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ABSTRACT 
 

Studies have shown that linguistic and perceptual constraints are 
important for speech processing. First, rule-like structures are more 
easily learned over vowels than over consonants. Second, sequences 
varying in pitch and duration are grouped following the Iambic – 
Trochaic Law (ITL). In this research, I investigated the origins of 
these linguistic and perceptual constraints. My aim was to test if 
vowels’ acoustic saliency was the reason why they are the preferred 
target for abstract computations, and to explore the extent to which 
the principles of the ITL come from evolutionary heritage or 
language experience. Results show that rats learn rules over 
consonants and vowels with the same ease, so saliency is 
insufficient to explain the asymmetries observed in humans. This 
also shows that animals share with humans the trochaic principle of 
the ITL, but they lack the iambic-grouping bias, which might rely 
on language experience. 
 
 
Diversos estudios han encontrado que limitaciones perceptuales y 
de aprendizaje intervienen en el procesamiento del lenguaje. 
Primero, que el aprendizaje de reglas se realiza mejor sobre las 
vocales. Segundo, que secuencias alternando en frecuencia y 
duración son agrupadas siguiendo la Ley Yámbico-Trocaico (LYT). 
En esta investigación busqué esclarecer el origen de estas 
limitaciones lingüísticas y perceptuales. Mi objetivo fue estudiar si 
la preferencia por las vocales se debe a su prominencia acústica e 
investigar hasta qué punto la LYT es producto de la herencia 
evolutiva o de la experiencia lingüística. Los resultados muestran 
que las ratas computan reglas sobre vocales y consonantes, por lo 
que las asimetrías funcionales observadas en humanos no se 
explican por la saliencia acústica de las vocales. También sugieren 
que animales y humanos comparten el principio trocaico de la LYT, 
pero no el yámbico, el cual podría emerger tras años de experiencia 
con el lenguaje nativo. 
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PROLOGUE 
 

One of the main questions science has tried to answer over years of 

research is the origin of the human species. The study of the 

evolutionary process from the common ancestor between humans 

and animals to nowadays raises the question of what changed 

during this process and how it occurred in time. Yet, another 

question equally important but perhaps less obvious is what has 

remained during this process, what is shared with nonhuman 

animals. In former centuries the widespread view was that humans 

were special and unique when compared to animals. It was not until 

Darwin’s proposal of man descending from a preexisting form (in 

The Descent of Man, and Selection in Relation to Sex, 1874), that 

the phylogenetic relation between humans and animals, specifically 

to other primates, was considered as a plausible scientific 

hypothesis. One century later, Genetics showed that the extent of 

DNA sequence difference between humans and chimpanzees was 

less than expected (on the order of 1.6%; Bailey et al., 1991; 

Goodman et al., 1990; King & Wilson, 1975; Sibley & Ahlquist, 

1984). Furthermore, Psychology and Neurosciences have shown 

that many cognitive features once considered to be specifically 

human are, to some extent, also present in nonhuman animals (e.g., 

Premack, 2007). Nevertheless, humans are still special and unique. 

The question is, in what sense? 

 

At first glance, one answer to the quest of humans' uniqueness could 

be that our truly specific feature is language. Humans are the only 
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species with a finite code that allows them to communicate their 

thoughts to others in inconceivably many forms. Moreover, human 

infants break this complex code in an impressive small amount of 

time and without any explicit training, whereas chimpanzees, for 

example, never acquire concepts that infants do after 3 years of age 

(Premack, 1986). However, studies on the nature and origins of 

language have found that certain perceptual and learning 

mechanisms which underly language acquisition are also present in 

nonhuman animals, despite the fact that they have not developed a 

communication system as complex as the human language (Hauser, 

Chomsky, & Fitch, 2002; hereafter HCF; Yip, 2006). This means 

that so far, we do not know which the unique trait is that allows 

humans to have language. Exploring how these mechanisms 

evolved to support a linguistic system, and the extent to which they 

are uniquely human, is the key to understand the origin and 

evolution of language. 

 

Regarding the evolution of the mechanisms supporting the linguistic 

system, there are two main lines of reasoning. The first one is that 

they evolved simultaneously under specific environmental 

constraints and due to selection pressures on our ancestors (Pinker, 

1994; Pinker & Bloom, 1990). The second hypothesis is that they 

come from pre-existing mechanisms recruited to confront even 

more complex functions (HCF, 2002). Whereas the former theory 

suggests that language appeared from scratch to fulfill 

communication needs, the latter contemplates the possibility that 

the linguistic system is a by-product of the evolutionary process. 
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Such process might have consisted in using what already existed in 

the organism to build more complex functions in order to cope with 

the environmental challenges it faces. The evidence that humans 

and nonhuman animals share part of the mechanisms and abilities 

implicated in language acquisition supports HCF’s hypothesis. 

Likewise, it makes hard to accommodate the possibility of a parallel 

evolution of these mechanisms for purposes of communication, as 

proposed by Pinker (1994). 

 

As for the question of the extent to which these mechanisms are 

shared across species, differences between humans and animals 

might be explained by qualitative or quantitative differences in their 

cognitive abilities (Weiss & Newport, 2006). The qualitative 

approach takes us back to HCF’s idea of language as an 

epiphenomenon of the evolution of pre-existing mechanisms, the 

primary function of which was not communication. Thus, the minor 

qualitative differences between humans and animals might result 

from the change in function these mechanisms underwent to support 

language. On the other hand, the quantitative approach considers 

that the difference between humans and animals lies in the quantity 

and complexity of the information they can process (Bates & 

MacWhinney, 1989). Though both approaches agree that 

similarities between humans and animals might be broader than 

their differences, they disagree in their causes. Studying the basis of 

the differences between humans and animals is thus important to 

shed some light on what in humans is unique and therefore what 

allows them to acquire language. Likewise, describing up to what 
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point their similarities reach increases our knowledge of how 

evolution shaped these mechanisms in order to facilitate language 

acquisition. Importantly, the relevance of testing animals’ cognitive 

abilities lies in the possibility of answering these two questions to 

finally know why humans have language, whereas animals do not. 

 

A fruitful method to study language evolution is the comparative 

method. This method focuses on testing nonhuman animals in vivo 

under experimental conditions similar to those used when testing 

human adults and infants. By comparing their responses to identical 

stimuli we can make inferences on the perceptual and 

computational requirements necessary to process them. That is, we 

can decide this way if humans inherited these computational 

mechanisms and abilities intact, with minor modifications, or if 

there is a qualitative novelty in humans that is not present in 

animals (Hauser, 1996). 

