive verb requires ergative case on the subject. In contrast,
perfective aspect on intransitives or any other tense-aspect combination
allows bare subjects.

Stepping back, this array of morphosyntactic factors determining
agreement can be summarized as in (6), (see Mahajan, 1990; Butt, 1993;
Bhatt, 2005; Keine, 2016; Bjorkman and Zeiljstra, 2018; Bhatia, 2019,
among others for syntactic analyses).
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used. But in simple object-agreement clauses (e.g. transitive verbs with
perfective morphology), cues specifically targeting a grammatical object
would be used. We will refer to this as the Construction-Specific
Controller hypothesis. On this hypothesis, we expect that the degree of
agreement attraction caused by a distractor depends on the construc-
tion: Subject distractors should create more interference than objects in
subject-agreement clauses, while object distractors should create more
interference than subjects in object-agreement clauses.

A third possibility is that Hindi speakers make use of overt
morphological case cues to guide agreement computation. This is a

(6)  Hindi-Urdu agreement generalization:
Agree with the structurally most prominent NP which is unmarked for case.
(based on Pandharipande and Kachru 1977)

Thus, to determine which NP gets to control agreement in a clause,
Hindi grammar references the case status and structural prominence of
all arguments in that clause.

1.4. Controller identification in a mixed agreement system

Given the agreement system described above, one challenge Hindi
speakers face is determining an agreement controller in accordance with
(6) in real-time. To explore the underlying cognitive mechanisms that
Hindi speakers use to accomplish this, we capitalize on the observation
that the more similar a distractor is to the agreement controller in
working memory, the more likely it is to create agreement attraction
(Badecker and Kuminiak, 2007; Franck and Wagers, 2020; Slioussar,
2018; Villata et al., 2018; Villata and Franck, 2019; Wagers et al., 2009).
Below we describe several different retrieval strategies that Hindi
speakers might use to identify the controller in any given clause, such
that they obey the Hindi Agreement Generalization. Since each proposes
a different set of cues that can be used to identify a agreement controller,
each implies different patterns of agreement attraction.

One possibility is that Hindi speakers, like speakers of Western Eu-
ropean languages, initially attempt to retrieve a subject NP at the point
of computing agreement. We will refer to this as the Subject Prioriti-
zation hypothesis. This hypothesis holds that grammatical subjects are
highly available as agreement controllers no matter the context. On this
hypothesis, subject distractors should create more agreement attraction
in Hindi than non-subject distractors on account of speakers using
‘grammatical subject’ cues to guide retrieval. This may be part of a
sensible mechanism for determining the agreement controller: Hindi
speakers could check whether the subject is a possible controller and if it
isn’t, then consult the object.

Alternatively, Hindi speakers might use construction-specific
retrieval cues that match the properties of the target agreement
controller for a given sentence (see Kush, 2013, for arguments in favor of
dynamically modulated retrieval cues of this sort). Speakers could use
information about which grammatical role (subject or object) is nor-
mally an agreement controller in a given tense-aspect configuration, and
correspondingly categorize a given clause as a subject-agreement clause
or an object-agreement clause. Retrieval cues could then be relativized
to the relevant structural configuration: in simple subject-agreement
clauses, cues specifically targeting grammatical subjects would be

7 It is also possible that there is no legitimate agreement controller in a given
clause, which can arise if all of the verb’s arguments bear overt case marking. In
this case, a default agreement pattern arises, with the verb displaying
morphology syncretic with masculine,singular features.

plausible hypothesis given Hindi’s agreement grammar: The agreement
controller must always be an NP that is unmarked for case (Bhatt, 2005;
Bobaljik, 2008). We will refer to this as the Unmarked Case hypoth-
esis. The Unmarked Case hypothesis leads us to expect that case-marked
NPs will not create substantial agreement attraction effects, but bare NPs
will. This holds that Hindi speakers use the surface cue of morphologi-
cally bare case to cover the entire class of agreement controllers in the
language, including both subjects and objects.

A fourth possibility is that Hindi speakers make use of information
about structural prominence of NPs in a given clause to guide agreement
computation. This hypothesis focuses on the role that structural prom-
inence plays in Hindi’s agreement grammar — recall that when there are
multiple bare NPs in a clause, it is the structurally most prominent one
that is the controller. We will refer to this as the Structural Prominence
hypothesis. On this hypothesis, we expect that in a given structure,
distractors that are more structurally prominent should create more
interference than distractors that are more deeply embedded (see also
Bock & Cutting, 1992; Franck, 2017; Franck et al., 2020; Franck et al.,
2002; Franck & Wagers, 2020). What counts as structural prominence
varies with a range theoretical assumptions regarding the syntactic
structure of Hindi sentences. To derive predictions from this hypothesis,
we make only the broadly held assumptions that subjects are more
structurally prominent than objects, and that arguments in a matrix
clause are more prominent than arguments in a subordinate clause.

The final possibility is that Hindi speakers directly implement the
Hindi Agreement Generalization in real-time by making use of a
language-specific abstract category that directly codes something like
‘agreement controller’; we call this the Controller Coding hypothesis.
On this view, Hindi speakers actively identify the unique agreement
controller in any given clause by using information about the case-status
of NPs as well as their relative prominence, and then encode the
agreement controller in memory with a special ‘flag’ that identifies it as
such. Agreement processes subsequent to controller coding will refer to
this level of encoding and not details related to role, agreement con-
struction type, case or prominence which may have fed into controller
identification. On this hypothesis, distractor NPs that are themselves
agreement controllers are expected to create the most agreement
attraction, regardless of whether they are subjects or objects.

The five possibilities sketched give different views on how the Hindi
Agreement Generalization could be implemented by Hindi speakers in
real-time, ranging from limited, construction-specific generalizations
about which NP controls agreement (e.g. the Construction-Specific
Controller hypothesis) to abstract generalizations about which NP con-
trols agreement (e.g. the Controller Coding hypothesis). Table 1 sum-
marizes the predictions each account makes, expressed in terms of what
distractor NPs should create strong agreement attraction effects.
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1.5. The current study

In this paper, we evaluate the plausibility of each of these hypotheses
by presenting the results of four experiments examining the distribution
of agreement attraction errors in Hindi. We use a speeded two-
alternative forced-choice completion task (Staub, 2009) to elicit agree-
ment data and investigate under which conditions Hindi speakers are
susceptible to agreement attraction.

Experiments 1 and 2 address the question of whether the grammat-
ical role of the distractor NP modulates the rate of agreement errors.
Experiment 1 investigates this in subject-verb agreement contexts, and
Experiment 2 in object-verb agreement contexts. Together, these studies
test whether agreement attraction is relativized to structural configu-
rations as predicted by the Construction-Specific Controller hypothesis,
as well as if there is any overarching effect of interference from gram-
matical subjects as expected by the Subject Prioritization hypothesis.
Experiment 3 tests the Unmarked Case hypothesis in matrix clause
agreement computation by manipulating case on a distractor in a rela-
tive clause modifier. Finally, Experiment 4 seeks to separate the
contribution of structural prominence and grammatical role by
comparing distractor NPs which are not themselves embedded inside the
controller.

To preview the results, we find clear evidence for agreement
attraction errors for both subject and object agreement configurations in
Hindi, but there are clear limits on attraction as well. The pattern of
errors across experiments shows that attraction in Hindi agreement does
not seem to be a straightforward function of the grammatical role, sur-
face case properties or syntactic prominence of a distractor NP.
Abstracting over the range of effects seen in our studies, a tentative
generalization that emerges is that agreement attraction in Hindi is in
large part dependent on whether the distractor NP can be categorized as
an agreement controller or not, as expected by the Controller Coding
hypothesis.

2. Experiment 1: Subject agreement

Experiment 1 tested for agreement attraction in a subject agreement
configuration in Hindi. In addition, we tested whether subject or object
distractors NPs differentially cause agreement attraction effects in
subject-verb agreement constructions.

Experimental items with the template in (7) were used. Each item
corresponded to a sentence fragment and two auxiliary verb options.
The fragment consisted of an unmarked subject, followed by a relative
clause containing a distractor, followed by a matrix clause lexical verb.
This was followed by two different agreement forms of the auxiliary verb
from which the participants had to choose the option they believed
would constitute an appropriate continuation of the sentence fragment.
If participants choose the auxiliary option that agrees with the dis-
tractor, rather than the target agreement controller, than an agreement
attraction error has occurred.
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also does not predict an interaction.

2.1. Power analysis

To determine the sample size for our experiments, we carried out an
a priori power analysis using Ime4 (Bates et al., 2015) and simr (Geen
and MacLeod, 2016) in the R programming environment. This was based
on the results of early pilot work using a design and procedure similar to
Experiment 1. The pilot work had 12 items and 36 participants. In a
logistic mixed effects model fit to our pilot data®, the coefficient the
effect of reaTures (i.e. the change in log-odds of an agreement error) was
0.59. To account for the possibility that this was an overestimate of the
true agreement attraction effect, we assumed a more conservative esti-
mate of 0.39 (2/3 of observed effect in the pilot). Given this simple effect
size, power analyses with simr (Geen and MacLeod, 2016) based on 500
simulations showed that an experiment with 60 participants and 36
items had a power of 88.4% (95% CI: [85.26%, 91.07%]) to detect the
presence of agreement attraction with our planned multilevel logistic
regression analyses.

2.2. Participants

For Experiment 1, data was collected from 60 participants. Data for
one participant was excluded from analysis on the basis of performance
on a post-test questionnaire. See §2.5 for details about the exclusion
criteria for the post-test. All participants for the experiments reported in
this paper were self-reported native speakers of Hindi between 18 and
35 years of age residing in Delhi, India. Participants were recruited from
the student populations at Indian Institute of Technology, Delhi and the
University of Delhi in India. Informed consent was gathered from all
participants in keeping with the guidelines of the Institutional Review
Board of the University of Massachusetts which reviewed and approved
these studies prior to data collection. All participants were paid INR 450
(approximately $6 USD) for their participation.

All participants in all experiments spoke Western or Central varieties
of Hindi. Importantly, we excluded all speakers of the eastern varieties
of Hindi (speakers from Bihar, Jharkhand, Chattisgarh as well as eastern
parts of Uttar Pradesh i.e. east of Varanasi). The decision to include only
speakers of Western and Central varieties in our experiments was pre-
registered. Eastern varieties of Hindi have well documented differences
with respect to the use of ergative case and gender agreement (Kachru,
2006). In particular, they do not mark ergative case on the subjects of
perfective verbs like Western and Central varieties do. The absence of
ergative case means that object agreement does not occur in perfective
sentences in these varieties. Moreover, Hindi’s two way gender
distinction is limited to animate nouns in these varieties, which means
that gender agreement is more limited for these speakers. Together,
these features lead to substantial differences in the agreement behavior
of speakers of the Eastern varieties of Hindi relative to the Western and
Central varieties.

(7) Subjectcontroier [re---Distractor...] Verb ’Auxl ‘ / ’Auxz‘

In this experiment, we also manipulated whether the distractor was a
grammatical subject or a grammatical object. The Subject Prioritization
hypothesis and the Construction Specific Controller hypothesis both
predict that subject distractors ought to lead to strong attraction effects
relative to object distractors. This would manifest as rFeaTUrEs by Dis-
TRACTOR ROLE interaction. Since the distractor was unmarked for case
irrespective of role across all conditions, the Unmarked Case hypothesis
predicts no interaction. Likewise, since the distractor always controlled
agreement inside the relative clause, the Controller Coding hypothesis

2.3. Materials

The experimental materials for this experiment consisted of four
different sentence preamble conditions. Each preamble was a nearly
complete sentence of Hindi, missing only the sentence-final auxiliary

8 Accuracy ~ features + (features | Subject) + (features
Item), family="binomial" (link="logit")
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Table 2

Schematic summary of experimental design across all four experiments reported in the paper. Sub refers to a grammatical subject, Obj a grammatical object. RC-
indicates that the NP in question is in a subordinate relative clause. =ergrefers to ergative case marking = ne on the subject. A Bare NP is unmarked for case, and a Ko-
marked NP bears the overt case-marker =ko which indicates differential object marking (DOM). The agreement controllers are bolded and the underlined distractors
are those that could cause agreement attraction effects. The participant’s two response options are in boxes.

