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1. Introduction  
 
 Infants acquire grammatical structures rapidly, without any explicit 
instructions. One question in child language research concerns how infants learn 
the syntactic structures of their native language based only on their speech input. 
The prosodic bootstrapping theory suggests that infants can acquire initial 
syntax by using prosody and functional morphemes (e.g. Christophe, Guasti, & 
Nespor, 1997; Morgan, Shi, & Allopenna, 1996; Shi, 2014).  
 There is evidence that infants begin to acquire functional morphemes (e.g., 
determiners, tense markers) very early. They encode and store native language 
functors from six to eight months of age and use them to segment lexical words 
(Hallé, Durant, & de Boysson-Bardies, 2008; Marquis & Shi, 2012; Shi, Cutler, 
Werker, & Cruickshank, 2006; Shi, Werker & Cutler, 2006; Shi & Lepage, 
2008). After one year of age, infants start to use functional items to categorize 
novel lexical words (e.g., Cyr & Shi, 2013; Höhle, Weissenborn, Kiefer, Schulz, 
& Schmitz, 2004; Mintz, 2006; Shi & Melançon, 2010).  
 Prosody is present in all natural languages. Infants show a remarkable 
sensitivity to prosody early in life. Soon after birth they use prosody to 
discriminate languages (e.g., Mehler et al., 1988; Nazzi, Bertoncini, & Mehler, 
1998). A few months later they detect native-language prosodic patterns at the 
lexical level (e.g., Höhle, Bijeljac-Babic, Herold, Weissenborn, & Nazzi, 2009; 
Jusczyk, Cutler, & Redanz, 1993). Infants use prosodic cues to segment speech 
into clausal units from four months of age (e.g., Seidl & Cristià, 2008) and into 
major phrasal units from six months of age (e.g., Soderstrom, Seidl, Kemler 
Nelson, & Jusczyk, 2003). However, little work exists with respect to infants’ 
use of prosody for direct analysis of syntactic structures. 
 The use of prosody to interpret syntactic structures and word categories has 
been shown in adults. For instance, French-speaking adults can use prosody to 
distinguish structures in lexically ambiguous utterances such as [[Les pommes 
dures][...]] (“The hard apples ...”) versus [[Les pommes][durent ...]] (“The 
apples last ...”), where the adjective dures and the homophonous verb durent fell 
in different prosodic phrases (Millotte, Wales, & Christophe, 2007).   
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 Recent studies showed that toddlers can use prosody for syntactic analysis 
(Dautriche, et al., 2014; de Carvalho, Dautriche, Lin, & Christophe, 2017; 
Massicotte-Laforge & Shi, 2015). In Massicotte-Laforge and Shi (2015), 
French-learning 20-month-olds used prosody to distinguish ambiguous 
sentences consisting of all non-words except French determiners. The sentences 
were the same strings that were ambiguous between two syntactic structures, 
e.g.,  

Structure 1: [[TonDet felliAdj migeN]NP [vurV laDet gosineN]VP] 
Structure 2: [[TonDet felliN]NP [migeV vurPrep laDet gosineN]VP] 

The two syntactic structures were distinguished only by phrasal prosody, which 
matched the syntactic phrases of the respective structures. Infants were 
familiarized with the sentences, one group with the prosody of Structure 1, and 
another with the prosody of Structure 2 (see Table 1).  

Table 1: Stimuli in Massicotte-Laforge & Shi (2015) 

Familiarization 

Structure-1 Group 
[[Det Adj N]NP [V Det N]VP]S 

Structure-2 Group 
[[Det N]NP [V Prep Det N]VP]S 

{Un felli mige}{vure la gosine} 
{Ton felli mige}{vure la gosine} 

{Des fellis miges}{vurent la gosine} 
{Un felli crale}{vure la gosine} 
{Ton felli crale}{vure la gosine} 

{Des fellis crales}{vurent la gosine} 

{Un felli}{mige vur la gosine} 
{Ton felli}{mige vur la gosine} 

{Des fellis}{migent vur la gosine} 
{Un felli}{crale vur la gosine} 
{Ton felli}{crale vur la gosine} 

{Des fellis}{cralent vur la gosine} 

Test  

Grammatical (Det+N): 
{Le mige} 
{Le crale} 

Ungrammatical (Pron+V): 
{Tu miges} 
{Tu crales} 

Grammatical (Pron+V): 
{Tu miges} 
{Tu crales} 

Ungrammatical (Det+N): 
{Le mige} 
{Le crale} 

Note: Structures 1 and 2 for each sentence are phonemically identical despite some 
orthographic differences. All lexical words are non-words. The French function words 
are un (“a”), ton (“your”), des (“some”), la (“the”), le (“the”), and tu (“you”). 