 

Therefore, in the context of the broader question of why humans 

have language, our knowledge of the mechanisms implicated in 

language learning and how they operate leads me to investigate to 

what extent they are shared with animals. Specifically, it orients me 

to study if, as in human adults and infants, different sources of 

information present in the speech signal constrain the way these 

mechanisms operate in animals when extracting the information 

from speech. 
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One of the learning mechanisms in humans proposed to account for 

language acquisition is the rule-learning mechanism, suggested to 

support the extraction of the combinatorial rules under which 

language is organized (Marcus, Vijayan, Bandi Rao, & Vishton, 

1999). However, it has been shown that this mechanism is 

constrained when applied to linguistic stimuli. Recently, it has been 

observed that both human adults (Toro, Nespor, Mehler, & Bonatti, 

2008; Toro, Shukla, Nespor, & Endress, 2008) and infants 

(Hochmann, Benavides, Nespor, & Mehler, 2011; Pons & Toro, 

2010) readily extract rules when these are instantiated over vowels, 

but not over consonants. For that reason, it is interesting to 

investigate if in animals, as in humans, consonants and vowels play 

a different functional role. That is, if they constrain over which 

phonemic category combinatorial rules are better extracted 

independently of the presence of language. 

 

In parallel, certain perceptual abilities implicated in the first steps of 

language acquisition also constrain how the linguistic input is 

processed. A notorious case is that of the Iambic – Trochaic Law 

(ITL; which states that differences in pitch or intensity are 

perceived as initial-prominence groups or trochees, and differences 

in duration are perceived as final-prominence groups or iambs) that 

might help in the bootstrapping of syntax based on prosody (Hay & 

Diehl, 2007; Hayes, 1995; Nespor et al., 2008; Trehub & Trainor, 

1993). Therefore, I am going to study how acoustic features in the 

speech signal, like pitch and duration, constrain the way animals 

extract patterns from a structured continuous stream. This would 
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allow us to assess whether this law also biases animals when 

grouping acoustic sequences. 

 

Thus, the present work will have the following organization. The 

first part will consist of a General Introduction, in which I will 

review the literature related to the perceptual and learning 

mechanisms that might be shared between humans and nonhuman 

animals. Specifically, I will focus on the rule-learning mechanism 

and the ability to bootstrap syntax from prosodic information. I will 

give special attention to the features that might constrain how the 

system extracts the information conveyed in the linguistic input: On 

one side linguistic constraints (consonants and vowels), on the other 

side, perceptual constraints (the ITL). 

 

In the second part I will present two manuscripts that have been 

published in peer-reviewed journals. The first manuscript deals with 

the possibility that acoustic differences between consonants and 

vowels might account for their functional differences observed in 

humans. Hence, I will test if animals’ perception of these acoustic 

differences between consonants and vowels reflects on their ability 

to extract rules over both linguistic categories. These experiments 

will assess if the presence of a linguistic system determines how the 

rule-learning mechanism is constrained. The second manuscript 

considers the question of the universality of the ITL: Are its 

principles acquired after language experience, and as a result are 

only found in humans; or have they been inherited through 

evolution and thus are also present in nonhuman animals? 
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The final sections entail the General Discussion and the Summary 

and Conclusions. Here I will summarize my findings and explain 

their contributions to the ongoing debate of language evolution in 

the context of the mechanisms and abilities necessary to acquire 

such a complex system. 
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1. INTRODUCTION 

 

1.1. The nature and constraints of the perceptual 

and learning mechanisms 
 

“...the characteristics we hold most dear, the features that 
most distinctly define us as human beings –language, culture, 

explicit thought- must have been built on a genetic bedrock 
originally adapted for very different purposes.” 

 
Gary Marcus 

 

To know which mental processes explain how humans are able to 

acquire a vast range of knowledge and skills of different 

complexities is one of the greatest challenges of modern science. 

Some of these abilities entail the maturation of the brain and the 

body, or may be obtained after conscious repetition, memorization, 

and practice. Others, however, appear to be in place since we are 

born or acquired without a significant effort in an impressive short 

amount of time. An example of the latter is language. Language is 

one of the most complex and relevant inputs with which a newborn 

has to cope in order to make sense of the world. The stunning fact 

that children acquire language with almost no effort during their 

first years of life, reaching a linguistic competence similar to that of 

adults by the age of three, brings out some relevant questions about 

how is this possible. Which are the mechanisms or abilities that 

infants require to learn such a complex code? Are these mechanisms 

innate or do they mature during the first months of life? Are they 

developed, either in the fetus or in the newborn, specifically to learn 
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language, or do they support learning in other domains such as 

vision or audition? Are they shared with other species? Answering 

some of the questions related to our understanding of language -that 

is, how it is learned, how it affects the learning process in other 

domains, and how it originated and evolved, would increase our 

understanding of the human mind. 

 

From these questions I will focus on studying the nature of the 

learning and perceptual mechanisms that allow the child to extract 

the structure from speech. I will explore how these mechanisms 

might be constrained by the linguistic units and the perceptual 

attributes of prosody. My goal will be studying to what extent these 

mechanisms are present and constrained across species. 

 

 

Language is a complex code in which different types of information 

converge, from phonology to syntax, and from semantics and 

pragmatics. This complexity makes it exceedingly difficult to know 

which units of information children are relying on to acquire all 

aspects of language. It is even intuitive to think that it would be 

impossible for infants to acquire language if they were not born 

with a computational device specialized in language acquisition. 

This perspective is known as the nativist view of language learning 

(Chomsky, 1965; Gleitman & Wanner, 1982; Pinker, 1984), and it 

rests on the argument of the poverty of the stimulus. This statement 

declares that the linguistic input, in spite of its complexity, is 

insufficiently rich to account for infants' rapid capacity to acquire 
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language. Nevertheless, this consideration may be underestimating 

infants’ capabilities to cope with their environment and the vast 

amount of information present in it. Likewise, it may assume that 

language is a much poorer stimulus than what it really is. 

 

During the last decade, the opposite perspective has gained much 

support due to several findings on infants' learning abilities. Known 

as the empiricist view (Elman et al., 1996), this notion is based on 

the idea that learning mechanisms might support language 

acquisition. For example, these studies have found that 8-month-old 

infants are able to track statistical regularities contained in the 

speech stream and use this information to segment it into discrete 

units (Saffran, Aslin, & Newport, 1996). They have also observed 

that at the age of six months children are sensitive to the frequency 

of sound tokens in the input, which might provide them with cues 

about their native language phonemic structure (Maye, Werker, & 

Gerken, 2002). Likewise, they have shown that at seven months 

they are capable of extracting grammar-like patterns and generalize 

them to new items (Marcus et al., 1999). All these findings suggest 

that infants are equipped with learning mechanisms specialized in 

extracting patterned and distributional information. Pointing in the 

same direction, they suggest that the linguistic input is rich in 

informational regularities over which these computations are 

performed. 