EXPERIMENT 1
Condition

a. Subject, Match

Subject Agreement: Role x Features
Sentence Fragment

Sample Item in (8)-(10)
Auziliary verb options

Auxsingular / Auxplu'ral

SUbsingula'r [RC ~~~RC'SUbsingula,r--~ } Verb
RC-Subpiyrar-.- ] Verb
RC-Objaingutar-- ] Verb

b. Subject, Mismatch
c. Object, Match
d. Object, Mismatch

SUbsingulaT‘ [RC . Auxsingular Auxplu’r'al

SUbsingular [RC

/
Auxsingular / Auxplu'ral
/

SUbsingular [RC ~--RC'Objplu'ral"' ] Verb Auxsingular Auxplu'ral

EXPERIMENT 2

Object Agreement: Role x

Features

Sample Item in (13)-(15)

Condition
a. Subject, Match

b. Subject, Mismatch
c. Object, Match
d. Object, Mismatch

Sentence Fragment

Sub=erg Objsingular [RC~~
Sub=erg Objsingular' [RC"
Sub=erg Objsi'n.gular [RC---

Sub=erg Objinguiar [RC--

RC-Subginguiar---] Verb
RC-Subpyrar-..] Verb
RC-Objsingular---] Verb
.RC-Obj,iyurai---] Verb

Auziliary verb options

Auxsingular / Auxplu'ral

Auxsingular Auxplu'r'al

/
Auxsingular / Auxplural
/

Auxsingular Auxplu'ral

EXPERIMENT 3 Case x Features

Sample Item in (18)-(20)

Condition Sentence Fragment Auziliary verb options
a.Bare, Match Subginguiar [RC ---Distractorginguiar--- ] Verb Auxginguiar |/ | AuXpiural
b.Bare, Mismatch Subgingular [RC -..Distractorpyrqer... ] Verb AuxXgingular |/ | AiXplural
c.Ko-marked, Match Subgingular [RC ---Distractorginguiar=ko... | Verb Auxgingular |/ | AuXplural
d.Ko-marked, Mismatch ~ Subginguiar [rRC -..Distractorp,rqi=ko... ] Verb Auxginguiar |/ | AuXpiural

EXPERIMENT 4 External Distractors

Sample Item in (24)-(25)

Condition Sentence Fragment

a. Match
b. Subject Mismatch
c. Object Mismatch

SUbsingular Objsingular [RC---RC‘SUbsingular---] Verb
SUbsinguchT Ob.jsingular [RCN-RC—Sllbplural'“] Verb
SUbsingul(LT‘ Objplural [RC---RC’SUbsingulaT"-] Verb

Auziliary verb options

Auxsingular / Auxplural

Auxsingular / Auxplu'ral

Auxsingula'r / Auxplural

that expresses the matrix clause verb agreement. These four conditions
were arranged in a 2 x 2 within-subjects design crossing reaTures and
DISTRACTOR ROLE. The factor reaTures had two levels: maTch and misMATcH. In
MATcH conditions, the distractor NP bore the same number features as the
grammatical agreement controller. In mismatcH conditions, the distractor
NP bore different number features than the grammatical agreement
controller. pistracToR ROLE had two levels: sussect and oBJecT. In SUBJECT
conditions, the distractor NP was the subject of an embedded relative

(8)  SUBJECT conditions:
MATCH: vah billi:

jise

MISMATCH: vah billi: jise

that cat.r.s¢ who.DOM many rats.M.PL see

ek cuhiya:
that cat.F.sG who.DOM one rat.F.SG see

clause, while in the oBsect conditions, the distractor NP was the direct
object of an embedded relative clause. See Table 2 for a summary of the
experiment design for all experiments in this paper. A sample experi-
mental item is provided in (8) and (9) below. In these examples and
throughout, the correct agreement controller is in bold face, and the
mismatching distractor NP that could cause agreement attraction effects
is underlined.

dekh rahi: thi: bha:g...
PROG was run...

kai: cu:he dekh rahe the bha:g...

PROG were run...

‘The cat that the rat(s) had been staring at had run away.’
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(9)  OBJECT conditions:

MATCH: vah billi: jis=ne

MISMATCH: vah billi:

bha:g...

run...

ek cuhiya:
that cat.F.sG who=ERG one rat.F.sG find

jis=ne
that cat.F.sG who=ERG many rats.M.PL find

Journal of Memory and Language 125 (2022) 104322

dhu:ndh nika:li: thi: bha:g...
remove was run...

kai: cu:he dhu:ndh nika:le the

remove were

‘The cat that had found the rat(s) had run away.’

Each of these four conditions was paired with the same two response
options: a singular auxiliary, and a plural auxiliary. The singular
auxiliary form was the grammatically correct completion of all of the
experimental conditions; verb forms for the sample item are listed in
(10). A variety of auxiliary verbs were used across items, such as be
(hona:), go (ja:na:), rise (uthna:), and fall (parna:).

(10) Example of response options:

] /[

went.F.SG / went.M.PL

The agreement controller was always the subject of the matrix clause
in the preamble. It was always modified by a relative clause that con-
tained the distractor NP. The matrix clause was a simple intransitive
clause and is shown sans the relative clause in (11) below for ease of
reference.

(11)

vah billi:
that cat.F.sG

observed agreement attraction effect. Some languages exhibit a number
mismatch asymmetry in attraction, such that more errors occur when
the grammatical controller is singular and the distractor is plural than
the reverse (among others Eberhard, 1997; Hartsuiker et al., 2003;
Vigliocco et al., 1995). Thus in the present experiment, as well as in
Experiments 2-4, the grammatical agreement controller was always
singular, and mismatching distractor was a plural NP. Hindi verbs agree
in person, number, and gender. Given this, matching distractors
matched the gender features of the agreement controller as well. How-
ever, to maximize featural dissimiliarity between the controller and
distractor in the mismaTcH conditions, mismatching distractors also bore
different gender features from the controller. In the absence of any prior
work establishing the markedness of any specific gender value in Hindi,
we varied the gender of the grammatical agreement controller across
items. 20 items had feminine subjects; 16 had masculine subjects.
Similarly, given the possibility that semantic factors such as animacy
may influence the likelihood of agreement attraction (Barker et al.,
2001; Bock and Miller, 1991), the animacy of the agreement controller
and the distractor was also counterbalanced across the items; (see
Bhattamishra et al., 2019; Bhattamishra and Choudhary, 2019, for
recent neurophysiological work directly evaluating the impact of gender

Matrix clause sans the relative clause

[rc-..] bha:g
ru

/ [g2ye]

n  went.F.SG / went.M.PL

‘The cat had run away’

The grammatical role of the distractor NP was rendered unambigu-
ous by case on the relative pronoun. In the sussect conditions, the rela-
tive pronoun jise ‘who.nom” bore differential object marking,
disambiguating the relative clause to an object relative clause’. In the
osJecT conditions, the relative pronoun jis = ne ‘wWho = erc’ was marked
with ergative case, indicating a subject relative clause. It is important to
note that the relative clause internal verb agreed with the distractor in
all conditions, regardless of relative clause type, because the distractor
NP was always the sole unmarked argument inside the relative clause.

In designing our stimuli, we sought to maximize the size of the

9 Objects in Hindi may be unmarked for case or have overt case marking
corresponding to differential object marking which is a function of a number of
contextual factors such as definiteness, specificity and animacy, see Aissen
(2003).

and animacy on Hindi agreement processing).

We constructed 36 experimental items in these four conditions for
this study. These 36 items were distributed into 4 counterbalanced lists
in a Latin Square fashion. The 36 experimental items in each list were
interleaved with 72 filler items, for a total of 108 items. The filler items
utilized verbs with varying valencies including intransitive, transitive
and ditransitive verbs. Of the 72 filler item, 48 fillers probed gender or
number agreement in a range of syntactic structures including biclausal
and monoclausal sentences with conjunction, disjunction and posses-
sives. 30 out of 48 fillers probed gender agreement with the correct
response counterbalanced across the response options masculine-
singular and feminine-singular. 6 fillers probed infinitive structures
with default agreement as the correct response. 12 fillers probed number
agreement in sentences with conjoined NPs (X and Y) and disjoined NPs
(X or Y) where the response options were singular or plural. Note that
there is variability with respect to the expected form of agreement in
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Word display time: 375 ms

Fixation Cross
(Press any key to start)

Choose appropriate continuation
(for option on left, press F; for option on right, press J)

Inter stimulus interval (Blank): 50 ms ‘

Timeout=3 s

I

Fig. 1. Schematic illustration of experimental procedure.

sentences with conjunction or disjunction — both the singular and plural
forms may be acceptable to speakers (Bhatt and Walkow, 2013; Asher,
2020). The remaining 24 fillers did not probe agreement and were used
for determining task attentiveness. Participants chose between a plau-
sible response option and an implausible response option in these fillers.

2.4. Procedure

We used Staub (2009)’s two-choice response time paradigm for
testing agreement attraction effects. This methodology requires partic-
ipants to make a speeded decision as to which of the two options given to
them constitutes an appropriate continuation of the presented sentence
fragment. In our experiments, this required participants to choose the
correct form of the auxiliary that best completed the sentence preamble.

This methodology plausibly involves elements of both production
and comprehension: Participants need to comprehend the given sen-
tence fragment to choose the appropriate agreement form. Importantly,
this paradigm successfully replicates production results obtained in the
more widely-used spoken preamble completion task. For example, Staub
(2009) replicates the number attraction effect, the plural asymmetry
effect, the effect of syntactic depth as well as non-intervening agreement
attraction, among other effects (for other uses of this experimental
paradigm, see Keung and Staub, 2018; Veenstra et al., 2014; Staub,
2010).

This two-choice paradigm yields two dependent measures for each
trial: response accuracy and RT. In our analyses, response accuracy is the
primary dependent variable. This was coded as CORRECT Or INCORRECT in all

Table 3
Condition means for proportion of correct responses, and Condition means for
RTs on trials with Correct and Error responses in Experiment 1.

Condition Observations Proportion Correct RT Error RT
Correct (SE) (SE) (SE)
Subject, Match 515 0.95 (.01) 855 (21) 992 (86)
Subject, 512 0.85 (.02) 905 (27) 999 (52)
Mismatch
Object, Match 515 0.94 (.01) 863 (25) 966 (82)
Object, 513 0.84 (.02) 913 (25) 1001 (58)

Mismatch

analyses. Response RT constitutes a secondary dependent variable, and
was measured by the time taken to select a completion using a button-
press. This is measured in milliseconds (ms), measured from the onset
of the critical auxiliary verb options. A schematic illustration of the
procedure for an experimental trial is provided in Fig. 1.

