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Abstract

A large body of psycholinguistic research has revealed that during sentence interpretation adults coordinate multiple sources of
information. Particularly, they draw both on linguistic properties of the message and on information from the context to constrain their
interpretations. Relatively little however is known about how this integrative processor develops through language acquisition and about how
children process language. In this study, two on-line picture verification tasks were used to examine how 1st, 2nd and 4th/5th grade
monolingual Greek children resolve pronoun ambiguities during sentence interpretation and how their performance compares to that of adults
on the same tasks. Specifically, we manipulated the type of subject pronoun, i.e. null or overt, and examined how this affected participants’
preferences for competing antecedents, i.e. in the subject or object position. The results revealed both similarities and differences in how
adults and the various child groups comprehended ambiguous pronominal forms. Particularly, although adults and children alike showed
sensitivity to the distribution of overt and null subject pronouns, this did not always lead to convergent interpretation preferences.
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1. Introduction

Over the past 20 years an accumulating body of evidence on sentence processing has shown that a wide range of
syntactic and non-syntactic sources of information mediates sentence interpretation. For example, semantic plausibility,
syntactic information, relevant contextual information, statistical regularities, and frequency of lexical co-occurrence have all
been found to inform adults’ parsing commitments (Altmann and Steedman, 1988; Pearlmutter and MacDonald, 1995;
Taraban and McClelland, 1988; Tanenhaus and Trueswell, 1995; Trueswell, 1996; Trueswell and Tanenhaus, 1994;
Trueswell et al., 1994).

Although there is plenty of evidence that adults are capable of coordinating these types of information, it is unclear whether
the same applies to children. Recent research on the nature of children’s sentence processing abilities has attempted to unify
theories of language processing and language development and to examine how the processing system develops in children
(e.g., Clahsen and Felser, 2006; Felser et al., 2003b; Goodluck, 1990; Goodluck and Tavakolian, 1982; McKee et al., 1993;
Papadopoulou and Tsimpli, 2005; Trueswell et al., 1999; Tyler and Marslen-Wilson, 1981).
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One phenomenon that requires the coordination of different types of information is pronoun resolution in null subject
languages, where the choice of subject pronoun form (overt or null) is regulated by discourse factors. In this paper, we
present the results of two experiments that are designed to examine how Greek children and adults coordinate
grammatical and discourse pragmatic information in order to resolve pronoun ambiguities during sentence interpretation.
The focus is on the resolution of overt and null subject pronouns whose distribution in Greek is regulated by discourse
factors. If children have acquired the grammatical and discourse pragmatic principles of pronoun distribution, then we
would expect their interpretation preferences to be the same as those of adults and to vary as a function of pronoun form.
To explore this research question we employed a self-paced listening picture verification task in which we investigated
both the participants’ pronoun resolution preferences and processing patterns as revealed from listening times on
particular words/zones of the critical stimuli. Our findings indicate that, whereas adults have an established subject
preference for null pronominal forms and an object preference for overt pronouns, children show a distinct developmental
pattern for null and overt pronouns. In particular, the resolution of overt pronouns is adult-like in 10-to-11-year-old children,
but not steady in younger child groups, although they too seem to be sensitive to the appropriate discourse feature during
sentence processing. On the other hand, null pronouns reveal a U-shaped development with no clear resolution pattern
even at the age of 10-to-11 years.

In section 2, we first give a brief overview of pronominal subjects in Greek, while current accounts as well as empirical
data on the interpretation of null and overt pronouns are outlined in section 3. In section 4 we review studies on the
acquisition of null and overt subjects in null-subject languages. In section 5 we describe the experiments that we
conducted and report on their results; first, we describe the experiment investigating null (section 5.1) and secondly the
one testing overt subject pronouns (section 5.2). In section 6 we discuss the results from both experiments and their
implications for current theories of language processing in children. In section 7 we draw a number of conclusions from the
evidence provided.

2. Distribution of null and overt subject pronouns in Greek

Greek is a null-subject language, that is, it allows null subjects in finite clauses as shown by the example in (1):

(1) Xtes pro ída to Jáni.
yesterday pro saw-PERF-1SG the-ACC Jani-ACC
‘‘Yesterday I saw John.’’

However, the repertoire of pronominal forms in Greek consists of both null and overt pronouns. The null pronominal option
is a weak pronoun and is considered to be the default form, whereas the overt pronominal form is a strong pronoun and
constitutes the ‘‘marked’’ option (Cardinaletti and Starke, 2001; Montalbetti, 1984). For example, the null and overt
pronouns in (2a) and (2b) respectively, though ambiguous, exhibit specific preferences with respect to their reference.
Namely, the null pronoun in (2a), being the default pronominal form in Greek, is preferably anchored to the most salient/
prominent referent, i.e. the sentential subject/topic, and hence leads to a non-shifted interpretation for the subject. On the
other hand, the overt pronoun in (2b), when pronounced as unstressed, marks topic shift and is preferably associated with
less salient/prominent entities of the discourse, i.e. non-topic referents. Notice that such a referent could be either the
complement of the main clause, tin kopéla, or a third referent not mentioned in the main clause1:

(2a) O papús milúse dinatá ston egonó tu ótan pro djávaze éna vivlío.
the old-man spoke-IMP-3SG loudly to-the grandson his when pro read-PAST-IMP-3SG a book
‘‘The old-man was speaking loudly to his grandson when he was reading a book.’’

(2b) I jajá xerétise tin kopéla ótan aftí pernúse to drómo.
the old-lady greeted-PERF-3SG the girl when she crossed-IMP-3SG the street
‘‘The old-lady greeted the girl when SHE was crossing the street.’’

Consider further the interpretation of null and overt subject pronouns in (3). The null pronoun in (3b) is straightforwardly
anchored to the topic of the previous utterance, o Pétros, introduced in (3a). Notice, however, that the use of an
unstressed overt pronoun in (3c) to refer to the previous topic makes the sentence sound awkward. However, (3c)
becomes easily acceptable and acquires additional readings, if the overt pronoun is stressed as in (3d). Namely, the
presence of a stressed overt pronoun with a high pitch accent associated with contrastive focus in (3d) implies that Peter
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greeted Mary and no one else did. If, on the other hand the stressed pronoun carries an accent linked with contrastive topic
the speaker asserts that Peter greeted Mary but someone else did not.2

(3a) Xerétise o Pétros ti María;
greeted-3SG the-NOM Petros-NOM the-ACC Maria-ACC
‘‘Did Petros greet Maria?’’

(3b) Ne, pro ti xerétise.
yes pro her-greeted-3SG
‘‘Yes, he greeted her.’’

(3c) #Ne, aftós ti xerétise.
yes he her-greeted-3SG
‘‘Yes, he greeted her.’’

(3d) Ne, AFTOS F/CT ti xerétise.
yes he her-greeted-3SG
‘‘Yes, HE greeted her.’’

In this study, we focus our discussion on null and unstressed overt subject pronouns and our aim is to experimentally
investigate in adults and three child groups whether their interpretation is affected by the salience/prominence of the
antecedent. Given the complex mappings between referring expressions and antecedents, the interpretation of subject
pronouns in Greek requires the coordination of grammatical and pragmatic knowledge. Knowledge of grammar provides
language users with the option of an overt or null pronoun as the subject of a finite clause. Knowledge of pragmatics guides
the choice of pronoun form given the discourse context. The most underspecified form of reference available in Greek, pro,
should pick a subject antecedent, whereas a fully specified form should pick a less salient, non-subject antecedent.

3. Accounts of pronoun ambiguity resolution

Pronoun resolution in a null subject language is a complex task insofar as it draws not only on specific grammatical and
pragmatic knowledge, but also on properties of a general and/or language-specific processing mechanism. A theoretical
account that makes explicit predictions regarding pronoun resolution patterns is Centering Theory (Brennan et al., 1987;
Grosz et al., 1995). According to Centering Theory, pronouns prefer to have antecedents in the subject position.
Furthermore, prominence of an antecedent is defined as a list of ‘‘forward looking centers’’, i.e. available referents, where
the highest member of the list is the most compatible antecedent. Compatibility is defined structurally, e.g. in terms of w-
features, and thematically in terms of agentivity (Grosz et al., 1995). It should be noted here that the discourse notions of
salience and prominence have been considered as the key determinants of anaphora resolution by several researchers
despite differences in the way they have been defined, e.g. Topicality by Givon (1983), Accessibility by Ariel (1990),
Givenness by Gundel et al. (1993), or Informativeness by Allen (1997).3

Another theoretical account, which has been proposed more recently, is the Position of Antecedent Strategy (PAS)
postulated by Carminati (2002). PAS differs from Centering Theory in that it associates a particular structural position, i.e.
Spec IP, with specific discourse properties, as explicitly exemplified below. Carminati (2002) experimentally tested
pronoun resolution in a null-subject language, i.e. Italian, by conducting on-line and off-line experiments. The findings of
these experiments revealed that null and overt subject pronouns have distinct biases toward the syntactic position of their
antecedent. Namely, she found that null pronouns manifest a preference to be linked with subject antecedents, while overt
pronouns are biased toward non-subject antecedents. These results have been replicated more recently by Filiaci (2010).
Based on this evidence, Carminati proposed the PAS in resolving intra-sentential anaphora, according to which the null
pronoun prefers an antecedent which is in the canonical subject position, i.e. in the Spec IP position, whereas the overt
pronoun prefers an antecedent which is not in the Spec IP position. This structural preference is in line with a discourse
principle whereby the more salient entities are referenced with the most reduced form, along the lines of the accessibility
hierarchy proposed by Ariel (1990). Given that the entity introduced by the subject is normally considered the default topic
of the sentence, hence highly accessible in memory, it will be picked as the referent for a null rather than for an overt
pronoun, as less informative, less rigid and more attenuated markers are linked with prominent entities. The opposite
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predicts that pronouns prefer antecedents in a parallel position when certain conditions are met. Thus, subject pronouns should prefer subject
antecedents and object pronouns should prefer object antecedents. However, causal inference based accounts (Ehrlich, 1980; Kehler, 2002) argue
that causal inferences rather than the parallel syntactic position of the pronouns and their antecedents better explain pronoun resolution strategies.
The experimental items of the present study do not manipulate such factors and, thus, these proposals will not be further discussed.



pattern is expected for overt pronouns: being more informative, more rigid and less attenuated markers, overt pronouns
prefer less prominent discourse entities as referents.

