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1. Introduction  
 

Research in recent years suggest that children begin to acquire syntax from 
an early age. In this study, we consider young children’s knowledge of 
grammatical principles that constrain the interpretation of noun phrase references. 
Acquiring syntax involves understanding how words are arranged and how the 
linguistic expressions are mapped onto meaning. For example, nouns denote 
entities, and learning a noun involves mapping the word form to its referent (e.g., 
an object). Pronouns also pick out referents, but in a more complex way. They 
usually refer to something that is understood. A pronoun can share a referent with 
an antecedent that has appeared earlier in the sentence or in another sentence. 
Coreference occurs when expressions (for example, a pronoun and an antecedent 
noun phrase) refer to the same entity. On the other hand, there are also cases in 
which a pronoun and an earlier noun phrase do not co-refer.  

Consider the sentences (1) and (2) in which the referent of the object him in 
(1) must be different from the preceding pronoun he. In (2) she and Mary must 
have different referents. In these sentences coreference is not possible. In contrast, 
consider the sentence in (3) in which coreference occurs. In fact, the reflexive 
himself and the antecedent he must co-refer to the same entity.  

 
(1) Hei washes himj 
(2) Shei washes Maryj 
(3) Hei washes himselfi 

 

Therefore, differences exist with respect to how pronouns co-refer or not with 
another noun phrase. In some cases, coreference is possible or even required (as 
in (3)), while in other cases, disjoint reference is required (e.g., pronouns and/or 
nouns must not refer to the same entity, as in (1) and (2)). How pronouns co-refer 
is subject to the structure and to the type of noun phrase(s) present in the sentence. 
There are three well-known grammatical principles that guide listeners’ 
interpretation of noun phrase references, the Binding Principles (Chomsky, 1981).  
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1.1. Binding Principles  
 

Binding principles were proposed in the binding theory (Chomsky, 1981). 
The interpretation of reflexives (e.g., himself) is governed by Principle A,  
pronouns (e.g., him) by Principle B, and R-expressions (which include all other 
kinds of NPs, e.g., those containing a noun) by Principle C. These principles are 
detailed in (4)-(6). 
 
(4) Principle A: an anaphor must be bound in its governing category. 

a. *Hei saw himselfj  
b.   Hei saw himselfi 

 
According to this principle, a reflexive must have an antecedent, and this 

antecedent must be local and must c-command the reflexive. The reflexive is thus 
coindexed with the antecedent. In (4a) and (4b), an anaphor must have a syntactic 
antecedent. In this case, the reflexive himself and the antecedent he must be co-
indexed1. Therefore, (4b) is grammatical whereas (4a) is not (indicated by *).  

 
(5) Principle B: A pronoun must not be bound in its governing category. 

a. *Hei saw himi  
b.   Hei saw himj 

 
In the examples (5a) and (5b), the referent of the object pronoun him must be 

different from that of the antecedent he, as in (5b).  
 

(6) Principle C: An R-expression must not be bound. 
a. *Johni saw Johni  

b.   Johni saw Johnj 

 
In (6a) and (6b), both the subject and object are R-expressions. According to 

Principle C, the referent of the object John must be different from that of the 
subject John.   

In the present study we focused on Principles A and B, that is, the principles 
that constrain the interpretation of pronoun and reflexive references.  

Many studies were conducted on children’s acquisition of these principles 
(e.g, McDaniel, Cairns, & Hsu, 1990; Wexler & Chien, 1985; McDaniel & 
Maxfield, 1992; Lust, Loveland, & Kornet, 1980; Thornton & Wexler, 1999; 
Avrutin & Wexler, 1992; Avrutin & Thornton, 1994). A classic experimental 
study (Chien & Wexler, 1990) tested the knowledge of Principle A and B in 
English-learning children aged 2.6 to 6.6. Results showed that by 4.6 years of age, 
children showed understanding of Principle A. For example, they knew that 
herself in sentences such as Kitty says that Sarah should give herself a car must 