The experiment was conducted using the Ibex Farm platform
(Drummond, 2013) on the Chrome browser on Windows laptops in the
Linguistics lab at Indian Institute of Technology Delhi, India. Each item
in the experiment began with a fixation cross in the center of the screen.
The participants were instructed to press any key when they were ready
to continue, after which each item was presented in the center of the
screen in an RSVP (rapid serial visual presentation) format, that is, word
by word at a fixed rate. Each word was displayed on the screen for 375
ms followed by an inter-stimulus interval (blank screen) of 50 ms. The
total presentation time (425 ms) was higher than that adopted for En-
glish by Staub (2009), owing to the complexity of reading the Devana-
gari script (Vaid and Gupta, 2002) as well as participant feedback
regarding presentation rates in previous work (Bhatia, 2017).

Immediately after the final word of the sentence fragment - always
the uninflected matrix lexical verb - participants were presented with
two auxiliary verb options. Participants were required to choose their
preferred continuation from the two given auxiliary verb options by
pressing the F key for the option on the left and the J key for the option
on the right. The presentation of options was randomized and balanced
such that overall the grammatical continuation was presented on the left
for half of the items and on the right for the other half.

Prior to the start of the experiment, participants were informed that
they had a limited, two-second time window to respond. They were
instructed to balance speed and accuracy in choosing their response.
However, the actual timeout criterion was set at 3 s from the presenta-
tion of options so as to minimize data loss from the right tail of the RT
distribution. After each trial, the participant was taken to the fixation
cross screen for the next item. No feedback was provided to participants
during the course of the experiment regarding the accuracy or the speed
of their response. Each experiment began with three practice items in
the presence of the experimenter to familiarize the participants with the
experimental method. Any questions about the methodology were
clarified by the experimenter at this stage.
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A Experiment 1: Subject agreement
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Response time (correct answers only) by condition

1200
@1000
£ P T
E N 3
800
600
Object Subject
Grammatical role of distractor
— Mismatch -- Match
1200
@ 1000
E
[
[is
800
600
Object Subject
Grammatical role of distractor
1200
‘@ 1000
E
fr
800 = —3
600
Bare distractor = Ko-marked distractor
Case status of distractor
1200
1 ! I
@ 1000
E
|—.
[is
800
600

Match Subject Mismatch Object Mismatch
Role/Features of distractor

Fig. 2. Proportion correct and response times for correct trials for all experiments. Panel A: Experiment 1, subject agreement. Panel B: Experiment 2, object
agreement. Panel C: Experiment 3, effect of case marking. Panel D: Experiment 4, effect of syntactic prominence. Means represent by-participant averages; error bars
plot by-participant standard errors.
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Table 4
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Experiment 1: Parameter values for fixed effects (a) in the maximal mixed effects logistic regression model of response proportions (b) in the maximal linear effects
model of RTs on correct trials transformed via the Box-Cox transform. (Coding scheme for both models: maTcH = 1, mismaTcH=-1, suBjEcT = 1, oBJEcT=-1). p-values
computed for model of RTs used the Satterthwaite approximation of the degrees of freedom in 1merTest (Kuznetsova et al., 2017).

Model for Response Proportions

Model for RTs on Correct Trials

Estimate SE Z Estimate SE t P
Intercept 2.65 0.19 14.15 <2e-16 4.43e-02 5.18e-04 85.52 <2e-16
Features 0.63 0.11 5.81 6.13e-09 4.28e-04 1.40e-04 3.05 <0.005
Distractor 0.05 0.08 0.63 0.5 2.24e-05 1.34e-04 0.17 0.87
Features:Distractor 0.02 0.08 0.23 0.82 —7.53e-06 1.16e-04 -0.07 0.95

2.5. Analysis

Data, analysis scripts and the experimental items for all experiments
are available on the Open Science Framework platform (OSF)'’. Hy-
potheses, data exclusion criteria and analyses were pre-registered on
OSF prior to data collection for all experiments''. We implemented three
exclusion criteria. First, participants needed to demonstrate mastery
over basic Hindi agreement grammar on an offline post-test. The crite-
rion here was quite strict: Any participant whose accuracy was less than
90% on this post-test was excluded. The questions from this post-test
questionnaire are available on OSF along with the other files for the
experiment.. Second, each participant’s accuracy on a subset of filler
items meant to assess participants’ attentiveness and comprehension of
sentences while reading had to be at least 50%. Third, any trials where
RTs were more than three standard deviations from the grand mean
were removed from the dataset, to eliminate too slow or too fast
responses.

Data analysis was carried out using the R computing environment for
statistical computing (R Core Team, 2013) for all experiments. All data
analysis procedures (unless otherwise indicated) were pre-registered on
OSF for each of the experiments. For the auxiliary verb choice, all re-
sponses where participants chose the grammatical continuation (cor-
rect) were coded as 1, and all error continuations were coded as 0. A
series of logistic mixed-effects regression models were fitted to the
auxiliary verb choice data for the experiments using the Ime4 package in
R. For Experiments 1 and 2, these models included FEATURES, DISTRACTOR
roLE and their interaction as sum-coded fixed effects predictors (MaTcH =
1, misMaTcH=-1, suBJEcT = 1, oBJEcT=-1). For both logistic and linear re-
gressions, we fit models with by-item and by-participant intercepts and
random slopes for all fixed effects to the data. In the case of non-
convergence, we simplified the random effects structure following the
recommendations of Matuschek et al. (2017). Throughout, we indicate
the structure of the final, converged model in a footnote. For linear
mixed effects models, we computed p-values for fixed effects coefficients
using the package lmerTest (Kuznetsova et al., 2017).

The RT data for the critical experimental items was transformed to a
normal distribution using the Box-Cox transform (Box and Cox, 1964); A

= —0.465 (95%CI [-0.545,-0.384]) for Experiment 1'2. The transformed

10 Data, Analysis scripts, Items List are available at this link: https://osf.io/
muk6z/

11 pre-registrations are available at the links below: Experiment 1: https://osf.
io/5g3ny/ Experiment 2: https://osf.io/rfk6éd/ Experiment 3: https://osf.io/
3dt75/ Experiment 4: https://osf.io/tv8gr/

12 A concern was raised in discussions with colleagues that the pre-registered
choice of the Box-Cox transformation was too aggressive a transformation,
potentially overfitting the experimental data. An additional worry raised by one
reviewer was that the different Box-Cox transformations applied make it diffi-
cult to compare the quantitative pattern of results across experiments. Given
these concerns, a log transformation of the RTs may be more suitable. To
address this possibility, we fit identical models to log-transformed RTs in each
experiment. We observed no differences in the statistical conclusions for these
models. Given this, we only report analyses on Box-Cox transformed RTs in the
paper in line with our pre-registered analyses. However, the results of the an-
alyses with log-transformed RTs can be found in our OSF repository.

10

RTs for the correct trials and error trials were analyzed separately using
mixed effects linear regression using the Ime4 package (Bates et al.,
2015). The models for the RT data for experiments 1 and 2 included
FEATURES, DISTRACTOR ROLE and their interaction as sum-coded fixed effects
predictors (MatcH = 1, MisMATCH=-1, SuBJECT = 1, OBJECT=-1).

2.6. Results

Out of the 6480 datapoints in the entire dataset in Experiment 1
(includes fillers and experimental items for all 60 participants), there
were 46 trials where participants did not respond with a decision within
the allotted time-frame and no response was logged. Participant per-
formance on the offline post-test led to the removal of all data from one
participant, giving a dataset with responses for 6326 trials. By-
participant accuracy on relevant fillers was calculated at this stage
and this did not lead to the exclusion of data from any other participant.
All participants had accuracy greater than 66% on these filler trials in
this experiment.

We also applied a pre-registered RT cutoff criterion such that re-
sponses for very slow or very fast trials (more than 3 standard deviations
from the mean) were excluded from analysis; this led to removal of data
from 79 trials (1.24% of data from 59 participants). Of these 79 trials,
only 6 trials (.095% of data from 59 participants) corresponded to the
experimental items of interest. The final dataset for statistical analyses
contains data from 6247 trials. This includes experimental items and
fillers.

The data for the critical experimental items consisted of accuracy and
response time measures from 2114 trials. However, data from one item
had to removed due to a typographical error, which led to a final dataset
with measures of accuracy and response times for 2055 trials. Averaging
over the experimental conditions, participants were correct 89% of the
time (errors were made on 220 out of 2055 trials, the grand mean for
proportion of correct responses 0.89). The grand mean response time
was 889 ms.

2.6.1. Accuracy data

By condition means for the accuracy data are given in Table 3, and
represented graphically in Fig. 2. Accuracy on the matcu condition was
high both for sussect and ossecr distractor conditions. In the misMATcH
conditions, participants chose the incorrect verb continuation more
often giving rise to lower accuracy. The effect of rFeaTurRES was numeri-
cally similar when the distractor was a subject and when it was an ob-
ject: In both cases mismarch caused a 10% drop in accuracy rates.

The results of the mixed-effects logistic regression model on these
data'® are reported in Table 4. This analysis revealed a significant main
effect of reatures, which corresponds to the reduction in response ac-
curacy when the features of the distractor NP mismatch those of the
grammatical agreement controller. There were no other reliable effects
in this analysis.

13 Accuracy ~ features*distractor + (1 | Subject) + (1 | Item)
+ (0 + features | Subject) + (0 + features | Item)
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2.6.2. RT data

By condition mean RTs, segregated by response accuracy, are given
in Table 3. By condition mean RTs for correct trials are represented
graphically in Fig. 2. On average, participants were quicker to respond
on correct trials than on error trials. Within the correct trials, partici-
pants gave faster responses in matct conditions than mismaTcH conditions.
The results of the mixed-effects regression model for correct response
RTs'* are given in Table 4. There was a significant main effect of ra-
Tures: RTs on correct trials were longer for mismatcH conditions relative to
marcH conditions. No other effects were significant. Within the error
trials, participants were numerically quicker to respond on the marcu
conditions than on the mismatcH conditions. However, no significant ef-
fects were observed.

2.7. Discussion

The verb choice data from Experiment 1 revealed clear agreement
attraction effects in Hindi subject agreement configurations. Hindi
speakers were less accurate in their responses in mismarcH conditions
relative to matcu condition. Hindi speakers were also slower to respond
in the mismaTcH condition relative to the match condition on trials where
they chose the correct continuation.

We found no evidence that the magnitude of either effect was
modulated by the grammatical role of the distractor NP. Subject dis-
tractors did not appear to create more agreement attraction than object
distractors — the effect on accuracy (and RT) was similar across these two
sets of conditions. This result is unexpected on the Subject Prioritization
hypothesis as well as the Construction Specific Controller hypothesis,
both of which predicted greater attraction due to subject distractors in
the present structures. The comparable difficulty with agreement pro-
cessing due to subject and object distractors is consistent with the Un-
marked Case hypothesis and the Controller Coding hypothesis.

The simultaneous reduction in accuracy and increase in RTs due to a
mismatching distractor observed here mirrors the pattern seen for
agreement attraction effects in the two-alternative forced-choice
experimental paradigm for English agreement (Staub, 2009; Staub,
2010); it is also similar to the pattern seen in Hammerly et al. (2019)
using speeded grammaticality judgments. According to Staub (2009),
this pattern of decreased accuracy and increased RTs reflects a single
underlying cognitive variable that indexes the general difficulty of the
agreement computation process in conditions of agreement attraction.
Our experiment reveals a similar pattern in Hindi, indicating that the
agreement computation process is generally more difficult in the
mismatcH conditions, where the distractor is plural, than the matcH con-
ditions, where the distractor is singular like the controller.

(12)

3. Experiment 2: Object agreement

Experiment 2 is a direct parallel to Experiment 1, and examined
agreement attraction in object agreement configurations in Hindi. With
it, we ask two questions. First, we asked whether the nature of agree-
ment attraction was similar in object agreement and subject agreement
contexts. Given that object agreement occurs in different structural
contexts than subject agreement, it is possible that object agreement is
processed differently than subject agreement. Second, we aimed to
provide a further test of the hypotheses presented in Section 1.