The PAS proposed by Carminati (2002) has been further investigated in several Spanish studies on pronoun
resolution. Alonso-Ovalle et al. (2002) conducted an off-line questionnaire study in which the participants were asked to
denote the referent of null and overt pronominals, when these were preceded by a sentence containing two possible
referents, one in the subject and one in the object position. The findings indicated that the null pronoun was preferably
anchored with the subject of the previous utterance, while the linking of the overt pronoun to the subject antecedent was
attested approximately 50%. These findings have been recently replicated by Jegerski et al. (2011) as well as by Keating
et al. (2011). Moreover, Filiaci (2010) conducted two self-paced reading tasks, one in Italian and one in Spanish, using
Carminati’s experimental materials. The Italian experiment reproduced the findings reported in Carminati (2002). The
Spanish results, however, were similar to those reported in the aforementioned questionnaire studies. Namely, Filiaci
found processing cost associated with the linking of null pronominals to non-salient/prominent antecedents, while overt
pronouns did not exhibit processing cost when referring to salient antecedents. Therefore, the Spanish studies suggest
that cross-linguistic differences exist even among null subject languages. In particular, resolution of overt pronominals
displays a clear bias toward non-salient antecedents in Italian (Carminati, 2002; Tsimpli et al., 2004), while in Spanish they
do not seem to comply with the discourse feature of salience/prominence. In a study on Catalan (Mayol and Clark, 2010),
however, the PAS has been supported by both offline and online data, even though the dispreference of overt pronominals
to refer to topic antecedents was not as strong as in the Italian (Carminati, 2002; Filiaci, 2010) study.

Tsimpli et al. (2004) also explored the resolution preferences of null and overt pronouns in Italian. Their findings provide
support for the differential status of the two pronominal forms, as suggested by the aforementioned accounts (Ariel, 1990;
Carminati, 2002). In particular, Tsimpli et al. (2004) investigated forward and backward anaphora resolution in adult native
speakers of Italian by means of a sentence--picture matching task. Participants heard sentences consisting of a main and
a subordinate clause; the main clause introduced two referents, one in the subject and one in the object position. The
subject of the subordinate clause was either a null or an overt pronoun and participants had to select the referent for the
null or overt pronoun by choosing one of three pictures. One picture corresponded to the subject and one to the object of
the main clause. The third picture depicted a new referent who was not introduced in the sentence. The findings showed
that in sentences with forward anaphora, when the subject of the subordinate clause was a null pronoun, participants
preferred to interpret it as the subject of the main clause. In contrast, when the subject of the subordinate clause was an
overt pronoun, participants strongly preferred to interpret it as referring to the new referent. In sentences with backward
anaphora, when the subject of the subordinate clause was a null pronoun, participants allowed for either the subject or the
object of the main clause as a possible referent. However, when the embedded subject was an overt pronoun, participants
showed a strong preference for the matrix object to be the referent of the pronoun. These findings are in line with proposals
put forward by Ariel (1990) and Carminati (2002) on anaphora resolution in null subject languages, according to which the
pronoun form and the prominence of the compatible antecedents have an impact on reference options. Furthermore,
Tsimpli et al.’s results resemble those attested in Carminati (2002) and replicated by Filiaci (2010), in that the two pronoun
forms display distinct reference choices. Nevertheless, in Tsimpli et al.’s study the null subject pronouns were not found to
be restricted to the subject referent in backward anaphora, in contrast to Carminati’s results. Notice, however, that this
difference between Tsimpli et al. on the one hand and Carminati (2002) and Filiaci (2010) on the other may be attributed to
the different nature of the tasks employed in the two studies, even though we cannot provide a straightforward explanation
of this discrepancy. Furthermore, the study by Tsimpli et al. reports divergent results for forward and backward anaphora,
indicating that the ordering of the pronouns and the antecedents may have an impact on pronoun resolution. Interestingly,
the overt pronoun in sentences involving forward anaphora preferably refers to the third referent, rather than to the
complement of the main clause, as is the case in backward anaphora. Notice that the third referent has been chosen as a
possible antecedent in very few (less than 10%) instances of all other experimental conditions; this is expected, since the
activation of the third referent, not being present in the sentential context given to the participants, is costly. It seems,
however, that the presence of an overt pronominal in forward anaphora sentences makes this option preferable.

Turning to studies investigating pronoun resolution strategies in Greek, Dimitriadis (1996), based on the theoretical
assumptions of Centering theory as well as on Greek corpus-data, argues that the reference routines attested with the two
types of pronominals, null and overt, are inherent in their lexical entries. More specifically, overt subject pronouns cannot
be construed with the most prominent antecedent of the previous utterance. On the other hand, null pronouns are
construed with the highest compatible antecedent from the available list of referents. This ‘‘distribution of labor’’ between
null and overt pronouns is not, however, without exceptions. Although it partly relies on the lexical properties of the
pronoun form, pragmatic considerations may cancel the dictated option, thus, accounting for the non-categorical nature of
anaphora resolution. He further argues that the overt pronominal form in Greek exhibits a strong bias, in that its anchoring
with salient/prominent antecedents is almost always excluded, while the preference of null pronouns to refer to salient/
prominent antecedents is not that strong. According to Dimitriadis, the reference of overt pronouns is part of their
conventionalized meaning and is constrained by the Overt Pronoun Rule, which disallows the dependency between an
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overt pronoun and a salient/prominent antecedent. These theoretical assumptions are supported by the corpus data
reported in Dimitriadis (1996).

Miltsakaki (2001, 2007), also working within the framework of Centering theory in Greek, provides corpus data and
makes similar suggestions for null and overt pronouns. In particular, she argues that null pronouns tend to refer to the
discourse topic, while overt pronouns disprefer reference to the discourse topic, assuming, however, that these biases are
equally strong for both pronominal types. Furthermore, Miltsakaki’s corpus data (2007) reveal a preference for overt
pronominals to refer to patient arguments appearing both in preverbal and postvebral positions.

The Greek corpus data provided by Dimitriadis (1996) and Miltsakaki (2001, 2007) are in line with findings from other
null subject languages in that the two pronominal forms exhibit different resolution routines (Alonso-Ovalle et al., 2002;
Carminati, 2002; Filiaci, 2010; Jegerski et al., 2011; Keating et al., 2011; Mayol and Clark, 2010; Tsimpli et al., 2004).
Additionally, the preference of overt pronouns to be linked with non-salient antecedents observed in Italian (Carminati,
2002; Filiaci, 2010; Tsimpli et al., 2004) and Catalan (Mayol and Clark, 2010) is supported by the Greek data. However,
the overt pronoun resolution preferences in Greek differ from those attested in Spanish (Alonso-Ovalle et al., 2002; Filiaci,
2010; Jegerski et al., 2011; Keating et al., 2011), where overt pronominals do not demonstrate a strong preference for non-
salient antecedents. Regarding the resolution patterns for null pronouns, Miltsakaki’s corpus studies (2001, 2007) indicate
a clear preference for salient antecedent; this finding is convergent with the Spanish (Alonso-Ovalle et al., 2002; Filiaci,
2010; Jegerski et al., 2011; Keating et al., 2011), the Catalan (Mayol and Clark, 2010) and the Italian data provided by
Carminati (2002) and Filiaci (2010). On the other hand, the corpus data in Dimitriadis’ study (1996) denote that the null
pronominals in Greek are compatible with both salient and non-salient antecedents; this result agrees with the Italian data
from null pronominal forms presented in Tsimpli et al. (2004).

It follows from the above that pronoun interpretation in a null-subject language is driven by a mechanism that is
constrained by the specific grammatical and discourse principles of the language. More specifically, the accounts and the
studies reviewed in this section indicate that the anaphor resolution strategy employed by speakers integrates both the
grammatical properties of the null and overt pronouns as well as the discourse-related features associated with the two
forms (Carminati, 2002; Dimitriadis, 1996; Filiaci, 2010; Jegerski et al., 2011; Keating et al., 2011). Furthermore, the data
so far indicate that there are cross-linguistic differences (the Italian, Catalan and Greek data vs. the Spanish data on overt
subject pronoun resolution) as well as intra-language differences (Dimitriadis’s vs. Miltsakaki’s study and Carminati’s data
vs. Tsimpli et al.’s data on null subject pronoun resolution in Greek and Italian respectively) in the way the pronominal
forms are preferably interpreted. In the present study, we provide, apart from the child data, Greek adult data on pronoun
resolution, which will address the question of what types of information, i.e. grammatical, discourse-level, adult native
speakers employ to interpret ambiguous pronominals. Moreover, the present data will be discussed in relation to previous
data and theoretical accounts.

4. Null and overt subject pronouns in child language

A growing body of research on how children produce and comprehend subject pronouns investigates whether
differences attested between adults and children are attributed to a delayed use of discourse factors in on-line sentence
comprehension and production, as opposed to the early use of purely grammatical cues.

The language development literature over the last ten years focused on the investigation of child sentence processing
by means of various methodologies and addressed the question of how syntactic, semantic and discourse information is
employed by children while processing temporarily syntactic ambiguities (self-paced reading and listening studies: Felser
et al., 2003a,b; Papadopoulou and Tsimpli, 2005; Traxler, 2002; eye-tracking studies: Trueswell et al., 1999; cross-modal
priming tasks: McKee et al., 1993; word-monitoring tasks: Tyler and Marslen-Wilson, 1981; Tyler, 1983; event-related
brain potentials: Hahne and Friederici, 2001). What emerges from such studies is that child sentence processing has
essentially two sides to it. First, from a language competence standpoint, the question is whether children have in fact
acquired the semantic, grammatical, and pragmatic knowledge that underlies comprehension and production. Second,
from a language performance standpoint, the question is whether the L1 grammar automatically gives rise to language-
specific or to default processing strategies that are available from the earliest stages of language acquisition.