 

Together with the learning mechanisms, newborns seem to have 

perceptual abilities that aid them to identify which of all the sounds 
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in the environment correspond to those of their native language, and 

how they correlate with the underlying linguistic structure. 

Research has shown that infants acquire their phonetic knowledge 

by tuning their initial universal ability to discriminate among the 

sounds of different languages to the specific phonemes of their 

native language, grouping them in different perceptual categories 

(Werker & Tees, 1984). Once the categories of the native-language 

sounds are formed, they function as prototypes for other related 

sounds in the infants' surrounding, a phenomenon known as the 

perceptual magnet effect (Kuhl, 1991; Kuhl, Williams, Lacerda, 

Stevens, & Lindblom, 1992). That is, infants cluster sounds that are 

considered to fall within the same category as the prototype, but 

they treat other proximal sounds that do not correspond to their 

native-language categories as different. Infants also display an early 

sensitivity to rhythmic cues present in the speech signal (Moon, 

Cooper, & Fifer, 1993; Nazzi, Bertoncini, & Mehler, 1998). 

Together with the grouping perceptual biases of the ITL (Hayes, 

1995; Hay & Diehl, 2007; Trehub & Trainor, 1993), these 

perceptual sensitivities might assist infants to bootstrap some 

aspects of the syntactic structure of their native language (Nespor et 

al., 2008). Thus, from individual sounds to complex sequences, 

these perceptual mechanisms might support the first stages of 

language acquisition by extracting the phonetic properties of the 

native language and their correlation with the underlying linguistic 

structure. 
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Interestingly, it has been found that both learning and perceptual 

mechanisms operate in other domains apart from language. 

Researchers have observed that the categorical perception (Miller, 

Wier, Pastore, Kelly, & Dooling, 1976; Pastore et al., 1977), the 

ITL (Hay & Diehl, 2007; Peña, Bion, & Nespor, 2011), the 

statistical-learning (Fiser & Aslin, 2002; Kirkham, Slemmer, & 

Johnson, 2002; Saffran, Johnson, Aslin, & Newport, 1999), and the 

rule-learning mechanisms (Saffran, Pollak, Seibel, & Shkolnik, 

2007) operate over both visual and non-linguistic auditory stimuli. 

This suggests that rather than being language-specific, these 

mechanisms are quite general, present in several domains, and 

operate across distinct modalities. 

 

Pointing in the same direction as that these mechanisms are not 

language-specific, they are not exclusively human either. There is 

evidence suggesting that birds (Kluender, Diehl, & Killen, 1987; 

Dooling & Brown, 1990), mammals (Kuhl & Miller, 1978; Morse 

& Snowdon, 1975), and even insects (Wyttenbach, May, & Hoy, 

1996) can form categories from speech and non-speech sounds. 

Likewise, it has been found that birds (Kluender, Lotto, Holt, & 

Bloedel, 1998) and rats (Pons & Trobalón, 2007) might show a 

perceptual magnet effect, and that cotton-top tamarin monkeys 

(Ramus, Hauser, Miller, Morris, & Mehler, 2000) and rats (Toro, 

Trobalón, & Sebastián-Gallés, 2003; 2005) may be able to extract 

rhythmic information from speech. Similarly, researchers have 

proposed that rats (Toro & Trobalón, 2005) as well as cotton-top 

tamarins (Hauser, Newport, & Aslin, 2001), are able to compute 
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statistical regularities and generalize rules to new items (Murphy, 

Mondragón, & Murphy, 2008) from the extraction of grammar-like 

patterns. 

 

However, it has been recently observed that these mechanisms 

might be constrained by the linguistic system and certain perceptual 

biases. For instance, recent studies suggest that both the statistical 

and the rule learning mechanisms are constrained by linguistic 

categories. Whereas the former preferentially computes transitional 

probabilities (TPs) over consonants (Bonatti, Peña, Nespor, & 

Mehler, 2005), the latter predominantly operates over vowels in the 

extraction of simple rules (Hochmann et al., 2011; Pons & Toro, 

2010; Toro, Nespor et al., 2008; Toro, Shukla, et al., 2008; but see 

Benavides-Varela, Hochmann, Macagno, Nespor, & Mehler, 2012). 

Likewise, perceptual constraints might play an important role in the 

computations performed over salient structures that are potentially 

related to morphosyntactic processes. Recently, Endress and 

colleagues suggested the existence of computational mechanisms 

specialized in processing identity relations and edges (Endress, 

Nespor, & Mehler, 2009). They proposed that the ease of 

computing generalizations over repetition-based structures, but not 

over ordinal relations, might reflect a tendency to generalize over 

identity-relations (Endress, Dehaene-Lambertz, & Mehler, 2007). 

Likewise, they suggested that edges might constrain the 

generalization of repetitions by anchoring their perception to these 

positions (Endress, Scholl, & Mehler, 2005). 
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In a similar way, the perceptual biases described by the ITL 

constrain the bootstrapping of syntax, mostly due to the correlation 

of acoustic marks of prominence in the speech signal (i.e., duration, 

intensity, and pitch) with the syntactic structure (Nespor et al., 

2008). Latest research has found that both adults and infants tend to 

segment sequences varying in duration into groups with final 

prominence (weak-strong or short-long), whereas intensity and 

pitch varying sequences are preferentially segmented into initial-

prominence groups (strong-weak or high-low; Bion, Benavides-

Varela, & Nespor, 2011; Hay & Diehl, 2007; Hay & Saffran, 2012; 

Iversen, Patel, & Ohgushi, 2008; Yoshida et al., 2010). These 

perceptual grouping biases are known as the ITL, and the extent to 

which they are due to language experience or a universal trait 

biasing infants’ perceptual grouping of acoustic sequences is 

something yet to be determined.  

 

One way to study the constraints under which the perceptual and 

learning mechanisms support the extraction of complex structures is 

by studying how they operate in nonhuman animals. Since animals 

lack language, the presence of similar constraints across species 

would suggest that they were inherited through evolution together 

with the mechanisms recruited to support language. On the 

contrary, their absence in nonhuman animals would suggest that 

they might be the result of features only present in humans, and 

likely of the linguistic system. 
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In the next sections I will explore how the rule learning mechanism 

might be constrained by differences between linguistic categories. 

Likewise, I will discuss to what extent the grouping perceptual 

biases collaborate for the bootstrapping of syntax, and how they 

may partially arise from language experience. 

 

 

1.2. Linguistic constraints: Functional differences 

between consonants and vowels in the acquisition of 

grammar 
 

“Grammar is a piano I play by ear, since I seem to have been out of school 
the year the rules were mentioned. All I know about grammar is its 

infinite power. To shift the structure of a sentence alters the meaning of 
that sentence, as definitely and inflexibly as the position of a camera alters 
the meaning of the object photographed. Many people know about camera 

angles now, but not so many know about sentences. The arrangement of 
the words matters, and the arrangement you want can be found in the 

picture in your mind. The picture dictates the arrangement. The picture 
dictates whether this will be a sentence with or without clauses, a sentence 

that ends hard or a dying-fall sentence, long or short, active or passive. 
The picture tells you how to arrange the words and the arrangement of the 

words tells you, or tells me, what’s going on in the picture. 
 

