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Introduction

A common finding across languages is that subject which-questions (1)
are generally easier to comprehend than object which-questions (2).

1. Which grandmother is hugging the girl?
2. Which grandmother is the girl hugging?

Both structures involve syntactic movement of a wh-phrase (which
grandmother) to the beginning of the sentence, but this movement takes
place from the subject position of the verb hug in (1) and from the object
position in (2). In languages that instantiate a Subject-Verb-Object order,
this movement gives rise to a non-canonical word order in object which-
questions, as the object (which grandmother) precedes the subject (the girl).
Successful sentence comprehension therefore requires to reconstruct the
correct syntactic and interpretative dependency between the moved wh-
phrase, also called “filler”, and the position where it is generated in the
structure, also known as “gap” (e.g., Bever, 1970).

A subject-object asymmetry in comprehension has been observed in
numerous studies with typically-developing children, primarily using
offline measures such as sentence-picture matching or character-selection
tasks, which assess children’s final interpretation of wh-questions (for
Dutch: Metz, van Hout & van der Lely, 2010; Schouwenaars, van Hout &
Hendriks, 2014; for English: O’Grady, 1997; for French: Bentea, Durrleman
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& Rizzi, 2016; Jakubowicz & Gutierez, 2007; for German: Biran &
Ruigendijk, 2015; Roesch & Chondrogianni, 2015, 2016; for Greek:
Stavrakaki, 2006; for Hebrew: Friedmann & Novogrodsky, 2011;
Friedmann, Belletti & Rizzi 2009; Friedmann, Rizzi & Belletti 2017; for
Italian: De Vincenzi, Arduino, Ciccarelli & Job, 1999; for Romanian,
Bentea 2017; a.0).

From a processing perspective, it has been argued that the difficulty with
object questions like in (2) stems from a preference for interpreting the wh-
phrase as a subject rather than an object (e.g. van Gompel, 2013). According
to the “active filler hypothesis™ (Clifton & Frazier, 1989; Frazier & Flores
d'Arcais, 1989), adapted to language acquisition (Avrutin, 2000; Deevy &
Leonard, 2004), gaps are interpreted at the first possible location in the
sentence, in an effort to simplify sentence structure, thus allowing for faster,
more efficient processing. However, if the initial interpretation proves
incorrect as more of the sentence unfolds, reanalysis based on the incoming
linguistic information is required to arrive at the correct interpretation. This
approach explains why both children and adults encounter difficulties with
object-first structures like in (2): the fronted wh-phrase is initially
interpreted as subject during incremental processing, because the subject
position is the first possible gap available in the structure. Upon
encountering the second noun phrase/NP, this initial interpretation needs to
be revised. While adults can revise their early interpretive commitment to a
subject interpretation, it has been argued that children struggle more with
revising the initial interpretation they assigned to the sentence (Trueswell,
Sekerina, Hill & Logrip, 1999) when the disambiguating cues appear in a
sentence-final position (Choi & Trueswell, 2010; Omaki, Davidson-White,
Goro, Lidz & Phillips, 2014).

The difficulty with object which-questions can also be explained by the
similarity in morphosyntactic features between the fronted wh-phrase, and
the subject NP that intervenes in the syntactic dependency between the wh-
phrase and the position where it originates in the sentence. The presence of
this intervening element hinders the assignment of the correct thematic roles
and leads to intervention effects similar to those found in adult grammars
and accounted for through the syntactic locality principle of Relativized
Minimality/RM (Rizzi, 1990, 2004). This account argues that intervention
effects arise when both the object and the subject are lexically specified
(they have an NP feature) and the object crosses over the subject. Thus, in
object which-questions, the lexically restricted subject acts as an intervener
and disrupts the establishment of the correct syntactic dependency between
the wh-object and the gap, because the intervener could be considered as a
potential filler for the gap. This is schematized in (3) below:
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[NP] [NP]
3. Which grandmother is the girl hugging ?
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A closer investigation of the acquisition of these structures has shown that
the intervention effects present in object which-questions are weakened
when the wh-phrase and the subject mismatch in features (e.g., gender,
number), because these mismatches act as cues that can facilitate
comprehension. However, these effects are selective, as not all features are
relevant for the computation of similarity (Friedmann et al., 2009; Belletti,
Friedmann, Brunato & Rizzi, 2012; Friedmann et al., 2017). For example,
while a mismatch in number plays a role in Italian (Adani et al., 2010),
Belletti et al. (2012) found that a mismatch in gender features alleviates
comprehension difficulties in Hebrew, but not in Italian. The authors
conclude that only syntactically active features, meaning features expressed
in the verbal inflection of the finite verb and able to trigger phrasal
movement, are taken into account for the computation of similarity (see also
Biondo, Pagliarini, Moscati, Rizzi & Belletti (2023) for the selective effect
of number and gender features on the processing of relative clauses in Italian
adults).

