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Abstract: In a recent elicited-production study with native speakers of Slovenian,
Marusic, Nevins, and Saksida (2007) and Marusic, Nevins, and Badecker (2015) show
that there are three distinct variously attested gender-agreement grammars. In this
study, the high temporal-resolution of the ERP (event-related potential) technique
was used to detect neurological components and measure the processing cost of the
three gender-computing mechanisms. The study is comprised of two acceptability-
judgment experiments, using a factorial design with nonmasculine mixed-gender con-
juncts. Experiment 1 contrasts two strategies, Distant- (DCA) and Closest-Conjunct
Agreement (CCA), to question whether the linear distance between a participle and
the two conjuncts is language- or memory-related. The Experiment 1 results show be-
haviorally an overall significant effect of gender; and neurologically a memory-related
component, the P300. Experiment 2 sets out to detect alternations to the processing
cost when default (Def) agreement is added to the experimental paradigm. The Ex-
periment 2 results indicate no gender effects; instead, two language-related compo-
nents, N250 and N450, were observed, statistically picking out DCA once again. We
argue that in an ecologically valid environment where all three grammatical options
are made available, processing of DCA is no longer supported by a general cognitive
mechanism, such as memory, but is rather computed by language-related processes.

1. Single- Versus Multiple-Agreement Dependencies

The rapid increase in studies on gender, number, and person features in the
last decade has affirmed that agreement provides valuable insight into lan-
guage structure and language processing.

Feature agreement, in particular, has dominated experimental investiga-
tions into the mechanisms underlying agreement dependencies in psycho- and
neurolinguistic studies. In these studies, a single (type of) agreement depen-
dency is taken to hold in subject-verb, pronoun-verb, or (determiner)-noun-
(adjective) relations; hence, feature mismatches, agreement violations, pro-
duction errors, and ERP effects provide a useful tool for fleshing out the un-
derlying cognitive processing of agreement (Bock and Miller 1991; Franck et
al. 2002, 2006; Franck 2011; Gillespie 2011; Santesteban 2013; Nevins et al. 2007;
Mancini et al. 2011; Mancini et al. 2014; Quifiones et al. 2014; among others).
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However, recent linguistic investigations of agreement dependencies
where the subject/object is a coordinated phrase have drawn attention to the
possibility of a single argument taking part in multiple grammatical agree-
ment dependencies (Aoun, Benmamoun, and Sportiche 1994, 1999; Benma-
moun 1992; Benmamoun, Bhatia, and Polinsky 2010; Munn 1999; van Koppen
2005, 2007; Bhatt and Walkow 2014; Walkow to appear; Boskovic¢ 2009; Marusic,
Nevins, and Saksida 2007; Marusi¢, Nevins, and Badecker 2015; among others).
These findings suggest a less clear-cut grammatical-ungrammatical agree-
ment divide and consequently demand an explicit experimental design that
will allow disentangling of each one of the multiple agreement dependencies
and show their independent contributions in language processing.

2. Gender Agreement with Conjuncts in South Slavic Languages

A recent production study by Marusi¢, Nevins, and Badecker (2015) on co-
ordinated subject-verb agreement in Slovenian accentuates the possibility of
experimentally investigating a structure that can undergo three agreement
dependencies with a varying degree of frequency in production. This ob-
servation is most clearly exemplified by combinations of mixed-gender con-
juncts, namely neuter (N) plus feminine (F) (henceforth NF), and feminine (F)
plus neuter (N) (henceforth FN). Apart from the most widely attested default
agreement option (Def), as in (1), in which the verb/participle agrees with the
coordinated phrase, an agreement dependency can hold between the partici-
ple and the first or hierarchically highest conjunct (HCA), as in (2), or between
the participle and the second or linearly closest conjunct (CCA), as in (3).

(1) Polja i livade su obasjani proljetnim
fieldy py and meadowspp, Auxspy illuminatedy p; spring

suncem.
sun

(2) Polja i livade su obasjana proljetnim
fieldy py and meadowspp, Auxspy illuminatedyp, —spring

suncem.
sun

(3) Polja i livade su obasjane proljetnim
fieldy py and meadowspp, AuUxzp, illuminatedpp, spring

suncem.
sun

‘The fields and meadows are illuminated by the spring sun.
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2.1. Theoretical Predictions

In their account of the reported data, Marusi¢, Nevins, and Badecker argue
for a two-step Agree, with Agree-Link, an operation which establishes Probe-
Goal relations and Agree-Copy, an operation which retrieves feature values
from the Goal to be copied onto the Probe.

Default agreement in (1) and agreement with the hierarchically closest
conjunct in (2) follow from the assumption that Agree takes place in the syn-
tax, where it applies to a hierarchically structured coordinated subject, &P.
Once Agree-Link has applied, if the value for gender is missing on &P when
Agree-Copy applies, either the default value is inserted, resulting in (1), or
Agree-Copy retrieves a value from the closest available conjunct, the hierar-
chically closest conjunct, resulting in (2).