It tells you. 
You don’t tell it.” 

 
Joan Didion 

 

Two main aspects that infants have to learn from any language are 

words and grammar. By the age of four, children already have a 

lexicon developed and a sense of the grammar of their native 

language (Pinker, 1991). Interestingly, they acquire this knowledge 
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without conscious effort and explicit training. How do infants 

accomplish this has been a matter of great interest to the scientific 

community during the last 40 years. 

 

Since the proposal of a statistical learning mechanism responsible 

for the acquisition of the lexicon (Saffran et al., 1996), some 

researchers were tempted to consider that this mechanism supported 

most aspects of language learning (Bates & Elman, 1996; 

Seidenberg, 1997). However, other scientists proposed that a 

different learning mechanism could account for the acquisition of 

grammar (Chomsky, 1980; Pinker & Prince, 1988; Pinker, 1991; 

Marcus, Brinkmann, Clahsen, Wiese, & Pinker, 1995; Marcus, 

1999a). These researchers stated that both words and grammar are 

different aspects of language that require a set of computations 

according to their characteristics. Whereas words are sequences of 

sounds that can be memorized, there is no limited number of word 

sequences (i.e., sentences) that can be recorded. Likewise, while an 

infinite number of sentences can be captured by rules, these are not 

necessary to create new words. Thus, given that words and grammar 

have different computational requirements, it is unlikely that they 

are acquired through the same learning mechanism. Instead, infants 

might be endowed with two learning mechanisms: One to learn 

words through the computation of probabilistic relations, and 

another to acquire grammar by the extraction of rule-like structures. 

 

In this work I will focus on the rule-learning mechanism that might 

underlie the acquisition of grammar. Nevertheless, before starting to 
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discuss how this mechanism could help infants during grammar 

acquisition, I will offer a short description of what grammar is and 

how it relates to the simplified version of artificial languages used 

in the following experiments. 

 

 

1.2.1. What is grammar? 

 
Grammar is the set of generative rules that govern the meaningful 

composition of clauses, phrases, and words. Since these rules 

operate over abstract lexical categories (i.e., noun, verb, noun 

phrase, and verb phrase) they are thought as algebraic-rules in 

which any instance can be substituted by others that do not violate 

the rule (Marcus, 1999a; Marcus et al., 1995). For instance, in a 

common algebra equation like y = x + 2 the variable x can be 

substituted by any value. Similarly, grammar can be thought of as a 

set of "algebra-like rules" that describe relationships between 

variables, that is, between lexical categories that can be instantiated 

by particular tokens. For example, in the sentence Pigs are fat, the 

plural noun Pigs can be substituted by the plural noun Cows without 

altering the grammaticality of the sentence. However, if one 

replaces Pigs with the single noun Cow one will violate the rule of 

agreement between the noun and the verb. Moreover, in Chomsky's 

famous sentence, “Colorless green ideas sleep furiously” 

(Chomsky, 1957; 1965), he pointed out that as long as rules of 

grammar are applied, even improbable but well formed sentences 

like this one could be produced and understood. A similar reasoning 
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also applies to words when forming the progressive of English 

verbs by adding the -ing suffix to it (e.g., follow-following), or 

creating the regular past tense by adding the morpheme -ed (e.g., 

followed). As long as there is no previous knowledge of the past 

tense of a verb, the default errorless operation would be to apply the 

rule of adding -ed to its stem. Generally speaking, the rules of 

grammar guarantee that, as long as they are followed, structure will 

be preserved. 

 

Language has the unique feature of expressing a comprehensible 

unlimited number of ideas (i.e., sentences) when combining a finite 

number of abstract elements (i.e., lexical categories). This feature 

makes it unachievable to memorize each correct sentence that could 

be created. Instead, the acquisition of a set of rules might suffice for 

learning the processes of sentence composition and word formation, 

like in the case of the past tense of regular verbs. This leads us to 

consider that humans must possess a mental mechanism to 

manipulate abstract variables, and to extend the rules that govern 

the relationship of these variables to new unfamiliar instances. The 

remaining question is how this mechanism might operate to 

accomplish this task. 

 

To answer this and other questions related to language acquisition, 

researchers have turned to artificial languages as a tool to isolate 

and better control for precise factors that might be involved in 

language learning. For example, by using artificial languages, 

researchers have been able to test how infants identify words in the 
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speech stream, their order in sentences, how they comprehend novel 

utterances, and how they generalize structural relations (Gómez & 

Gerken, 2000). A simplification of grammar using artificial 

language can be designed by creating sequences of abstract 

variables that entail a rule. For example, a ‘sentence’ following an 

ABA grammar would be ba-po-ba. Here, the underlying rule is that 

the first and the third element are identical. To acquire this 

grammar, humans must have the ability to extract the ABA rule and 

generalize it to new instances, like wo-fe-wo. Succeeding in this 

task would suggest that humans are capable of computing abstract 

relations, probably a fundamental task needed to acquire the syntax 

of one's native language. 

 

 

1.2.2. The acquisition of grammar: The rule-learning 

mechanism 

 
Three years after Saffran et al.’s (1996) finding of a statistical-

learning mechanism, Marcus and colleagues (1999) proposed the 

existence of a rule-learning mechanism that might be responsible 

for grammar acquisition. They familiarized seven-month-old infants 

with 2 min of a speech sample composed of three-word sentences 

that followed either an ABA or an ABB grammar (where A could 

be instantiated by the syllables ga, li, ni and ta, and B by the 

syllables ti, na, gi, and la, forming words such as ga-ti-ga, li-na-li, 

for an ABA grammar, and ga-ti-ti, li-na-na, for an ABB grammar). 

During the test phase, they presented new ABA and ABB sentences 
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instantiated by new tokens, such as wo-fe-wo or wo-fe-fe. Half of 

the sentences were consistent with the grammar to which infants 

were exposed in the familiarization phase (i.e., ABA test sentences 

for infants familiarized with the ABA grammar, and ABB test 

sentences for infants familiarized with the ABB grammar), whereas 

the other half of the sentences was inconsistent. Marcus et al. found 

that infants attended significantly more to inconsistent than to 

consistent words. They interpreted this result as evidence of infants' 

ability to extract the underlying rule and generalize it to novel 

items. Further experiments ran by Marcus and his colleagues tested 

if this finding could be explained by phonetic confounds or the 

reduplication of syllables, and obtained the same result. Thus, 

Marcus et al. proposed that a rule-learning mechanism could 

account for their findings. Such a mechanism would manipulate 

abstract variables and the underlying rule governing their relation, 

something that, according to Marcus (1999b; 2000), was not in the 

scope of a statistical-learning device (but see Seidenberg, Elmas, 

Negishi, & Eimas, 1999). 