1 Co-indexation indicates intended coreference, whereas contraindication indicates 
disjoint reference. 
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be coindexed with Sarah. In contrast, performance on Principle B appeared to be 
delayed even for the oldest children in their study (6.6-year-olds). Moreover, 
children’s delay in their performance of Principle B depended on the type of 
antecedent, which is usually referred to as the delay of Principle B effect (DPBE). 
In particular, children behaved differently with sentences containing a referential 
antecedent (e.g., Mama Bear) and those containing a quantificational antecedent 
(e.g., every bear), which is referred to as the quantificational asymmetry (QA). 
This was revealed in a Picture Verification task in the study of Chien and Wexler, 
in which children incorrectly allowed a coreferential interpretation for a pronoun 
in sentences with a referential antecedent, but not in sentences with a quantifier 
antecedent. For example, children were shown a picture of a scene involving 
Mama Bear and Goldilocks. In the picture, Mama Bear was touching herself and 
not touching Goldilocks. In sentences with referential antecedent (e.g., Is Mama 
Bear touching her?), 5- to 6-year-olds accepted the coreferential interpretation 
(depicted in the picture) 51% of the time. In a different scene there were three 
bears and Goldilocks, and each of the three bears was touching himself and not 
touching Goldilocks. In this trial, children heard a sentence with a quantifier 
antecedent (e.g., Is every Bear touching her?), but they only accepted the 
coreferential interpretation 16% of the time, indicating that they understood 
Principle B better in sentences containing a quantifier antecedent every than those 
containing referential antecedent Mama Bear.  

Other studies also found the same QA (e.g., Thornton & Wexler, 1999; 
Avrutin & Thornton, 1994; see Conroy, Takahashi, Lidz, & Phillips, 2009 and 
Elbourne, 2005 for detailed reviews). However, Chien & Wexler (1990) argued 
that their children had fully acquired Principle B, but simply lacked adult-like 
knowledge of a relevant pragmatic principle (Principle P), leading them to an 
overgeneralization of coreferential interpretation in the case of sentence with a 
referential antecedent, but not with a quantifier antecedent.   

Similarly, in another study (McKee, 1992) English-learning children showed 
a delay of Principle B relative to Principle A in a Truth Value Judgment Task 
(TVJT). This method is commonly used for testing children’s acceptance of 
meaning-utterance pairs. In this task, the child and a puppet first watch the 
experimenter stage an event involving toys and actions. Then, the puppet 
describes the event and the child must judge if this description of the event is 
correct or incorrect. Children’s judgment of the puppet’s description reveals their 
understanding of the sentences meaning. In McKee (1992) English-speaking 
children aged between 2.6 and 5.3 were presented with sentences that tested 
Principe A (e.g., one-clause sentences: Smurfette washed herself, and two-clause 
sentences: While the clown was sitting down, Roger Rabbit covered himself) and 
Principle B (e.g., one-clause sentences: Smurfette washed her, and two clause 
sentences: While the clown was sitting down, Roger Rabbit covered him). For the 
sentences containing reflexives, children responded according to Principle A 91% 
of the time, whereas they responded according to Principle B for the sentences 
containing pronouns only 61% of the time.  
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In the same study (McKee, 1992) Italian children between 3.7 and 5.5 were 
also tested. Unlike the English-speaking group, Italian children showed equally 
good understanding of the both principles. For example, for sentences testing 
Principle A (e.g., one-clause sentences: Lo gnomo si lava. ‘the gnome self washes’ 
and two-clause sentences (e.g., Mentre la gnoma cantava, la puffetta si copriva. 
‘while the gnome sang, the Smurfette self covered’), children obeyed Principle A 
95% of the time. Similarly, for sentences testing Principle B (e.g., one-clause 
sentences: Lo gnomo lo lava. ‘the gnomo him wishes’ and two-clause sentences 
(e.g., Mentre la gnoma era sdraiata, la puffetta la copriva. ‘while the gnoma was 
laid down, the Smurfette her covered’), they obeyed Principle B 90% of the time. 
Thus, Italian children showed an understanding of pronominal binding, unlike 
English-speaking children, who accepted violation of Principle B often. Mckee 
pointed out an interesting difference between English and Italian: in Italian the 
pronouns were clitics whereas the pronouns in English were non-clitics. She 
suggested that this factor could explain the better performance for Principle B in 
Italian children than in English-speaking children on Principle B. 