In this paper | focus on which-questions in Romanian, where object wh-
phrases are marked with a differential object marker (DOM) and number
agreement is present on the verb in order to assess (i) whether mismatches
in morphosyntactic features like DOM and number reduce intervention
effects in offline comprehension in monolingual children and (ii) whether
children use these morphosyntactic features as cues to incrementally
interpret sentences during online processing. The paper is structured as
follows: section 2 describes previous findings from monolingual acquisition
regarding the effect of number agreement, case and DOM on the offline and
online comprehension of which-questions, section 3 outlines the research
questions, sections 4 and 5 present the study design and the results, and
section 6 discusses the main findings.

The role of number and case/DOM
in the comprehension of which-questions

Various studies have examined the role that mismatches in number or
case features and the presence of DOM have on both the offline and the
online comprehension of which-questions. Research shows that number
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mismatches facilitate the comprehension of object which-questions, thus
adding to findings on how number mismatches impact on the
comprehension of object relatives clauses (e.g. Adani etal., 2010; Bentea &
Durrleman, 2017; Contemori & Marinis, 2014).

In a visual-world eye-tracking study with 31 monolingual English-
speaking children aged 5 to 7 years (average age: 6;4, SD: 0.1), Contemori,
Carlson & Marinis (2018) found that children had a strong preference to
interpret object questions as subject questions, as revealed by their
comprehension accuracy scores. However, when comparing object which-
questions with number mismatch to those without, children performed
significantly better with number-mismatched questions in offline accuracy
measures. The gaze data also showed that children took longer than adults
and had more difficulty revising an initial subject interpretation when
processing object which-questions. Nonetheless, children displayed a faster
increase in looks to the target image matching the question when the number
marking on the auxiliary clearly indicated an object interpretation (e.g.,
Which cow are the goats pushing? vs. Which cow is the goat pushing?).
Contemori et al.’s results thus suggest that the mismatch in number
facilitated children’s real-time processing of object which-questions and
reduced intervention effects.

While number mismatch assists English-speaking children with the
comprehension of object which-questions, various studies have shown that
Dutch-speaking children do not rely on number agreement between the wh-
phrase and the verb to overcome a subject-first interpretation bias. This was
reported in two studies by Metz, van Hout & van der Lely (2010, 2012),
which used an offline picture-selection task with children aged 5 to 9 years
old. Their results clearly show that all groups found object questions more
challenging and that comprehension improved gradually with age.
However, even by age 9, children's understanding of these questions did not
match adult levels. The authors concluded that number agreement alone is
insufficient to overcome the preference for a subject-first interpretation.

Schouwenaars et al. (2014) also observed that number mismatch had no
impact on Dutch-speaking children’s understanding of object which-
questions. Their study assessed 23 children aged 6;6 to 7;10 (mean age: 7;1)
and revealed that, although the children could use number agreement to
identify subjects in simple declarative sentences, they had difficulties
integrating number agreement in the comprehension of more complex
structures like which-questions. The children displayed very low
comprehension accuracy for object questions disambiguated by number
agreement and often misinterpreted them as subject questions.
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As for the effect of case-marking on the comprehension of which-
questions, Friedmann et al. (2009) found that the presence of et, an
accusative case marker, before the wh-element in Hebrew object questions
did not reduce children’s difficulty with the comprehension of which-
questions. The 22 children (aged 3;7 — 4;10, average age 4;3) included in
their study performed at chance level (58% accuracy) with object which-
questions during an offline sentence-picture matching task, whereas they
were more accurate (84% correct responses) with both subject who and
which-questions, as well as with object who-questions.

In a subsequent study with 28 Hebrew-speaking children aged 3;0 to 6;5,
Friedmann et al. (2017) showed that the presence of the overt case marker
et did not help with the interpretation of object which-questions. The
children found both questions with and questions without et difficult to
interpret and often selected the picture in which the roles of the arguments
were reversed. In other words, children misinterpreted object questions as
subject questions, regardless of the presence of case marking, indicating that
they had difficulties associating the two NPs with the proper thematic roles
even when case was overtly marked on the object. Friedman et al. (2017)
interpreted these findings as evidence for the idea that only syntactically
active features enter the computation of similarity and can relieve
intervention effects in object dependencies like which-questions. Case-
marking, much like gender in Italian (see Belletti et al., 2012) is not a
relevant feature as it does not trigger phrasal movement. As a result,
children have more difficulties using case mismatches to establish the
syntactic dependency between the moved wh-filler and the object gap in the
presence of a lexically-restricted intervening subject, which leads to
difficulties with the correct interpretation of object which-questions.

For German, Biran & Ruigendijk (2015) have shown that case
morphology does not eliminate the subject-object asymmetry observed in
the comprehension of which-questions. They assessed the comprehension
of German object questions, which share a similar word order with
Romanian, namely fronted wh-word, verb, and post-verbal subject. The
participants, 49 children between the ages of 3;6 and 6;8 (average age 5;2,
SD = 10.2), gave only 51% accurate answers to object questions.
Interestingly, children performed better on object which-questions where
both NPs shared the same gender compared to questions with NPs of
different genders. This improvement was attributed to the presence of two
masculine NPs which are clearly distinguished by case-marking in German
contrary to feminine and neuter nouns which are ambiguous. Based on these
findings, the authors concluded that case-marking positively affected
comprehension of which-questions in German. However, while German-
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speaking children were able to use case-marking to perform to above-
chance levels of accuracy, they were still unable to fully overcome the
intervention effects associated with object which-questions.