 

In further research, Peña, Bonatti, Nespor, and Mehler (2002) found 

that the statistical-learning mechanism was insufficient to compute 

all types of patterned information, and that another mechanism 

capable of abstract computations was required. Taking into 

consideration that syntactic structures make use of long distance 

dependencies (i.e., Noun-Verb agreement), they investigated if TPs 

between non-adjacent items could be learned as readily as adjacent 

ones. They created a 10-min-long stream of AXC ‘words’ in which 
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A (instantiated by the syllables pu, be, ta) exactly predicted C 

(instantiated by the syllables ki, ga, du; so the syllable pu always 

predicted the syllable ki, be predicted ga, and ta predicted du), 

whereas X could vary between li, Ra, and fo (forming words such as 

puliki, beRaga and tafodu). During test, participants were asked to 

choose between words and ‘part-words’ (i.e., non-words formed by 

syllables spanning two words) the one they considered to have 

heard in the speech stream during familiarization. The authors 

considered that participants’ preference for words over part-words 

was the result of their ability to compute distant TPs, and thus to 

segment the stream into discrete words. In further experiments Peña 

et al. tested whether the discovery of these statistical dependencies 

also allowed the extraction of more abstract rules. When they tested 

if participants extracted the underlying rule of A predicting C, they 

found that performance was at chance. That is, the statistical 

mechanism capable of computing distant TPs was unable to extract 

the rule-like pattern. It was not until they added a subtle 

segmentation cue of a 25 ms gap between words in the stream that 

listeners were able to extract the rule (see Figure 1.1 for a summary 

of these results). 
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Figure 1.1 Results from (A) the segmentation test of an AXC 10-min stream, (B) 
of a rule-finding test, (C) of the same test over a stream with pauses, (D) without 
pauses but 30 min of exposure, and (E) 2 min of exposure with pauses. 
Reproduced from Peña et al. (2002). 

 

These results showed that the statistical-learning mechanism was 

capable of performing non-adjacent computations, thus being more 

powerful than previously reported. However, they also 

demonstrated its limitations to perform abstract computations. The 

authors considered that their results confirmed the existence of two 

different computational mechanisms: One capable of computing 

adjacent and nonadjacent TPs, but insufficient to extract rule-like 

regularities, and another capable of performing algebra-like 

computations, but not statistical in nature. Finally, they proposed 
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that whether the statistical- or the rule- learning mechanism 

operates on the input would be determined by the cues (e.g., TPs, 

pauses) that trigger their respective computations.  

 

Other approaches to the study of grammatical relations have found 

evidence in favor of a rule-learning mechanism responsible for the 

extraction and generalization of abstract structures. Computational 

work done in the field of recurrent networks found that two 

different networks were required to compute serial order and 

abstract rules as the ones present in the speech stream (Dominey & 

Ramus, 2000). A temporal recurrent network (TRN) computed the 

serial order used by Saffran et al. (1996), while an abstract recurrent 

network (ARN) extracted the abstract rule underlying the sentences 

used by Marcus and his colleagues (1999). Interestingly, when the 

TRN was faced with Marcus et al.’s stimuli, it was not capable of 

extracting abstract rules. Likewise, the ARN was not able to keep 

track of serial relations when faced with a speech segmentation task 

like that of Saffran and colleagues. 

 

Similarly, brain-imaging studies found activation in Broca’s area 

for the learning of a natural-language-like grammar entailing 

hierarchical and abstract relations (phrase structure grammar, PSG). 

On the contrary, this same region was not activated when 

participants had to learn an un-natural grammar statistical in nature 

(finite state grammar, FSG; Musso et al., 2003). 
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As a whole, these results suggest that the statistical-learning 

mechanism might not be the only computational device available 

for learning every patterned-information found within the speech 

stream. It is possible that different mechanisms may share this task 

according to what listeners must learn. The statistical-learning 

mechanism might be responsible for segmenting the speech stream 

to form novel word candidates, while the rule-learning mechanism 

might extract the grammatical rules that govern the construction of 

meaningful sentences. Importantly, while the statistical-learning 

mechanism solely computes TPs but not abstract relations, the rule-

learning mechanism does the opposite. In this way, both 

mechanisms act upon precise units of information that support 

higher-level learning. Thus, by computing the TPs between 

syllables in a continuous speech stream, listeners segment the 

speech stream and acquire words (Saffran et al., 1996). In the same 

way, by extracting the abstract relations underlying sentence 

composition, listeners learn the grammatical rules of their native 

language (Marcus et al., 1999).  

 

However, though both mechanisms can perform powerful 

computations, it has been found that they might be constrained to 

preferentially operate over certain linguistic features. In the 

following section I am going to explore the nature of these 

constraints. 
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1.2.3. Linguistic constraints in the acquisition of 

grammar 

 
The vast amount of information present in the linguistic signal 

makes it hard to imagine how an infant is able to apprehend it 

online and effortlessly during his first year of life. Such richness of 

information could lead us to consider that in order to acquire 

language, infants must perform an infinite number of computations 

over the speech stream. But what if instead of unlimited 

computations, these are constrained to selectively operate over 

specific features of the linguistic input? In other words, what if the 

statistical- and the rule- learning mechanisms are constrained to 

perform their computations over discrete sources of information? 

What would these sources be and how would they trigger either one 

or the other mechanism? That is, what is learned through the 

statistical and abstract operations performed by these learning 

mechanisms? 

 

Following a similar approach to that of Peña et al. (2002), Bonatti 

and colleagues (2005) found that adults readily compute TPs over 

non-adjacent consonants, but not over distant vowels. In their 

research, they presented two 7-min streams of CVCVCV words in 

which the consonantal frames were kept constant whereas the 

vocalic frame varied. Importantly, they arranged the words in the 

stream in a way that the TPs among consonants within words were 

equal to 1.0, whilst TPs between consonants at word boundaries 

were set to 0.5. Moreover, TPs between vowels within words and at 
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word boundaries were set to 0.5, so they were uninformative about 

word boundaries. During the test phase, participants’ preference for 

words over part-words (in which TPs between consonants were 

lower than within words) showed that they segmented the stream 

computing the TPs among consonants. Interestingly, in a second 

experiment in which the vocalic frames were held constant while 

consonants varied, Bonatti et al. found that participants were unable 

to segment the stream by computing TPs among vowels (see Figure 

1.2 for a summary of these results). 