4 RT ~ features*distractor + (1 | Subject) + (1 | Item) + (0 +

features | Ttem) + (0 + distractor | Ttem)

11
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Table 5
Condition means for proportion of correct responses, and Condition means for
RTs on trials with Correct and Error responses in Experiment 2

Condition Observations Proportion Correct RT Error RT
Correct (SE) (SE) (SE)

Subject, Match 507 0.93 (.01) 907 (27) 966 (84)

Subject, 494 0.71 (.03) 951 (32) 1057 (48)
Mismatch

Object, Match 510 0.94 (.01) 955 (29) 909 (97)

Object, 497 0.75 (.03) 1002 (37) 1119 (63)
Mismatch

In object agreement contexts, the Subject Prioritization hypothesis
and the Construction Specific Controller hypothesis make differential
predictions with respect to the direction of the interaction effect. The
Subject Prioritization hypothesis predicts greater attraction due to
subject distractors. On the other hand, if Hindi speakers use construction
specific cues to identify the agreement controller in a given structural
context, then in object agreement contexts, greater agreement attraction
is expected from object distractors on account of similarity between the
object distractor and the object controller in terms of role.

The Unmarked Case hypothesis and the Controller Coding hypothesis
predict similar levels of attraction due to subjects and objects in the
current experiment (no interaction), for the same reasons as in Experi-
ment 1.

3.1. Method

3.1.1. Participants

Data was collected from 61 participants. Data from one participant
had to be excluded from analysis based on low performance on relevant
filler trials. The exclusion criteria were identical to Experiment 1.

3.1.2. Materials

To test our hypothesis, we created transitive perfective counterparts
of the intransitive sentences tested in Experiment 1 for use in Experi-
ment 2. The experiment design was otherwise identical to Experiment 1:
a 2 x 2 within-subjects design crossing FEATUREs and DISTRACTOR ROLE. 36
experimental items in 4 conditions were constructed. There are two
primary changes to the materials. First, we introduced an ergative case-
marked subject at the beginning of the sentence preamble. Second, we
changed the matrix verb from an intransitive verb to a transitive verb.
This is an object agreement configuration in Hindi, because the ergative
marked subject cannot be an agreement controller. As in Experiment 1,
the agreement controller was modified by a relative clause but in this
experiment the matrix object was the target agreement controller, see
item template in (12).

Subject grgative Objectcontroier [re-.-Distractor...] Verb ’Auxl ‘ / ’Auxz‘

The object and its relative clause involved the exact same NPs as
their Experiment 1 counterparts in 33 out of 36 items. The small number
of differences in the remaining three items across experiments helped to
make these stimuli more natural in this experiment. Different lexical
verbs were used in the matrix clause in Experiment 2 since the current
items correspond to transitive sentences. The 72 filler items used in
Experiment 1 were also used in this experiment to give a total of 108
items.

The response option types given to participants were the same as in
Experiment 1: one singular auxiliary (the correct option) and one plural
auxiliary form (the incorrect option). These are shown in (15). A variety
of auxiliary verb were used across items such as take (lena:), remove
(nika:lna:), put da:lna:, give dena:, do (karna:). The distribution of
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Table 6
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Experiment 2: Parameter values for fixed effects (a) in the maximal mixed effects logistic regression model of response proportions (b) in the maximal linear effects
model of RTs on correct trials transformed via the Box-Cox transform. (Coding scheme for both models: maTcH = 1, mismaTcH=-1, suBjEcT = 1, oBJEcT=-1). p-values
computed for model of RTs used the Satterthwaite approximation of the degrees of freedom in 1merTest (Kuznetsova et al., 2017).

Model for Response Proportions Model for RTs on Correct Trials
Estimate SE Z P Estimate SE t P
Intercept 2.21 0.16 14.17 < 2e-16 9.77e-02 1.059e-03 92.22 < 2e-16
Features 0.99 0.12 8.00 1.22e-15 4.41e-04 2.654e-04 1.66 .106
Distractor -0.13 0.09 —1.47 0.14 7.98e-04 2.806e-04 2.84 .008
Features:Distractor —0.004 0.08 —0.06 0.96 3.60e-05 2.072e-04 0.17 174

animacy and gender feature mismatch across items was identical to
Experiment 1. Proper names were consistently used for the ergative
marked subject; half were feminine names and the other half masculine.
A sample item is given in (13) and (14).

(13)

(14)

SUBJECT conditions:

MATCH: mi:ra:=ne vah billi: jise ek cuhiya: dekh rahi: thi:
Mira=ERG that cat.F.SG who.DOM one rat.F.SG see PROG was

pakar...

catch...

MISMATCH: mi:ra:=ne vah billi: jise kai: cu:he dekh rahe

Mira=ERG that cat.F.sG who.DOM many rats.M.PL see PROG
the pakar...
were catch...

‘Mira had caught the cat that the rat(s) had been staring at.’

OBJECT conditions:

MATCH: mi:ra:=ne vah billi: jis=ne ek cuhiya: dhuwndh nika:li: thi:
Mira=ERG that cat.F.sG who=ERG one rat.F.sG find remove was

pakar...

catch...

MISMATCH: mi:ra:=ne vah billi: jis=ne kai: cu:he dhu:ndh

Mira=ERG that cat.F.sG who=ERG many rats.M.PL find

nika:le the pakar...
remove were catch...

‘Mira had caught the cat that had found the rat(s).’

(15) Response options:

/e

took.F.SG / took.M.PL

The matrix clause here was a simple transitive clause and is shown
sans the relative clause in (16) below for ease of reference.

12
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(16)

mi:ra:=ne vah billi:
Mira=ERG that cat.F.sG

[re--

Journal of Memory and Language 125 (2022) 104322

Matrix clause sans the relative clause

] pakar [1i:] /

catch took.F.SG / took.M.PL

‘Mira had caught the the cat.’

3.1.3. Procedure
The experimental procedure was identical to Experiment 1.

3.1.4. Analysis

The analysis procedures, including data exclusion criteria and sum
coding, were identical to Experiment 1. RTs in this dataset were Box-Cox
transformed with 1 = —0.343 (95%CI [-0.424,-0.262]).

3.2. Results

Out of the 6588 datapoints in the entire dataset, there were 73 trials
where participants did not respond within the response deadline. No
participants were excluded on the basis of performance on the post-test.
By-participant accuracy on relevant fillers was calculated at this stage
and this led to the exclusion of data from one participant, who had 47%
accuracy on relevant filler trials. All other participants had accuracy
greater than 75% on these trials. Data from two experimental items of
interest was excluded due to item errors — the reaturReEs manipulation was
not implemented correctly for the distractor nouns in some conditions of
these two items. 81 trials (1.3% of data from 60 participants) were
removed for being outside of the response time cutoffs for the experi-
ment. The final dataset which is analyzed contains data from 6227 trials,
including experimental items and fillers.

The data for the critical experimental items consisted of accuracy and
response time measures from 2008 trials. Participants chose the correct
response 83% of the time (errors were made on 333 out of 2008 trials,
grand mean = 0.83). The grand mean RT was 965 ms.

3.2.1. Accuracy data

By condition means for the accuracy data are given in Table 5, and
represented graphically in Fig. 2. Accuracy on the marcH condition was
high both for susect and ossect conditions. In the mismatcH condition,
participants had lower accuracy. Participants made numerically fewer
errors on average when the distractor was an object than when it was a
subject. That is, the difference between matcu and mismatcH conditions
(the agreement attraction effect) was slightly larger numerically when
the distractor was a subject than when it was an object.

The results of the mixed-effects logistic regression model ~ are re-
ported in Table 6. There was a significant main effect of rEATURES,
reflecting fewer correct responses when the distractor mismatched in its
features relative to the grammatical agreement controller. However, the
interaction was not significant: There was no evidence that the effect of
FEATURES on accuracy was reliably moderated by DISTRACTOR ROLE.

115

3.2.2. RT data

By condition mean response times on correct and error trials are
given in Table 5. By condition mean response times for correct trials are
represented graphically in Fig. 2. On average, participants were
numerically quicker to respond on correct trials than on error trials.
Within the correct trials, participants gave faster responses in MATCH
conditions than mismartcH conditions. Furthermore, participants were
numerically slower to respond in the correct trials when the distractor

15 accuracy ~ features*distractor + (1 | Subject) + (1 | Item)
+ (0 + features | Subject) + (0 + distractor | Subject)
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had the same grammatical role as the grammatical agreement controller,
i.e., when both were objects.

The linear mixed-effects model for correct response RTs'° is given in
Table 6. The main effect of pisTrACTOR ROLE Was significant: RTs on correct
trials were longer when the distractor was an object. The effect of rea-
TURES was not significant, although RTs on correct trials were numeri-
cally longer for mismatcH conditions then matcH conditions. There was no
significant interaction.

Within the error trials, participants were numerically quicker to
respond on the matcH condition than on the mismatcu conditions. On
average, participants were numerically slower to respond in the error
trials when the distractor had the same grammatical role as the gram-
matical agreement controller, i.e., when both were objects. However,
there were no statistically significant effects in the analysis of RTs in the
error trials.

3.3. Discussion

Experiment 2 revealed evidence for agreement attraction in object
agreement configurations. Participants chose the incorrect continua-
tions in the presence of a mismatching distractor on a significant pro-
portion of trials. This is similar to the results in Experiment 1 and
consistent with agreement attraction effects observed in the forced-
choice experimental paradigm in subject-agreement languages (Keung
and Staub, 2018; Staub, 2009; Staub, 2010; Veenstra et al., 2014).
Participants were also numerically slower to respond accurately in
conditions with a mismatching distractor, but this effect was non-
significant in the present experiment.

We again failed to find any statistical difference between subject and
object distractors in the accuracy of verb choices. As in Experiment 1, we
find no evidence that similarity in grammatical role between the
agreement controller and the distractor NP led to greater agreement
attraction effects in Hindi. We add, however, that there was a notable
numerical trend in the accuracy data: Hindi speakers made numerically
fewer errors overall when the distractor was an object compared to
when the distractor was a subject. This pattern may warrant further
investigation; it runs opposite to the predictions of the Construction
Specific Controller hypothesis but is consistent with the Subject Priori-
tization hypothesis.

The grammatical role of the distractor did have a significant effect on
RTs, however. This effect is driven by slower RTs in the ossect condi-
tions. This effect might plausibly reflect similarity based interference
between these two distinct object NPs increasing the time taken to arrive
at a response overall. However, it is difficult to interpret this slowdown
as reflecting difficulty associated specifically with the agreement de-
pendency, given that no interaction was observed between the dis-
tractor’s grammatical role and feature mismatch. It is unclear what this
general slowdown in the osject conditions reflects, but a number of
alternative explanations exist. One possibility is that the combination of
numerically higher accuracy and the slowed RTs on correct trials in the
object distractor conditions signals a speed-accuracy trade-off. For

16 RT ~ features*distractor + (1 | Subject) + (1 | Ttem) + (0 +
features | Subject) + (0 + features | Item) + (0 + distractor |
Item)
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example, participants may have engaged additional processing in
response to a general difficulty in processing the object distractor con-
ditions that resulted in a higher overall accuracy. This possibility re-
mains speculative, however, and it remains unclear why such a trade-off
would arise in object agreement configurations. Similarly, it is unclear
why similar effects did not arise in Experiment 1.