Roesch & Chondrogianni (2015) explored how case-marking influences
the comprehension of subject and object who and which-questions in 4 to 5-
year-old German-speaking children, using a character-selection task. In
their study, case was marked either on both the wh-element and the
embedded NP (mirroring the same-gender condition from Biran &
Ruigendijk’s study), or only on the wh-word. Their findings revealed that
children showed better accuracy in comprehending subject questions
compared to both object who and which-questions. Whereas the presence of
case-marking did not affect the comprehension of object who-questions,
children were more accurate with which-questions when both the wh-word
and the post-verbal subject were marked for case as compared to when only
the sentence-initial wh-phrase was marked for case. The authors argued that
preschool-aged German-speaking children use case-marking as a cue to
assign thematic roles in complex sentences, aligning with findings from
earlier studies on relative clauses in older children (e.g., Arosio et al., 2012).
Nonetheless, children’s response accuracy was higher when case
information appeared both at the beginning and at the end of the question.

Another study that revealed a facilitating role for case on the
comprehension of object which-questions was Sauerland et al. (2016). This
cross-linguistic study with 392 children aged 4;10 to 6;0 across 18
languages examined the comprehension of subject and object who- and
which-questions and found that overt case-marking on the moved wh-phrase
was among the language-specific factors that significantly improved
children’s comprehension of object questions, with languages featuring
overt case-marking yielding higher accuracy than those without. Notably,
the authors also reported no effect for the NP feature, potentially due to the
design of the study, which included a consistent number mismatch: the
moved wh-phrase was singular and the second NP was plural in all the
items. As a mismatch in number can ameliorate intervention effects (Adani
et al., 2010; Contemori et al., 2018), the difference in number may have
overridden any effect of the NP feature. However, Sauerland et al.’s data
indicate that children’s difficulties with object which-questions was greatly
reduced in the presence of both case-marking and number agreement.

Finally, in a study combining the visual world eye-tracking paradigm
with a picture-selection task, Schouwenaars, Hendriks & Ruigendijk (2018)
analyzed the comprehension patterns of subject and object which-questions
disambiguated by case and number agreement in monolingual German
children aged between 7;05 and 10;09 (average age 9;01, SD= 12.7). For
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offline accuracy, Schouwenaars et al. found no significant difference in
responses between object questions disambiguated by case and those
disambiguated by number agreement (so when the two NPs mismatched in
number, but were ambiguous with respect to case-marking). However,
individual accuracy patterns suggested that case-marking was a more
effective cue than number agreement on the verb for offline comprehension.
Specifically, four children relied on case-marking but not verb agreement
when interpreting the questions, while no child showed the opposite pattern.
Eye-tracking data indicated that, while case and number agreement helped
reanalysis of initially misinterpreted object questions, children were slower
when disambiguation was based only on number agreement compared to
when both case and number cues were available. That is, children initially
misinterpreted object questions as subject questions when only number
agreement on the verb was used for disambiguation. In contrast, when the
which-phrase was marked for case, children did not make these initial
incorrect interpretations. They displayed a preference to look at the target
picture, although this preference emerged more slowly and later in time
compared to adults.

The findings for Romanian also suggest that marking case on the wh-
pronoun does not improve comprehension with object which-questions.
Like Hebrew, Romanian has the differential object marker/DOM pe that
precedes the wh-object. Contrary to Hebrew, the subject appears in a post-
verbal position in wh-questions in Romanian, such that only DOM pe on the
fronted wh-word indicates that the structure is an object, rather than a
subject question, when the subject and the object match in number. Bentea
(2017) tested two groups of monolingual Romanian-speaking children, 21
children aged 3;8 to 5;2 (average age 4;4, SD = 0.6) and 23 children aged
5;8 to 7;2 (average age 6;5, SD = 0.6), on the comprehension of subject and
object who and which-questions with a match in number. The author found
a subject-object asymmetry only in the comprehension of which-questions,
but not in the comprehension of who-questions, although DOM pe appears
in both types of questions.