 

 
Figure 1.2 Results from the segmentation test (a) over consonants, (b, c) over 
vowels, and (d) over vowels with less vowel words families and allowing 
repetitions. (e) Results from the recognition test showing that participants 
recognized words with the consonantal tier intact over words with the vocalic 
frame intact. Reproduced from Bonatti et al. (2005). 
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In further research, Toro, Nespor and colleagues (2008) tackled a 

complementary question; whether rules were more easily learned 

over one phonetic category or the other. The authors designed a 

series of artificial languages in which statistical and an ABA rule-

based pattern were combined within CVCVCV words. In the speech 

stream of the first experiment, consonants followed a statistical 

coherent order, while the vowels were arranged following an ABA 

rule. After 10 min of familiarization, they tested participants’ 

segmentation and generalization abilities in a two-alternative forced 

choice task (2AFC) with two kinds of pairs. One kind of test pair 

(words versus part-words) tested if participants segmented the 

stream computing the TPs over the consonants. In this case, part-

words straddled word boundaries, so their consonants had lower 

TPs than words during familiarization, but respected the ABA 

vocalic frame. The second type of test pair (rule-words versus 

nonrule-words) tested if participants extracted a generalization 

relying on vowel-structure. Rule-words were similar to the words 

used in the familiarization (they kept the consonantal frame) but 

with new vowels not heard before, whilst nonrule-words were 

similar to rule-words but with either an AAB or an ABB vowel 

structure. During test, participants preferred words to part-words 

and rule-words to nonrule-words, suggesting that they segmented 

the stream computing TPs over consonants, and extracted the 

structural regularity from the vowels. Interestingly, in a second 

experiment in which the statistical information relied on the vocalic 

tier and the consonantal frame implemented the ABA rule, 

participants’ performance during the test phase was at chance in 
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both the segmentation and the generalization tests. Not even after 

adding 25-ms pauses between words or simplifying the consonant 

structure to an AAA rule, could participants extract the rule 

instantiated by the consonants (see Figure 1.3 for a summary of 

these results). 

 

 
 
Figure 1.3 Experiment 1: TPs over consonants, ABA rule over vowels. 
Experiment 2: TPs over vowels, rule over consonants. Experiment 3: TPs over 
vowels, rule over consonants and 25 ms pauses between words. Experiment 4: 
TPs over vowels, AAA rule over consonants and 25 ms pauses between words. 
Reproduced from Toro, Nespor et al. (2008). 

 

 



INTRODUCCION 

 38 

In addition, this tendency to extract rules over vowels but not over 

consonants has been observed to be present from early ages. Using 

a familiarization-preference procedure, Pons & Toro (2010) tested 

if 11-month-old infants had the ability to extract an AAB rule 

instantiated either by vowels or consonants in a series of CVCVCV 

words. They found that infants easily generalized this rule when it 

was implemented over the vowels, but not when it was applied over 

the consonants. Similarly, Hochmann et al. (2011) found that at 12 

months of age infants readily identify words when they rely on the 

consonantal frame, while they better extract and generalize 

repetition-based structures over the vocalic tier. Likewise, Havy and 

Nazzi (2009) found that by the age of 16 months infants rely more 

on consonants than vowels for lexical learning. On the other hand, a 

recent study using functional near-infrared spectroscopy with 

newborns showed that instead of relying on consonants for 

encoding words, they rely on the vocalic structure (Benavides-

Varela et al., 2012). The authors considered that the previously 

reported consonantal bias to extract words from the stream could 

emerge after certain factors (e.g., experience with the statistical 

properties of the native language, maturation of brain areas 

implicated in language processing, or the emergence of native 

consonantal categories) that might contribute to the functional 

change between consonants and vowels. However, they also 

considered that, rather than encoding words during the task, 

newborns could have been engaged in extracting the underlying 

structure.   
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Interestingly, a neuropsychological study points in the direction of a 

differential representation of the linguistic categories, as well. In 

their research, Caramazza, Chialant, Capasso, and Miceli (2000) 

reported two patients showing a selective impairment of consonants 

and vowels. One of the patients showed difficulties in processing 

vowels but her ability to process consonants was intact, whereas the 

other patient presented the opposite pattern of impairment. This 

suggests that processing of consonants and vowels relies on 

different neural substrates, thus adding evidence to the 

aforementioned findings of functional differences between both 

linguistic categories. 

 

Taken together, these studies suggest that the linguistic information 

constrains the operations of the statistical- and the rule- learning 

mechanisms, causing a division of labor between consonants and 

vowels. While consonants are the target of statistical computations, 

vowels serve as input for abstract generalizations. That is, the 

statistical computations required to segment the speech stream into 

words and acquire a lexicon are preferentially performed over 

consonants. In the same way, the abstract computations required to 

extract and generalize grammar-like relations preferentially operate 

when these are instantiated by vowels. 
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1.2.3.1. What causes the functional differences between 

consonants and vowels? 

 
There is an ongoing debate around the plausible explanations of the 

functional differences between consonants and vowels. One 

proposal is that they are caused by the distinctive role consonants 

and vowels play in the linguistic system. According to this view, the 

linguistic system may determine a difference in the informational 

content between consonants and vowels, which in consequence 

would cause their differential role during language processing 

(Nespor, Peña, & Mehler, 2003). Linguists have observed that 

consonants and vowels inform about different aspects of language. 

They have found that across different languages, particularly in 

Semitic languages, consonants comprise the lexical roots 

(McCarthy, 1982). For instance, in Hebrew, different combinations 

of vowels with the root ‘gdl’ allow the generation of different word 

forms, like gadol (‘big’), gadal (‘[he] grew’), or magdelet 

(‘magnified’). All these words are related with the meaning of big 

conveyed in the lexical root, but it is by the combination of the root 

with different vocalic tiers that words are formed. Interestingly, 

experiments with adults have shown that when they are asked to 

change a phoneme to transform a nonword (kebra) into a real word 

(either cobra or zebra), they prefer to keep the consonants intact 

and replace one vowel (i.e., they prefer cobra; Cutler, Sebastián-

Gallés, Soler-Vilageliu, & van Ooijen, 2000; Sharp, Scott, Cutler, & 

Wise, 2005; van Ooijen, 1996). In addition, the tendency of 

consonants to disharmonize, and the fact that they outnumber 
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vowels in most languages, increases their distinctive power, 

allowing thus a greater range of possibilities for word formation.  