In pronoun resolution, for example, knowledge of grammar would determine whether the language allows null subjects;
knowledge of pragmatics could comprise principles such as that of ‘‘informativeness’’4 (Greenfield and Smith, 1976),
whereby information is linguistically encoded when it pertains to aspects of an event that cannot be easily recovered by an
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interlocutor, but is omitted when this is highly accessible. In the case of null-subject languages, this is instantiated in a
positive correlation between high informativeness and null subjects on the one hand, and between low informativeness
and overt subjects on the other.

Although the findings from the child sentence processing literature do not clearly distinguish between ‘competence’
and ‘performance’ accounts of the data, they do suggest that it is the latter rather than the former which gives rise to child-
adult differences. Specifically, it appears that when weaker or no effects of referential factors are found in children’s
performance, this is not due to a lack of knowledge of pragmatics, but rather to children’s inability to rapidly integrate
semantic and pragmatic cues in specific tasks when interpreting sentences in real-time. Previous work on syntactic
disambiguation in children has demonstrated that children are able to rapidly employ morphological and phrase-structure
information on line (Papadopoulou and Tsimpli, 2005; Papangeli, 2010; Papangeli and Marinis, 2009; Roberts et al.,
2007) and exhibit a preference for the simplest syntactic analysis disregarding plausibility considerations (Traxler, 2002).
Furthermore, Trueswell et al. (1999) showed that children were unable to use contextual information in the resolution of
structural ambiguities such as ‘‘Put the frog on the napkin in the box’’ and rather relied solely on phrase structure rules.
More specifically, children analyzed the post-verbal PP as the Destination argument of the verb even in an NP-modifier
context, unlike adults who were influenced by the type of context in accordance with the principle of Referential Support5

(Altmann and Steedman, 1988). Moreover, children are slower in parsing the sentential input (see Clahsen and Felser,
2006 for a review) than adults and their processing strategies are more affected by working memory than the parsing
routines employed by adults (Felser et al., 2003a,b). In sum, in the studies presented above children showed greater
reliance on structural properties of the input and less or no reliance on discourse cues. It is still a matter of debate whether
such findings signal immature pragmatics or a problem with the integration of lexical and pragmatic cues in on-line
sentence processing (Trueswell et al., 1999; Clahsen and Felser, 2006 and references therein).

However, other studies have illustrated that children make use of the referential context in off-line tasks. Crain and
colleagues, for example, showed that children even by the age of five years were more likely to understand and produce
relative clause modifiers when the visual context referentially supported modification (Crain et al., 1990; Hamburger and
Crain, 1982) or in off-line tasks when two equally salient potential referents were involved (Meroni and Crain, 2003).
Overall, some studies indicated that children’s processing relies more on grammatical (syntactic and morphological)
rather than semantic and pragmatic information (Felser et al., 2003a,b; Trueswell et al., 1999), although there does exist
some evidence to the contrary (e.g. Crain et al., 1990; Hamburger and Crain, 1982; Meroni and Crain, 2003).

In contrast to these findings for comprehension, studies on production have shown that pragmatic cues are employed
even by very young children. Studies on the production of subjects in null subject languages reveal that the use of null or
overt subjects is clearly regulated by pragmatics. For example, in an analysis of spontaneously produced utterances from
two Greek children aged 1;9--2;2 years, Tsimpli (2005) found that the form of the subject produced by the children is
affected by discourse-level information, such as information structure. Namely, null subjects were used in almost half of
the children’s utterances in which the referent was easily recoverable by the context, showing that null subjects are
established as the default form in the child grammar, while overt subjects were regulated by discourse factors, e.g. focus.
In this respect, a further distinction between preverbal and postverbal subjects is suggested: preverbal subjects, nominal
or pronominal, were used when the subject was focused whereas the postverbal position was used for non-focused
subjects.

Discourse coreference seems to be another factor affecting the form of the referring expressions. Hickmann and
Hendriks (1999) examined the narratives of English, French, Chinese and German children aged from 4 to 10 years and
found that pronominals were most frequently used when functioning as coreferential subjects. Moreover, this tendency to
link pronouns with unambiguous subject topics became more prominent from the age of 7 years onwards at least for
English and Chinese children.

In other studies, the form of the subject has been related to the informativeness features carried by its referent.
Serratrice et al. (2004) analyzed two sets of monolingual English and Italian corpora and a bilingual English-Italian corpus
of children aged from 1;7 to 4;7 and found that null arguments were systematically associated with uninformative rather
than informative features (see footnote 4). Interestingly, this pattern was obtained for a null (Italian) and a non-null
(English) subject language alike, indicating that in developing systems the pragmatic principle of informativeness can
even override the overt subject syntactic constraint. Thus, in both English and Italian, the distribution of overt and null
subjects was regulated by discourse factors. In a further study which assessed the use of word order and morpho-
syntactic form to signal the distinction between new vs. given information, Serratrice (2007) replicated her earlier findings
whereby children use language-specific and pragmatically appropriate referring expressions for the realization of
subjects. Furthermore, Argyri and Sorace (2007) investigated the production and off-line acceptability of null and overt
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subject pronouns in Greek when there is no topic shift and, thus, the null pronoun option is predicted to be favored over the
overt one. Greek children at the age of 7;5--9;7 years and adults always produced a null pronominal in the no topic shift
conditions. In the acceptability judgment task, however, even though the Greek adults accepted only the null subject
pronoun utterance, the Greek children did not do so consistently. This finding, on the one hand, indicates differences
between the two modalities, production and judgment, and, on the other, it reveals developmental differences, in that the
children, even at the age of 9 years, seem to accept the overt subject pronoun for salient referents, i.e. topics.

Literature on the processing and interpretation of anaphors suggests that children may be sensitive to different
information compared to adults. In an early on-line study, Tyler (1983) examined how 4-, 5-, 7-year-old Dutch children and
adults processed anaphoric expressions, full DPs and personal pronouns, and concluded that at the age of 7 years the
mechanisms used by children no longer differ from those employed by adults. She also claimed that up to the age of
5 years the children experienced difficulties in rapidly integrating all necessary cues, i.e. grammatical, lexical and
contextual, for the anchoring of the anaphoric expressions to the antecedent.

Later studies investigated the impact of discourse factors on the interpretation of pronouns. For example, use of cues
contributing to discourse prominence of a pronoun’s potential referent, like first-mention and subjecthood, has been well
documented in adults (Corbett and Chang, 1983; Arnold et al., 2000), but controversial in children. For instance, Arnold
et al.’s (2007) study revealed that 5 year olds, although they rely on grammatical features, such as the gender of the
pronoun, to anchor the pronoun with the appropriate antecedent, showed no first-mention bias effect in both off-line and
on-line tasks. For example, when the children are orally presented with a sentence which contains two possible
antecedents of the same gender, Puppy and Panda Bear, they do not show a reliable preference to the first-mention
antecedent, Puppy, in the interpretation of the subject pronoun he.

(4) Puppy is having lunch with Panda Bear. He wants some milk.

On the other hand, other studies have found first-mention effects in 2--3 year olds (Song and Fisher, 2005, 2007) in off-line
story interpretation tasks. More specifically, the 2--3-year-old children prefer to interpret the pronoun he as referring to the
first-mention antecedent, the alligator, as do older children and adults:

(5) On a sunny day, the alligator went outside. He went to the tiger’s yard. What did he find? He found a bucket.

Notice that, even though both studies focus on the referential properties of the antecedent, i.e. first-mention bias, they
arrive at contradictory results. This discrepancy may be due to the intermingling of a grammatical, i.e. gender, and a
discourse factor in the former study as well as with the amount and complexity of contextual information given in the two
studies. In Song and Fisher’s study (2007) the salience of the appropriate antecedent, the alligator, increases with the use
of the co-referential pronoun, he, in more than one utterance, while in sentence (5) the disambiguation of the pronoun
relies on the selection of the appropriate antecedent which occurs only once in the preceding sentence. Although the
sentences in our study contain a subordinate and a main clause and in this respect they are more complex than the ones
employed by Arnold et al. (2007), the salience of the antecedents is parallel to this study rather than to the study by Song
and Fisher (2007), since the possible antecedents of the ambiguous pronoun are in the immediately previous clause and
they occupy the subject and the object position as in (4).

Furthermore Sekerina et al. (2004) conducted eye-tracking experiments in order to investigate the processing of
referring expressions in English adults and 4- to 7-year-old children. Their findings indicated that children differed from
adults in that they were significantly less likely to choose an extra-sentential, but possible, antecedent for a pronoun than
the adults. Additionally, the analysis of children’s eye movements showed that children are significantly slower than the
adults in detecting the ambiguity, although they show awareness of the ambiguity involved.

The results of the previous studies indicate discrepancies with respect to the early use of discourse constraints in
pronoun resolution and they further indicate differences between the modalities of production and comprehension, with
spontaneous production being more intact than comprehension. Moreover, the comprehension or interpretation of the
ambiguous pronoun seems to be affected by contextual factors supporting the first-mention/subject bias (see Song and
Fisher, 2007 vs. Arnold et al., 2007).