As for the effect of number agreement in Romanian, Avram & Sevcenco
(2020) explored the role of number mismatch on the offline comprehension
of subject and object who- and which-questions in a study involving 23
monolingual 5-year-old Romanian-speaking children (average age 5;4, SD
=4.7). Their findings revealed no significant difference between subject and
object which-questions. While the initial results suggested that number
mismatches reduced the intervention effects observed in object which-
questions, the authors proposed that this performance pattern might also
reflect a specific vulnerability associated with subject which-questions. This
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interpretation was further supported by a separate study with another group
of 23 monolingual Romanian-speaking children (mean age = 5;4, SD = 2.5).
In this study, children demonstrated higher comprehension accuracy for
subject which-questions in a number match task compared to the number
mismatch task. On the other hand, their performance on object which-
questions was similar across both match and mismatch conditions.
Summarising, the effect of number agreement and case-marking/DOM
on the comprehension of which-questions seems to be subject to language
variation. Most of the studies reported in this section used offline tasks to
probe children’s comprehension of subject and object questions. The only
two studies so far that have analysed children’s real-time processing of
which-questions (Contemori et al. (2018) for English and Schouwenaars et
al. (2018) for German) suggest that children show a subject-initial
interpretation of object which-questions, but are subsequently able to revise
this towards an object interpretation by making use of morphosyntactic cues
like case and number marking on the NPs and on the verb during online
processing. Importantly, Schouwenaars et al. (2018) showed that the
presence of case-marking on the fronted wh-phrase in German seems to
prevent children from misanalysing object questions as subject questions.

The Current Study

Building on the visual-world eye-tracking study by Contemori et al.
(2018), in this study | focus on Romanian and examine the processing of
which-questions in monolingual child and adult Romanian speakers. To my
knowledge, this is the first eye-tracking study with wh-questions in
Romanian-speaking children. The study aimed to investigate the real-time
and offline processing of subject and object which-questions in both
children and adults and to explore the role of DOM pe and of number
agreement for successful parsing and interpretation.

The specific research questions were:

1. Do morphosyntactic cues like DOM and number agreement facilitate
intervention effects in the offline comprehension of which-questions?

2. What impact do these morphosyntactic cues have on the real time
comprehension of which-questions in children and adults? Do children and
adults use them for incremental interpretation?

For the offline interpretation, the prediction was that a mismatch in
number would alleviate the difficulties that children might encounter with
object which-questions. This was based on previous findings for the effect
of number (Avram & Sevcenco, 2020; Contemori et al., 2018).
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Furthermore, number is also a syntactically active feature in Romanian, as
it is manifested in the agreement on the verb. As such, the featural
intervention account (Friedmann et al., 2009; Belletti et al., 2012) predicts
that a mismatch in number between the moved object and the intervening
subject, which is also manifested in the verbal inflection, should facilitate
the intervention effects found with object which-questions. The presence of
DOM, on the other hand, should not eliminate the subject-object
asymmetry found with which-questions in Romanian. Given that DOM,
like morphological case, is not part of the features that act as attractors for
movement (Friedmann et al. 2017), the prediction is that children would
have difficulties using DOM for overcoming intervention effects in object
which-questions. Note, however, that the predictions of the intervention
account only hold for the final interpretation, so once listeners reach the
end of the sentence and are computing its meaning.

For online interpretation, based on the findings of Schouwenaars et al.
(2018) for German, the prediction was that the presence of DOM on the
fronted which-object in Romanian will guide children and adults’
interpretation, such that they would start with an object-first interpretation
for object questions. In other words, after hearing the which-object phrase,
participants would direct their gaze to the target image corresponding to an
object interpretation. Moreover, if children and adults are sensitive to the
presence of number mismatch between the fronted wh-word and the verb
in an object which-question and integrate this into the online interpretation
(similar to the results reported by Contemori et al., 2018), then there should
be an increase in looks to the target image corresponding to an object
interpretation after the verb.

Method

Participants. The study included thirty typically-developing children
with no language, hearing, or speech pathologies (as reported by the
parents), aged between 6 and 10 (21 male, 6;4-10;4, M = 7;11 years, SD =
13.9 months). Thirty-two adults were tested as control group (9 male, M =
24 years old, SD = 44.6 months). Children were recruited in northern
Romania either through schools, or privately via e-mail or word-of-mouth,
while adults were recruited at various Romanian universities through e-
mail, word-of-mouth and social media posts. The study was approved by
the Ethical Committee of the University of Konstanz, Germany, and in
accordance with the declaration of Helsinki. Informed consent was obtained
prior to the experiment. For the child participants, both children and adults
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received information about the study and gave their written consent to
participate in the study.

Materials. Participants took part in a picture-selection task with eye
tracking (adapted from Contemori et al., 2018). The study manipulated two
independent variables: Question Type and Number, each with two levels.
Participants were thus assessed on four conditions, exemplified in Table 1,
and each condition included eight sentences, resulting in thirty-two
experimental items. The Question Type variable distinguished between
subject and object which-questions, while the Number variable
distinguished between number match and number mismatch conditions. The
questions with number match contained two NPs in the singular and
involved the same number agreement between the first NP and the verb
(examples (4) and (5)). The questions with number mismatch contained a
first NP in the plural and a second NP in the singular and involved the same
number agreement between the first NP and the verb (for subject questions,
as shown in (6)), or different number agreement between the first NP and
the verb (for object questions, as shown in (7)). Therefore, in the number
match conditions, object questions were disambiguated from subject
questions through the presence of DOM, marking accusative case, and of
the clitic that doubled the wh-object; in the number mismatch conditions,
object questions were disambiguated through the presence of DOM, clitic
doubling and number agreement on the verb.