 All infants were tested with non-familiarized functors occurring with Word 
3 from familiarization (i.e. mige; crale), as a noun in one type of test trials 
(Det+N, e.g., Le mige “The mige”), and as a verb in the other type of test trials 
(Pron+V, e.g., Tu miges “You mige”). For the Structure-1 familiarization group, 
Det+N test trials were grammatical, and Pron+V trials were ungrammatical; the 
reverse was the case for the Structure-2 familiarization group.  
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 Results showed that infants perceived the test stimuli according to the 
familiarized structure. Both groups listened longer to ungrammatical trials. They 
analyzed the syntax of the sentences and categorized Word 3 by using the 
corresponding prosody. Specifically, for the Structure-1 group, infants perceived 
the first prosodic phrase {Ton felli mige} as a noun phrase (NP), and assigned 
the last word of this prosodic phrase as a noun. For Structure-2 infants, Word 3, 
which was in the second prosodic phrase, was perceived as a verb.   
 Questions remain concerning the exact information that led infants to 
interpret the first prosodic phrase of the familiarization stimuli as an NP and 
Word 3 as a noun for Structure-1 utterances. Did infants just use the prosodic 
breaks and the determiner within the prosodic phrase to categorize the last word 
at the boundary as a noun? Did they need other possible acoustic cues in the first 
prosodic phrase for this analysis? Did they require any cues of the following 
prosodic phrase? Finally, were infants guided by the larger sentential structure in 
a top-down fashion for their interpretation of the subject NP? 
 To address these questions, we conducted the present study. In Experiment 
1 the three first words of our previous experiment (Massicotte-Laforge & Shi, 
2015) were used as the familiarization stimuli, but were produced as utterance-
final, in one single prosodic phrase, e.g., {Ton felli mige}	“Your felli mige”.  

2. Experiment 1  
2.1. Methods 
2.1.1. Participants, stimuli, design and procedure 
 
 Participants were 20-month-old Quebec-French-learning infants (n = 16; 
mean age: 645 days; range: 20 months 22 days to 21 months 24 days; 8 girls). 
Three other infants were tested but their data were not included in the analysis 
due to fussiness (1), inability to complete the task (1) and technical problem (1). 
 Familiarization materials were three-word utterances, same as the initial 
three words in Massicotte-Laforge and Shi (2015), containing French function 
words (Determiners: ton “your”; des “some”; un “a”) and pseudo-words (felli, 
mige, crale). The pseudo-words conformed to the phonology of French. The 
three-word utterances were recorded in one prosodic phrase, with utterance-final 
prosody, e.g., {Ton felli mige} “Your felli mige”. Therefore, the utterances were 
ambiguous between at least two syntactic structures, an NP ([Det Adj N]) and an 
S ([[Det N][Verb]]). This is unlike the Structure-1 familiarization stimuli of 
Massicotte-Laforge and Shi (2015), in which the first prosodic phrase of the 
utterances was only compatible with an NP structure.  
 Test stimuli were the same as in Massicotte-Laforge and Shi (2015). That is, 
Word 3 occurred with new function words in two trial types (Noun Use, e.g., 
LeDet migeN “The mige”; Verb Use, e.g., TuPron migesV “You mige”). Both 
types of test utterances formed one prosodic phrase.   
 The same Quebec-French female speaker as the one in Massicotte-Laforge 
and Shi (2015) recorded the familiarization stimuli in infant-directed speech. To 
elicit the familiarization utterances, we first constructed NP utterances 
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containing entirely real French words. We asked the speaker to read a real-word 
utterance (e.g., {Ton petit chat} “Your little cat”), followed by a non-word 
utterance, e.g., {Ton felli mige}. The final familiarization stimuli were six 
utterances each produced in one prosodic phrase.  
 