Like the Italian children, one study with 4- to 7-year-old Norwegian children 
also showed no delay of the knowledge of Principle B (Hestvik & Philip, 
1999/2000). The children were tested on their knowledge of Principles A and B 
in a Picture Verification task. They found that children performed well on both 
principles. Moreover, when tested with pronoun sentences containing a referential 
antecedent or containing a quantificational antecedent, children performed 
equally well for both: 90% adult-like responses in non-quantificational (i.e., 
referential) antecedent cases (e.g., Driver piken og klapper henne? ‘Is the girl 
patting her?’), and 99% adult-like responses in quantificational antecedent (e.g., 
Driver hver eneste pike og klapper henne? ‘Is every girl patting her?’), either with 
a pronoun or a reflexive. This pattern of responses contrasts with those of English-
speaking children who often made errors when test sentences contained a 
referential antecedent (e.g., Chien & Wexler, 1990, Thornton and Wexler, 1999, 
McKee, 1992).  

Thus, the results of existing studies on Principle B seem to be mixed, some 
showing a delay in the acquisition of Principle B in comparison to Principle A, 
and some showing an asymmetrical performance according to antecedent types 
(e.g., referential vs. quantifier) in pronoun sentences, but others showing no delay 
or asymmetry at all. Elbourne (2005) suggested that the referential vs. quantifier 
asymmetry (i.e., QA) might be due to methodological factors. Conroy et al., 
(2009) conducted experiments with English-speaking children to test the 
methodological factors that might have accounted for the QA in the delay of 
Principle B. They found that when the methodological concerns were resolved 
and the task (TVJT) were well set up, their children showed no DPBE or QA and 
performed equally well for sentences with referential versus quantifier antecedent.   

Nearly all studies on the acquisition of binding principles were done with 
older children, ranging from 3 to 6 years of age. Since these principles are 
considered by many researchers as possibly innate, any evidence of the presence 
of the knowledge in younger children would thus be theoretically interesting.  
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A recent study examined 30-month-old toddlers’ understanding of Principle 
A and C (Lukyanenko, Conroy, & Lidz, 2013), using a looking paradigm that 
required minimal effort from the child. Their task displayed videos during each 
trial. Videos of two events of a verb (self-directed and other-directed) were shown 
sequentially while auditory stimuli describing the actions were played (e.g., It 
looks like someone is getting patted!). After that, the two videos (self-directed 
event vs. other-directed event) were displayed side by side while the audio was a 
sentence describing one of the events (e.g., Name trials: She’s patting Katie – 
testing Principle C; Reflexive trials, e.g., She’s patting herself – testing Principle 
A). The results showed that only toddlers who scored high on the MacArthur 
Communicative Development Inventory performed well in the experiment. It is 
interesting that toddlers as young as 30 months of age showed the binding 
knowledge in their task. On the other hand, it is puzzling why children’s 
vocabulary size was a contributing factor for the knowledge, as the experiment 
was a syntactic task, not a vocabulary task.  

We hence conducted an eye-tracker experiment to better understand the 
acquisition of binding principles in toddlers. Our task was similar to that of 
Lukyanenko, Conroy and Lidz (2013), with important differences in stimuli and 
design (see the next section). Our questions were whether 30-month-olds 
understand Principles A and B, and whether Principle A emerges earlier than 
Principle B. We chose to test French-learning toddlers, as we found it interesting 
that reflexives and pronouns in French, both clitics, are similar phonetically (e.g., 
se ‘self’, le ‘him’). Our hypothesis was that 30-month-olds in our task should 
show knowledge of both principles.  
 
2. The present study 

 
 We tested toddlers’ understanding of Principles A and B in a comprehension 
task using an eye-tracker. In the test phase of each trial, two pictures were 
presented simultaneously, representing two events (self-directed action and other-
directed action of a transitive verb), while the recording of a sentence describing 
one of the two events was played. The sentence in some trials contained the 
reflexive se, depicting the self-directed event, whereas the sentence in other trials 
contained the object pronoun le, depicting the other-directed event. Recall that a 
reflexive must be bound in its governing category (Principle A), and a pronoun 
must be free in its governing category (Principle B), as shown below in (7)-(8).  
   