The third agreement option is explained once Agree is considered in the
context of a “multiple components” account (Benmamoun, Bhatia, and Polin-
sky 2010; Marusi¢, Nevins, and Saksida 2007; Marusic, Nevins, and Badecker
2015; van Koppen 2005, 2007; Bhatt and Walkow 2014; among others), whereby
Agree-Link applies in Syntax and Agree-Copy at PF, after Linearization of the
two coordinated conjuncts. Once Agree-Link and Linearization have applied,
Agree-Copy retrieves a gender-feature value from the closest available con-
junct, the linearly closest conjunct, resulting in (3).

Basing our predictions solely on Marusi¢, Nevins, and Badecker’s account,
we would predict that if we observe comparable effects for Def and HCA, this
should reflect a syntactic basis for agreement, whereas effects observed for
CCA, depending on whether they are comparable to Def and HCA, can be
taken to reflect either a syntactic or a PF basis for agreement. In other words,
if we observe that Def and HCA behave similarly yet different to CCA, this is
predicted by the timing of the application of Agree-Copy or, in other words,
by the locus of feature retrieval in syntax. However, if we observe further
variation in the grouping of Def and HCA, this is predicted by Agree-Copy
retrieving feature values in a consecutive top-to-bottom fashion in the syntax,
first probing &P for a gender value and only consequently the hierarchically
closest conjunct.

2.2. Experimental Predictions

Marusi¢, Nevins, and Badecker make two additional observations—the gram-
maticality of three agreement patterns and the varying degrees of frequency
with which each one of them is produced—that will allow us to make more
explicit predictions about the cost of processing Def, HCA, and CCA.
Agreement with mixed conjuncts that are masculine (M) and neuter (N)
or feminine (F) would result in a violation, as in (4) and (5), if agreement on
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the predicate is valued by a gender that is not found on either of the two con-
juncts, i.e.,, F and N, respectively.

4) *Polja i kanjoni su obasjane suncem.
fieldsy py and canyonsy;py AuUxgp, illuminatedrp; sunlight;ysr

(6) *Kanjoni i livade su obasjana
canyonsy,p;, and meadowspp;, AUXgp illuminatedy py

suncem.
SunlightINST

As demonstrated in (1-3), this is never the case for instances of agreement de-
pendencies with non-masculine mixed-gender conjuncts. This point is further
supported by the additional evidence of agreement dependencies at the inter-
and intraindividual level. Marusi¢, Nevins, and Badecker show that all three
agreement grammars, exemplified in (1-3), can be available to a single speaker
of a language. Assuming that all three agreement grammars are simultane-
ously available to a single speaker’s subject-verb agreement-computing mech-
anism, no gender mismatches, agreement violations, or production errors are
expected to arise when processing these grammatical instances of agreement
dependencies (cf. Boskovic¢ 2009, Puskar, and Murphy 2015 for Serbo-Croatian;
Franks and Willer-Gold 2015 for Croatian).

While grammatical, these three agreement strategies nevertheless show
variation in their frequency of production. Reviewing the breakdown of the
average percentages provided by Marusi¢, Nevins, and Badecker for Slove-
nian, we observe a preference for Def in the NF condition (M: 39%, F: 26%,
N: 26%) and for CCA in the FN condition (M: 20%, F: 22%, N: 52%), showing
that all three grammars, when available, are produced to a varying degree of
frequency and that this variation is further conditioned by a mixed-gender
combination of the two conjuncts, leaving open the question of why this is so.

Importantly, these two observations were further validated in a larger
study replicating Marusic et al.’s experimental design with six South Slavic
language varieties in Sarajevo, Zadar, Zagreb, Nis, Novi Sad, and Ljubljana
(see Willer-Gold et al., this volume). The average percentages across all six
varieties of the three agreement grammars is given for the NF condition (Mpl:
46%, Fpl: 36%, Npl: 18%), the FN condition (M: 36%, F: 11%, N: 53%) and for the
relevant Croatian variety spoken in Zagreb, for the NF condition (Mpl: 51%,
Fpl: 28%, Npl: 18%) and the FN condition (M: 39%, F: 6%, N: 54%).

Assuming as the null hypothesis a general processing parallelism be-
tween production and comprehension, none of these three strategies should
show the profile of a violation per se. However, the production data does pre-
dict an increase in processing cost for HCA.
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In summary, Marusic, Nevins, and Badecker’s account argues for Def and
HCA gender-feature values are computed in syntax (before Linearization),
while in the case of CCA, gender-feature values are copied in the postsyntactic
component after Linearization. Experimental data from two production stud-
ies, Marusi¢, Nevins, and Badecker and Willer-Gold et al., provide insight into
the graded preferences for three agreement grammars relative to the position
of the F and N conjuncts in mixed-gender coordinates. There is one final factor
relevant for the processing cost of HCA and CCA: the linear or surface dis-
tance between the two conjuncts, whether Conj2 is closer to the participle and
Conjl is more distant (henceforth DCA). The assumption that linear distance
plays a role in processing, reflected in the longer retention of gender-feature
values in working memory, predicts that DCA processing would consume
more power than CCA. The consequences that these two complementary ar-
eas of investigation have for the design and interpretation of a comprehension
study are discussed in the next two sections.