Table 2. Stimuli of Experiments 1 and 2 

Familiarization   Test 

Ambiguous structures                                                           
[Det Adj N]NP  

[[Det N]NP [V]VP]S                   

Non-familiarized functor + 
familiarized pseudo-word 

{Un felli mige} 
{Ton felli mige} 
{Des fellis miges} 
{Un felli crale} 
{Ton felli crale} 
{Des fellis crales} 

Noun Use (Det+N): 
{Le mige} 
{Le crale} 

Verb Use (Pron+V): 
{Tu miges} 
{Tu crales} 

 
 We expected the prosody of these three-word stimuli to be distinct from 
those of the first prosodic phrase in the Structure-1 sentences of Massicotte-
Laforge and Shi (2015). We calculated the differential values in duration, mean 
pitch and mean intensity between Word 3 and Word 2, as this would reveal the 
prosodic change towards the end of the three-word prosodic phrase. We then 
compared the differential values of the two experiments.  
 
Table 3. Acoustic measures (means & SDs) of the utterance-final prosody 
(Experiment 1) and utterance-non-final prosody (Massicotte-Laforge & Shi, 2015) 

Acoustic 
measures 

Experiment 1                                    
 
{Det x y} 

Massicotte-Laforge 
& Shi, 2015        
{Det x y}{ …} 

p (independent    
t-test, 2-tailed) 

Mean duration 
(s) (Word 3 
minus Word 2)  

.1658 (.0267) 
 

.1826 (.0457) t(10) = - .775; 
p = 0.456 

Mean pitch (Hz) 
(Word 3 minus 
Word 2) 

28.5852 (14.7342) 158.7169 (22.7190) t(10) = - 11.772; 
p = 0.000 

Mean intensity 
(dB) (Word 3 
minus Word 2) 

.9747 (.5068) 1.6657 (1.0871) t(10) = - 1.411; 
p = .189   

Pause after Word 
2 (s) 

.0238 (.0266) .0277 (.0305) t(10) = - 0.241; 
p = 0.814 
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 As shown in Table 3, the mean pitch between Word 3 and Word 2 differed 
less in the present experiment, where the end of the prosodic phrase coincided 
with the end of the utterance, than in Structure 1 of Massicotte-Laforge and Shi 
(2015), where the end of the three-word prosodic phrase was utterance non-final. 
Therefore, in addition to the absence of a second prosodic phrase, the pitch cue 
may further indicate the utterance-final status of the three-word utterances in the 
present experiment. This experiment could thus assess if infants were sensitive 
to these cues in their syntactic analysis. 
 The visual stimuli and the testing procedure were the same as in Massicotte-
Laforge and Shi (2015). The animation of a cartoon character “spoke” the 
auditory stimuli. Infants were individually tested in an acoustic chamber. The 
child was sitting on the parent’s lap, facing an LCD screen. Loudspeakers on 
both sides of the screen played the auditory stimuli. The parent wore 
headphones to hear masking music. A hidden camera filmed the infant and sent 
the video simultaneously to the adjacent room, where a researcher, blind to the 
stimuli, observed the infant and pressed down a computer key whenever the 
child looked to the screen. All trials were controlled by the infant’s looks 
through a computer program, which also recorded and calculated the looks on-
line. A trial would start if the infant looked to the screen, and it would terminate 
if he or she looked away from the screen for at least two seconds or when the 
maximum trial length was reached.   
 The six familiarization utterances were on average 1.1528 s (SD = 0.0895). 
They were randomly presented in each familiarization trial, with a 1 s silence 
(ISI) between utterances. A trial would present all six utterances if the infant 
looked to the maximum trial length. The maximal trial duration was set at 12.1 s. 
Once the infant accumulated 45 s of looking time for the familiarization phase, 
the test phase began automatically. 
	 The Noun Use test stimuli consisted of three different tokens for each 
utterance (i.e., three for Le crale, and three for Le mige) and the same for the 
Verb Use test stimuli (three tokens of Tu crales, and three tokens of Tu miges). 
The Det+N tokens were on average 1.1632 s (SD = 0.1490), and the Pron+V 
1.1655 s (SD = 0.1706). The Noun Use tokens were presented randomly as one 
trial type, so were the Verb Use tokens for the other trial type. The tokens were 
separated by a 1 s silence. The maximum trial length for each trial was set at 
21.2 s. The first trial of the test phase was either a Noun Use trial (i.e., Le crale; 
Le mige; “The mige; The crale”) or a Verb Use trial (i.e., Tu crales; Tu miges; 
“You mige; You crale”), counterbalanced across infants. Infants heard the two 
types of test trials alternatingly for a total of 10 trials. Recall that in Massicotte-
Laforge and Shi (2015) the two test trial types were called Grammatical versus 
Ungrammatical, depending on the particular familiarization structures. In 
Experiment 1 here, the two types of test trials were both grammatically 
acceptable because of the syntactic ambiguity of the familiarization stimuli. 
Therefore, the test trials were called Noun Use versus Verb Use.  
 If infants perceived the familiarization stimuli as syntactically ambiguous, 
they should perceive Word 3 (i.e., mige, crale) as equally acceptable as a noun 
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and as a verb, with comparable looking times for both types of test trials. 
However, if they relied on the boundary cues of the prosodic phrase and used 
the determiner to categorize the last word within the boundary as a noun, they 
should yield the same pattern of discrimination in the test phase as shown by the 
Structure-1 familiarization group of Massicotte-Laforge and Shi (2015).  
 