An alternative possibility is that this RT difference reflects baseline
difficulty differences for processing of subject relative clauses and object
relative clauses respectively. In many languages, subject relative clauses
are easier to process than object relative clauses (see Gordon and Low-
der, 2012, for an overview). The observed pattern seems to run counter
to this general tendency: longer RTs were observed in the object dis-
tractor conditions, i.e., preambles with subject relative clauses. It is
possible that for object-modifying relative clauses, subject relative

(17)

clauses are more difficult to process in Hindi. This has not been explicitly
tested in Hindi. However, this would be a highly surprising outcome
given the cross-linguistic tendency for subject relatives to be easier to
process (though see, for example, Carreiras et al., 2010; Gibson & Wu,
2013, for arguments against the universal ease of processing subject
relative clauses). Further testing would be necessary to validate this
speculation about the difficulty of processing object-modifying subject
relative clauses in Hindi.

To sum up the findings from Experiments 1 and 2, we observed
agreement attraction in Hindi for both subject and object agreement
configurations. This points to some degree of similarity in the underly-
ing processes with respect to the computation of agreement de-
pendencies in Hindi, irrespective of the agreement controller’s
grammatical role. Importantly, for both subject agreement and object
agreement, we did not find that the grammatical role of the distractor
influenced the rate of agreement attraction. Subjects and objects seem to
be equally strong distractors in both experiments. The results from both
experiments do not support the Construction Specific Controller hy-
pothesis or the Subject Prioritization hypothesis. Note that the results
from Experiments 1 and 2 are not incompatible with cue-based retrieval
altogether, but rather only the particular implementations of cue-based
retrieval wherein subject cues or construction specific cues are used to
distinguish the grammatical agreement controller from the set of
potentially similar NP encodings in working memory.

The results from Experiments 1 and 2 are compatible with both the
Unmarked Case hypothesis and the Controller Coding hypothesis, as
these hypotheses do not predict a difference in agreement attraction
rates due to grammatical role per se. In the next experiment, we continue
to use the logic of similarity-based interference to directly test the Un-
marked Case hypothesis.

4. Experiment 3: Case and Agreement
Since only unmarked NPs may agree in Hindi, some syntactic
Table 7

Condition means for proportion of correct responses, and Condition means for
RTs on trials with Correct and Error responses in Experiment 3

Condition Observations Proportion Correct RT Error RT
Correct (SE) (SE) (SE)
Bare, Match 522 0.93 (.01) 821 (23) 728 (50)
Bare, Mismatch 520 0.94 (.01) 818 (24) 789 (53)
Ko-marked, 521 0.94 (.01) 809 (23) 800 (70)
Match
Ko-marked, 521 0.94 (.01) 808 (24) 729 (49)
Mismatch
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analyses of Hindi directly reference the case status of NPs (see Bhatt,
2005; Bobaljik, 2008, among others). On this kind of syntactic analysis,
it is unmarked case that determines accessibility for agreement in Hindi.
The details of the proposals vary, but one idea is that the agreement
system searches for a controller with unmarked case morphology. These
syntactic analyses serve as inspiration for the Unmarked Case
hypothesis.

The present experiment was designed to investigate the Unmarked
Case hypothesis which predicts that unmarked NPs should interfere with
agreement processing in general and be more potent distractors than
case-marked NPs'”. This hypothesis was tested using sentences with the
template in (17).

Subjectcontroier [re-- Distractor...] Verb ’Auxl ‘ / ’Auxz‘

An implementation of this idea in a cue-based retrieval system might
involve a retrieval operation using cues for unmarked encodings or NPs.
Any distractor which has the same unmarked-case specification as the
agreement controller and therefore matches the retrieval cue is pre-
dicted to be more likely to be retrieved than a distractor that is overtly
case-marked.

To test this hypothesis, we capitalized on the fact that Hindi allows
variable case marking on the direct object. Object NPs may surface bare,
i.e., with unmarked case morphology or with an overt marker, =ko,
referred to as differential object marking (Aissen, 2003). More
concretely, then, the Unmarked Case hypothesis predicts that an NP
with =ko marking should be associated with less agreement attraction
relative to an unmarked NP.

The stimuli used in present experiment differ from the previous two
experiments in a key respect, however: In this experiment, the distractor
is not an agreement controller within the relative clause. This was un-
avoidable for this design, given the grammar of agreement in Hindi:
Since only NPs that bear no overt case-marking can agree with in Hindji,
and since the verb does not agree with case-marked NPs in the language,
it was impossible for the RC-internal verb to agree with the distractor
across all conditions in this experiment. Hence, for consistency, RC-
internal agreement was with the case-unmarked relativized subject NP
across the board instead.

This key difference in the stimuli means that the Controller Coding
hypothesis makes a different prediction for this experiment. Under the
Controller Coding hypothesis, no distractor NP in this experiment is
predicted to give rise to attraction effects since the distractors are not
themselves agreement controllers.

4.1. Method

4.1.1. Participants
While data was collected from 60 participants, data from two

17 The hypothesis being tested here is not about the existence of a cue-category

called [unmarked] for Hindi speakers, but rather that there is some cue which
distinguishes NPs which are potential agreement controllers on account of
having the grammatically relevant unmarked case-specification from NPs
which cannot be agreement controllers at all on account of having an overt
case-specification. The same predictions outlined above would hold if the
relevant retrieval cue was [accessible for agreement], and a noun phrase
encoding included that cue only if the NP had an unmarked case specification.
Alternatively a different cue, [NP], could be used to the same effect. Under the
assumption that case-marked NPs are distinct from unmarked NPs, and that
case-marked NPs can be treated as Prepositional Phrases or Kase Phrases, case-
marked nominals will not match the [NP] cue.
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Table 8

Experiment 3: Parameter values for fixed effects (a) in the maximal mixed effects logistic regression model of response proportions (b) in the maximal linear effects
model of RTs on correct trials transformed via the Box-Cox transform. Coding scheme for both models: matcH = 1, misMaTcH=-1, BARE=-1, Ko-MARKED = 1. p-values
computed for model of RTs used the Satterthwaite approximation of the degrees of freedom in 1merTest (Kuznetsova et al., 2017).

Model for Response Proportions Model for RTs on Correct Trials
Estimate SE z p Estimate SE t p
Intercept 3.20 0.20 16 <0.001 5.424e-03 1.094e-04 49.582 <2e-16
Features —0.02 0.10 —-0.18 0.86 —1.528e-05 2.612e-05 —0.585 0.563
Case 0.06 0.10 0.53 0.59 1.860e-05 2.034e-05 0.914 0.361
Features:Case 0.02 0.10 0.18 0.85 —5.836e-07 2.034e-05 —0.029 0.977

participants had to be excluded due to performance on the post-test
questionnaire used to test mastery of basic Hindi grammar. Data anal-

ysis was carried out for data from 58 participants. Table 9

Condition means for proportion of correct responses, and Condition means for

4.1.2. Materials RTs on trials with Correct and Error responses in Experiment 4

Like Experiments 1 and 2, 36 experimental items in 4 conditions Condition Observations Proportion Correct RT ~ Error RT
were constructed for this study. All 36 items were based on the items for Correct (SE) (SE) B
Experiment 1, with the same NPs being utilized as controllers and dis- Match 707 0.94 (.01) 1071 (27) 1397
tractors as Experiment 1. 4 counterbalanced lists were created from ) (104)
these items. The 36 experimental items were interleaved with the same 1?/}11:3; ::ch 710 0.89 (02) 1080 (26) 1466 (74)
72 filler items as Experiments 1 and 2 to give a total of 108 items. The Object 703 0.92 (.02) 1063 (25) 1417 (85)
experimental conditions were arranged in a 2 x 2 within-subjects design Mismatch

crossing reaTUREs and cask. The factor reaTures had two levels as in Ex-
periments 1 and 2: matcH and mismatcH. The factor case had two levels:
Bare and Ko-markeD. In the Bare conditions the distractor was unmarked (20) Response OptiOHS
for case, while in the Ko-markep conditions the distractor was overtly
case-marked by the differential object marker, =ko. The experimental

conditions are given in Table 2, and a sample item is provided below. / gaye

went.F.SG  went.M.PL

As in Experiment 1, the matrix clause was a simple intransitive clause
and is included below sans the relative clause for ease of reference, (21).

(18)  BARE conditions:
MATCH: vah billi: jo ek cuhiya: dekh rahi: thi: bha:g...
that cat.F.sG who one rat.F.SG see PROG was run...

MISMATCH: vah billi:  jo kai: cu:he dekh rahi: thi: bha:g...
that cat.F.s¢ who many rats.M.PL see PROG was run...

‘The cat that had been staring at the rat(s) had run away.’

(19)  Ko-MARKED conditions:

MATCH: vah billi:  jo ek cuhiya:=ko dekh rahi: thi: bha:g...
that cat.F.sG who one rat.F.SG DOM see PROG was run...

MISMATCH: vah billi:  jo kai: cu:hé=ko dekh rahi: thi: bha:g...
that cat.F.sG who many rats.M.PL DOM see PROG was run...

‘The cat that had been staring at the rat(s) had run away.’

15



S. Bhatia and B. Dillon

(21)

vah billi:
that cat.F.sG

Journal of Memory and Language 125 (2022) 104322

Matrix clause sans the relative clause

[re--] bha:g

run  went.F.SG / went.M.PL

/ [825e]

‘The cat had run away’

Following the results of Experiments 1 and 2, where no major dif-
ferences were observed between subject distractors and object dis-
tractors within relative clauses, the present experiment did not
manipulate the role of the distractor. Unlike Experiments 1 and 2, where
the role manipulation rested on a tense-aspect manipulation at the
relative clause verb, in this experiment the same tense-aspect could be
used throughout, here non-perfect relative clauses.

4.1.3. Procedure

The experimental procedure is identical to the previous experiments.
Accuracy is the key dependent variable and the response time is the
secondary dependent variable.

4.1.4. Analysis

The analysis procedures, including data exclusion criteria, were
identical to Experiment 1. RTs in this dataset were Box-Cox transformed
with 4 = —0.788 (95%CI [-0.869,-0.667]). As in Experiments 1 and 2,
sum-coded contrasts were used for experimental fixed effects factors
(mMATcH = 1, mMisMATCH=-1, BARE=-1, KO-MARKED = 1).

4.2. Results

Out of the 6480 datapoints in the entire dataset which included
fillers and experimental items for all 60 participants, there were 31 trials
where participants did not respond with a decision within the allotted
time-frame and no response was logged. Participant performance on the
post-test led to the removal of all data from two participants, giving a
dataset with measures for 6234 trials. By-participant accuracy on rele-
vant fillers was calculated at this stage and this did not lead to the
exclusion of data from any participants. All 58 participants had a score
of 57% or above on these fillers. In addition, responses for very slow or
very fast trials were removed. This led to the removal of data from 80
trials (1.28% of data from 58 participants) of which 2 trials (0.03% of
data from 58 participants) corresponded to the critical experimental
manipulations. The final dataset for statistical analyses contains data
from 6154 trials. This included experimental items and fillers.

The data for the critical experimental items consisted of accuracy and
response time measures from 2084 trials. Participants chose the correct
response on 94% of the trials (errors were made on 126 out of 2084
trials, grand mean = 0.94) The grand mean response time was 812 ms.

4.2.1. Accuracy Data

By conditions means for the Accuracy data are given in Table 7, and
represented graphically in Fig. 2. Accuracy was near-identical across all
experimental conditions in this experiment, with no apparent modula-
tion on the basis of the two factors or their interaction.

This statistical model of these results'® is reported in Table 8. None of
the predictors were statistically significant in this model.