3. An ERP Study of Mixed-Gender Conjunct Agreement

The aim of this comprehension study is to tap into the neurological process-
ing of conjunct agreement, in particular gender agreement, with native speak-
ers of Croatian. A special focus is placed on mixed-gender conjuncts in pre-
verbal subject position and the processing underlying the three grammatical
subject-verb agreement dependencies. To achieve this goal, we use event-re-
lated potentials (ERP), a widely used electrophysiological technique, to record
the average brain activity related to the processing of a particular agreement
strategy, allowing us to estimate the processing cost during comprehension of
Def, HCA, and CCA and learn which processing difficulty has occurred and
when it occurred.

3.1. Motivation

Our study is a partial replication of the production study for Slovenian re-
ported in Marusi¢, Nevins, and Badecker 2015. In line with the Slovenian study,
we use a factorial design to draw inferences about speakers’ conjunct-agree-
ment strategies, but also to verify whether the same factors can explain vari-
ance across two newly designed experiments (see below). The methodology
applied called for adjustments to the experimental design.

First, the sentence comprehension and evaluation task called for agree-
ment in the stimulus. The value of gender on the participle varies with re-
spect to the experimental question. We restricted our design to the most infor-
mative or transparent combinations of mixed-gender conjuncts, NF and FN.
These nonmasculine mixed-gender combinations are the only two predicted
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to allow for all three genders on the participle; compare M-Def in (1), F-DCA
in (2), and N-CCA in (3).

Second, instead of a single experiment with two conditions, NF and FN,
we expanded the stimulus design and in view of the nature of the comprehen-
sion task created two new experiments. To test for the effect of distance and its
origin in agreement dependency processing, we designed the first experiment
with two-level closeness factors: Distant (hierarchically closest) or Close (lin-
early closest), where the participle on the verb takes either a feminine or neu-
ter gender value. To investigate the interaction of Distant and Close with Def,
we created a second experiment by adding Default as an independent factor,
where all three gender values appear on the participle, masculine, feminine,
and neuter. Note that testing the same agreement strategies in two parallel
experiments with a factorial design tests the limits of the factorial design and
the prediction that the same agreement strategy will produce equal results,
irrespective of the levels of closeness or independent variables.

Croatian is an inflectional language, hence, comprehension of subject-
verb agreement is fully recoverable once the gender value on the participle
has been processed. Therefore, although a single agreement strategy, e.g., Def,
might be responsible for predicting the value of gender agreement on the
predicate and hence serve as a baseline against which to evaluate any devia-
tion in processing cost, we assume that the gender value of both conjuncts has
to be kept active in memory at least until the gender value of the participle has
been integrated in the built-up context (i.e., irrespective of reanalysis).

Consequently, the null hypothesis predicts that equal amounts of process-
ing cost are consumed in comprehension of Def, DCA, and CCA sentences.
However, considering the production-study data showing a varying degree
of preferences for each agreement grammar relative to the gender combina-
tion of the two conjuncts, the null hypothesis should be easily falsified. For
Experiment 1, Marusi¢, Nevins, and Badecker predicted that DCA and CCA
will show variation, as DCA is fully processed in syntax, while the processing
of CCA, being spread across two language components, turns out to be more
costly. On the other hand, the activation of working memory would predict
the opposite result if the gender value of the first conjunct has to be retained
for longer or reaccessed at greater distance than the second conjunct. In Ex-
periment 2 since masculine is the most prominent gender (Def for all 9 uni-
form and mixed-gender combinations) and according to the theory that for
Def Agree-Link and Agree-Copy probe the same Goal, &P, the least process-
ing cost is expected to be consumed for Def. We summarize the discussion
in terms of theory-related hypotheses (the locus or timing of the Agree-Copy
operation; see (ia), (iia)) and memory-related hypotheses (longer or shorter re-
tention of a conjunct’s gender value in memory; see (ib), (iib)) for Experiment
1in (i) and Experiment 2 in (ii):
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()

o

If DCA and CCA vary with respect to language-component dis-
tance (syntax vs. syntax + PF), processing effects should be higher
for CCA.

b. 1If DCA and CCA vary with respect to processing distance (long/
first vs. short/second), memory effects should be higher for DCA.

If Def (&P) and DCA/CCA (single conjunct) vary with respect to
operations (Agree vs. 2-step Agree), agreement-violation effects
should be higher for DCA/CCA.

b. If Def (&P) and DCA/CCA (single conjunct) vary with respect to
distance (retention of both conjuncts vs. retention + reaccess of sin-
gle conjunct), memory effects should be higher for DCA/CCA.

(i)

o

Finally, due to the ERP methodology and its temporal rather than spatial
precision, we note that the results from this comprehension study provide
only indirect evidence bearing on questions raised by the account presented:
Where do Agree-Link and Agree-Copy operate—in the syntax or the postsyn-
tactic component? And what are the neurophysiological correlates of Agree-
Link and Agree-Copy?