2.1.2. Results 
  
 Looking times of test trials were analyzed. As a general practice in this 
procedure (e.g., Shi & Melançon, 2010; Vouloumanos, Athena, & Werker, 
2004), we removed the first test trial of each type, which is usually unstable. 
Average looking (i.e., listening) time per trial for Noun Use and that for Verb 
Use trials were calculated for each infant. The results revealed no difference 
between the two types of test trials (Noun Use: M = 10.0219; SE = 1.0417; Verb 
Use: M = 11.0516; SE = 1.1386), t(15) = -1.048, p = .311, 2-tailed. Infants 
showed no preference for either Noun Use or Verb Use in the test trials.  
 These results suggest that infants accepted Word 3 in familiarization stimuli 
as a noun and as a verb. In other words, the three-word familiarization stimuli in 
utterances-final prosody led infants to interpret both syntactic structures, an NP 
and an S. This finding contrast with that of the Structure-1 familiarization group 
in Massicotte-Laforge and Shi (2015). There, the familiarization stimuli 
contained the first prosodic phrase followed by a second prosodic phrase, as in 
{Ton felli mige}{vure la gosine},	and Word 3 was no longer possible to be a verb. 
Infants interpreted the first prosodic phrase only as an NP, and Word 3 only as a 
noun. Thus, infants in that experiment and in the present experiment correctly 
analyzed the structures using the available syntactic and prosodic cues.   
 We were concerned whether the null result here might be due to a failure to 
perform any syntactic analysis. This seems unlikely since infants at a similar age 
showed discrimination when familiarization stimuli were longer and more 
complex in Massicotte-Laforge and Shi (2015). To be cautious, we nevertheless 
decided to test the three-word stimuli of Experiment 1 with older infants, who 
should be more advanced in linguistic processing.   
   
3. Experiment 2  
3.1. Methods 
3.1.1. Participants, stimuli, design and procedure 
 
 Participants were 24-month-old Quebec-French-learning infants (n = 16; 
mean age: 762 days; range: 24 months 20 days to 25 months 18 days; 8 girls). 
Three other infants were tested but their data were not included in the analysis 
due to fussiness (2), and inability to complete the task (1). 
 The stimuli, design and procedure were identical to those of Experiment 1.  
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3.1.2. Results 
 
 The same paired t-test as in Experiment 1 revealed no looking difference 
between Noun Use trials (M = 12.1047; SE = 1.0692) and Verb Use trials (M = 
11.9813; SE = 1.2175), t(15) = .106, p = .917, 2-tailed.  
 We further compared the responses of both ages. A 2x2 ANOVA, with 
Trial Type (Noun Use vs. Verb Use) as the within-subject factor, and Age (20 
months vs. 24 months) as the between-subject factor, revealed no effect of Trial 
Type, F(1,30) = .354, p = .557, and no effect of Age, F(1,30) = 1.180, p = .286. 
Furthermore, there was no interaction between Trial Type and Age, F(1,30) 
= .573, p = .455, indicating that infants in both age groups yielded the same 
pattern of responses and showed no discrimination of the Noun Use versus Verb 
Use trials (see Figure 2). The results further confirmed the conclusion that 
infants activated the ambiguous structures in the familiarization utterances.  
 