18 accuracy ~ features*distractor + (1 | Subject) + (1 | Item)
+ (0 4+ case | Subject) + (0 + case | Item)

4.2.2. RT Data

By condition mean response times on trials where participants chose
the correct continuation and trials where they made an erroneous choice
are given in Table 7. By condition mean response times for correct trials
are represented graphically in Fig. 2. On average, participants were
numerically quicker to respond on the error trials than the correct trials.

The transformed RTs for the correct trials and error trials were
analyzed separately. The results of the mixed-effects regression analysis
of the correct responses' is provided in Table 8. None of the fixed effects
are significant predictors of the response times on the correct trials.

None of the fixed effects are significant predictors of the response
times in a linear effects regression model for the error responses.

4.3. Discussion

We saw no agreement attraction effects in this experiment — partic-
ipants’ errors were few in number, and distributed uniformly across the
experimental conditions. That is, they were not impacted by either the
features or the case of the distractor. While this lack of attraction is
inconsistent with the predictions of the Unmarked Case hypothesis, it is
also telling because it contrasts with the results of the previous two
experiments reported in this paper, where large attraction rates were
observed. Note that the null results obtained on the critical experimental
trials in the present experiment do not signal that participants were
inattentive to the task at hand - this experiment utilized identical fillers
to Experiments 1 and 2, and participants’ responses to the filler trials
were similar across all three experiments. Finally, our a priori power
analysis suggested we had sufficient power to detect an effect of feature
mismatch if one was present.

The present results are also at odds with a representational model of
agreement errors where errors are attributed to an ambiguity about the
feature specification of the agreement controller phrase due to the
presence of a mismatching distractor (e.g., ‘Marking and Morphing’ by
Eberhard et al., 2005). Since the distractor in this experiment was
contained in a relative clause modifier of the grammatical agreement
controller, it ought to have been able to spread its features to the
controller phrase. The absence of attraction effects in the present
experiment is especially puzzling because the experimental items uti-
lized here are identical to Experiments 1 and 2 in terms of the structural
relationship between the controller and the distractor. Given the
attraction effects observed in those experiments, there is no a priori
reason for not expecting errors in the present experiment on a theory
that attributes agreement errors to spreading activation of syntactic
features.

However, one potentially important difference between the current
experiment and the previous experiments reported in this paper is that
the distractor in this experiment was not the agreement controller
within the relative clause, whereas it was in both Experiments 1 and 2.
Rather, within the relative clause, the relative pronoun jo (correspond-
ing to the subject) controls agreement on the relative clause verb since
the relative pronoun jo is unmarked for case. As such, the lack of

19 Accuracy ~ features*case + (1 | Subject) + (1 | Item) + (0 +
features | Item)
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Table 10
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Experiment 4: Parameter values for fixed effects (a) in the maximal mixed effects logistic regression model of response proportions (b) in the maximal linear effects
model of RTs on correct trials transformed via the Box-Cox transform. (Helmert Coding was used. FEATURES: MATCH = 2, SUBJECT MISMATCH=-1, OBJECT MISMATCH=-1; ROLE:
SUBJECT MISMATCH = 1, OBJECT MISMATCH=-1). p-values computed for model of RTs used the Satterthwaite approximation of the degrees of freedom in 1lmerTest (Kuz-

netsova et al., 2017).

Model for Response Proportions

Model for RTs on Correct Trials

Estimate SE z P Estimate SE t p
Intercept 2.90 0.19 15.15 < 0.001 1.007e-02 1.654e-04 60.895 < 2e-16
Role -0.21 0.11 —2.00 0.045 —2.88e-05 5.29¢-05 —0.546 0.490
Features 0.14 0.07 2.06 0.04 1.60e-05 3.25e-05 0.492 0.626

attraction in this experiment raises the possibility that the mere presence
of a distractor NP in a modifier of the grammatical agreement controller
is insufficient to trigger agreement attraction in Hindi. Here, the dis-
tractor does not control agreement in its own clause (i.e. it is not coded
as a controller in line with the Controller Coding hypothesis), and we see
it also does not interfere with later agreement processing.

4.4. Bayesian analysis of Experiments 1-3

In Experiment 3, we did not observe any evidence for agreement
attraction, in apparent contrast with Experiments 1 and 2. This raises the
possibility that attraction effects for the structures in Experiment 3 are
smaller than those in Experiments 1 and 2. To test this possibility, we
developed a post hoc (not preregistered) Bayesian analysis to evaluate
potential cross-experimental differences.

To do this, we fit a Bayesian logistic mixed effects regression model
to the response data from Experiments 1-3, using a binomial link
function in brms (Biirkner et al., 2017) using the R statistical computing
environment (R Core Team, 2013). We pooled the data from Experi-
ments 1-3 into a single omnibus dataset. In this model we included a
fixed effect of FraTures that was identical to the one used in pre-
registered analyses described above. We did not include case or gram-
matical role factors in this analysis since we found no evidence they
moderated the effect of features in our pre-registered analyses. We also
entered an additional fixed effect of Experiment into the model using
Helmert coding: ControLLER compared Experiment 3 (4-2) against Ex-
periments 1 and 2 (both —1), and Sussect versus OJeEcT compared
Experiment 1 (+1) against Experiment 2 (-1). These two Helmert con-
trasts and their interactions with Features were added as fixed effects.
Random slopes, along with random intercepts and slopes for all fixed
effects by items and participants.

To facilitate comparison with previous work, we adopted the same
prior values for the fixed effects as those used in recent work (Avetisyan
et al., 2020). We set normal (Gaussian) priors over all fixed effects and
the intercept. All priors had a mean value of 0; the standard deviation on
the prior distribution was set to 1 for all fixed effects, and 10 for the
intercept. These are mildly uninformative priors that do not place strong
a priori constraints on the model’s predictions. The prior on the random
effects correlation matrix was an LKJ regularizing prior with # = 1. For
each model, we ran four Monte Carlo Markov Chains in parallel, with
9,000 samples each. The first 4,500 samples were always discarded as
part of the model ‘warm up’ period. All critical fixed effects estimates
had an R-hat of 1 or below.

The posterior means and 95% credible intervals for all fixed effects
are reported in (22). These estimates provide a range of possible effect
sizes compatible with our data and the model assumptions detailed
above. However, for present purposes, we interpret a posterior credible
interval that does not overlap with 0 as evidence for an effect on error
rate.
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(22) Posterior means, and 95% credible intervals for the fixed effects
in the omnibus model. Effects are expressed as a change in the
log-odds of an error.

Posterior mean 95% Credible Interval

FEATURES 0.54 [0.39,0.69]

CONTROLLER 0.29 [0.13,0.46]

SuBJECT VERSUS OBJECT 0.25 [0.01,0.50]
FEATURES X CONTROLLER -0.27 [-0.38,-0.16]
Features x Subject versus Object —0.15 [-0.33,0.03]

Consonant with the results reported above, the 95% posterior cred-
ible interval for the effect of Features did not overlap with zero, indi-
cating a main effect of agreement attraction on error rates across
experiments. This model also suggests that the baseline error rate may
differ across experiments, with fewer errors in Experiment 3 than Ex-
periments 1 and 2 (effect of ControLLER), and less errors in Experiment 1
than in Experiment 2 (effect of SussecT vErsus OBJECT).

Critically, the 95% posterior credible interval for the interaction
between Features and ControLLER did not overlap with zero. The sign of
this coefficient indicates that the effect of Features was diminished in
Experiment 3 relative to Experiments 1 and 2. We interpret this as sta-
tistical evidence that the agreement attraction effect is smaller in
Experiment 3 than the effect seen in Experiments 1 and 2.

5. Experiment 4: External distractors and subject agreement

In the final experiment, we tested whether structural prominence
influenced the likelihood of attraction, as predicted by the Structural
Prominence hypothesis. We compared attraction from two distractor
NPs that differed in their structural prominence. While a very precise
formulation of structural prominence depends on the grammatical the-
ory assumed, here we make only the minimal assumption that dis-
tractors in the matrix clause are more syntactically prominent than
distractors in the embedded clause. This assumption has been validated
for Hindi in prior work in theoretical syntax which has shown that the
head of a headed relative (here the object) is in the matrix clause and
hence higher than the relative clause in the structure (Dayal, 1996;
Srivastav, 1991; Bhatt, 2003).

The base template for the experimental items is given in (23). The
unmarked subject in the matrix clause is the grammatical agreement
controller for the matrix verb. There are two potential distractors: the
matrix object and a relative clause internal subject. If structural prom-
inence gives rise to syntactic similarity with the matrix subject, then
more attraction errors would be predicted on account of the matrix
object since that is more structurally prominent than the relative clause
internal subject. On the other hand, the Controller Coding hypothesis
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predicts that the less structurally prominent relative clause subject

should create more agreement attraction than the object, because it is an
agreement controller in its clause.

(23)
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5.1.2. Materials
36 experimental items in 3 conditions were constructed for this
study. 3 counterbalanced lists were created from these items such that

Subjectcontroner Object [re...RC-Subject...] Verb ’Auxl ‘ / ’AuXQ‘

Each item has three conditions in this experiment, see Table 2. In the
matcH condition the matrix subject and both the distractors bear iden-
tical features. In the sussect mismatcH condition the relative clause subject
bears mismatching features (relative to the matrix subject), while the
matrix object bears matching features. In the ossect mismaTcH condition
the matrix clause object bears mismatching features, and the relative
clause subject bears matching features.

A main effect of reatures is expected if mismatching distractors
interfere with the production of subject agreement giving rise to
agreement errors. This would manifest as lower accuracy in the two
mismATcH conditions relative to matc condition. A main effect of Dis-
TRACTOR RoLE may arise on account of either of the following hypotheses.
The Configuration Specific Controller hypothesis predicts a difference
between the two mismatch conditions: greater interference is predicted
from the RC-Subject distractor than the main-clause object distractor in
this subject agreement configuration giving rise to lower accuracy in the
selection of the verb continuation when the distractor is a subject. The
Structural Prominence hypothesis predicts a difference between the two
mismatch conditions in the opposite direction: greater interference is
predicted from the main clause object distractor than the relative-clause
subject distractor.

5.1. Method
5.1.1. Participants

Data was collected from 60 participants, and there were no exclu-
sions based on by-participant accuracy on the post-test or fillers.

MATCH: mi:ra: vah billi:

(24)

thi: pakar...
was catch

SUBJECT MISMATCH: mi:ra:

jise
Mira.F.sG that cat.F.SG who.SG.DOM that queen.F.SG search

vah billi:

each list contained 12 items in each of the three experimental condi-
tions, with each item appearing in one of its versions on each list. The
critical 36 items were interleaved with 72 filler items to give a total of
108 items. These filler items were distinct from the fillers used in the
previous experiments. Of these filler items, 12 items did not probe
agreement and were used for determining whether participants were
performing the task attentively or not. Data from a particular participant
was included in the final analysis only if they met the pre-determined
inclusion criterion of having an accuracy of at least 50% on these
fillers; this criterion was pre-registered on OSF. The remaining 60 fillers
probed agreement in a variety of other structures. Of these, the gram-
matical agreement continuation was singular for 24 items and plural for
24 items. The remaining 12 items probed agreement structures with
conjunction and disjunction.

The main clause subject was the grammatical agreement controller
in the critical items. As in the previous experiments, here too the
grammatical agreement controller was always a singular NP and the
correct auxiliary verb form had singular agreement morphology corre-
sponding to this NP. The matching distractors were also singular NPs,
and the mismatching distractor was a plural NP. The incorrect auxiliary
verb form had plural agreement morphology, which corresponds to the
features of the distractor — RC-Subject or Object — in the two misMATCH
conditions.