Question Number Test Item
Type
Subject match 4. Care doctor Tmpinge regele?

which doctor pushes king.the.se.m

Which doctor is pushing the king?

mismatch | 5. Care doctori Tmping regele?

which doctors push  king.the.sc.m

Which doctors are pushing the king?

Object match 6.Pe care doctor il Tmpinge regele?

pom Which doctor him pushes king.the.sc.m
Which doctor is the king pushing?’
mismatch | 7.Pe care doctori i Tmpinge regele?
pom Which doctors them pushes  king.the.se.m
Which doctors is the king pushing?

Nine transitive verbs were chosen (a acoperi ‘to cover’, a fugari ‘to
chase’, a impinge ‘to push’, a lovi ‘to kick’, a atinge ‘to touch’, a musca ‘to
bite’, a pieptana ‘to comb’, a spala ‘to wash’, a trage ‘to pull’). All the
verbs denoted semantically reversible actions. Four verbs (a acoperi ‘to
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cover’, a musca ‘to bite’, a pieptana ‘to comb’, a spdla ‘to wash’) were
associated with inaudible verb agreement, and five verbs instantiated
audible number agreement with the subject (a fugari ‘to chase’, a impinge
‘to push’, a lovi ‘to kick’, a atinge ‘to touch’, a trage ‘to pull’). Thirty-two
filler items were also included. These were subject and object who-
questions (e.g. Who is covering the grandfather?), subject which-questions
with an inanimate patient (e.g. Which boy is eating an ice-cream?) and
adjunct questions (e.g. Where is the laughing fish?). Each item was
preceded by a lead-in introducing the characters (e.g. Here are some doctors
and kings.) and was aurally presented together with two pictures depicting
two animate entities (e.g. either two animals or two people) with one
performing an action on the other (e.g., pushing). One of the pictures (the
"target") matched the argument structure of the question, while the other
(the "competitor") depicted the reverse structure. Figures 1 and 2 illustrate
the pictures corresponding to the four experimental conditions.

A native speaker of Romanian recorded all the sentences, as well as the
task instructions, in a sound-proof booth. The items were pseudo-
randomized using a Latin-square design and divided across four lists, such
that each participant saw an item only once (in one of the four conditions).
The experimental items were interspersed with fillers, such that no two test
items were presented after each other. The position of the pictures and the
direction of the actions was also counterbalanced: the correct picture
appeared on the left for half of the items, and on the right, for the other half.
The action was realized from left to right in half of the pictures and from
right to left in the other half.

Figure 1. Example of pictures® associated with subject and object questions
in the number match condition (examples (4) and (6)).

! The pictures were created by Jovana Kac¢avenda (www.youwannaux.com).
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Figure 2. Example of pictures associated with subject and object questions
in the number mismatch condition (examples (5) and (7)).

Procedure. The study employed a visual world eye-tracking task, which
was set up and run using the Gorilla Experiment Builder platform (Anwyl-
Irvine et al., 2020; Anwyl-Irvine et al., 2021). Participants were tested
individually in a quiet room and were recommend to wear headphones. For
the children, each testing session started with a video call in which the
experimenter (the author) introduced the task to the children and also
explained in detail what they had to do during the task. For adults, the
session started with video instructions outlining the purpose and the general
procedure of the experiment. Afterwards, participants proceeded to the eye-
tracking task, beginning with more detailed audio instructions and the initial
webcam calibration. During calibration, they saw five red points, one at a
time, and had to fixate their gaze on each. This was followed by a validation
phase in which five green points appeared one after the other at different
locations on the screen and participants had to fixate their gaze on them.
Once the participants completed the calibration successfully, they began the
eye-tracking experiment, which comprised sixty-eight trials: four practice
trials, thirty-two experimental trials, and thirty-two fillers. Three additional
calibration phases were included — one after the practice trials, one after
twenty-four trials, and another after the next twenty trials. Each trial started
with a fixation cross, and participants clicked a "NEXT" button below the
cross to proceed to the visual display, which consisted of two pictures. A
preview of 1000 milliseconds was provided, during which participants
listened to the lead-in associated with each sentence. They then listened to
a which-question, while the two pictures remained on the screen. At the end
of the question, a cursor appeared on the screen and participants had to click
on the picture that answered the question. They could only click to select an
image once the whole audio was played. There was no time limit for
providing an answer and there was no feedback given on the accuracy of
the response. Children completed the task in about thirty minutes, while
adults took about twenty minutes to finish the task.
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Results