3.2. ERP Methodology

To our knowledge, no ERP study investigating conjunct agreement has yet
been attempted on the group of South Slavic languages under investigation,
and hence there is no baseline for stating predictions or evaluate data in this
study. We expect to observe EEG components in the areas of interest that are
standardly reported in the ERP literature in studies on grammatical gender
agreement violations (see Molinaro, Barber, and Carreiras 2011 for an over-
view; for individual studies, see Barber and Carreiras 2005; Deutsch and Ben-
tin 2001; Nevins et al. 2007; Caffarra 2014, 2015). However, considering that
disagreement in gender, similar to person mismatches or number attraction,
has been shown to induce weaker ERP effects or to be manifested in a dif-
ferent way from proper ungrammatical violations, e.g., case violations, if we
were to observe ERP correlations of agreement violations, we do not expect
them to reach the highest degree of processing cost.

In agreement studies, determiner/adjective-noun (subject/object) and sub-
ject-verb dependency violations are reported to induce late positivity effects
(P600, 500-800ms) with larger amplitudes over centroposterior regions, or
(early) anterior negativity effects ((E)LAN, 300-500ms) followed by late pos-
itivity effects (P600, 500-800ms) with larger amplitudes over centroposterior
regions. LAN effects have been thought to reflect mismatches between the
grammatical features of two elements in an agreement-dependency relation
(Friederici 1995; Hagoort and Brown 1999) or difficulties induced by the in-
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tegration of disagreeing elements in the existing sentential context (Gunter,
Friederici, and Schriefers 2000). P600 effects have been associated with the
costs of structure building, checking, and reprocessing (Friederici 1995; Van
de Meeredonk et al. 2009), costs related to attempts at reanalysis and repair
(Osterhout and Mobley 1995), or to late non-syntactic integration processes
(Brouwer, Hartmund, and Hoeks 2012). Consequently, we take LAN and P600
to reflect the detection of gender-agreement inconsistencies in terms of pro-
cessing an unexpected gender-agreement strategy and subsequent structural
reanalysis for the purposes of potential integration of this agreement depen-
dency in the existing sentential context (iia—b).

When investigating the processing of sentences containing an agree-
ment dependency, the formal cues (morphemes) provided by an inflexionally
rich system such as Croatian should not be overlooked (Leinonen et al. 2008;
Caffarra 2014, 2015). Moreover, understanding Agree as a feature-value re-
trieval mechanism acting on a nonlocal dependency relation implies that it
has to retain the morphologically marked gender value of a conjunct to be
matched against the morphologically marked gender value of the predicate
in order for the latter to be integrated into the built-up context. Therefore,
we might expect to observe cost related to the use of short-term or working
memory during sentence processing reflected in a sustained LAN (Coul-
son, King, and Kutas 1998; Molinaro, Barber, and Carreiras 2011; Gouvea et
al. 2010), in slow wave amplitude increase (Johnson 1995), or an increase in
working-memory load due to distance of information retrieval reflected in the
P300 (Friedmann 1990; Polich 2007; cf. (ia-b)).

Finally, the N400 component, taken to reflect semantic violations or se-
mantic gender mismatches (Barber and Carreiras 2005), has been reported
for studies that vary the animacy of the noun (Deutsch and Bentin 2001).
Therefore, to avoid these confounding variables and in line with the original
Marusi¢, Nevins, and Badecker (2015) study, all the stimuli in this study were
inanimate nouns. Similarly, in order to a priori exclude the possibility of gen-
der-number interaction or the possibility of the observed (E)LAN-P600 being
the result of a number-agreement violation (see Molinaro, Barber, and Car-
reiras 2011 for an overview), the number value plural is kept constant across
conjuncts and participles.

3.3. Methods and Design

3.3.1. Participants

In total, 21 participants were included in the study (14 females and 7 males).
All of them were university students aged 20-24. Most of them were psychol-

ogy students or students of speech and language pathology, as well as some
volunteers who signed up for the experiment on an electronic scheduling
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system. Two participants were eventually excluded due to extensive artifacts.
All of them had normal or corrected-to-normal vision. Prior to the ERP mea-
surement each participant was given the Edinburgh Handedness Question-
naire (Oldfield 1971). Only right-handed participants were included in the
ERP measurement. Once a participant was chosen, (s)he took part in several
experiments that were carried out in the lab, always including both experi-
ments described in this study. The whole procedure lasted two to three hours
per participant. The experiments were scheduled so that Experiments 1 and
2 were never adjacent to each other, i.e,, there was always a third experiment
(not a part of this study) in between, together with a short break.

3.3.2. Materials

In both experiments 40 sentences per condition were presented visually to
the participants. The sentences had the same structure: an initial conjunction
of neuter and feminine nouns followed by a participle, an auxiliary (together
constituting the perfect tense), and the final phrase (an adverb or an object
NP). The initial conjunction consisted of nouns in the plural. All nouns were
inanimate and had a transparent gender suffix to avoid animacy and trans-
parency effects. Examples are given in (1-3). In both experiments the order of
the conjuncts was manipulated as well as the gender of the participle. In Ex-
periment 1 possible combinations of the order of the conjuncts and the gender
of the participle yielded four experimental conditions allowing for a simple
2x2 design, as shown in Table 1.