The notions of feature match and feature mismatch also extended to
gender as in the previous experiments. Human names were used for the
unmarked subject — half the names were feminine names and the other
masculine names. Animacy (with two levels Animate and Inanimate)
was balanced across the two distractors. A sample item is given in (24).

vah ra:ni:

dhu:ndh rahi:
PROG

jise kuchh ra:ja:

Mira.F.SG that cat.F.sG who.SG.DOM some kings.M.PL

dhu:ndh rahe the pakar...
search PROG were catch

OBJECT MISMATCH: mi:ra:

ve kutte

jinhe vah ra:ni:

Mira.F.sG those dogs.M.PL who.PL.DOM that queen

dhu:ndh rahi: thi: pakar...
search PROG was catch

‘Mira is catching the cat/dogs that the queen/kings had been searching for.’
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(25)  Response options
rahi: he| /[rahe he

PROG is PROG are

A simplified version of the marcu condition without the relative
clause is included below for ease of understanding, (26).

(26)
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Table 11
Condition means for proportion of correct responses in biclausal fillers.

Experiment 1 Experiment 2 Experiment 3

Match
Mismatch

0.87
0.85

0.87
0.83

0.83
0.81

the critical experimental manipulations. The final dataset for statistical

Matrix clause sans the relative clause

mi:ra: vah billi: [pc. ] pakar |rahi: he| /|rahe hé |

Mira.Fs that cat

catch PROG is PROG are

‘Mira is catching the cat.’

The items for this experiment are similar to the previous experiments
in a number of ways. Experiments 1, 3 and 4 evaluate subject agreement.
Furthermore, the items in Experiment 4 are structurally similar to
Experiment 2 since both Experiments 2 and 4 involve transitive matrix
verbs and the relative clause which contains a distractor modifies the
object in both cases. However, there is a key difference from the pre-
vious two experiments in that there is no direct syntactic relationship
between the distractor and the grammatical agreement controller in the
current experiment. Neither of the distractors is contained in a modifier
of the grammatical agreement controller. The RC-subject distractor is
contained in a relative clause modifying the object, which is itself a
distractor.

5.1.3. Procedure

The experimental procedure is identical to the previous experiments.
Participants had to choose an appropriate agreeing auxiliary verb form
from the two given options. The accuracy of the indicated response is the
key dependent variable and the response time to a trial is the secondary
dependent variable.

5.1.4. Analysis

The analysis procedures and data exclusion criteria, were identical to
previous experiments. In Experiment 4, we used Helmert coding to
encode two comparisons in our models. The first fixed effects predictor,
Features compared the mean of the marcH condition against the com-
bined mean of the two mismatcH conditions (Coding scheme: maTcH = 2,
SUBJECT MISMATCH=-1, oBJECT MisMATcH=-1). The second fixed effects pre-
dictor roLe, compared the susjecT misMaTcH condition against the ossecT
mismatcH condition (Coding scheme: suBJECT MiSMATCH = 1, OBJECT MIs-
MATCH=-1). RTs in this dataset were Box-Cox transformed with 1 =
—0.667 (95%CI [-0.788,-0.586]).

5.2. Results

Out of the 6480 datapoints in the entire dataset which included
fillers and experimental items for all 60 participants, there were 79 trials
(1.22% of 6480 trials) where participants did not respond with a deci-
sion within the allotted time-frame and no response was logged. In
addition, data from one filler item was removed for all participants due
to a typographical error — this led to the removal of 55 datapoints. By-
participant accuracy on relevant fillers was calculated at this stage —
all participants had accuracy greater than 66% on these trials and no
data exclusion was done based on this criterion. The dataset had data for
6346 trials at this point.

Trials where participants were very slow or very quick to respond
were removed. This led to the removal of data from 86 trials (1.36% of
data from 6346 trials), of which 19 trials (0.3% of data) corresponded to
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analyses contains data from 6260 trials. This included experimental
items and fillers.

The data for the critical experimental items consisted of accuracy and
response time measures from 2120 trials. Participants chose the correct
response 92% of the time (errors were made on 174 out of 2120 trials,
grand mean = 0.92). The grand mean response time was 1092 ms.

5.2.1. Accuracy data

By condition means for the Accuracy data are given in Table 9, and
represented graphically in Fig. 2. Accuracy on the matcu condition,
where both the distractors (matrix object, RC-subject) had the same
feature specification as the grammatical agreement controller (the ma-
trix subject), was high as participants rarely chose the incorrect verb
continuation. Participants chose the incorrect verb continuation more
often, both in the sussect mismatcu condition, where the RC-Subject dis-
tractor had a different feature specification than the grammatical
agreement controller, and the ossect mismatch condition, where the
matrix object distractor had a different feature specification than the
grammatical agreement controller.

The results of the logistic regression model for the accuracy data®’
are given in Table 10. There was a statistically significant effect of Fra-
TURES (p < 0.05). This points to interference in agreement processing in
the presence of plural distractor NPs (both MismaTcH conditions) relative
to singular distractor NPs (Marcu condition). This effect appears to be
driven by the sussect mismaTcH condition and not the oBJECT MISMATCH
condition. This conclusion is supported by the results of a post hoc t-test
comparing the Ossect MismatcH condition to the baseline Marcu condi-
tion where the conditions were not statistically different (p > 0.3).

The effect of ROLE — SUBJECT MISMATCH Versus OBJECT MISMATCH — in the
logistic regression model was significant (p< 0.05), which suggests that
more agreement errors were made with mismatching subject distractors
than object distractors.

5.2.2. RT data

By condition mean response times on trials where participants chose
the correct continuation and trials where they made an erroneous choice
are given in Table 9. By condition mean response times for correct trials
are represented graphically in Fig. 2. On average, participants were
quicker to respond on the correct trials than the error trials. Both in the
correct trials and error trials, participants were numerically slowest to
respond in the susject mismaTcH condition.

The transformed RTs for the correct trials and error trials were

20 Accuracy ~ role + features + (1 | Subject) + (1 | Item) + (0
+ role | Subject) + (0 + features | Item)
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analyzed separately using mixed effects linear regression following the
pre-registration. The linear effects regression model for the correct re-
sponses! is provided in Table 10. Neither of the two fixed effects pre-
dictors (a) Features — comparing Matcu and Mismatct conditions (b) Rote
— comparing the ossect misMaTcH and susJEcT MisMATCH conditions — were
significant predictors of the observed data. The linear effects regression
model for the error responses did not reveal any statistically significant
effects.

5.3. Discussion

The results of this experiment give further evidence for agreement
attraction effects in this subject agreement construction. Hindi speakers
chose incorrect verb form continuations in the presence of a mis-
matching distractor on significant proportion of trials. Mismatching
relative clause subject distractors appeared to cause more agreement
attraction than mismatching matrix object distractors.

This pattern of results is inconsistent with the Structural Prominence
hypothesis. If speakers utilized information about the hierarchical re-
lationships between the various NPs in the sentence to guide agreement
computation, the more structurally prominent distractor — the matrix
clause object — should have led to greater interference than the less
prominent distractor — the relative clause subject. This is the opposite of
what was observed. However, the results are consistent with the hy-
potheses predicting greater interference due to subject distractors. i.e.,
the Subject Prioritization hypothesis and the Construction Specific
Controller hypothesis.

In the context of the results of Experiments 1 and 2, where subject
distractors and object distractors created qualitatively similar rates of
agreement attraction, it is important to ask how much of the impact of
the distractor in the relative clause is attributable to its role as a subject.
While we cannot rule this out categorically, given the results of Exper-
iments 1 and 2 it seems unlikely that the reason the subject created more
agreement attraction here is because of its grammatical role. Still, at
present we can only confidently interpret the results obtained in this
experiment with a narrow scope — an unmarked subject distractor in a
relative clause interferes with subject agreement processing to a greater
degree than an object in the matrix clause.

If the observed difference between two mismatch conditions is not
due to the role of the distractor, then what might be the source of the
asymmetry between the distractor in the matrix clause and the distractor
in the relative clause? We speculate that the relevant difference here
concerns the coding of NP status vis a vis the abstract category of
agreement controllers. In this experiment, the distractor inside the
relative clause controls agreement within its clause, while the matrix
object distractor cannot. We return to this idea in the General
Discussion.

Finally, the reduced accuracy in the presence of a mismatching dis-
tractor was concomitant with a numerical slowdown in the response
times on correct trials. However, since the effect on RTs was not sta-
tistically significant for the present dataset, we cannot draw firm con-
clusions from this. This pattern will require further replication,
potentially through a higher powered study.

6. General Discussion

In this paper we asked whether agreement attraction occurs in Hindi,
and if so, under what circumstances. Our goal was to understand how
Hindi speakers implement Hindi agreement in real-time. We conducted
four forced-choice sentence continuation experiments across different
agreement structures to gain insight into this question.

The results of Experiments 1 and 2 demonstrated clear agreement

2l aAccuracy ~ role + features + (1 | Subject) + (1 | Item) + (0

+ role | Subject) + (0 + role | Item) + (0 + features | Item)
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attraction effects in both subject agreement and object agreement con-
figurations in Hindi: the presence of a mismatching distractor NP in the
sentence led to agreement errors, with Hindi speakers completing the
sentence stimuli with an auxiliary verb that indexed the features of the
distractor NP, rather than the grammatical agreement controller. The
results of these experiments yield additional evidence that, cross-
linguistically, object agreement is susceptible to attraction just like
subject agreement (Santesteban et al., 2013; Villata and Franck, 2019).
Moreover, this finding demonstrates that the similarity between subject
agreement and object agreement holds in the typologically distinct
mixed-agreement pattern of Hindi. However, we found no evidence that
the attraction effect was modulated by the grammatical role of the dis-
tractor in these experiments. This lack of effect of distractor role is un-
expected under the Construction Specific Controller hypothesis and the
Subject Prioritization hypothesis.

In Experiment 3, we tested whether overt case cues on the distractor
influenced the rate of agreement attraction errors (as predicted by the
Unmarked Case Hypothesis). However, we were unable to find a firm
answer to this question since there was no attraction in this experiment
in any condition: Neither the manipulation of the features of the dis-
tractor, nor the manipulation of case-marking on the distractor, led to
any discernible effect of attraction in Experiment 3. The absence of
attraction in sentences with an unmarked distractor was especially
surprising, because unmarked distractors did lead to agreement attrac-
tion in Experiments 1 and Experiment 2, and Experiments 1 and 3 tested
subject agreement structures with the object distractor in a relative
clause modifier.

In a post hoc Bayesian analysis, we found that the rate of attraction
was statistically smaller in Experiment 3 than in Experiments 1 and 2,
suggesting that the configurations tested in Experiment 3 are relatively
less susceptible to agreement attraction than those tested in Experiments
1 and 2.

In Experiment 4, we found that attraction effects were greater for
syntactically subordinate subject distractors than for relatively more
structurally prominent object distractors in the matrix clause. This effect
is consistent with the predictions of both the Construction Specific
Controller hypothesis and the Controller Coding hypothesis, but further
work is necessary to tease these two apart. The results of this experiment
do seem to rule out the Structural Prominence hypothesis, because we
saw more attraction from the syntactically less prominent distractor.
These results also stand in stark contrast to previous claims that the
syntactic distance between the target and the distractor modulates
agreement attraction (Eberhard et al., 2005; Franck et al., 2002), a point
we return to below.

Stepping back, we observed significant, but selective, agreement
attraction effects in Hindi. While agreement attraction was observed in
both subject agreement and object agreement contexts, across the ex-
periments, this effect did not consistently interact with either the
grammatical role of the distractor, the case-marking of the distractor, or
the structural prominence of the distractor.