4. Experiment 3  
 
 To further understand infants’ analysis of the familiarization utterances in 
Experiments 1-2 (e.g., {Ton felli mige} “Your felli mige”), we tested infants’ 
categorization of Word 2 felli in Experiment 3. This experiment could also 
confirm if infants were on task and were activating the syntactic structure while 
hearing the three-word utterances of Experiments 1-2.  
 In Shi and Melançon (2010), infants were familiarized with non-words 
following French determiners in two-word short NPs ([Det N], e.g., Ton mige 
“Your mige”; Un mige “A mige”). Test phase presented the non-words with a 
non-familiarized determiner versus the non-words with a pronoun, the same test 
stimuli as in Experiments 1 and 2 here (e.g., Le mige vs. Tu miges). Infants aged 
14 months perceived the adjacent relation in the familiarization phrases and 
categorized the non-words as nouns. The familiarization stimuli in our present 
experiments contained three words, two of which were non-words, more 
difficult than the task of Shi and Melançon (2010). Therefore, we decided to test 
infants a few months older than 14 months of age. 
 
4.1. Methods 
4.1.1. Participants, stimuli, design and procedure 
 
 Participants were 17-month-old Quebec-French-learning infants (n = 16; 
mean age: 542 days; range: 17 months 4 days to 18 months 19 days; 12 girls). 
Six other infants were tested but their data were not included in the analysis due 
to fussiness (4) and inability to complete the task (2). 
 The familiarization stimuli were those of Experiments 1 and 2, e.g. {Ton 
felli mige}. Unlike Word 3 (e.g., mige), which was ambiguous between a noun 
and a verb, Word 2 felli can be a noun, but not a verb. 
 New test stimuli were created to assess the categorization of Word 2 felli. 
The non-word was paired with non-familiarized functors in Noun Use test trials 
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(i.e., Le felli “The felli”) versus Verb Use test trials (i.e., Tu fellis “You felli”). 
Based on the three-word familiarization utterances (e.g., {Ton felli mige}), Noun 
Use test trials were grammatical and Verb Use trials were ungrammatical. 
 
Table 4. Stimuli of Experiment 3 

Familiarization   Test 

Ambiguous structures                                                           
[Det Adj N]NP  

[[Det N]NP [V]VP]S                   

Non-familiarized functor + 
familiarized pseudo-word 

{Un felli mige} 
{Ton felli mige} 
{Des fellis miges} 
{Un felli crale} 
{Ton felli crale} 
{Des fellis crales} 

 
Noun Use (Det+N): 

{Le felli} 
Verb Use (Pron+V): 

{Tu fellis} 

 
 We recorded the same speaker who produced the stimuli of Experiments 1-
2 and Massicotte-Laforge and Shi (2015). The final selected test stimuli 
included 10 tokens of Le felli for the Noun Use test trials, and 10 tokens of Tu 
fellis for the Verb Use test trials. The two sets of utterances were prosodically 
equivalent.	 The average duration was 1.0281 s (SD = 0.1559) for the Le felli 
tokens, and 0.9996 s (SD = 0.1852) for the Tu fellis tokens. Acoustic measures 
of the tokens of the felli revealed that the duration, mean pitch and mean 
intensity of the tokens used as a noun versus as a verb were comparable (see 
Table 5). The maximum trial length was set at 20.2 s, and the ISI was 1 s. The 
two types of test trials were presented alternatingly for 10 trials. The first test 
trial was either a Noun Use or a Verb Use trial, counterbalanced across infants. 
 