 

Vowels, on the other hand, tend to be fewer in number than 

consonants and carry most of the prosodic information. Linguists 

have suggested that vowels give a cue to syntactic structure through 

pitch changes and lengthening (Nespor & Vogel, 1986). This has 

been proposed in consideration of the fact that the prosodic 

constituents tend to coincide with syntactic boundaries at different 

levels (Selkirk, 1984; 1986; see Figure 1.4). That is, prosody signals 

the boundaries of the different prosodic categories within an 

utterance, which gives information about how they are syntactically 

organized. Indeed, different studies have found that infants can 

learn syntactic regularities based solely on prosodic cues 

(Christophe, Nespor, Guasti, & van Ooyen, 2003; Gleitman & 

Wanner, 1982; Morgan & Demuth, 1996; Nespor, Guasti, & 

Christophe, 1996). If vowels indeed signal the syntactic structure 

through prosody, it could be expected that they are the preferred 

targets of abstract computations. This hypothesis is mainly 

supported by the behavioral results described in the previous section 

(Bonatti et al., 2005; Havy & Nazzi, 2009; Hochmann et al., 2011; 

Pons & Toro, 2010; Toro, Nespor et al., 2008). The results from 

these studies present evidence of how the distinct role that 

consonants and vowels play in the linguistic system might elicit a 

functional difference between them during the process of language 

acquisition.  
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Figure 1.4 The Prosodic Hierarchy (from Selkirk, 1986, 384). Utt: Utterance, 
Iph: Intonational phrase, PPh: Phonological phrase, PWd: Prosodic Word, Ft: 
Foot, Syl: Syllable. 
 

An alternative interpretation, however, could be that the 

distributional differences between consonants and vowels cause a 

difference in their load of information and thus of their functional 

differences. According to the information theory (Shannon, 1948), 

consonants carry more bits of information about lexical identity 

than vowels, and are hence the preferential target for statistical 

computations (Keidel, Jenison, Kluender, & Seidenberg, 2007). 

Keidel and his colleagues argued that Bonatti et al.’s findings 

(2005) were the result of the participants’ lifetime experience with 

the distributional difference between consonants and vowels in their 

native language. After years of experience with this distribution, 

participants might have learned that consonants provide more 

information for word recognition than vowels. From Keidel et al.’s 

perspective, the distributional differences between consonants and 

vowels within a language are the cause of the distinct role they play 

in the linguistic system, and therefore of their functional 

differences. But for Bonatti, Peña, Nespor, and Mehler (2007), the 

difference between consonants and vowels in their linguistic 

functions determines their differential distribution, and the role they 
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play as targets of one type of computation or the other. Knowing if 

the linguistic system shaped humans’ computational abilities, or 

vice versa, is a matter of significant importance for the study of 

language evolution. As pointed by Bonatti and colleagues (2007): 

“Questions about chickens and eggs are always difficult to settle.” 

 

A third hypothesis about the functional asymmetry between 

consonants and vowels is that their different acoustic correlates 

might drive the auditory system to process them in a differential 

manner. Vowels are louder, longer, carry more energy and have 

more constant duration than consonants (Ladefoged, 2001). It has 

been found that infants are sensitive to the acoustic saliency of 

vowels (Mehler, Dehaene-Lambertz, Dupoux, & Nazzi, 1996), 

which could make them easier to process than consonants, as well 

as the preferred target of abstract computations. In addition, Endress 

and colleagues proposed that saliency might play a role in the 

extraction of grammatical structures (Endress et al., 2005; 2007; 

2009). Specifically, they suggested that the rule-learning 

mechanism might be specialized in computing structural relations 

over specific salient cues, like edges and repetitions. In this sense, 

vowels’ saliency could anchor structural computations more 

strongly than consonants. 

 

To test this hypothesis, Toro, Shukla, et al. (2008) ran a series of 

experiments with adults in which they tested if increasing the 

saliency of consonants would elicit rule generalization over them. 

The authors increased the sonority of consonants, reduced vowel 
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duration, lengthened consonant duration, and even eliminated 

vowels from the stream. Still, they only found a marginal evidence 

of generalization over consonants when vowels were eliminated. 

 

Though these results weaken the likelihood that vowel saliency is 

responsible for the preference to use them as inputs for abstract 

computations, they do not confirm, nor rule out, the alternative 

explanations mentioned above. That is, after years of experience 

with the distributional differences between consonants and vowels 

in their native language, adults might be biased to perform certain 

computations preferentially over one linguistic category and not 

over the other (Keidel et al., 2007). However, research showing that 

infants from an early age already display such asymmetry cast 

doubts on this possibility (Havy & Nazzi, 2009; Hochmann et al., 

2011; Pons & Toro, 2010). Still, the infants tested in these studies 

were older than 11 months. By this age, language experience could 

have had an effect on shaping the learning mechanisms according to 

the characteristics of the infants’ native language (Benavides-Varela 

et al., 2012). Then again, as stated by Benavides-Varela and her 

colleagues, there is still the possibility that instead of encoding 

words, newborns were extracting the underlying structure cued by 

vowels. Further research should be run in order to elucidate the 

origins of the functional differences between consonants and vowels 

found in humans. 
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1.3. Perceptual constraints: The Iambic – Trochaic Law 

and its role in the bootstrapping of syntax  
 

“So between them love did shine, 
That the turtle saw his right 

Flaming in the phoenix’ sight; 
Either was the other’s mine.” 

 
William Shakespeare 

The Phoenix and the Turtle 
(Example of a trochaic tetrameter) 

 

As seen in the previous chapter, the grammatical rules determine 

the correct order in which words must be combined to form 

meaningful sentences. These rules apply over abstract linguistic 

entities (verbs, nouns, and pronouns) that infants start to combine at 

20 months of age (Hirsh-Pasek & Golinkoff, 1996). Interestingly, 

these infants hardly make grammatical mistakes when they order 

words to form sentences (Bloom, 1970; Meisel, 1992; Clahsen & 

Eisenbeiss, 1993). It has been suggested that infants might acquire 

the grammatical rules of their native language by extracting the 

prosodic information in the speech signal (Nespor & Vogel, 1986). 

Nespor and Vogel suggested that children would do this by linking 

syntactic categories and structure with their prosodic physical 

correlates in the speech signal (Gleitman & Wanner, 1982; Jusczyk, 

1997; Mazuka, 1996; Morgan, 1986; Morgan & Demuth, 1996). 

How this linkage occurs is a question that scientists studying 

language acquisition attempt to respond. 

 

 



INTRODUCCION 

 46 

1.3.1. Bootstrapping mechanisms 
 

Before acquiring any abstract knowledge of their native language, 

infants have experience with a complex linguistic input that is 

perceived as a stream of sounds. Still, after one year of life, infants 

already utter their first words and just a few months later their first 

sentences. How is it possible for infants to learn some aspects of 

language without having any explicit knowledge of it? How can 

they match the acoustic string with a mental representation or assign 

such representation to the incoming acoustic signal in speech?  

 

To explain how infants’ learning of their native language goes from 

surface cues to abstract knowledge, Pinker (1984) proposed a series 

of mechanisms, called Bootstrapping Mechanisms (BMs), that 

might aid infants in starting the process of language acquisition. 