Table 1. Experiment 1: Conditions and Factors

Conditions Factors
Order of the con-  Gender of the Distance Gender
juncts participle
F+N F DISTANT FEM.
N+F F CLOSE FEM.
F+N N CLOSE NEUT.
N+F N DISTANT NEUT.

In Experiment 2 an extra option was added, namely agreement with the
participle in masculine gender. This created two more experimental condi-
tions and required a different design, as shown in Table 2. In this design the
Distance factor was defined as distance in the underlying linguistic structure,
i.e, distance from the Conjl, Conj2, or &P nodes. If the participle is masculine,
the Gender factor was defined as the gender of the first conjunct, not the par-
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ticiple. This was necessary because a default masculine participle is in fact at
no distance from anything.

Table 2. Experiment 2: Conditions and Factors

Conditions Factors
Order of the Gender of the Distance Gender
conjuncts participle

F+N F DISTANT FEM.
N +F F CLOSE NEUT.
F+N N CLOSE FEM.
N+F N DISTANT NEUT.
F+N M DEFAULT FEM.
N +F M DEFAULT NEUT.

This means that the statistical analysis will not be strictly parallel in both
experiments. Finally, in both experiments, 40 sentences of similar but slightly
different structures, half of them ungrammatical, were added as fillers. The
initial conjunct contained animate nouns or nouns of the same gender in the
singular, and sometimes there was no participle but a finite verb form, e.g,,
3rd person plural present. These filler sentences served two purposes. First,
because all experimental sentences were actually grammatical and the partic-
ipants had to make a grammaticality judgement, some easily recognizable un-
grammatical sentences had to be added to avoid participants pressing just one
button without much thought. Second, these different structures prevented
participants from forming strategies and hypotheses about what was actually
under investigation in the experiment.

3.3.3. Methods

The participants were asked to sit in front of a 19” LCD computer screen
where the stimuli were presented with a vertical visual angle of around 2°
depending on the distance to the screen (70-100 cm). The experiments were
encoded with the E-Prime 2 program (Schneider, Eschman, and Zuccolotto
2002). Participants were instructed to read the sentences and make a gram-
maticality judgment at the end of the sentence by pressing the left or right
button on the Serial Response Box (part of the E-Prime package). Each sen-
tence was divided into four parts: an initial conjunction (duration 500ms), an
auxiliary word (300ms), a participle (300ms) and a final phrase (500ms). After
each segment there was a 300ms pause before the onset of the next segment
([CONJUNCTIONGs00ms] 300ms [AUXILIARY;00ms PARTICIPLE0ms] 300ms
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[FINAL PHRASEs5y0,,4])- This also served for the collection of the ERP response
in the middle of the sentence. After the sentence ended there was a period of
1000ms for collecting the response. The next segment started with the cross in
the middle of the screen. Its duration was 300ms, with another 300ms of blank
screen before the onset of the conjunction to allow the participant to prepare
for the next trial. The duration of each segment was established after several
off-line trials in order to achieve a comfortable reading speed. The trigger for
averaging the EEG signal was set at the onset of the participle.

The EEG signal was recorded with a Brain Products 32 channel ActiCap
electrode cap with electrodes arranged according to the 10-10 standard and
the BP QuickAmp amplifier using average reference. The signal was sampled
with 1kHz. Vertical and horizontal eye movement artifacts were recorded
with two bipolar electrodes (VEOG and HEOG). Off-line, the EEG signal was
re-referenced to both mastoids and filtered with the bandpass 0.1-30 Hz. Oc-
ular artifacts were corrected with an ICA-based artifact removal tool. The sig-
nal was then averaged, corrected for the baseline -200-Oms, and averaged
for each condition. Statistical analysis (repeated measure ANOVA) was per-
formed on the behavioral data, with reaction time and accuracy as dependent
variables. Since there were no ungrammatical stimulus sentences (only fillers),
the percentage of sentences judged ungrammatical by the participants is, in
fact, the percentage of sentences they found unacceptable. Statistical analysis
on the ERP data was performed on the mean amplitudes in time intervals
relevant for the detected ERP components.

Due to these slight differences in design, the same analysis could not be
performed across experiments. Behavioral results (reaction time and accep-
tance rates) were tested on two factors, Distance and Gender (with a slight
difference in their definition, as explained). The ERP data in Experiment 1 was
tested with two additional factors relevant for the ERP technique: Lobe (fron-
tal, central, and parietal) and Hemisphere (left, central, and right). In Experi-
ment 2, such an analysis was not possible; instead, the factor Condition with
three levels (close, distant, and default agreement) was used for the analysis,
together with the Lobe and Hemisphere factors.

3.4. Results
3.4.1. Behavioral Results

In Experiment 1, reaction times and acceptance rates for the grammaticali-
ty-judgment task were measured on the last word in the sentence. A repeated
measure ANOVA was used for the analysis with Gender (neuter, feminine)
and Distance (close, distant) as two-level factors. No main effects of Gen-
der and Distance were found. However, the interaction Gender x Distance
was confirmed as statistically significant (F[1, 20] = 4.4, p = 0.049). For the ac-
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ceptance rate, a main effect of gender was found (F[1, 20] = 200.1, p < 0.001,
Np2 = 0.19). The results are shown graphically in Figure 1.