Table 5. Acoustic measures (means & SDs) of felli in test utterances in Experiment 3 

Acoustic measures NP (det+N) 
context: 

{Le felli} 

S (Pron+V) 
context: 

{Tu fellis} 

p (independent                         
t-test, 2-tailed) 

felli: duration (s)   .7918 (.1509) .7457 (.1656) t(18) = .651;           
p = .523 

felli: mean pitch (Hz)  216.2303 (63.678) 228.6778 
(69.2332) 

t(18) = -.418;          
p = .681 

felli: mean intensity 
(dB) 

69.9660 (2.0630) 69.5691 (1.0911) t(18) = .538;           
p = .597 

 
 We predicted that upon hearing the familiarization utterances consisting of 
one prosodic phrase (e.g., {Ton felli mige}), infants should accept felli, which 
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was adjacent to the determiner, as a noun, but not as a verb, and that they should 
discriminate Le felli versus Tu fellis test trials. Based on our previous studies 
(Massicotte-Laforge & Shi, 2015; Shi & Melançon, 2010) where infants showed 
a novelty preference (i.e., listened longer to ungrammatical trials), we expected 
infants in Experiment 3 to listen longer to the ungrammatical Verb Use trials. 
 The visual stimuli and the procedure were the same as in Experiments 1-2.  
 
4.1.2. Results 
 
 As in Experiments 1-2, the first test trial of each type was excluded. The 
remaining trials were analyzed in a paired t-test, revealing no looking difference 
between Noun Use test trials (M = 12.5688; SE = 0.9337) and Verb Use test 
trials (M = 13.9391; SE = 1.0158), t(15) = -1.275, p = .222, 2-tailed. However, 
this result might be due to the fact that the three-word familiarization utterances 
in this experiment were structurally more complex than the two-word utterances 
in Shi and Melançon (2010). In the two-word utterances, the non-word after the 
determiner could only be a noun. In the three-word utterances here, Word 2 felli 
was ambiguous between a noun and an adjective. Moreover, Word 3 could also 
be a noun in one of the possible structures, which could compete with the noun 
interpretation for Word 2 during processing. Consequently, infants might take 
longer to process Word 2. We thus analyzed slightly later trials (Trials 5 to 10). 
The results showed that looking time between the two test trial types differed 
significantly, t(15) = -2.241, p = .041, 2-tailed,  as  shown in Figure 1. Infants 
listened longer in Verb Use (i.e., ungrammatical) test trials (M = 13.5792; SE = 
1.1057) than in Noun Use (i.e., grammatical) test trials (M = 11.3042; SE = 
1.0175), suggesting that they activated the structure [[Det N]NP [V]VP]S during 
the familiarization and interpreted Word 2 as a noun, but not a verb. Since Word 
3 (e.g., mige) was also complex for processing, we decided to also analyze 
Trials 5 to 10 of Experiments 1 and 2. The results showed no significant looking 
difference for both ages, indicating that Word 3 was indeed treated as a noun 
and a verb, in contrast to Word 2, which was only acceptable as a noun.  
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Fig. 1. Mean listening times (and standard errors) for the two types of test trials 
(Noun Use: Le felli: Verb Use: Tu fellis) in Experiment 3.  
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5. Experiment 4  
 
 This experiment further examined the role of prosody on infants’ syntactic 
analysis. The same three familiarization words were produced in two prosodic 
phrases. We asked if the prosodic break between Word 2 and 3 can eliminate the 
structural ambiguity and guide infants to interpret the correct syntactic structure. 
 
5.1. Methods 
5.1.1. Participants, stimuli, design and procedure 
 

Participants were Quebec-French-learning 20-month-olds (n = 16; mean 
age: 632 days; range: 20 months 1 day to 21 months 15 days; 10 girls) and 24-
month-olds (n = 16; mean age: 760 days; range: 24 months 13 days to 25 
months 17 days; 6 girls). Two other 20-month-olds were tested but their data 
were excluded due to fussiness (2), and the data of three other 24-month-olds 
were excluded due to fussiness (2) and inability to complete the task (1). 

The words of the familiarization utterances were the same as in 
Experiments 1-3, but new recordings of the utterances were made to support one 
unambiguous structure. A medial prosodic break between Word 2 and Word 3, 
e.g., {Un felli}{mige}, would align the prosodic boundaries with the major 
phrasal boundaries in the structure [[Det+N]NP[V]VP]S.  
 