Analysis. The data were analysed in R (R Core Team, 2022). Regression
analyses were performed for the accuracy data using the Ime4 package
(version 1.1-33; Bates et al., 2015). The DHARMa package (version 0.4.6;
Hartig, 2020) was used to run model diagnostics and the ggplot2 package
(Wickham, 2016) for visualizations. Given that the dependent variable
(response accuracy) had a binomial distribution, binomial generalized linear
mixed-effects models were fit to the data. These model the likelihood of a
correct (1) or an incorrect response (0) as a function of a set of predictors.
The analysis began by specifying the maximal random-effects structure,
which had to be reduced to sustain model convergence. The final models
included a random intercept for Participant and one for Item, as well as
random slopes for Question Type by Participant. The fixed effects structure
initially included all the predictors of interest, namely Group (Adults vs.
Children), Question Type (subject vs. object), and Number (match vs.
mismatch), as well as the three-way interaction between Group, Question
Type, and Number. A repeated-contrast specification was used for all three
categorical fixed effects, such that: “Adults” (from the Group predictor),
“subject” (from the Question Type predictor), and “Mismatch” (from the
Number predictor) were coded as —0.5, and “Children” (from the Group
predictor), “object” (from the Question Type predictor), and “Match” (from
the Number predictor) were coded as 0.5. This contrast specification
compares the two levels of the factor against each other and the estimates
represent the difference between these two levels. The Intercept corresponds
to the global grand mean. Each non-significant interaction term or predictor
was then eliminated step by step using backwards selection. Numerical
predictors were scaled and centred to circumvent issues related to the use of
different scales. Model comparisons were performed using likelihood ratio
tests. Throughout the text only the results of the final models are reported.

The eye-movement data was analysed with generalised additive mixed
models (GAMMs) using the packages itsadug and gamm4 (bam, mgcv,
compareML, Wood, 2006, 2011)). GAMMs are a type of nonlinear
regression analysis, well-suited for anaylzing time-course data obtained
from visual world eye-tracking studies (Ito & Knoeferle, 2023). Similar to
generalized linear mixed-effects models, GAMMs can take both fixed and
random factors into account. Their key advantage, however, is their ability
to handle nonlinear datasets by modeling the relationships between
predictors and the dependent variable as smooth functions.
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Incorrect trials were removed from the analyses consistent with
Contemori et al. (2018) and standard practice with this type of data. This
resulted in the loss of 10 trials for subject questions (around 0.01% of the
total subject question trials) and 67 trials for object questions (around 7%
of the total object question trials) due to lower comprehension accuracy in
the latter. From the eye-tracking record, gaze position was determined in
100ms bins and fixation was coded binomially (1 = fixated, 0 = not fixated)
for each time bin (Ito & Knoeferle, 2023). Eye-movements were analysed
during a 3000 ms window from the onset of the wh-word until the end of
the sentence. Two models were fit for each group, children and adults. The
baseline model included time as smooth term and Participant as random
effect. The second model also included Question Type and Number, as well
as their interaction, as a categorical variable transformed into an ordered
factor. The two fixed factors were coded using treatment contrast coding. A
model comparison was run with the compareML function to assess the fit
and differences between the two generalized additive models. The model
comparison results indicated a significant improvement in fit for the full
model compared to the null model (p < .001). The packages ggplot2
(Wickham, 2016) and tidymv (plot_smooths and plot_difference functions,
Coretta, 2020) were employed for data visualization. The difference plots
obtained from the plot_difference function were used to compute
differences between looking behaviour for subject and object questions with
or without a mismatch in number in children and adults.

The results for comprehension accuracy are presented first and then
those for the eye-gaze data.

Accuracy results. To answer RQ1, the comprehension of which-
questions in children and adults was compared in order to determine the
impact that the type of question (subject vs. object) and the presence or
absence of a mismatch in number have on offline comprehension in both
groups. Figure 3 illustrates the descriptive results for children and adults’
response accuracy for subject and object which-questions matching or
mismatching in Number. The results for subject questions show that both
adults and children comprehended these very well, displaying ceiling or
near ceiling performance (Maduits = 0.992, SDaguits = 0.088; Mehitgren = 0.987,
SDchilaren = 0.111). The results for object questions indicated a higher degree
of variability in children, but not in adults, who reached ceiling performance
for object questions as well (Magus = 0.992, SDaduis = 0.088; Mechiidren =
0.868, SDchiIdren = 0.338).
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Figure 3. Response accuracy as proportion score (0-1) by Question type
(subject and object) and by Number (matching and mismatching) for the
two groups. The red dots represent the mean for each condition.

The lower black points in the adult group represent outlier responses
values. Further inspection of the data showed that one adult participant gave
two incorrect responses for subject questions with a match in number (75%
accuracy), while six others incorrectly interpreted one item in one of the
match conditions. Importantly, the lower accuracy scores for subject and
object questions in the number match condition do not come from the same
person and all participants performed above chance in the picture selection
task. Figure 3 also points to the presence of outlier values in the child group.
These are mainly present in the object match condition, which also has a
smaller spread than the mismatch condition. The outlier values indicate that
some children performed much worse than the majority with object
questions containing a match in number. A closer look at the data reveals
that these children are among the younger ones (aged 6 to 7) in the group.
Two children had below-chance performance in the object match condition
and one of them also displayed below-chance performance in the object
mismatch condition. Three other children performed at chance with both
types of object questions.