The present study aims at exploring the development of the anaphor resolution strategy in Greek by shedding more
light on speed and accuracy in which children resolve null and overt pronoun ambiguity with minimal contextual
support and without any grammatical gender cue. In particular, we investigate the effects of a grammatical factor,
namely the pronominal form, overt vs. null pronouns, and an associated discourse property, topic shift vs. topic
continuity, on pronoun resolution in Greek in three age groups of children. Additionally, we employed an on line
interpretation task in order to explore whether any discrepancies between the adult and the child data are attributed to
immature pragmatics or alternatively to the inefficiency of the child processing mechanism to integrate various
information sources on line.
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5. The present study

The design employed to test interpretation of null and overt pronouns in backward anaphora in Greek is similar to that
employed by Tsimpli et al. (2004), but is implemented in two on-line experiments. More specifically, we investigated
pronoun ambiguity resolution of null and overt subject pronouns in sentences with two compatible referents which appear
in the subject and object position of the previous clause. Both referents are always animate with agentivity associated with
the subject. The discourse feature we examine is a presence vs. absence of a shifted topic interpretation in the use of null
and overt pronouns.6

5.1. Experiment 1: Resolution of null pronouns

5.1.1. Method
5.1.1.1. Participants. Thirty six monolingual Greek adults participated in the study (mean age: 30.4; SD: 5.85; 21
females). Moreover, we tested three groups of children aged from 6;0 to 11;2: (a) twenty monolingual Greek children
(10 females) aged from 6;0 to 6;3 years (mean age: 6.10; SD: 0.24) attending the 1st grade of primary school, (b) twenty
two monolingual Greek children (10 females) aged from 7;0 to 7;8 years (mean age: 7.35; SD: 0.28) attending the 2nd
grade of primary school and (c) thirty one monolingual Greek children (16 females) aged from 10;0 to 11;2 years (mean
age: 10.68; SD: 0.35) being at the 4th or 5th grade of the primary school. The choice of the specific age groups was based
on the requirements of the task as well as on previous work testing children and adults on pronoun interpretation. The task
we employed was a demanding on-line task, in which the participants had to coordinate the oral presentation of a
sentence with a possible visual representation of it and, thus, we decided not to run the experiments with children younger
than 6 years. Furthermore, studies testing pronoun resolution in children (Arnold et al., 2007; Hickmann and Hendriks,
1999; Tyler, 1983) showed insufficient integration of discourse-internal constraints, like first-mention biases, during
pronoun interpretation in 5-year-old preschoolers. This is consistent with claims in the literature that children are beginning
to develop pragmatic abilities at the age of 5 years (Verbuk and Roeper, 2010). On the contrary, discourse prominence
cues were found to be more accessible to 7 and 10 year old children whose pronoun resolution patterns appear to
converge with those of adults (Argyri and Sorace, 2007; Tyler, 1983). There is growing consensus that at this age level
children are able to process on-line different types of cues: lexical, syntactic and semantic, in order to identify the referent
of an anaphor. This base-line difference between 5 year olds and older children (i.e. 7 and 10 year olds), as well as adults,
in pronoun resolution brings out questions surrounding the robustness of discourse effects in 6 year old children.
Furthermore, studies in Greek (Argyri and Sorace, 2007) revealed that, even though the production of null pronominals is
adult-like at the age from 7;5 to 9;7 years, the judgment of the same constructions differs from that of adults (see section 4).
Taking all these considerations in mind, we focused on the development of the pronoun resolution mechanism in Greek
from 6 to 11 years and we directly compared the child to the adult data.

5.1.1.2. Design and procedure. We employed an on-line sentence picture matching methodology based on Marinis
(2007, 2008) and Marinis and Saddy (2013). In this task, a picture was presented on the computer screen for two seconds,
after which the participants started listening to a sentence in a phrase-by-phrase fashion. The participants controlled the
presentation of the segments by pressing a button on a push button box. Therefore, the presentation of the sentential
segments was self-paced. During the temporal unfolding of each sentence, the corresponding picture-probe was
continuously displayed at the center of the screen, and remained there until the participant had heard the entire sentence.
As such, display of the visual scene and listening to each experimental sentence took place in a concurrent manner. Once
the last segment of the recorded sentence was listened to, the picture disappeared and a question mark ‘?’ appeared on
the center of the screen for as long as the participant needed in order to decide if the sentence matched the visual scene or
not. Participants responded by pressing one of two pre-specified buttons on the push button box.

Participants were taught how to press the button to hear the sentences and were given 10 practice sentences to
familiarize themselves with the task. E-prime (Schneider et al., 2002) was used to present the stimuli and to record
Listening Times (LTs) from the onset of each segment until the button press.

We measured the participants’ responses to the matching task, in order to explore the pronoun resolution preferences
at the end of the sentence. Moreover, RTs on the matching task have also been recorded in order to examine whether the
participants’ matching preferences are reflected in the response times. Listening Times on each region of the sentence
(see example (6) below) have also been measured in order to investigate whether the resolution preferences emerge
rapidly, during on-line sentence comprehension.
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reason the prosodic contour of the experimental sentences is neutral.



5.1.1.3. Materials. The material for this task comprised 10 practice sentences, 10 experimental sentences, 30
experimental pictures, 30 filler sentences, and 30 filler pictures. The experimental sentences consisted of a main clause,
in which two referents were introduced, one in the subject and one in the object position, followed by an adverbial clause
the subject of which was a null pronoun (see (6)).

(6) O papús / milúse / dinatá / ston egonó tu / ótan / pro djávaze / ena vivlío.
‘‘The old-man / spoke-3SG / loudly / to his grand-child / when / pro read-PAST.3SG / a book.’’

The slashes in (6) indicate the way the sentence was divided into segments. The sentences were recorded by a female
native speaker of Greek at a normal speaking rate always using a default intonational pattern to avoid any prosodic
information effect on the participants’ preferred interpretations. The recorded sentences were afterwards segmented
using Cool Edit.

Each experimental sentence was matched to three different pictures. The pictures depicted the action presented in the
adverbial clause and each picture provided a different interpretation: in one picture the actor was the subject of the main
clause (the old man, for (6)), in the second the actor was the object of the main clause (the grand child, for (6)), and in the
third the actor was a third referent (for example, a young man for (6)). An example of the experimental conditions is
provided in Appendix A. Notice that all three reference interpretations are possible for a sentence such as (6). The
anchoring of the null pronoun to the subject or the object or a third antecedent reflects a preference of the pronoun
resolution mechanism rather than a grammatical principle (see also Dimitriadis (1996) as well Carminati (2002) for similar
arguments). Therefore, there were no pre-specified correct or wrong responses to either condition.7

The critical segment in this experiment is Segment 6, i.e. the segment containing the verb of the adverbial clause
(djávaze for (6)), because at this point the action of the adverbial clause is evident and participants have to assign the
thematic role of the subject. Hence, at this point it becomes clear whether or not the picture matches the sentence, i.e. it
has the preferred interpretation of the sentence. If the picture does not match the participants’ interpretation of the
sentence, this should cause increased LTs indicating processing difficulty.

Three lists were created, each containing the 10 experimental and the 30 filler sentences. In each list, the experimental
sentences were matched to one of the three pictures. Each participant encountered only one of the three lists.

To ensure that the participants listened to the sentences for comprehension, at the end of each sentence they had to
judge whether or not the sentence matched the picture by pressing one of two buttons. The button press recorded the
participants’ judgment and also their RT for this decision. The experiment lasted approximately 30 min.

5.1.1.4. Predictions. Based on theoretical accounts of the distribution of null pronouns in null-subject languages (see
Ariel, 1990; Dimitriadis, 1996; Carminati, 2002) as well as on empirical evidence in Greek (Dimitriadis, 1996; Miltsakaki,
2001), we predict that Greek adults will exhibit a preference to interpret the null pronoun as referring to the subject
antecedent, since in the experimental sentences it is the most salient referent, i.e. the topic of the sentence. This means
that there should be more matches for the subject referent than the object and the third referent and the decision times at
the end of the sentence should be shorter for the subject than for the object and the third referent. Moreover, assuming that
pronoun resolution strategies rapidly evolve during on-line sentence comprehension, we expect that adults will exhibit
shorter listening times on the critical segment, i.e. the verb, for the subject rather than the object and the third referent
conditions.

Turning to the developmental data, if children have not yet acquired the relevant discourse feature, i.e. prominence of
the antecedent, for pronoun resolution, we expect no differences between the subject and the object condition in the
children’s matches, decision times and listening times. Based on previous findings from Greek (Argyri and Sorace, 2007),
we expect that null pronouns will be interpreted in an adult-like way from the age of 7 years onwards. However, if the
children, at all age groups, have difficulties with the integration of the relevant discourse cue in on-line sentence
processing, we expect no differences in their listening times between the subject and the object conditions but a significant
preference for the subject antecedent in their matches and decision times.

Notice, however, that if the bias for the null pronominal to select a salient antecedent is not strong, as suggested by
Dimitriadis (1996), we expect to find no differences between the subject and the object antecedent in either the adult or the
child data.
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7 Since there were no pre-specified (in)correct responses to our experimental items, we decided to analyze match and mismatch responses
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compare the RTs from the matches and the mismatches on the decision task for the third referent condition across the two experiments and for
each experimental group. None of these differences turned out to be significant ( p > .1). Nevertheless, it remains to be seen whether the present
findings will be replicated if a different experimental design is adopted.



Regarding the third referent condition, we predict that both adults and children will exhibit weaker preference, slower
decision and listening times on the condition in which the null pronoun is depicted to refer to a third referent via the
accompanied picture. This prediction is based on previous findings by Tsimpli et al. (2004) on backward anaphora as well
as on that the third referent is not explicitly mentioned in the sentential context, i.e. the main clause, while the subject and
the object referents are mentioned in the sentence. Hence, we expect that reference to the third referent, an extra-
sentential one, will inflict extra processing cost relative to the subject and the object referents. However, we predict that
this difference will be more pronounced in the child data, since children are more limited in their processing resources than
the adults and, in particular, they disprefer reference to extra-sentential antecedents (Felser et al., 2003a,b; Sekerina
et al., 2004).

5.1.2. Results
The experiment resulted in three types of data: (1) off-line picture matching judgment, (2) RTs on the picture matching

judgments, and (3) on-line listening times. All types of data had one variable, the type of reference, with three levels
(subject, object, and third reference). We analyzed each type of data by using repeated measures ANOVAs with reference
(subject vs. object vs. third) as the within subjects variable and group (adults vs. child groups) as the between subjects
variable.

5.1.2.1. Off-line picture matching judgment and RTs on the picture matching judgments. Graph 1 shows the
participants’ matches per group and condition in percentages.

A score of 5 was given when the participant replied that the picture matched the sentence and a score of 1 when the
participant replied that the picture does not match the sentence. The statistical analyses have been conducted on these
raw scores. There was a significant main effect of reference (F1(2,210) = 199.838, p < 0.001, h2 = 0.656, F2(2,72)
= 76.847, p < 0.001, h2 = 0.681), group (F1(3,105) = 7.156, p < 0.001, h2 = 0.170, F2(3,36) = 3.218, p < 0.05, h2 = 0.176),
and a significant interaction between reference and group (F1(6,210) = 4.592, p < 0.001, h2 = 0.116, F2(6,72) = 3.007,
p = 0.011, h2 = 0.200).