Table 6. Stimuli of Experiment 4  

Familiarization Test 

Unambiguous utterances 
[[Det N]NP [V]VP]S 

Non-familiarized functor+ pseudo-
word 

{Un felli}{mige}   
{Ton felli}{mige}   

{Des fellis}{migent}    
 {Un felli}{crale}  
{Ton felli}{crale}  
{Des fellis}{cralent} 

Verb Use; grammatical (Pron+V): 
{Tu miges} 
{Tu crales} 

Noun Use; ungrammatical (Det+N): 
{Le mige} 
{Le crale} 

 

To elicit the utterances, we constructed short sentences containing entirely 
real French words. We asked the same speaker who recorded the stimuli of the 
previous experiments to read the real-word sentences (e.g., {Ton chat}{dort}; 
“Your cat sleeps”), each followed by the stimuli containing the non-words (e.g., 
{Ton felli}{mige}). The final familiarization stimuli consisted of six utterances 
each containing two prosodic phrases.    
 We expected acoustical properties in these new stimuli to differ from those 
produced with one prosodic phrase in Experiments 1-2, with respect to Word 2 
and 3. This prediction was confirmed (see Table 7). For example, in the stimuli 
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of Experiment 4, Word 2 and Word 3 were both relatively long. There was also 
a salient break between Word 2 and Word 3.  
 
Table 7. Acoustic measures (means & SDs) of the ambiguous versus unambiguous 
utterances in the familiarization phase (i.e., Experiments 1-2 vs. Experiment 4) 

Acoustic 
measures 

Experiments 1-2 
familiarization 
(means & SDs);                         
{Ton felli mige} 

Experiment 4 
familiarization 
(means & SDs);                         
{Ton felli}{mige}  

p (independent             
t-test, 2-tailed) 

Pause duration 
(between Words 
2 & 3) (s) 

.0238 (.0266) .1634 (.0219) t(10) = - 9.929;       
p = .000 

Word-3 mean 
duration (s) 

.5559 (.0288) .8171 (.0454) t(10) = - 11.890;     
p = .000 

Word-3 mean 
pitch (Hz) 

252.6643 (9.1408) 235.8071 (12.7329) t(10 ) = 2.634;        
p = .025 

Word-3 mean 
intensity (dB) 

73.4280 (.507) 73.5447 (1.2239) t(10) = - .216;         
p = .833 

Word-2 mean 
duration (s) 

.3901 (0.0225) .6812 (.0318) t(10) = - 18.282;      
p = .000 

Word-2 mean 
pitch (Hz) 

224.0791 (9.4572) 202.8842 (5.6376) t(10) = 4.715;         
p = .001 

Word-2 mean 
intensity (dB) 

72.5876 (.8039) 72.4215 (1.1076) t(10) = .297;           
p = .772 

 

 The six familiarization utterances were on average 1.8743 s (SD = 0.0252). 
They were randomly presented in each trial, with a 1 s ISI. A trial would present 
all six utterances if the infant looked to the maximum trial length, which was 
17.1 s. Once the infant accumulated 45 s for the familiarization, test trials began. 
 Test trials were those of Experiments 1-2 (Noun Use versus Verb Use). 
 The procedure was the same as in Experiments 1-3.  
 In our previous studies (Massicotte-Laforge & Shi, 2015; Shi & Melançon, 
2010), infants always listened longer to ungrammatical trials. We thus predicted 
a novelty preference to ungrammatical test trials here (i.e., Noun Use) if infants 
used prosody to activate the intended S structure of the familiarization stimuli.  
 