(7) Ili   sei    lave.  COREFERENCE (il = se) 
      hei selfi washes 
     'Hei washes himselfi' 
 
(8) Ili    lej   lave.   DISJOINT REFERENCE (il ≠ le) 
       hei himj washes 
      'Hei washes himj' 
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2.1 Methods 
2.1.1 Participants 

 

.
.

Thirty-six French-learning 30-month-olds (mean: 952 days; range: 932-969; 
16 boys, 20 girls) completed the experiment. An additional five toddlers were 
tested, but their data were excluded from the sample due to the following reasons: 
refusal to sit through the experiment (2), and looking time too short (3). After the 
experiment, each child received a toy as a gift for participating in the experiment. 

 
2.1.2. Stimuli 
 

We chose six frequent transitive verbs in French (i.e., laver ‘to wash’, cacher 
‘to hide’, toucher ‘to touch’, habiller ‘to dress’, coucher ‘to put to sleep’ and 
brosser ‘to brush’). We note that according to the literature, children know 
transitivity of verbs before two years of age (Yuan, Fisher, & Snedecker, 2012).  

Two different types of target sentences were created for each of the six verbs: 
one with the reflexive se (e.g., il se VERB), and the other with the object pronoun 
le (e.g., il le VERB), yielding a total of 12 sentences, as shown in Table 1. 
 
Table 1. Sentence pairs for each verb in the experiment 

Verbs Reflexive Pronoun 
Laver 

‘to wash’ 
Cacher 
‘to hide’ 
Toucher 

‘to touch’ 
Habiller 
‘to dress’ 
Coucher 

‘to put to sleep’ 
Brosser 
‘to brush 

Ili sei lave. 
‘hei selfi washes’ 

Ili sei cache. 
‘hei selfi hides’ 
Ili sei touche. 

‘hei selfi touches’ 
Ellei si’habille. 

‘shei selfi dresses’ 
Ili sei couche. 

‘hei selfi puts to sleep’ 
Ili sei brosse. 

‘hei selfi brushes’ 

Ili lej lave. 
ei himj washes’ 
Ili lej cache. 

‘hei himj hides’ 
Ili lej touche. 

‘hei himj touches’ 
Ellei lj’habille. 

‘shei herj dresses’ 
Ili lej couche. 

‘hei himj puts to sleep’ 
Ili lej brosse. 

‘hei himj brushes’ 

 

Speech stimuli included the 12 sentences and the infinitive form of the six 
verbs. The recording was done (sample rate: 44.1 kHz; bit rate: 16 bit) in an IAC 
(Industrial Acoustics Company) acoustic chamber. A female native speaker of 
Quebec French produced multiple tokens of the stimuli in an infant-directed 
speech style. In addition, she also recorded carrier utterances Regarde! (‘Look!’) 
and Qu’est-ce qu’il se passe? ‘What’s happening?’, as well as six pairs of NPs in 
isolate (e.g., Le papa ‘The papa’ – Le bébé ‘The baby’; La maman ‘The mama’ – 
La petite fille ‘The little girl’). Each pair of NPs were used to introduce the 
characters before the event pictures and the target sentence were presented in each 
trial. For example, the NPs Le grand frère and Le petit frère were used to 
introduce the characters at the initial two steps of the trial shown in Table 3.  

To illustrate the meaning of the sentences, an artist drew colorful pictures 
representing each verb in two scenes. For each of the six verbs, there were four 
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pictures; a portrait picture of each of the two characters standing alone without 
any action, one picture depicting the self-directed action, and another depicting 
the other-directed action. In the pictures depicting the actions, the two characters 
were present. In the self-directed scene, one of the characters was both the agent 
and the patient of the action. In the other-directed scene, that same agent character 
was again the agent, and the other character was the patient. The action images 
were comparable in size and equally interesting in color. An animation of a dog 
moving his tail with a barking sound (e.g. Woof) served as the attention getter 
between trials. A picture of a colorful flower field along with a cheerful 
interjection (i.e. Regarde! – ‘Look!’) was used as the stimuli for a pre-trial and 
for a mid-experiment trial. 
 