The final model investigating offline comprehension of which-questions
included as fixed predictors Group (Adults vs. Children), Question Type
(subject vs. object), Number (match vs. mismatch) as well as the interaction
between Group and Question Type. Only the significant effects are reported
in the text. The model showed that, overall, children were less accurate than
adults (est. = -1.863, SE = 0.656, z =- 2.840, p = .005). There was, however,
a significant interaction between Group and Question Type (est. = -2.598,
SE = 1.317, z = -1.972, p = .049), indicating that child group had more
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pronounced comprehension difficulties with object questions but not with
subject questions compared to the adult group (Figure 4).

100%1

D 98%1
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0 .
F 95%/ Question Type
2 subject
8 92%1 object
=
8 90%1
88%1 |
Adults Children
Group

Figure 4. Predicted values given the interaction between Group (Adults vs.
Children) and Question Type (subject vs. object) in the model predicting
performance with which-questions according to group of participants, type
of question, match or mismatch in number features, and the interaction
between question type and number.

Given the wide age range of the child group, the effect of age on the
comprehension of subject and object questions with or without a mismatch
in number was probed further by focusing only on the child data. The final
model included Question Type, Number and Age in months as fixed
predictors. The analysis only revealed a main effect of age (est. = 1.016, SE
=0.426, z = 2.381, p = .017), showing that response accuracy with which-
questions increases with age (Figure 5).

—
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Figure 5. Predicted values of the effect of age in the model predicting
accuracy with which-questions.

Eye-gaze results. To answer RQ2, differences in processing subject and
object which-questions in the gaze patterns of both children and adults were
investigated. This allows to understand how the participants’ eye-gaze
changes over time as a function of the incoming information in the structure
and whether they use this information for incremental interpretation.

Figure 6. Adults’ online gaze for questions by Number condition from the
onset of the wh-question. The plots show separate lines for the proportion
of looks toward target image for subject (green lines) and object pictures
(red lines).

The smooth plots in Figures 6 and 7 show that for subject questions,
children and adults look increasingly toward the target image. For object
questions, adults look increasingly toward the target image. The proportion
of looks to the target image in questions with a mismatch in number is
higher than the proportion of looks to the target image in questions with
number match. As for the child group (Figure 7), object questions with a
number match initially display a decrease of looks, followed by an increase
of looks toward the target image. In the number mismatch condition,
children look increasingly toward the target image, similarly to the adults,
but this increase in looks takes place later in children compared to adults.
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Figure 7. Children’s online gaze for questions by Number condition from
the onset of the wh-question. The plots show separate lines for the
proportion of looks toward the target image for subject (green lines) and
object pictures (red lines).

The difference plots (Figures 8 and 9) reveal differences between adults’
and children’s gaze patterns for object questions disambiguated by number.
For both groups, the proportion of looks to the target image in the number
mismatch condition is significantly higher than in the number match
condition and this increase in looks occurs towards the end of the sentence.
For children, tehre is also a difference between the number match and
mismatch conditions which emerges at the onset of the object question:
children’s proportion of looks to the target image in the number match
condition is significantly higher than in the number mismatch condition.

Figure 8. Difference curve in adults looks to target from the onset of the wh-
question (plotted with the plot_difference() function. The grey band
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indicates the 95% confidence interval (Cl) of the mean difference. Values
above zero indicate more target looks in the first mentioned condition
(Number Mismatch). Values below zero indicate more target looks for the
last mentioned condition (Number Match). The difference is significant if
the 95% CI does not include zero.

Number Mismatch — Number Match time window of significant difference

Figure 9. Difference curve in childrens’ looks to target from the onset of the
wh-question (plotted with the plot_difference() function. The grey band
indicates the 95% confidence interval (CI) of the mean difference. Values
above zero indicate more target looks in the first mentioned condition
(Number Mismatch). Values below zero indicate more target looks for the
last mentioned condition (Number Match). The difference is significant if
the 95% CI does not include zero.

To summarize, the online gaze data show that both children and adults
interpret questions incrementally, with adults showing a faster increase in
looks to target images in object questions compared to children. As for the
effect of number mismatch on the eye-movement data, both groups show
higher proportion of looks to the target image in object questions with
number mismatch than in object questions with number match, showing that
they are sensitive to the number cue and draw on it for real-time processing.

Discussion

This study focused on the comprehension of which-questions in
Romanian-speaking monolingual children and adults. The main aims were
(i) to probe the offline interpretation and on-line processing of this type
questions and (ii) to examine the impact that different morphosyntactic cues
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(like the presence of DOM and of number agreement) have on children’s
and adults’ comprehension of these structures. To address these questions,
the discussion first starts with the offline accuracy results, which relate to
participants’ final interpretations of which-questions. Next, the discussion
focuses on the participants’ gaze patterns to gain insights into their real-time
processing.

Do morphosyntactic cues like DOM and number agreement facilitate
intervention effects in the offline comprehension of which-questions?