In order to investigate group effects in each experimental condition, we performed planned comparisons by means of
independent samples t-tests. The statistical tests showed that the adult data differed from the 1st child data in both the
object (t(54) = 3.209, p = 0.002) and the third reference (t(54) = 2.505, p = 0.015) condition. Moreover, the adult data were
found to differ from the 4th/5th child data only in the object reference condition (t(65) = 4.540, p < 0.001). Finally, 2nd
grade children were found to prefer the object antecedent significantly less frequently than 4th/5th grade children (t(51)
= 2.795, p = .007) and similarly picked the third referent significantly less frequently than both 4th/5th grade (t(51) = 2.495,
p = .016) and 1st grade children (t(40) = 2.881, p = .006). On the other hand, the results showed that adults and 7 year
olds showed a similar pattern of performance across conditions.

To further explore the interaction between reference and group we performed planned comparisons with the
Bonferroni test in each group. The adult data showed that the subject reference received significantly more matches than
the object ( p < 0.001) and the third reference ( p < 0.001) and that the object reference received significantly more
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matches than the third reference ( p < 0.001). Likewise, the 1st and 2nd grade child data showed that the subject reference
received significantly more matches relative to both the object ( p = 0.009 and p < 0.001 for 1st and 2nd grade children,
respectively) and the third reference ( p < 0.001 for both 1st and 2nd child groups), while the object received considerably
more matches relative to the third reference ( p < 0.001 for both 1st and 2nd child groups). On the other hand, the 4th/5th
grade child data showed that both the subject ( p < 0.001) and the object reference ( p < 0.001) had significantly more
matches than the third reference, whereas there was no significant difference between the subject and the object
reference ( p > 0.1).

Turning to the decision times on the matching task, the data in Table 1 indicate shorter RTs on the subject than the
other two conditions in all groups.

There was a main effect of group (F1(3,105) = 10.303, p < 0.001, h2 = 0.227, F2(3,36) = 9.721, p < 0.001, h2 = 0.448)
and a main effect of reference (F1(2,210) = 8.375, p < 0.001, h2 = 0.074, F2(2,72) = 5.611, p = 0.005, h2 = 0.135).
Planned comparisons with the Bonferroni test for the between-group differences showed that the 1st grade children were
significantly slower than the 2nd and 4th/5th grade children as well as adults ( p = 0.004, p < 0.001, and p < 0.001,
respectively). To explore the reference effect obtained, we conducted planned comparisons with the Bonferroni test,
which revealed that the subject condition elicited significantly shorter RTs than both the object and the third referent
( p = 0.006 and p = 0.001, respectively).

Even though we did not obtain an interaction between group and reference, we ran post hoc repeated measures
analyses in each group as an exploratory analysis, in order to examine whether the different reference preferences among
the child groups evidenced on the matches, also appear on their decision times. These analyses revealed a significant
reference effect only for the 2nd grade children (F1(2,42) = 4.420, p = 0.018, h2 = 0.174, F2(2,18) = 3.849, p = 0.41,
h2 = 0.300) and the adults F1(2,70) = 4.516, p = 0.014, h2 = 0.114, F2(2,18) = 6.074, p = 0.010, h2 = 0.403). Paired t-tests
showed that this effect was due to the considerably shorter RTs for the subject referent relative to the object referent (t(21)
= 2.610, p = 0.016 and t(35) = 3.139, p = 0.003 for 2nd grade children and adults, respectively) and the third referent
(t(21) = 2.882, p = 0.009 for the 2nd grade children only).

5.1.2.2. On-line listening times. LTs that were 2SD above or below the mean per condition and subject were excluded
from any further analyses. This affected less than 4.0% of the data. All statistical analyses were performed on raw LTs.

We measured listening times for the first six segments of our experimental items (see example 6).8 The critical segment
is the sixth one, i.e. the subordinate verb, on which differences among the groups and the experimental conditions are
expected. On the subordinate verb (Graph 2), there was a highly significant main effect of reference (F1(2,210) = 6.118,
p = 0.003, h2 = 0.055, F2(2,72) = 3.731, p = 0.029, h2 = 0.094), but no main effect of group or interaction between
reference and group. Planned comparisons with the Bonferroni test revealed that the third referent co-indexation condition
elicited significantly longer LTs relative to the subject referent condition ( p = 0.009). Exploratory post hoc analyses have
also been conducted per group, despite the fact that the interaction between group and references was not significant, in
order to investigate possible reference preference in on-line sentence comprehension. Separate repeated measures
ANOVAs conducted for each group revealed a significant reference effect on the subordinate verb for the 1st (F1(2,38)
= 5.542, p = 0.008, h2 = 0.226, F2(2,18) = 7.146, p = 0.005, h2 = 0.443) and the 2nd grade (F1(2,42) = 4.566, p = 0.016,
h2 = 0.179; F2(2,18) = 2.845, p = 0.069, h2 = 0.240). Paired t-tests showed that this effect was due to considerably longer
LTs for the third referent relative to the subject (t(19) = 2.947, p = 0.008 and t(21) = 2.341, p = 0.029 for 1st and 2nd grade,
respectively) and the object referent (t(19) = 1.954, p = 0.066 and t(21) = 2.129, p = 0.045 for 1st and 2nd grade,
respectively).

The data from the segments before the critical one (see Table B1 of Appendix B) were also statistically analyzed in
order to ensure that no differences with respect to reference preferences emerge prior to encountering the critical
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Table 1
Adult and child data: mean RTs from the matching task with SDs in parentheses.

Null pronoun

Subject Object Third

Adults 1136 (514) 1522 (725) 1259 (701)
1st grade children 1832 (594) 2441 (887) 2684 (773)
2nd grade children 1270 (495) 1643 (606) 1842 (986)
4th/5th grade children 1365 (835) 1431 (712) 1474 (692)

8 Listening times on the final segment (7th) of the sentence were not recorded, since a question mark automatically appeared after the final
segment was orally presented to the participants. Participants’ mean LTs and SDs per sentence segment are presented in Table 1 of Appendix B.



segment. Only group effects are expected on these segments, since the child listening times may be slower than the adult
ones. Indeed, the only significant effect obtained was that of group (Segment 1: F1(3,105) = 8.049, p < 0.001, h2 = 0.187,
F2(3,36) = 3.533, p = 0.024, h2 = 0.227; Segment 2: F1(3,105) = 10.877, p < 0.001, h2 = 0.237, F2(3,36) = 6.961,
p = 0.001, h2 = 0.367; Segment 3: F1(3,105) = 8.259, p < 0.001, h2 = 0.191, F2(3,36) = 6.115, p = 0.002, h2 = 0.338;
Segment 4: F1(3,105) = 6.719, p < 0.001, h2 = 0.161, F2(3,36) = 6.669, p = 0.001, h2 = 0.357; Segment 5: F1(3,105)
= 11.226, p < 0.001, h2 = 0.243, F2(3,36) = 7.372, p = 0.001, h2 = 0.381). Planned comparisons with the Bonferroni test
showed that the adults were significantly faster than both the 1st and the 2nd grade children in the first ( p < 0.001 and
p = 0.002 for 1st and 2nd grade, respectively), second ( p < 0.001 and p = 0.001 for 1st and 2nd grade, respectively), third
( p < 0.001 and p = 0.002 for 1st and 2nd grade, respectively), fourth ( p = 0.001 and p = 0.014 for 1st and 2nd grade,
respectively), and fifth ( p < 0.001 for both groups) segment.

5.2. Experiment 2: Resolution of overt pronouns

5.2.1. Method
The participants as well the design and the procedure of the second experiment were exactly the same as those of the

first experiment (see section 5.1.1).

5.2.1.1. Materials. The experimental items were created exactly as the ones of the first experiment. The only difference
was that the adverbial clause included an overt subject pronoun (see (7)). The two referents in the subject and the object
position of the main clause always had the same gender so that the overt pronoun was compatible with both possible
antecedents in terms of its gender marking.

(7) I jajá / xerétise / tin kopéla / ótan / aftí / pernúse / to drómo.
‘‘The old-lady / greeted-3SG / the girl / when / she / crossed-3SG / the street.’’

The slashes indicate the way the sentences were divided into segments. The critical segments were the overt subject
pronoun and the verb of the adverbial clause. The second experiment included thirty filler items, as the first experiment.
As in the null pronoun experiment, three reference conditions (subject, object and third referent) were included in this
experiment too. All three reference options are considered as grammatical, for the reasons already outlined in
section 5.1.1.

5.2.1.2. Predictions. Based on previous theoretical work (Ariel, 1990; Dimitriadis, 1996; Carminati, 2002) and empirical
research in Greek (Dimitriadis, 1996; Miltsakaki, 2001), we predict that the Greek adults will exhibit a preference to
interpret the overt subject pronoun as referring to the object antecedent, since it is not the topic of the clause preceding the
one including the pronoun. This means that we will have more matches for the picture depicting the object than the subject
referent as well as shorter RTs for the object than the subject referent in the decision task. If these resolution preferences
emerge during on-line comprehension, shorter listening times for the object referent over the subject referent are also
expected on the critical segments. Also notice that according to Dimitriadis’ (1996) Overt Pronoun Rule (section 3), we
predict that the bias of the overt pronoun toward non-topic antecedents will be strong.
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Graph 2. Adult and child mean listening times (in ms) on the subordinate verb for the null pronoun experiment.



Regarding the developmental data, we expect no advantage for the object referent if the children have not yet acquired
the discourse feature, topic shift, associated with overt pronouns. This will be reflected in their matches, decision times
and listening times. However, based on previous findings (Argyri and Sorace, 2007), we expect the children to employ
adult-like resolution strategies, i.e. preference for the object antecedent, from the age of 7 years onwards. If, on the other
hand, children have acquired the relevant discourse feature of the overt pronouns, but instead face difficulties with its
incorporation in sentence interpretation, we expect no differences between the subject and the object condition in the
listening times of the critical segments, but an advantage for the object over the subject referent in the matches and the
decision times.

Regarding the third referent condition, we make similar predictions as the ones for the task on null pronouns (section
5.1.1). Namely, we predict a disadvantage for the third referent in both the adult and child data, though we expect this
disadvantage to be increased in the child data.