2.1.3. Design  

 
The design consisted of two within-subject trial types (i.e., Reflexive, 

Pronoun), based on the two types of sentences in Table 1. Half of the toddlers in 
the experiment were assigned to the three verbs laver, habiller and cacher in 
pronoun sentences and the other three verbs brosser, toucher and coucher in 
reflexive sentences. The verb assignment to sentence structures was reversed for 
the other half of the toddlers, that is, laver, habiller and cacher in reflexive 
sentences, and brosser, toucher and coucher in pronoun sentences. This 
counterbalance ensured that a given child would not hear the same verbs in both 
Reflexive and Pronoun trials, and that each verb appeared in both sentence types 
across different groups of toddlers, as shown in Table 2.  
 Furthermore, toddlers were divided into sub-groups for the counterbalancing 
of the orders of picture presentation and the sides of action pictures. Specifically, 
each of the trials started with a central presentation of the portraits of the two 
characters who would subsequently appear in the action scenes. The characters 
were always a younger person and an older person and of the same gender (e.g., 
father – baby boy; mother – little girl; big boy – little boy). For each sub-group, 
the younger character was introduced first in three trials, and the older character 
was introduced first in the other three trials, with the trials appearing in a 
randomized order. After the introduction of the characters, the verb infinitive form 
(e.g., Laver ‘to wash’) and the related events (e.g., self-directed and other-directed 
scenes of Laver) were introduced. The images of the events were presented one 
at a time, either on the left or the right side of the screen. Again, within each sub-
group, the order of the introduction of the action scenes was randomized across 
trials, with the self-directed image appearing first for three trials, and with other-
directed image appearing first for the other three trials. The side on which an event 
of a verb was first introduced was also randomized, with equal chance for both 
sides across trials within a sub-group. Finally, during the test phase of a trial (that 
is, the final phase; see Table 3), the side of the target picture (i.e., the scene 
corresponding to the meaning of the target sentence) was counterbalanced within 
each sub-group, appearing on the left or right across different trials). Within a 
given trial, the sides of the two events remained constant throughout the different 
steps of the trial, as shown in Table 3. We also made sure that the target picture 
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did not appear on the same side for more than two consecutive trials. In total, eight 
conditions corresponding to eight sub-groups of infants were designed. As 
examples, the stimuli of the test phase trials for two of the sub-groups are 
displayed in Table 2.   
 
Table 2. Stimuli for two sub-groups participants: Auditory stimuli and the position 
of the two pictures (i.e., self-directed and other-directed) for the test phase of the six 
trials (each trial per verb). The two trial types were based on the two types of 
sentences (Reflexive vs. Pronoun) 