These results indicate that generally gender matters: neuter participles
were significantly more accepted, and participants were faster in making
grammaticality judgments. Additionally, these results indicate that the par-
ticipants did not make their choices based on distance. However, they were
quicker in accepting the neuter participle as grammatical.

In Experiment 2, the same analysis could have not been performed on the
resultant data since the default distance level of the Distance factor would not
have been independent from the Gender; it is, in fact, a participle in mascu-
line gender. Therefore, the Gender factor is defined as the gender of the first
conjunct in order to preserve some gender information in the analysis. The
Distance factor is now defined as the distance between the participle and a
particular node in the conjunction structure (Conjl, Conj2, or &P nodes). This
means that the repeated measure ANOVA was performed on a 3x2 design
(Distance x Gender) with close, distant, and default as the three levels of the
Distance factor and feminine and neuter as the two levels of the Gender factor.
Two dependent measures were included in the analysis: reaction times and
acceptance rates, as in the first experiment. No main effects were found to be
statistically significant (Distance: F[1, 18] =1.33, p = 0.28; Gender: F[1, 18] =0.64,
p = 0.43). However, the Distance x Gender interaction was found to be statisti-
cally significant (F[2, 36] = 8.5, p <0.001). A post-hoc test (Tukey) reveals that a
difference was obtained between the close distance and distant feminine lev-
els (p = 0.022), the default distance and close neuter levels (p = 0.013), and the
default distance and distant feminine levels (p < 0.001). For the acceptance rate
variable, neither Distance nor Gender were found to be statistically significant

1000 —— NEUT. 1,0
-e FEM. -
Q
@
----- ®
0 G“\O N
@ereeeerrrett L)
800 0,0
CLOSE DISTANT CLOSE DISTANT
DISTANCE DISTANCE

Figure 1. Behavioral results in Experiment 1
(left: reaction times; right: acceptance rate)
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(Distance: F[1, 18] = 3.01, p = 0.06, Gender: F[1, 18] = 0.24, p = 0.62). However, a
post-hoc test (Tukey) reveals a difference between the close and default levels
of the Distance factor (p = 0.049). The Distance x Gender interaction was not
found to be significant (F[2, 36] = 0.23, p = 0.79). The results are graphically
represented in Figure 2 on page 150, and because they did not reach statis-
tical significance, they can serve only to show trends in the results, e.g., that
the acceptance rate is slightly higher for the close feminine and distant neuter
conjuncts, while being irrelevant for default distance.

The participants were somewhat more confident in a default choice for the
participle. However, as statistical significance was not found anywhere, these
results must be taken with caution and only as trends.

3.4.2. ERP Results

In Experiment 1 the results show a weak P300 effect (marked with an arrow in
Figure 3 on page 150) measured on the onset of the participle.

The ERP waveforms represent the averaged brain response to the partici-
ple in two experimental conditions. The point 0 is the onset of the participle.
The largest effect obtained on the Pz electrode is marked with an arrow. Note
that the experimental conditions differ both in the NF or FN combinations of
the conjunct and in the gender of the participle. Because point 0 represents
the onset of the participle regardless of its gender, the ERP waveforms ob-
tained for two experimental conditions differ only regarding the position of
the conjunct that agrees with the participle (close or distant) and not regard-
ing some characteristics of the participle itself.

The P300 component can be interpreted as an electrophysiological trace of
the distance between the controller (the conjunction) and the target. Statistical
analysis (repeated measure ANOVA with two 3-level factors [Lobe: frontal,
central, parietal; and Hemisphere: left, central, right] and two 2-level factors
[Distance: close, distant; and Gender: neuter, feminine]) found a statistically
significant main effect of Distance (F[1, 19] = 7.58, p = 0.013, n,* = 0.29). There
was no statistically significant main effect of Gender (F[1, 18] = 0.98, p=0.33, n),*
= 0.05). Nor was any statistically significant interaction found. The results are

! Reaction time has proven to be a weakly informative measure in detecting neuro-
logical processes underlying a particular agreement grammar (Staub 2009, 2010). This
might be due to a bias that reaction time in an acceptability task reflects the speed of
acceptance or rejection of a presented stimulus, rather than a measure of processing a
sentence that can be attributed to a specific agreement-dependency interpretation. In
more detail, reaction time was not measured at the predicate, which might be respon-
sible for not providing the exact processing value of the specific agreement depen-
dency. Moreover, if all the options are equally available, the question is which one, if
any, will be rejected and based on what criteria in a context-free task.



150 MARJAN PALMOVICE AND JANA WILLER-GOLD

1000 10 —— CLOSE
- -0 DISTANT
——— L
0 5 « DEFAULT
se=-H <
o 08—
Q00|  aeesesetttT S D e
]
o-” -
0.6
800
FEM. NEUT. FEM.