5.2.2. Results
In the second experiment, as in the first experiment, there was one variable, the type of reference (subject, object, and

third). In each data set, we performed repeated measures ANOVAs with reference (subject vs. object vs. third) as the
within subjects variable and group (adults vs. child groups) as the between subjects variable.

5.2.2.1. Off-line picture matching judgment and RTs on the picture matching judgments. First we present the data from
the sentence picture matching task performed at the end of each sentence as well as on the decision times. The
participants’ matching decisions in percentages per group and condition are illustrated in Graph 3.

As in the experiment on null pronominals, a score of 5 was given when the participant replied that the picture
matched the sentence and a score of 1 when the participant replied that the picture does not match the sentence. The
statistical analyses have been run on these raw scores. There was a main effect of reference (F1(2,210) = 61.453,
p < 0.001, h2 = 0.369, F2(2,72) = 17.010, p < 0.001, h2 = 0.321), group (F1(3,105) = 17.870, p < 0.001, h2 = 0.338,
F2(3,36) = 5.530, p = 0.003, h2 = 0.315), and a significant interaction between reference and group (F1(6,210)
= 6.266, p < 0.001, h2 = 0.152, F2(6,72) = 4.602, p = 0.001, h2 = 0.277). To explore the group effect we performed
planned comparisons by means of independent samples t-tests comparing the performances of the four groups in
each condition. These revealed that both 1st and 2nd grade children provided significantly more matches for the
subject reference condition relative to the 4th/5th children (t(49) = 2.583, p = 0.013, and t(51) = 3.758, p < 0.001,
respectively). Moreover, 1st and 2nd grade children provided considerably more matches than adults in both the
subject (t(54) = 6.950, p < 0.001 and t(56) = 9.751, p < 0.001, respectively) and the third reference condition (t(54)
= 3.193, p = 0.002 and t(56) = 2.092, p = 0.041, respectively). The 2nd grade children were also found to provide
considerably more matches for the object antecedent relative to the adults (t(56) = 2.099, p = 0.040). Finally, 4th/5th
children provided significantly more matches than adults in both the subject (t(65) = 4.379, p < 0.001) and the object
(t(65) = 2.105, p = 0.039) reference condition.
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Graph 3. Adult and child matching decision preferences (%) on overt pronouns. Error bars represent SDs.



Furthermore, due to a significant interaction between group and reference we performed planned comparisons with the
Bonferroni test in each group. These analyses showed that both 1st and 2nd grade children provided significantly less
matches for the third referent relative to the object ( p = 0.05 and p < 0.001 for 1st and 2nd grade children, respectively)
and that 2nd grade children provided significantly less matches for the third referent relative to the subject ( p < 0.001). In
addition, there was no significant difference between the subject and the object reference in either the 1st grade or the
second grade group ( p > 0.1 for both groups). The same tests showed that both the adult and the 4th/5th children
provided more matches for the object than the subject ( p < 0.001) and the third ( p < 0.001) reference.

The decision times for the matching task are displayed in Table 2.
There was a main effect of reference (F1(2,210) = 8.945, p < 0.001, h2 = .062, F2(2,72) = 7.132, p = 0.001, h2 = .165),

group (F1(3,105) = 12.255, p < 0.001, h2 = .259, F2(3,36) = 5.687, p = 0.003, h2 = .322), and a significant interaction
between reference and group (F1(6,210) = 5.733, p < 0.001, h2 = .141, F2(6,72) = 3.053, p = 0.010, h2 = .203). Planned
comparisons with the Bonferroni test for the factor reference revealed that RTs on matching decisions for the extra-
sentential referent were significantly slower than the decisions for the subject and the object referent ( p = 0.009 and
p < 0.001, respectively). Planned comparisons with the Bonferroni test for the group effect showed that the 1st graders
were significantly slower than the 4th/5th graders and the adults ( p < 0.001 for both comparisons), while the 2nd graders
were significantly slower than the adults ( p = 0.008).

To further explore the direction of the significant interaction between group and reference, we ran separate repeated
measures post hoc analyses for each group. These analyses revealed a significant reference effect for all groups;
(F1(2,38) = 3.122, p = 0.05, h2 = .141, F2(2,18) = 3.836, p = 0.41, h2 = .299) for the 1st grade, (F1(2,42) = 23.025,
p < 0.001, h2 = .523, F2(2,18) = 11.096, p = 0.001, h2 = .552) for the 2nd grade, F1(2,60) = 3.652, p = 0.032, h2 = .109,
F2(2,18) = 5.092, p = 0.018, h2 = .361) for the 4th/5thgrade, and a marginally significant reference effect for the adults;
F1(2,70) = 2.626, p = 0.080, h2 = .070; (no such effect was observed on the F2 analysis). Post hoc paired-samples
t-tests showed that this effect was due to considerably shorter RTs for the subject relative to the third referent (t(19)
= 2.502, p = 0.022) for the 1st grade, significantly longer RTs for the third relative to the subject and the object referent
(t(21) = 5.825, p < 0.001 and t(21) = 4.830, p < 0.001, respectively) for the 2nd grade, considerably shorter RTs for the
object relative to the subject and the third referent (t(30) = 3.063, p = 0.005 and t(30) = 1.876, p = 0.070, respectively) for
the 4th/5th grade, and, finally, significantly shorter RTs for the object relative to the subject referent t(35) = 1.975,
p = 0.05) for the adults.

5.2.2.2. On-line listening times. LTs that were 2SD above or below the mean per condition and subject were excluded
from any further analyses. This affected less than 3.6% of the data. All statistical analyses were performed on raw LTs.

As in the experiment on null pronominals we analyzed the listening times from the first six segments (see example 5).9

The critical segment in this task is the subordinate verb (6th segment). However, listening times on the overt pronoun (5th
segment) may also be informative about the processing of referring expressions. On the overt pronoun (Graph 4), there
was a main effect of group (F1(3,105) = 7.907, p < 0.001, h2 = 0.184, F2(2,72) = 3.731, p = 0.029, h2 = 0.094), but no
main effect of reference or an interaction between reference and group. The group effect was further examined by means
of planned comparisons with the Bonferroni test, which revealed that the group effect was due to the considerably faster
responses of the adult group relative to the 1st ( p = 0.001) and 2nd grade children ( p = 0.001). Even though we did not
obtain a significant interaction between group and reference, we ran post hoc analyses as exploratory measures in order
to examine how reference properties emerge on-line in each group. Separate repeated measures analyses conducted for
each group revealed a significant reference effect on the overt pronoun (F1(2,42) = 5.170, p = 0.010, h2 = 0.198, F2(2,18)
= 6.479, p = 0.008, h2 = 0.419) for the 2nd grade children only. Paired t-tests showed that this effect was due to
significantly longer LTs for the subject referent relative to the object and the third referent (t(21) = 2.290, p = 0.032 and t
(21) = 2.259, p = 0.035, respectively).
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Table 2
Adult and child data: mean decision times form the task on overt pronouns with SDs in parentheses.

Subject Object Third

Adults 1544 (710) 1272 (621) 1286 (559)
1st grade children 1916 (845) 2411 (973) 2703 (994)
2nd grade children 1718 (547) 1570 (438) 2467 (931)
4th/5th grade children 1732 (889) 1320 (667) 1615 (710)

9 Participants’ mean LTs and SDs per segment are presented in Table 2 of Appendix B.



On the subordinate verb (Graph 5), there was a main effect of reference (F1(2,210) = 4.166, p = 0.017, h2 = 0.038,
F2(2,72) = 3.731, p = 0.029, h2 = 0.094), but no main effect of group or an interaction between reference and
group. We conducted planned comparisons with the Bonferroni test to investigate the direction of the reference effect.
These comparisons revealed that the subject referent elicited significantly slower LTs than the object referent
( p = .0.031).

The data from the segments before the critical one (see Table B2 of Appendix B) were also statistically analyzed in
order to ensure that no differences with respect to reference preferences emerge prior to encountering the critical
segment. Only group effects are expected on these segments, since the child listening times may be slower than the
adult ones. Indeed, the only significant effect obtained was that of group. In the first five segments, there was a
significant effect of group (Segment 1: F1(3,105) = 6.265, p = 0.001, h2 = 0.152, F2(3,36) = 3.533, p = 0.024,
h2 = 0.227; Segment 2: F1(3,105) = 16.428, p < 0.001, h2 = 0.319, F2(3,36) = 6.961, p = 0.001, h2 = 0.367; Segment
3: F1(3,105) = 7.178, p < 0.001, h2 = 0.170, F2(3,36) = 6.115, p = 0.002, h2 = 0.338; Segment 4: F1(3,105) = 8.380,
p < 0.001, h2 = 0.193, F2(3,36) = 6.669, p = 0.001, h2 = 0.357; Segment 5: F1(3,105) = 7.907, p < 0.001, h2 = 0.184,
F2(3,36) = 7.372, p = 0.001, h2 = 0.381). Planned comparisons with the Bonferroni test showed that the adults
were significantly faster than all the child groups (i.e. the 1st, the 2nd and the 4th/5th grade children) in the first
( p = 0.001, p = 0.011 and p = 0.05, respectively), second ( p < 0.001, p < 0.001 and p = 0.039, respectively), third
( p = 0.001 and p = 0.002 for 1st and 2nd grade, respectively) and fourth ( p = 0.001, p < 0.001 and p = 0.05,
respectively) segment.
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Graph 4. Adult and child mean listening times (in ms) on the pronoun for the overt pronoun experiment.

Graph 5. Adult and child mean listening times (in ms) on the subordinate verb for the overt pronoun experiment.