Group 1 

Trial  Audio 
Pictures 

Left side Right side 

1 Reflexive 
Il se lave.  
'he self washes' 

papa washing 
  himself 

papa washing 
  baby 

2 Pronoun 
Il le brosse.  
'he him brushes' 

papa brushing 
  himself 

papa brushing 
  little boy 

3 Reflexive 
Elle s'habille. 
'she self dresses' 

mama dressing little 
  girl 

mama dressing 
  herself 

4 Reflexive 
Il se cache.  
'he self hides' 

big brother hiding 
  himself 

big brother hiding 
  little brother 

5 Pronoun 
Il le touche.  
'he him touches' 

big brother touching 
  little brother 

big brother 
  touching himself 

6 Pronoun 
Il le couche.  
'he him puts to sleep' 

papa sleeping 
papa putting little 
  boy to sleep 

Group 2 

Trial  Audio 
Pictures 

Left side Right side 

1 Pronoun 
Elle l'habille.  
'she her dresses' 

mama dressing 
  herself 

mama dressing 
  little girl 

2 Pronoun 
Il le lave.  
'he him washes' 

papa washing baby 
papa washing 
  himself 

3 Reflexive 
Il se couche.  
'he himself puts to sleep' 

papa putting little 
  boy to sleep 

papa sleeping 

4 Pronoun 
Il le cache. 
'he him hides' 

big brother hiding 
  himself 

big brother hiding 
  little brother 

5 Reflexive 
Il se brosse.  
'he himself brushes' 

papa brushing 
  himself 

papa brushing 
  little boy 

6 Reflexive 
Il se touche.  
'he himself touches' 

big brother touching 
  little brother 

big brother  
  touching himself 

 
 Each trial began with the introduction of the two characters that we assigned 
for that trial. The standing portrait picture of each character was centrally 
presented on the screen for 2000 msec while a pre-recorded noun phrase named 
the character (e.g., Le papa ‘The papa’ for one character; Le bébé ‘The baby’ for 
the other character). After the introduction of the characters, there was an 
introduction of the verb. This part consisted of presenting the two action scenes, 
one by one, each for 4500 msec, on one side and then the other side of the screen, 
respectively. The two scenes corresponded to the self-directed versus other-
directed actions of the verb. While each scene was being presented, the auditory 
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stimuli introduced the verb in its infinitive form (e.g., Qu’est-ce qui se passe? 
Laver, ‘What is happening? Wash-inf.’). The infinitive form of the verb was 
compatible with both the self-directed and other-directed actions. This allowed 
the child to be familiarized with the verb and the scenes before the last phase (i.e., 
test phase) of the trial. The average duration of the isolated verbs was 1130 msec 
(SD = 80.35). After seeing the two scenes one by one, a white screen was shown 
in silence for 700 msec. The two scenes were then presented side by side for 2000 
msec, together with a cheerful interjection (i.e., ‘Wow!’). Following another brief 
break of a white screen (700 msec), the test phase began. During this phase, both 
images were again shown simultaneously, side by side, for 9500 msec, while the 
target sentence describing one of the two scenes, was presented, either a Reflexive 
or Pronoun sentence (e.g., Il se VERB! ‘he self VERB’). The other scene served 
as the distractor. Table 3 shows the progression of the steps in a trial. 
 
Table 3. Progression of the steps in a trial 

Items Visual stimuli Length Auditory stimuli 

Character 
Introduction 

 

2000ms 
Le grand frère. 
‘the big brother’ 

Character 
Introduction 

 

2000ms 
Le petit frère. 
‘the little brother’ 

Verb 
Introduction 

 

4500ms 
Qu’est-ce qui se passe? V. 
‘what is happening? V’ 

Verb 
Introduction 

 

4500ms 
Qu’est-ce qui se passe? V. 
‘what is happening? V’ 

White 
Screen 

 700ms  

Two Events 

 

2000ms Wow! 

White 
Screen 

 700ms  

Test Phase 

 

9500ms 
Regarde, il se/le V; il se/le V. 
‘look, he self/him V; he self/him V’ 

 

At the beginning of the test phase, both images appeared on the screen in 
silence during 875 msec. After this silence period, the child heard the word 
Regarde, (‘look’), followed by 950 msec silence. After this second silence period, 
the target sentence was presented two times (e.g., Regarde, il se touche; il se 
touche. ‘look, he self touches; he self touches’). The first presentation began at 
2950 msec for every trial. The durations of target sentences with different verbs 
varied slightly, with the longest sentence ending at 4800 ms. The first presentation 
was followed by a silence of at least 850 msec before the repetition of the sentence. 
The second presentation started at 5650 msec for every trial and ended at 7200 
msec for the longest sentence. The average duration was 1550 msec (SD = 180.45) 
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for reflexive sentences, and 1549 msec for pronoun sentences (SD = 144.19). 
Finally, there was a silence of at least 2300 msec at the end of the test phase, and 
the pictures were continuously present until the end of this phase (9500 msec). 
The carrier utterance Regarde! was the same recording for all the sentences in the 
test phase. Figure 1 shows the timeline for the test phase of a trial.  