NEUT.
GENDER OF THE FIRST CONJUNCT

Figure 2. Behavioral results in Experiment 2
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Figure 3. ERP waveforms (left) and difference maps (right) for Close and Dis-
tant agreement conditions in Experiment 1. The difference map is obtained
by simple subtraction of the amplitudes of the ERP waveforms in the Distant
condition from the amplitudes in the close condition on all electrodes in

given time intervals showing the scalp distribution of the P300 effect.
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shown graphically in Figure 4 and clearly show that the results can mainly
be explained by the variance in Distance, not Gender, as partial eta squared
(Mp”) suggests.

Furthermore, the P300 component can be directly related to an enhanced
memory load for Distant agreement; one has to carry the gender information
over a longer time interval.

In the second experiment, with default masculine gender on the participle
added, all options available in Croatian were offered to the participants. The
third option, however, changed the results in a profound way. Two negative
deflections were elicited in this experiment, one around 250ms and distrib-
uted frontocentrally, and the second peaking around 450ms with a similar
distribution. Both effects are larger for the distant agreement condition, i.e.,
close agreement and default masculine agreement elicited similar ERP re-
sponses. The results are shown graphically in Figure 5 on page 152.

Statistical analysis was performed on the two time intervals, 250-300ms
and 470-520ms. Masculine gender on the participle was taken as a third “dis-
tance,” i.e,, the default distance, so a 3x3x3 repeated measure ANOVA was
used for the statistical analysis, the three factors being Lobe (frontal, central,
parietal), Hemisphere (left, central, right), and Condition (close agreement,
distant agreement, default masculine agreement).

In the first interval, a significant main effect of Condition was found (F[1,
19] = 34, p = 0.04, np2 = 0.15). The post-hoc test (Tukey) shows a statistically
significant difference between the Close and Distant agreement conditions
(p = 0.03) while the differences between Close and Distant agreement with a
Default agreement condition were not found to be statistically significant (p

08 —=CLOSE 09 -~ NEUT.
#.DISTANT --m. FEM.

il
Pl

03 03

00 00

NEUT. FEM. CLOSE DISTANT
GENDER DISTANCE

Figure 4. Weighted means of the averaged
amplitudes for Distance and Gender
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= 0.32 and p = 049, respectively). No statistically significant interaction was
found. The results of the statistical analysis are shown graphically in Figure 6.

In the later interval (470-520ms), the main effect of Condition was not sta-
tistically significant (F[1, 19] = 2.19, p = 0.12). Nor were significant interactions
found. The results show overall tendencies similar to the first interval (see
Figure 7).
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Figure 6. Weighted means of the averaged amplitudes for the
experimental conditions in the 250-300ms interval
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Figure 7. Weighted means of the averaged amplitudes for the
experimental conditions in the 470-520ms interval
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4. Discussion

This ERP study addresses the issue of the neurological processes underlying
coordination agreement given mixed-gender conjuncts with native Croatian
speakers. It investigates variation in the degree of processing cost for three
agreement grammars attested in two behavioral production studies. A fac-
torial design was used to disentangle the three agreement grammars. In Ex-
periment 1, a Closeness factor was manipulated to differentiate hierarchical
and linear agreement with the gender on the participle. In Experiment 2, a
Default factor was introduced to verify the effects of Def, a language-specific
agreement grammar, against the other two grammatical conjunct-agreement
dependencies in Croatian.

Under the assumption, predicted by the factorial design, that the same
factors should account for any observed variation, the significance of the
results reported in this study lies in the variability of the data collected in
Experiments 1 and 2, as well as in the variability of results with respect to
behavioral, reaction-time, and acceptability judgments, and the neurophysio-
logical EEG components. The variation in data collected with the same condi-
tions in the two experiments (in which one has only one additional condition)
indicates that there is more to conjunct agreement, or gender agreement, in
terms of top-down processes, speakers’ expectations, or task-related process-
ing than predicted by the basic null hypothesis (see section 3.1). As this vari-
ability is in part methodological, we contend that future experimental work
investigating conjunct agreement should consider a more elaborate psycho-
linguistic model and accordingly apply better experimental control, e.g., a be-
tween-subject design with participants divided according to their prevailing
strategies or a simpler 2x2 match-mismatch design.