6. Discussion

The data from the two on-line sentence picture matching tasks showed that (a) children and adult participants had
different preferences in the interpretation of null and overt pronouns and (b) there were differences between adults and the
various child groups on the strategies employed in pronoun resolution. Before proceeding to the discussion of the present
data, we provide a short summary of our main findings. The experiment on null pronouns indicated that adults as well as
1st and 2nd graders exhibited a significant preference for the subject referent over the object and the third referent, while
the 4th and 5th graders did not manifest such a preference; moreover, the older children, from 10 to 11 years exhibited a
dispreference for the third referent over the other two conditions. However, the decision times on the matching task from all
groups showed an advantage for the subject referent over the other two conditions, while the listening times on the critical
segment revealed that the subject referent was faster than the third referent condition. Turning to the overt pronoun task,
the adults as well as the 4th and 5th graders significantly preferred the object antecedent over the subject and the third
ones. Such a difference was not attested in the data from the younger children (1st and 2nd grades), who only dispreferred
the third referent over the object (both the 1st and 2nd graders) and the subject referent (only the 2nd graders). These
groups’ resolution routines were also reflected in their decision times on the matching task. Nevertheless, the listening
times on the subordinate verb indicate that all groups processed the object referent faster than the subject referent
condition. Finally, the between-group comparisons on the matches for the null pronoun demonstrated that the children at
the ages of 6 years as well as 10--11 years provided significantly more matches for the object and the third referent
compared to the adults and the 2nd graders. The same comparisons for the overt pronoun showed that the 1st, 2nd and
4th graders matched the subject referent picture to the sentence significantly more frequently than the adults, while the
younger groups’ (6 and 7 years old) matches on this condition were significantly more frequent than those form the 4th and
5th graders. The 1st and 2nd graders further differed from the adults in that they provided significantly more matches for
the third referent condition. The between-group comparisons on the decision only indicated slower response times for the
1st and 2nd graders compared to those of adults in the null pronoun task. Finally, the 1st and 2nd graders exhibited slower
listening times on the overt pronoun than the adults. In what follows, we will first discuss the adult data and we will then
proceed to the discussion of the child data; both data sets will be discussed in relation to the accounts and the studies
outlined in sections 3 and 4.

Our prediction regarding the resolution of null pronouns in adults has been verified by our data. More specifically, the
Greek adults preferred to link null pronominals with salient/prominent referents, topic antecedents for our sentences.
This finding replicates previous results from other null subject languages, such as Italian (Carminati, 2002; Filiaci,
2010), Spanish (Alonso-Ovalle et al., 2002; Filiaci, 2010; Jegerski et al., 2011; Keating et al., 2011) and Catalan (Mayol
and Clark, 2010) as well as Greek (Miltsakaki, 2001). Our findings, however, do not converge with Dimitriadis’ (1996)
Greek corpus data and Tsimpli et al.’s (2004) Italian experimental data. In these studies the null pronominal was not
found to exhibit a significant preference toward topic antecedents. One difference between our study and Tsimpli et al.’s
study is that the participants in the latter were simultaneously presented with three pictures illustrating all three possible
reference options, the subject, the object and the third referent, and were asked to choose the one that best illustrated
the sentential meaning. This procedure may have resulted in higher activation of the object referent as a possible
antecedent for a null pronoun than in our experiment. On the other hand, the overt pronoun is the marked option in null
subject languages and, thus, its antecedent resolution pattern is more constrained, as we further argue below.
Additionally, Dimitriadis (1996) argues that the exceptional cases in his corpus data indicate that salience/prominence
can be overridden by other factors, such as animacy or agentivity; this claim is consistent with the unmarked status of
the null subject pronoun and its topic interpretation bias being weaker than the non-topic bias for the overt pronoun. It is
possible that the topic bias for null pronominals becomes established in adults as a consequence of the contrast with
overt pronouns which carry the [topic shift] discourse feature and, hence, exhibit a preference toward non-topic
antecedents.

Our prediction with respect to the overt pronominals has also been supported by our data, in that the Greek adults
interpreted the overt pronoun as indicating topic shift. The overt pronoun data are similar to those reported by Carminati
(2002), Filiaci (2010) and Tsimpli et al. (2004) for Italian, by Mayol and Clark (2010) for Catalan as well as by Dimitriadis
(1996) and Miltsakaki (2001) for Greek. Again a discrepancy is attested between our data set and that from Spanish
studies (Alonso-Ovalle et al., 2002; Filiaci, 2010; Jegerski et al., 2011; Keating et al., 2011), in which the overt pronoun
bias for non-topic antecedents was not significant. Filiaci attributes the divergence between the Italian and the Spanish
data to the nature of pronominal forms. Namely, the Spanish pronominals él and ella are structurally deficient, in the
sense of Cardinaletti and Starke (2001), as they are weak pronouns and co-refer with topic antecedents (Filiaci,
2010:180). The Italian experimental sentences, on the other hand, included strong pronominals, such as lui and lei,
which are strongly biased toward non-prominent antecedents. Notice that the Greek pronouns used in the present study,
though unstressed, are strong pronominal forms and, thus, Filiaci’s explanation seems to reconcile the conflicting data in
the three languages.
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Building on work by Carminati (2002) and Dimitriadis (1996), we argue that anaphora resolution in Greek is
constrained by grammatical and discourse factors. The grammatical constraints are related to the null-subject property
of Greek and the possibility of using an overt or a null pronoun to refer back to an antecedent; in other terms, the Greek
grammar provides the speaker with two pronoun forms (null vs. overt). Grammatical constraints necessitate
morphological agreement in gender and number between the pronoun and its antecedent. Moreover, we claim that
overt pronominals carry the discourse feature [topic shift] in their lexical entries, while null pronouns do not.10 Notice
that this assumption shares similarities with Dimitriadis’ (1996) Overt Pronoun Rule, according to which overt pronouns
should not be construed with prominent antecedents. However, we differ from Dimitriadis’ account in that we claim that
the feature [topic shift] is a discourse, and not a grammatical, feature. As such, the feature has an impact on the
interpretation of the sentence at the pragmatic level.11 Hence, we agree with Carminati (2002) who argues that pronoun
resolution routines are guided by pragmatic principles and represent preferences and not (un)grammaticalities (see
also Tsimpli and Sorace (2006) for a similar point), building on the difference between categorical judgments indicating
(un)grammaticality as opposed to interpretation biases indicating a discourse interface phenomenon.12 Therefore, in
cases of competing antecedents, such as the sentences of our experimental study, there are no grammatical
requirements which would impose a specific choice of an antecedent, since both antecedents shared the same
w-features. More specifically, the presence of an overt pronoun activates the discourse feature [topic shift] and, hence,
prefers a non-topic antecedent. On the other hand, the null pronoun is not accompanied by a specific discourse feature
and, thus, it preferably refers to the most prominent antecedent. Furthermore, we maintain that the discourse feature
[topic shift] is not exclusively associated with a specific syntactic position but with any syntactic position preferably
used for topics.13

A final point we would like to make regards on-line processing of ambiguous pronouns. The adults’ pronoun
resolution preferences are also evident on their decision times for both experiments, showing a time advantage for the
subject antecedent in the null pronoun experiment and for the object antecedent in the overt pronoun task. Moreover,
their listening times on the critical segment indicate that pronoun resolution preferences emerge early, on the
disambiguating segment, as already shown by other on-line studies (Carminati, 2002; Filiaci, 2010; Mayol and Clark,
2010). Notice, however, that, even though in the overt pronoun experiment the object referent condition was faster than
the subject one, in the null pronoun task the subject referent condition was not faster than the object one. This finding
indicates that, as soon as the discourse feature [topic shift] is instantiated by means of an overt pronominal, anaphor
resolution is immediately guided to the preferred antecedent. On the other hand, the resolution preferences of the null
pronominal do not become apparent instantaneously. According to our account, null pronominals are not specified for
discourse features, such as [topic shift], and, thus, do not directly point toward the preferred antecedent.14 Notice that
this finding can also be accounted for by Dimitriadis (1996) who predicts non-categorical resolution patterns for null
pronominals.

Turning to the child data, we found that all child groups differentiate between null and overt pronouns, which implies
that the children from the age of 6 years show awareness for the different resolution preferences of the two referring
expressions tested in the present study. However, the resolution patterns for null and overt pronouns is not adult-like in
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10 As one reviewer pointed out, overt pronominals in Greek are associated with other discourse features too, such as focus or contrastive topics
(see section 2), which are standardly assumed to be structurally and not lexically encoded and can also have effects on the interpretation of the
sentence. However, our account is not incompatible with the syntactic realization of Focus and Contrastive Topic features, since they can co-exist
with discourse features which are lexically encoded, such as [topic shift]. The issue definitely needs further consideration and research. However,
the postulation of a theoretical account that fully explains all facts about pronoun resolution in Greek and the exact way features in the lexical entry
have morphosyntactic and interpretation effects lie beyond the scope of the present paper.
11 One reviewer questioned the advantage of postulating a [topic shift] discourse feature as opposed to an interpretation bias. Given that the
feature is associated with the phonological realization of the subject pronoun (null vs. overt), we assume that a feature specification is more
appropriate for the lexical level.
12 Mayol (2010) as well as Mayol and Clark (2010) employ the mathematical framework of game theory in order to propose a unified account for
pronoun resolution patterns. This approach is an attempt to capture the fact that pronoun resolution is not categorical but rather reflects ranked
preferences. The theoretical model postulated by Mayol (2010) as well as Mayol and Clark (2010) is built on the probabilistic strength of various
features in pronominal resolution. However, the present data cannot be used to further evaluate this approach, since we experimentally
manipulated only one discourse feature, i.e. [topic shift].
13 In the studies by Miltsakaki (2007) and Peristeri and Tsimpli (2013), who tested object preposing in focus and clitic-left dislocation structures
respectively, the interpretation of the overt pronoun as referring to the patient argument and to the non topicalized antecedent is the same in both
SVO and object preposed structures. These findings argue in favor of our claim that the feature [topic shift] is not associated with a specific
syntactic position.
14 The time advantage for the object antecedent in the overt pronoun experiment was obtained not on the pronoun itself but on the verb following
it. In the null pronoun experiment, however, the segment following the verb, which is the first segment available for referential processing, cannot
be measured for LTs and, therefore, our claim about the earliness of overt pronoun resolution cannot be conclusive. We thank an anonymous
reviewer for pointing this out.



any of the child groups. We take this finding as indicating that, though the grammatical constraints regulating anaphora
resolution are in place, the relevant discourse features are not appropriately exploited.