Self-DirectedOther-Directed

Regarde, il se/le verbe, il se/le verbe 

9500ms0ms 875ms 2000ms 2950ms 4800ms 5650ms 7200ms

Figure 1. Timeline of stimuli presentation during the test phase of a trial 
 
2.1.4. Procedure  

 
Children and their parents were first greeted in the laboratory playroom, 

where the parents filled out the consent form. One parent and the child were then 
invited to the testing room. Each child was tested individually. He or she sat on 
the parent’s lap facing a 19-inch computer screen at a distance of 30 centimeters 
in front of an eye-tracker. Auditory stimuli were presented through headphones 
to the child, so that the parent did not hear them, preventing him or her from 
biasing the child. The visual stimuli were presented on the computer screen. 
Parents were asked not to talk to their child during the experiment and not to look 
at the screen. The eye-tracker was directly under the computer screen and captured 
the child’s eye gazes in real time. Before the experiment, a calibration was needed 
for the eye-tracker. The child watched a little dog moving on each corner of the 
screen. The calibration needed to be confirmed by the researcher (r2 > 0.80) before 
the experiment could start. Each trial was initiated by the infant fixation to the 
centered little dog for 700 msec. Eye gaze data were collected by the Remote Eye-
tracking device SMI Eye Tracker (RED) with a resolution of 16.67 msec. To build 
the experiment and to gather and save the data, the programs iView (version 2.5 
Build 20) and Experiment Center (Version 3.5.101) were used. The program 
BeGaze (Version 3.5.7.4) was also used to do the analysis with a program written 
specifically for our procedure. 

 
3. Results 
 

Children’s looking to the target picture, that is, to the picture depicting the 
sentence, was analyzed for each trial. The relevant area of interest (AOI) for each 
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of the picture was selected. That is, the part of a picture including the two 
characters and other relevant objects in a scene was defined as the AOI. For 
example, for the scenes of the verb laver (e.g., ‘to wash’), in each of the two 
scenes there were the two characters (e.g., papa and baby) and a bathtub. A 
rectangular shape that covered all of these elements was selected as the AOI. For 
other verbs such as toucher (e.g., ‘to touch’), as shown in Figure 1, there was no 
object, the AOI was covered by a rectangle framing the two characters. 

Each toddler’s proportion of looking to target (PLT), i.e., to the AOI of the 
target picture, was calculated for specific time windows of each trial. To do so, 
we divided the number of frames in which the child was looking at the target AOI 
by the sum of the frames in which he or she was looking at the target AOI and the 
distractor AOI. Then, the average PLT of all trials of each type (i.e., Reflexive; 
Pronoun) was calculated.  

Two windows of analysis were analyzed, a pre-window and a post-window. 
The pre-window (0-2950 msec) consisted of the first part of the test phrase of a 
trial, when the child only heard the word Regarde! ‘Look!’. The post-window 
(4800-9500 msec) started from the end of the first presentation of the sentence to 
the end of the test phase of the trial.   

We first examined if children had an inherent preference for one event before 
hearing the sentence. To do so, we compared the average PLT of each type of 
trials with the chance level .50. This analysis showed that children did not look 
preferentially at the self-directed event or the other-directed event of the verbs for 
the pre-window. The average PLT was not different from chance in Reflexive 
trials (M = .52, SE = .16, t(35) = .719, p = .477, 2-tailed), nor in Pronoun trials (M 
= .47, SE = .17, t(35) = - 1.069, p = .292, 2-tailed). The PLTs of the two kinds of 
trials did not differ, t(35) = 1.227, p = .228, 2-tailed, as shown in Figure 2. This 
suggests that toddlers had no a priori bias for either of the two action scenes before
the target sentence was heard.  
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Figure 2. Average PLTs to self-directed and other-directed events for the pre- and
post-windows for Reflexive vs. Pronoun sentences. Note that the grey horizontal line
represents the chance level. 
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During the post-window, children looked more at the self-directed event upon 
hearing a Reflexive sentence, and more at the other-directed event upon hearing 
a Pronoun sentence. In particular, the PLTs for both types of trials differed 
significantly from chance for the post-window. Above chance would indicate the 
recognition of the target picture. Results showed that looking to target was above 
chance for reflexive trials (M = .58, SE = .03, t(35) = 2.919, p = .006: 2-tailed) 
and for pronoun trials (M = .59, SE = .02, t(35) = 3.672, p = .001: 2-tailed). Figure 
2 shows the PLTs for the two types of trials (i.e., reflexive versus pronoun 
sentences) during the pre- and post-windows. The horizontal line represents the 
chance level (.50). Moreover, there was no significant difference between the 
PLTs in the two trial types, t(35) = -.326, p = .746, 2-tailed. These results suggest 
that 30-month-olds performed equally successfully in the two types of trials; i.e., 
they correctly understood both the reflexive sentences and the pronoun sentences. 