The Experiment 1 findings show a memory-related effect—a weak P300 is
interpreted as the activation of memory during the processing of DCA but not
CCA. Considering the linear distance from the participle to each of the two
conjuncts, the results suggest that either the gender value of the first conjunct
is retained in memory for longer, until it is evaluated against the gender value
of the participle (cf., Wagers and McElree 2011 and references therein) or inte-
gration of the gender value of the participle has proven to be inconsistent with
the built-up context, and hence the distance to reaccess the gender value of the
first conjunct is greater than the second. The latter possibility is less convinc-
ing, as we would expect additional effects of inconsistency with contextual or
language-driven predictions, which is not the case. Therefore, the difference
between DCA and CCA is reflected in a higher memory load for DCA, and
argue that processing of DCA, but not CCA, is supported by memory. This
interpretation confirms (ib) and falsifies (ia), or at least does not provide more
subtle evidence for its confirmation.
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The Experiment 2 findings show a combination of two language-related
effects—negative deflections at 250ms and at 450ms with frontocentral dis-
tribution, where again DCA differs from CCA and Def. Interestingly, a com-
parison of results from the two experiments suggests that the introduction
of Default to the experimental paradigm ensures a linguistic context, acti-
vating language-specific processes which take over the role of memory. In a
more ecologically valid experiment, where all three grammatical options are
made available and are equally acceptable statistically and judged with equal
speed (see the behavioral results for Experiment 2), processing of DCA is no
longer supported by a general cognitive mechanism, such as memory, but is
rather being processed by language-related processes (compare reaction time
tendencies in Experiment 1, where CCA and DCA were judged with equal
speed, and Experiment 2, where gradience in judgment speed was slowest for
CCA and fastest for Def). This interpretation falsifies (iia-b), but is in line with
gradable preferences observed in production studies and processing models
arguing for frequency-based parallelism in production and comprehension
(e.g., Levy 2008; MacDonald 2013).

Finally, we elaborate on two observations based on the behavioral findings
for Experiment 1. Considered together with ERP findings, behavioral data can
provide a valuable insight into the peculiarity of DCA and the importance
of an ecologically valid environment. Although reaction-time results did not
reach significance, we are pleased to report on them in the context of issues
raised in this paper and this volume. Comparing Distant and Close, the latter
indicates no preference for either FN or NF, while the former seems to be sen-
sitive to the order of the two genders within the coordination. This tendency,
a weak one at best, points to the possibility that Distant, unlike Close, refers
to the structure and by extension is sensitive to the internal order of the two
conjuncts with respect to gender. Acceptability data show a clear preference
for sentences where neuter rather than feminine is found on the participle. To
explain this clear gender differentiation, we suggest that in an ecologically
free environment, i.e., no Def, neuter assumes the role of default masculine
gender. This is not unexpected, as it has been extensively argued that South
Slavic neuter is not only the least marked or underspecified gender, but a gen-
der with no gender values (Franks and Willer-Gold 2014). Furthermore, al-
though we could argue that inanimate nouns have no biological gender, they
do have a referent, regardless of whether they are morphologically neuter or
feminine. However, in a non-restrictive and referent-free dependency envi-
ronment, such as subject-verb, neuter is the gender found on the verb, never
feminine (see Willer-Gold et al., this volume).

An analysis contra Marusi¢, Nevins, and Badecker (2015), arguing that
Def agreement is the result of the same process underlying CCA, could ac-
count for the observed clustering of Def and CCA, apart from DCA. Assum-
ing agreement is licensed by probing and finding a local Goal which is a max-
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imal projection that can singlehandedly value number and gender features
on the Probe (Franks and Willer-Gold 2014; van Koppen 2005, 2007), the Goal
is Conjunction Phrase or ConjP in the case of Def, the second conjunct or NP2
in the case of CCA, and the Goal is the first, but also hierarchically highest,
conjunct or NP1 in the case of HCA. Therefore, CCA shows the lowest pro-
cessing cost or least working-memory cost out of the three agreement gram-
mars, which is to be expected considering it is structurally small and linearly
closest, and in memory the most recent Goal. Hence for CCA and Def, unlike
HCA, a more economical single-conjunct agreement strategy argues against
markedness-retrieval accounts that take the locus of markedness to be a fea-
ture value (Franck 2011, Wagers and McElree 2011, among others), rather than
opting for a specific agreement strategy.

5. Conclusion

In sum, memory-related processing effects observed for CCA in Experiment 1
have been substituted with language-related processing effects in Experiment
2 in an ecologically valid environment where all three grammatical possibil-
ities were made available. CCA and Def showed the lowest processing costs
and DCA the highest, which is in line with gradable preferences for three
agreement grammars observed in Marusi¢, Nevins, and Badecker (2015) and
Willer-Gold et al’s (this volume) production studies. Interparticipant variabil-
ity most probably contributed simply to weak effects being observed.

Acceptability-judgment results for Experiment 1 show a significant pref-
erence for agreement with the participle in neuter rather than in feminine,
as suggested in an ecologically-free environment where neuter takes the role
of default masculine gender. Reaction-time results weakly indicated that all
local agreement is highly acceptable, while hierarchical agreement is more
acceptable if the first conjunct is neuter, tentatively arguing for the possibility
that DCA, unlike CCA, refers to structural relations, and by extension is sen-
sitive to the internal order of the two conjuncts with respect to Gender.

We stress that the observed variation in the results collected with off-line
and on-line measures, ERP electrophysiological, and temporal data add an ex-
tra level of analytic complexity for a more complete approach to understand-
ing gender agreement strategies with coordinated subjects, aiming to map
out three agreement grammars which may underlie coordination-participle
agreement dependencies in South Slavic languages. However, importantly,
the observed difference in the results of the same conditions in two experi-
ments (in which only one has an additional condition) indicate that there is
more to it than envisaged in terms of top-down processes, speakers” expecta-
tions, or task-related processing. Consequently, these methodological impli-
cations argue for better experimental control in future conjunct-agreement
experiments.
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