The results of the offline accuracy task show, first of all, that adults
correctly interpret subject and object questions with or without a mismatch
in number. As for children, they show near-ceiling accuracy with subject
which-questions, indicating that subject questions pose minimal
comprehension challenges for children. However, the findings for object
which-questions reveal greater variability in children’s performance
compared to subject questions, but also compared to the results of the adult
group. This is in line with previous findings reported for Romanian (Avram
and Sevcenco, 2020; Bentea, 2016, 2017; Manita, 2017) in studies with
younger children. The fact that the children tested in the current study have
more difficulties with the comprehension of object questions, despite the
presence of pe, the differential object marker that precedes the wh-phrase,
follows from the featural intervention account, which argues that case is not
an active feature in attracting movement and should therefore not be taken
into account in the computation of intervention effects (Friedmann et al.,
2017). The subject-object asymmetry found in this study suggests that
children may struggle to utilize case cues effectively to overcome
intervention effects in object which-questions. In other words, children are
sensitive to the presence of DOM, as is shown by the fact that their
performance is rather high (86% accuracy). Nevertheless, they cannot use
DOM for the proper assignment of thematic roles in object questions that
contain a subject which shares a lexical NP restriction with the object and
intervenes in the syntactic dependency between the wh-phrase and the
object gap. If children used a general strategy drawing on the presence of
DOM on the wh-word to determine the object, and hence the patient of the
verb, we would expect no difference between subject and object questions.

As for the effect of number agreement on offline comprehension, the
study shows that the presence of a mismatch in number between the moved
object and the intervening subject does not impact children’s offline
interpretation of which-questions. This finding does not align with the
results reported in Avram and Sevcenco (2020) and does not corroborate



Comprehending which-questions in real-time: 21
an eye-tracking study with Romanian-speaking children and adults

the predictions of the study which were derived from the featural
intervention account (Friedmann et al., 2009; Belletti et al., 2012). The
difference with Avram and Sevcenco’s (2020) findings could be due to the
age of the children included in the current study, who were older, but also
to the difference in methodology.

That age impacts children’s comprehension in this study is evidenced by
the significant effect of age on the offline accuracy data (Figure 5). This
reveals that the older children (8 years and above) are overall better at
comprehending which-questions than their younger peers aged 6 and 7. This
finding suggests a gradual refinement in the ability to process syntactic
dependencies and in the sensitivity to specific morphosyntactic cues as
children grow older.

What impact do these morphosyntactic cues have on the real time
comprehension of which-questions in children and adults? Do children and
adults use them for incremental interpretation?

The gaze data provided an answer to the question how children and
adults process morphosyntactic cues in which-questions. The findings show
that both children and adult interpret these structures incrementally and that
adults are faster at integrating the case and number information in the online
processing of which-questions.

For children, the data indicate that the presence of DOM at the onset of
the wh-word does not preempt a subject-first interpretation (Figure 7). In
other words, the pattern of looks to the target image in object questions
shows that children start with an incorrect initial interpretation which they
are only able to revise at a later moment in time. This is contrary to the
findings for online comprehension reported for German by Schouwenaars
et al. (2018) and who found that object questions disambiguated by case on
the first NP did not result in incorrect initial interpretations.

Unlike the offline accuracy scores, the online gaze data revealed
differences with respect to Number mismatch. Both children and adults
were sensitive to the number mismatch cue online, as manifested by the
more prominent increase in looks to the target image in object questions
disambiguated by a mismatch in number compared to those in which
disambiguation was also realized through DOM on the wh-word and the
clitic. This effect, however, was not reflected in the offline comprehension
scores where no difference emerges between object questions with and
without a mismatch in number. This is in line with Schouwenaars et al’s.
(2018) results which also found a contrast between the online and offline
response patterns, with offline responses not reflecting differences with
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respect to disambiguation cue. This difference in effect could reflect
differences in task sensitivity as analyzing children’s and adults’ gaze data
is a more sensitive measurement than offline responses.

One possible explanation for the different effect of DOM and number
cues could be related to timing differences, that is, to whether the cues
appear earlier or later in the sentence: DOM, marking case, appeared earlier
in the sentence than the verb agreement cue. The study by Roesch &
Chondrogianni (2015) found that German-speaking children were more
accurate with which-questions when both the wh-word and the post-verbal
subject were marked for case as compared to when only the sentence-initial
wh-phrase was marked for case. The finding that the Romanian-speaking
children in this study are better able to revise their initial interpretation in
the presence of both DOM and number agreement on the verb suggests that
the presence of double cues in the structure facilitates online processing
more than early-arriving cues (cf. Choi and Trueswell, 2010; Omaki, et al.
2014). More research is however needed to understand the impact of the
timing of cues on real-time processing in children.

Conclusions

This study shows that overall Romanian children aged 6 to 9 and adults
make use of morphosyntactic cues like differential object marking and
number agreement in their comprehension of which-questions. The findings
highlight distinct developmental patterns: while adults demonstrated high
accuracy, children exhibited variability in their comprehension of object
questions. Although the presence of DOM did not eliminate the subject-
object asymmetry previously reported for children with this type of
structures, performance is nonetheless high. Number agreement facilitated
online processing, revealing sensitivity to this cue during incremental
interpretation. The data also underscored age-related improvements in
comprehension, pointing to a gradual refinement of syntactic processing
skills over time.
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