6.1. NPs in agreement dependencies

Taking our findings into joint consideration, we observe that the
overall pattern of agreement attraction across all four experiments can
be described with a simple generalization as follows: agreement attraction
occurred in our experiments when the distractor was itself an agreement
controller. Attraction was observed in Experiments 1, 2 and 4, where the
distractor controlled agreement within the relative clause but not in
Experiment 3 where the distractor did not. The configuration where we
saw agreement attraction is schematized in (27).
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(27) [vp Controllery, (...) [rc ...

This is the empirical pattern predicted by the Controller Coding
hypothesis. If we assume, following previous theoretical work, that
similarity of a distractor NP to the controller of agreement is what
controls the likelihood of attraction, then the observed pattern for Hindi
would seem to imply that Hindi speakers categorize NPs into an abstract
category of ‘agreement controller’ that is not directly encoded with
other features such as grammatical role or surface case morphology. If
the Controller Coding hypothesis is correct, then interference should
arise in Hindi agreement processing whenever speakers encode two
agreement controllers in working memory. It is important to note that
we have not yet provided direct evidence for the Controller Coding
hypothesis. However, it is the only hypothesis of those we articulated
that is consistent with all the data observed, and seems to be the most
plausible explanation at present.

If this hypothesis is ultimately correct, there are several open ques-
tions that remain. How might one end up in a structure with more than
one ‘agreement controller’ in memory? When exactly do speakers
categorize an NP as [+-CONTROLLER] during sentence processing, and
what are the constraints on this process? One possibility is that the
classification of an NP’s agreement controller status takes place during
incremental structure building. For example, Hindi speakers may iden-
tify the first unmarked NP they encounter in a clause as the agreement
controller as part of implementing a heuristic approximating the Hindi
agreement generalization which targets the ‘highest unmarked NP’ (see
Bhatia, 2019, for more details).

If Hindi speakers incrementally categorize NPs as [+CONTROLLER]
in this way, then for the structures tested in Experiment 1 the matrix
subject would be categorized as [+ CONTROLLER] since it is the highest
unmarked NP of that clause. The distractor NP would also be categorized
as [+CONTROLLER] in the relative clause as the highest unmarked NP
in that clause. In Experiment 3, on the other hand, while the matrix
subject would be categorized as [+CONTROLLER], the distractor NP in
the relative clause would not, since the relative pronoun constitutes the
highest unmarked NP in the relative clause. Under a cue-based model of
agreement attraction, we might then suppose that speakers attempt to
retrieve items marked as [+CONTROLLER] when they process agree-
ment at the verb. When there are two such controllers in working
memory, this creates retrieval interference and the possibility for
attraction. On such a cue-based account, the lack of sensitivity to
grammatical role or surface cues to case would arise because Hindi
speakers do not use these cues to retrieve the controller;
[++CONTROLLER] would afford a direct cue to controller retrieval and
make additional cues like grammatical role or surface case unnecessary
or even unhelpful.

While we have articulated this possibility in a cue-based framework,
we think this possibility is consistent with any theory of agreement
attraction that holds that similarity to the target controller is an
important determinant of agreement attraction. For example, similar
effects might also be naturally modeled in the SOSP framework (Smith
et al., 2018), if we suppose that NPs identified as agreement controllers
more strongly compete to control the agreement features on the verb
than other types of NPs.

Given the possibility that Hindi speakers use an abstract category of
‘agreement controller’ to guide agreement computation, it is important
to examine agreement processing in languages with typologically
similar mixed agreement systems as well as typologically distinct lan-
guages where multiple agreement dependencies are being computed
simultaneously to establish whether this hypothesized category is

Distractor,,
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language-specific or if it characterizes agreement computation in such
systems more generally. Further, given that agreement attraction effects
have previously been found to manifest in both production and
comprehension, the cue [+CONTROLLER] may well be an efficient and
abstract encoding that is utilized across both production and compre-
hension processes. We hope to validate this possibility in future work.

6.2. Verbs in Agreement dependencies

Above, we have focused on the features that make distractor NPs
interfere with agreement in Hindi, following the agreement processing
literature which largely attributes attraction to properties of distractor
NPs. However, it is also possible that the agreeing verb in the relative
clause interferes directly or indirectly with the matrix agreement in our
data. This possibility is not entirely ruled out in the present set of ex-
periments as attraction effects are observed exactly when the relative
clause verb bears overt agreement morphology indexing the mis-
matching distractor (Experiments 1, 2 and 4), and are absent otherwise
(Experiment 3).

If matrix agreement in the structures tested in the current experi-
ments is influenced by the agreement features on the relative clause
verb, then we need to ask how and why the verbal morphology on the
relative clause verb is able to interfere with matrix agreement. One
possibility is that Hindi speakers look for the most recent source of in-
formation about agreement features at the point where they need to
make a decision about the appropriate form of the matrix auxiliary: At
the end of the sentence, the relative clause verb would be the most
recent source of overt featural information which could impact the
continuation chosen in this task. Another possibility is that the relative
clause verb creates agreement attraction in Hindi through form-to-form
priming, where the expression of verbal agreement features on the
intervening auxiliary primes the selection of a verb with those same
features subsequently, similar to effects observed in Haskell et al. (2010)
and Lorimor et al. (2018). So, if the RC verb was plural, it would prime a
plural matrix verb giving rise to attraction, and if it was singular, no
attraction effect would obtain.

While the form-to-form priming hypothesis can explain a subset of
our present results, there remain some open issues. For example, Haskell
et al. (2010) found that mere exposure to a plural verb form was not
enough to prime subsequent uses of a plural verb; there needed to be
sufficient constructional similarity for these effects to occur (see also
Lorimor et al., 2018). It is not clear whether the embedded environments
we tested count as sufficiently similar in the relevant sense. Further, it is
difficult to directly compare our effects to these earlier reports due to
differences in the task: Lorimor et al. (2018) and Haskell et al. (2010)
used written fragment completion tasks, whereas we used Staub
(2009)’s RSVP and two-alternative forced-choice continuation task. We
acknowledge that further work is necessary to establish the impact of
task differences. Still, we note some challenges for a view that attributes
our effects solely to form-to-form priming. First, these effects have been
restricted to constructions where there is significant variability in
agreement patterns such as conjoined phrases in English. This was not
the case with our Hindi stimuli where the agreement grammar itself is
invariant for the SV or SOV structures tested. Second, results from
experimental filler sentences involving biclausal structures fail to sup-
port direct form-to-form priming as a complete explanation for our
effects.

As part of the fillers for Experiments 1-3, we tested agreement in the
embedded clause in 24 biclausal sentences. Here, the embedded subject
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was the controller, the matrix subject served as the distractor and the

matrix verb had overt agreement morphology indexing the features of

the distractor.

(28)  MATCH: abhe bol

raha: tha:
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By this logic, we have some evidence consistent with a representa-
tional account of agreement for Hindi, though further testing is war-
ranted there. However, it is not clear that existing representational

ki dili:p ka:fi:...

Abhay.M.SG speak PROG was.M.SG that Dilip.M.SG quite
‘Abhay was saying that Dilip was quite surprised.’

MISMATCH: mi:ra: bol

rahi:

thi: ki dili:p ka:fi:...

mira.F.SG speak PROG was.F.SG that Dilip.M.SG quite
‘Mira was saying that Dilip was quite surprised.’

(29)

response options

surprised was.M.SG

/ [heramn thi:|

surprised was.F.SG

The condition means for the proportion of correct responses are
given in Table 11. As the numerical comparison of the marcH and
misMATcH conditions here shows, there is very limited attraction in
embedded clause agreement. As such, even if form-to-form priming
holds, given that this effect is consistently quite weak for these biclausal
fillers, interference from verbs may likely only be a partial explanation
for our observed effects in the core experiments reported in this paper.

Finally, it is possible that the agreeing relative clause verb only
indirectly contributes to the attraction effect. In a cue-based retrieval
framework (Lewis and Vasishth, 2005), the distractor NP’s encoding
would be subject to decay in memory: The less active an NP is in
memory, the less it can interfere. It is possible that an intervening verb
that agrees with a distractor could reactivate it, raising its activation
level in working memory. This could indirectly make a distractor more
likely to interfere in subsequent agreement processing when it is an
agreement controller. More work is needed to distinguish these addi-
tional theoretical possibilities.

6.3. RT findings

While we have focused on the implications of the accuracy data, we
did see an effect of our experimental manipulations on response times as
well. In particular, there was a significant effect of FeaTures on RTs in
Experiment 1: participants were slower to give a correct response in
MmisMATCH conditions relative to marcH conditions, with a numerically
similar but non-significant effect in Experiment 2. No significant effects
were observed for RTs in correct trials in Experiments 3 and 4.

The tight coupling between the two response variables in Experiment
1 - the effect of reaTures is observed both for response accuracy and
response times is similar to what has been observed in English (Staub,
2009; Hammerly et al., 2019). In these studies, more response errors,
and slower correct responses, are observed in mismaTcH conditions. The
coupling of these two measures is taken to suggest that both the outcome
of agreement computation as well as the difficulty in making that de-
cision (as indicated by the RT) index a single underlying decision pro-
cess. Staub (2009) argues that the pattern in English is consistent with a
representational account of agreement production such as (Eberhard
et al., 2005) where a mismatching distractor impacts the representation
of the number feature of the entire subject phrase. With number having a
continuously-valued representation in the Eberhard et al. (2005) ac-
count, errors and slowdowns arise due to a probabilistic decision process
having as its input an equivocal feature representation.
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accounts can fully account for our results, as these theories are restricted
to subject-verb agreement in their scope. A representational theory like
Marking and Morphing would at the very least have to be modified to
cover subject-verb agreement and object-verb agreement alike to better
account for our results. In addition, because our experiments were
looking at two feature mismatches — in number and gender features —
additional adjustments to the model may be necessary to incorporate the
role of gender features in agreement computation.

But our results also pose more substantial challenges to the Marking
and Morphing theory, or any theory that suggests that agreement
attraction effects occur due to feature percolation or feature spreading in
a syntactic structure (Franck et al., 2002). These theories predict that the
syntactic distance between distractor and target agreement controller
modulates the likelihood of agreement attraction, but we did not find
that syntactic distance between distractor and controller mattered for
agreement attraction in Hindi. In fact, in Experiment 4 we saw that the
subordinate distractor caused more agreement errors than a more
prominent attractor that was in the same clause as the target. This ap-
pears to be in direct conflict with this type of feature-spreading theory,
because it is an instance of a distractor that is more syntactically distant
from the target causing more attraction than an attractor that is syn-
tactically closer to the target.

In sum, while Marking and Morphing explains the yoked response
patterns in response accuracy and RT data in Experiment 1, there are
challenges posed by the results of the other experiments. In order to fully
extend this model to explain the Hindi data, Marking and Morphing
would need to incorporate information about whether the distractor is
itself an agreeing NP or not, perhaps by using agreement controller
status to regulate whether the features of the distractor can spread and
influence the feature values associated with the target controller
(Badecker and Kuminiak, 2007).

7. Conclusion

This paper presented four forced-choice sentence continuation ex-
periments that investigated agreement attraction in Hindi. We found
that both subject agreement and object agreement in Hindi are suscep-
tible to agreement attraction. We did not find evidence that this effect
was modulated by the grammatical role, or overt case-making of the
distractor. Only those distractors which were themselves agreement
controllers in their own clause impinged on the process of agreement
computation and led to agreement attraction errors. We hypothesized
that Hindi speakers are directly categorizing NPs as agreement con-
trollers in working memory, and similarity between controllers and
distractors in terms of membership to this abstract category of agree-
ment controllers is what gates agreement attraction in Hindi.
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