5.1.2. Results 
 
 A 2x2 ANOVA with Trial Type (Noun Use vs. Verb Use) as the within-
subject factor, and Age (20 months vs. 24 months) as the between-subject factor, 
revealed a significant effect of Trial Type, F(1,30) = 5.293, p = .029. There was 
no effect of Age, F(1,30) = .215, p = .646, and no Trial Type x Age interaction, 
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F(1,30) = .947, p = .338. Both ages looked longer in Noun Use (20 months: M = 
10.9734 s; SE = .9529; 24 months: M = 11.1969 s; SE = .9129) than in Verb Use 
trials (20 months: M = 9.9547 s; SE = 1.19; 24 months: M = 8.6844 s; SE 
= .7544). As predicted, infants listened longer to ungrammatical trials, indicating 
that they perceived Word 3 of the familiarization stimuli as a verb. 
 To compare the results of the infants who heard ambiguous familiarization 
utterances (Experiments 1-2) and those who heard unambiguous familiarization 
utterances (Experiment 4), we conducted a 2x2x2 ANOVA, with Trial Type 
(Noun Use vs. Verb Use) as the within-subject factor, and Familiarization 
(Ambiguous vs. Unambiguous) and Age (20 months vs. 24 months) as the 
between-subject factors. The results revealed no main effect of Trial Type, 
F(1,60) = 1.473, p = .230, no main effect of Age, F(1,60) = .302, p = .585, and 
no main effect of Familiarization, F(1,60) = 1.480, p = .229. There was also no 
Trial Type x Age interaction F(1,60) = 1.498, p = .226, no Familiarization x Age 
interaction F(1,60) = 1.288, p = .261, and no Trial type x Familiarization x Age 
interaction F(1,60) = .025, p = .875. Crucially, the interaction between Trial 
Type and Familiarization was significant, F(1,60) = 4.209, p = .045. These 
results further confirmed that age did not matter, but phrasal prosody of the 
familiarization stimuli affected infants’ syntactic interpretation. Figure 2 shows 
the results of Noun Use and Verb Use test trials for infants in the ambiguous 
versus unambiguous familiarization groups (i.e., Experiments 1-2 versus 
Experiment 4).  
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Fig. 2. Mean listening times (and standard errors) for the two types of test trials 
(Noun Use: Le mige/crale: Verb Use: Tu miges/crales). Left columns: familiarization 
in one prosodic phrase (i.e., syntactically ambiguous); right columns: familiarization 
in two prosodic phrases (i.e., syntactically unambiguous). 
 
6. Discussion  
 
 Our results show that infants activate syntactic structures based on prosody 
and function words. In Experiments 1 and 2 where prosody supported competing 
syntactic structures (NP and S), infants correctly interpreted the structures, and 
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accepted Word 3 in the utterances (e.g., {Ton felli mige}) as possible to be both 
a noun and a verb. This contrasts with the results of Massicotte-Laforge and Shi 
(2015). There, when the Structure-1 utterances contained a second prosodic 
phrase, as in {Ton felli mige}{vur la gosine}, Word 3 was no longer possible to 
be a verb. Infants then interpreted the first three words only as an NP, and 
accepted Word 3 as a noun; that is, they not only used the determiner and the 
boundaries of the first prosodic phrase, but also perceived the first prosodic 
phrase as utterance non-final; the activated larger sentential structure likely 
guided their analysis of the subject NP and Word 3. In Experiment 3 infants 
accepted Word 2 felli of the same three-word utterances as a noun, confirming 
that they were on task in Experiments 1-3 and activated multiple structures.  
 In contrast to Experiments 1-3, the same three words in two prosodic 
phrases in Experiment 4 supported only one structure: [[Det N][V]]S. Infants 
then correctly interpreted the structure and accepted Word 3 only as a verb, as 
the Structure-2 group did in Massicotte-Laforge and Shi (2015). Moreover, the 
results show that infants not only classified word categories, but also categorized 
syntactic constituents. In particular, they perceived the constituent equivalence 
between the nominal subject phrase in the familiarization utterances (e.g., [Ton 
felli]NP) and the subject-pronoun of the test utterances ([Tu]NP).  
 It is striking that infants always showed a novelty preference whenever 
grammatical versus ungrammatical trials were presented (Experiments 3 and 4). 
They listened longer to ungrammatical test trials, consistent with our previous 
studies (Massicotte-Laforge & Shi, 2015; Shi & Melançon, 2010).  
	 In conclusion, our studies show that infants use prosody and function words 
conjointly to interpret syntax beyond local patterns. Other studies using familiar 
lexical words (i.e., content words) or a mixture of familiar and novel lexical 
words found similar results (e.g., de Carvalho, et al., 2017). The use of all non-
words except function words in our studies enabled us to test pure syntactic 
processing without the influence of semantics. Our results provide strong 
evidence that sophisticated syntactic knowledge and grammatical productivity 
are present early in acquisition, during the second year of life.  
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