To better illustrate how children processed the two types of sentences, we 
plotted the timecourse of the proportions of looking during the test phase of a trial, 
averaged across the trials of the same type and across all children (Figure 3). The 
dark and grey curves represent the proportions of looking in the two types of trials 
(i.e., Reflexive and Pronoun, respectively). The upper-part of the vertical scale 
represents the looks to self-directed pictures, and the lower-part represents the 
looks to other-directed pictures. The first vertical line (at 2950 msec) is the 
beginning of the first presentation of the target sentence, and the second vertical 
line is its end. The post-window for our analysis starts from the second line (4800 
msec) to the end of the test phase of the trial (9500 msec).  
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Figure 3. Timecourse of the proportion of looking to self-directed and other-directed 
events during the test phase of a trial (average of all trials of the same type across all 
children)  

125



4. Discussion  
 
 The results of our study reveal that toddlers have adult-like interpretation of 
NP references in sentences containing reflexives and pronouns, consistent with 
Principles A and B (Chomsky, 1981). Children correctly comprehended our 
sentences, showing a preference to look at the self-directed event upon hearing 
reflexive sentences, and a preference to look at the other-directed event upon 
hearing the pronoun sentences.  
 Our infants also showed no delay in their performance of Principle B relative 
to Principle A. Their understanding of pronoun and reflexive referents was 
equally successful. This result differs from the delay shown in previous studies. 
For example, even at 6 years of age English-speaking children in Chien and 
Wexler (1990) did not behave according to Principle B. Similarly, the English-
speaking children in McKee (1992) also showed a delay in their performance of 
Principle B in comparison to Principle A. Our results, however, are consistent 
with those of other studies that revealed no delay of Principle B (e.g., Conroy et 
al., 2009; Hestvik & Philip, 1999/2000, McKee, 1992). The delay of Principle B 
was a particular concern for researchers who assume that binding principles are 
part of the universal grammar (UG), that is, available innately in children. In this 
regard, studies with children much older than our toddlers also face the possibility 
of input-based induction; that is, given sufficient time, some kind of input support 
might eventually enable children to construct the knowledge. A demonstration of 
this knowledge in toddlers at the early stage of grammatical acquisition would be 
more consistent with the UG-based argument. Our toddlers were not only young, 
but also knew Principles A and B equally well, demonstrating that the knowledge 
might already be present in their internal system.   
 Experimental methods seem to be a major factor accounting for why children 
at such a young age revealed understanding of the binding principles. Previous 
studies used tasks such as Truth Value Judgement Task, Picture Verification task 
and Act-Out task, which are limited with younger children. The preferential 
looking measure in our study and in the previous study of Lukyanenko, Conroy 
and Lidz (2013) proved to be more suitable for revealing linguistic knowledge in 
very young children. In the study of Lukyanenko, Conroy and Lidz, only high-
vocabulary toddlers showed understanding of binding principles. In our study, 
however, the same-age toddlers were generally successful in their performance. 
Differences in specific aspects of our methods (e.g., the type of stimuli) and our 
analysis (measuring precise time windows during the test phrase rather than the 
whole time period) appear to have made our task more sensitive in revealing 
toddlers’ binding knowledge. 
 In conclusion, our study shows that children as young as 30 months of age 
already understand the binding principles that constrain the coindexing relations 
between a reflexive and its antecedent, and between a pronoun and its antecedent. 
Their understanding of these relations reflects hierarchical syntactic knowledge 
in toddlers at the early stage of grammatical acquisition.  
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