The data from the 1st and 2nd grade children do not support our prediction that the children at the age of 7 employ adult
pronoun resolution strategies. In the null pronoun condition, 1st and 2nd grade children behave like adults, in that they
exhibit a subject referent preference. However, they do not distinguish between the subject and the object antecedent in
the overt pronoun experiment. Children at the age of 6 seem to have acquired that null pronouns in Greek are unspecified
in terms of discourse related features and generally refer to prominent entities. On the other hand, the lack of a clear
interpretive preference for the object antecedent at this age reveals their inability to successfully employ the discourse
feature [topic shift] of the overt pronoun to interpret the sentence. Moreover, these pronoun resolution patterns are also
reflected in the 6- to 7-year-old children’s decision times on the matching task, as did the adults’ ones. The listening times
on the critical segment of the null pronoun task revealed lack of the subject referent advantage over the object one. This
finding was also attested in the adult listening time data and, as already argued, may be attributed to the
underspecification of null pronouns regarding discourse features (see also footnote 14). What is interesting, however, is
that 6- to 7-year-old children do not differ form the adults in the listening times on the critical segment of the overt pronoun
experiment; namely, they also exhibit faster listening times for the object rather than the subject referent. The exploratory
analysis on the overt pronoun, even though it cannot provide any conclusive cues, seems to corroborate this finding:
seven year old children’s online listening times on the overt pronoun region reflected sensitivity to the [topic shift] feature of
overt pronouns, yet, children at that age failed to employ this feature at an interpretative level. This means that the
discourse feature [topic shift] is evaluated during sentence processing and it is only when interpreting the sentence that
this option is not favored. This finding is parallel to that attested in Sekerina et al.’s (2004) study, in which the children were
aware of the various referring options during sentence comprehension, while these options did not affect the final
interpretation of the sentence. One possible explanation for this finding is that 4-year-old children have correctly specified
the lexical entry of the overt pronoun for the discourse feature [topic shift] but the integration of the feature in the sentential
meaning is not yet fully established (Arnold et al., 2007; Clahsen and Felser, 2006).

The data from the 10- to 11-year-old children further disprove our predictions regarding the child data. Namely, the 4th
and 5th graders display different pronoun resolution routines than those observed in adults and the two younger child
groups. In the null pronoun experiment, there were no biases to link the null pronoun to the subject antecedent, a pattern
that deviates from that attested in the adults and in the two younger child groups. However, in the overt pronoun
experiment, the older (10 to 11 year old) child group interpreted overt pronouns as referring back to object antecedents, in
the same way as adults did. This preference indicates that the discourse related feature, i.e. topic shift, was successfully
integrated at the end of the sentence. These interpretative preferences are also reflected in their decision times,
particularly in the overt pronoun task. The listening times on the critical segment are not any different from the ones
reported for the adults and the two younger groups: no preferences emerge in the on-line processing of the pronoun, while
they do emerge in the on-line processing of the overt pronoun.

Our child data from the overt pronoun experiment point to clear developmental patterns, as the discourse feature [topic
shift] seems to have been successfully acquired and adequately employed in sentence comprehension by the age of 10
years onwards, while younger children experience difficulties with this feature. On the other hand, the fact that the 10- and
11-year-old children do not manifest the subject preference for the null pronouns, while the younger children do, implies a
non-steady, U-shaped development. First of all, none of the groups exhibited the subject preference during the parsing of
the sentence, which suggests that the null pronominal is an underspecified form as far its discourse features are
concerned and, thus, allows for more reference possibilities. The younger children’s preference for the subject referent
may reflect a universal preference for topic continuity by means of pronominals (Mayol and Clark, 2010; Walker et al.,
1998) as well a general preference of unmarked pronominals to refer to salient/prominent antecedents, because these are
more activated and more important for sentence comprehension (Gordon et al., 1993). On the other hand, the 10-to-11-
year-old children may discover exceptions to this pattern, leading to a period of reorganization and a temporary drop in
their bias for subject reference. For example, overt pronominals are used for contrastive topics (see example (3) of section
2); in addition, null pronominals may also refer to non-topics depending on other factors such as animacy, agentivity or the
‘‘discourse point of view’’, as Dimitriadis’ (1996) analysis and corpus data suggest. We, thus, claim that the subject
prominence bias in null pronoun contexts is still developing at the age of 10-to-11 through exposure to counterevidence as
the one presented above. It remains to be seen at what age the subject bias is fully established in the null pronoun
resolution mechanism.

Our findings from the child data appear to contradict results from naturalistic production from 2-to-3-year-old Greek
children who seem to use null and overt pronouns in pragmatically appropriate contexts (Tsimpli, 2005). It should be
pointed out, however, that the contexts in which overt pronouns are employed involve contrastive or deictic sentences. In
these utterances either overt pronominals or full DPs are used by the children, while the frequency of each construction is
not provided in Tsimpli’s (2005) study. Moreover, Tsimpli (2005) does not provide a detailed description of all the
discourse features that were relevant to the production of overt subjects. Therefore, a direct comparison between our
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results and those in Tsimpli’s study is not possible. Also notice that the topic-shift context which we tested in these
experiments, is computationally more complex because there is competition between two compatible antecedents in the
immediately preceding clause. This condition is totally different from that occurring in natural production data, in which the
child on her own selects the focused antecedent for overt subjects. Furthermore, our findings also appear to not converge
with Argyri and Sorace’s (2007) results. The Greek children tested in the present study have not fully acquired the pronoun
resolution routines at the age of 7 years, while at the same age Greek children always produced a null pronominal in topic
continuity contexts. However, in the acceptability judgment used by Argyri and Sorace the children accepted overt
pronouns in such contexts, similarly to what our 10- and 11-year-old children did. These discrepancies between
production and comprehension certainly require further research.

A further finding that needs some discussion is the difference between adults and children in the matches of the two
experiments. Namely, the 1st graders as well as the 4th graders provided more matches for the object and the third
referent than the adults and the 2nd graders in the null pronoun task. On the one hand, this finding further corroborates
the 4th and 5th graders’ lack of preference for the subject referent in the null pronoun task. Additionally, it indicates that,
even though the 1st graders behaved like the 2nd graders and the adults in terms of their resolution preferences for the
null pronominal, 1st graders’ pronoun resolution mechanism appears not to be stable. We think that the null pronominal
is more ambiguous for these child groups (1st graders as well as 4th and 5th graders) than for the 2nd graders and the
adults. For the 1st graders this ambiguity results from their reluctance to confidently reject a possible interpretation,
while for the 4th and 5th graders this ambiguity is a very property of their resolution strategies at this stage (see
discussion above). On the other hand, 1st and 2nd graders provided more matches for the subject and the third
referent compared to the 4th and 5th graders as well as the adults in the overt pronoun experiment. This is due to the
fact that the discourse feature [topic shift] has not been appropriately incorporated in the resolution routines at these
ages, as also discussed before. However, the 2nd, 4th and 5th graders provided more matches for the object referent
than adults in the overt pronoun experiment. Moreover, the 4th and 5th graders provided more matches for the subject
and the object referent than the adults. This general picture may indicate that pronominal reference comprises a
greater degree of ambiguity in children than in adults and, hence, that children are overall less prone to reject a
possible interpretation.

Our prediction with respect to the difficulty of the pronoun referring to a third referent is partially supported by the data.
The adults were found to disprefer the third referent in the null pronoun condition, while in the overt pronoun condition this
option was not significantly distinguished form the subject reference. Furthermore, the decision times and the listening
times did not exhibit significantly longer response times relatively to the other two conditions, albeit the listening times on
the critical segment of the null pronoun experiment. It seems, thus, that the third referent is never preferred over the
subject and the object referent for the null or the overt pronoun, though this choice appears to be regulated by the
pronominal form, as the overt pronoun was more likely to attract a third referent than the null pronoun. This result with
regard to the third referent is similar to the resolution preferences attested in Italian (Tsimpli et al., 2004). It remains to be
seen, however, whether the third referent will attract the overt pronominal in sentences involving forward anaphora as in
Tsimpli et al.’s (2004) study. On the other hand, all three child groups irrespective of age were found to dislike that option.
This is because the third referent option was the least preferred one in both experiments, while the child responses on the
third referent condition were elevated compared to the other two conditions (particularly evident on the decision times of
the overt pronoun task). We could claim that the activation of the discourse representation of an extra-sentential referent in
the children’s working memory was costly and, hence, not dispreferred (see Sekerina et al., 2004 for a similar finding), but
not strong enough to affect their referential decisions.

Finally, in both experiments, we found that the first five segments were processed by 1st and 2nd graders slower than
adults. Such a slow-down effect possibly reflects high integration costs for the specific experiment. The fact that these
listening-time differences were reported only for the younger child groups of the study suggests that young children had
difficulty switching or/and allocating attention to the different demands of the task. This slow-down effect observed in these
groups of children may have affected their inability to appropriately use the discourse feature [topic shift] when interpreting
the overt pronoun sentences, though they showed awareness of the feature during parsing. Recall that the exploratory
analysis on the listening times of the overt pronoun revealed sensitivity to the [topic shift] feature, even though this did not
seem to affect their final interpretative preferences.

7. Conclusion

The data from two on-line sentence picture matching tasks indicated that Greek adults and children manifest distinct
resolution patterns for null and overt pronouns. Greek adults and the two younger (6- and 7 year old) child groups exhibited
a strong preference for the subject referent in the null pronoun contexts, whereas the older (10 to 11 year old) children
showed no preference for either antecedent. On the other hand, overt pronouns were preferably interpreted as referring to
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the object of the previous clause only by the adults and the older child group. These differences reflect distinct
developmental trajectories of referential processing determined by the properties of each pronoun type in Greek;
acquisition of discourse features encoded in the overt pronoun seems to follow a steady developmental pattern, while the
subject antecedent bias for the null pronominal follows a U-shaped developmental trajectory. In sum, the results suggest
that the pronoun resolution mechanism has not yet fully developed even at the age of 10--11 years.
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Appendix A

Target sentence

I jajá xerétise tin kopéla ótan aftí pernúse to drómo.
the old-lady greeted-PERF-3SG the girl when she crossed-IMP-3SG the street
‘‘The old-lady greeted the girl when SHE crossed the street.’’

Picture A: Subject referent

Picture B: Object referent

Picture C: Third referent
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