These BMs would help to form a linkage between the speech input 

surface features (the acoustic signal) and the abstract output (the 

linguistic categories and the rules that govern them). In this sense, 

these mechanisms would direct children’s processing of the input in 

a linguistic way using the acoustic cues in the speech input that are 

informative of the structure.  

 

There are different BMs according to the informative cues that 

serve as their input, and the linguistic domain they help the child 

break into. One of these BMs is the Prosodic Bootstrapping 

Mechanism (Gleitman & Wanner, 1982). Gleitman and Wanner 

suggested that the prosodic information in the speech input might 
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help the child to access the grammatical organization of his native 

language. This assumption is based on the correlation between the 

prosodic cues (stress, rhythm, and intonation) and the syntactic 

structure or the lexical units. Prosodic bootstrapping would help 

infants to segment the speech into words (Cutler, 1994; Christophe, 

Gout, Peperkamp, & Morgan, 2003; Jusczyk, Cutler, & Redanz, 

1993), identify the boundaries of phrases and clauses (Gout, 

Christophe, & Morgan, 2004; Jusczyk et al., 1992), and acquire the 

word order rules of their language (Nespor et al., 1996; Guasti, 

Christophe, van Ooyen, & Nespor, 2001). 

 

 

1.3.2. From stress to structure: The correlation 

between prosody and syntax 

 
The hypothesis that infants infer the syntactic structure of their 

mother tongue through prosody relies on the correlation between 

perceptually available acoustic cues in the speech signal and the 

abstract syntactic properties of language. An example of this 

correlation between syntax and prosody can be observed at the level 

of the phonological phrase, which consists of a head (a noun, a 

verb, or a preposition) and complement pair of words (Chomsky, 

1981). Though all languages share the basic configuration of 

phrasal structure (an X-bar structure), the order of the head and 

complement pair varies across languages. According to this 

variation, known as the “head-direction parameter”, there are two 
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types of languages: Those in which complements follow their head 

(a “head-complement” order or head-initial; hereafter HC), like 

English, French or Spanish; and those in which the head follows its 

complements (a “complement-head” order or head-final; hereafter 

CH), like Japanese, Turkish or Basque. Additionally, according to 

the Complement Law, in a head and complement pair of words the 

stress (prominence) always falls on the complement independently 

of its location (Nespor & Vogel, 1982; 1986; Cinque, 1993; Féry & 

Herbst, 2004). This means that, at the phonological phrase level, 

HC languages are stress-final, whereas CH languages are stress-

initial. Thus, the location of prominence signals the direction in 

which the complement is placed in relation to the head. In other 

words, prosody (stress), and syntax (the head-direction parameter, 

either HC or CH) seem to be physically correlated through the 

location of prominence (Nespor & Vogel, 1986).  

 

It has been suggested that infants might exploit the correlation 

between syntax and prosody at the phonological phrase level to 

acquire the head-direction parameter of their native language 

(Nespor et al., 1996; Guasti et al., 2001). Christophe, Nespor et al. 

(2003) found that infants learned the order of heads and 

complements of their native language on the basis of the prosodic 

information (i.e., the relative prominence within phonological 

phrases). Thus, languages with opposite head-direction parameters, 

like French (HC) and Turkish (CH), could be discriminated in terms 

of their prosodic information since French is a stress-final language 

and Turkish is a stress-initial language. The authors habituated 6 to 
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12-week-old French infants with either French or Turkish sentences 

matched for number of syllables, duration, and word stress. They 

found that infants discriminated between both languages on the 

basis of their prosodic differences at the phonological phrase level 

(French is stress-final, Turkish is stress-initial) resulting from their 

different syntactic structure (French is head-initial, Turkish is head-

final). Similarly, Bion, Höhle, and Schmitz (2007) found that 

German infants, whose native language has both head-direction 

parameters (HC and CH), were sensitive to the prosodic cues that 

signal these two word orders. These results suggest that infants 

might access the syntactic structure of their native language by 

perceiving its correlation with acoustic cues of prominence. Even 

more, this might explain why children seem to know the correct 

way to combine words in their native language even before having 

an abstract mental representation of them. 

 

However, in order to claim that infants may access the syntactic 

structure through prosody, it is necessary to elucidate on which 

acoustic cues they are relying to discriminate between languages on 

the basis of their prosodic information. In this sense, Nespor et al. 

(2008) found that across languages, but also within a single 

language, prominence is differently marked according to the 

position of the complement. They observed that in head-final 

languages like Turkish, the complement is mainly stressed through 

higher intensity and pitch. On the contrary, in head-initial languages 

like French, the complement is mainly realized with increased 

duration. Interestingly, they found that both patterns of stress are 
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present in languages that have both word orders (HC and CH) like 

German. That is, in German phrases with a CH structure the 

complement is realized with increased pitch and intensity, while in 

phrases with a HC structure it is mostly stressed with increased 

duration.  

 

Therefore, in order to discriminate between French and Turkish 

(Christophe, Nespor et al., 2003), and between head-initial and 

head-final German phrases (Bion et al., 2007), infants might have 

been relying not only on where the stress occurred, but also on how 

it was marked. These surface cues of prominence, together with 

their position, might help infants in the bootstrapping of syntax at 

the phonological phrase level. Initial high intensity and pitch would 

signal a CH syntactic structure, whereas final increased duration 

would cue a HC order.  

 

An additional question is how infants perceive prominence across 

languages and how they might exploit it to acquire the head-

direction parameter of their native language. It has been found that 

infants are sensitive to differences in pitch and duration (Trehub, 

2003), and they can use these acoustic cues to group musical 

phrases (Jusczyk & Krumhansl, 1993; Krumhansl & Jusczyk, 

1990). In addition, Nespor et al.’s (2008) observation of the 

realization of prominence according to the location of the 

complement is in agreement with a perceptual ability of the human 

auditory system that has been described as the Iambic –Trochaic 

Law (Hayes, 1995). Research has suggested that this mechanism 
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based on auditory perception might be implicated in the acquisition 

of some basic aspects of the syntactic structure through its 

correlation with the prosodic information (Hay & Diehl, 2007; 

Hayes, 1995; Trehub & Trainor, 1993).  

 

In the next section I will explain the principles of the Iambic – 

Trochaic Law, how it might be related to the bootstrapping of 

syntax, and the extent to which it could be a universal mechanism.  

 

 

1.3.3. The Iambic – Trochaic Law & the 

bootstrapping of syntax 
 

“Lo, thus I triumph like a king, 
Content with that my mind doth bring.” 

 
Edward Dyer 

My mind to me a kingdom is 
(Example of an iambic tetrameter)

 

When humans listen the isochronous ‘ticks’ of a clock they tend to 

perceive them as a sequence of two paired sounds (Bolton, 1894). 

This perceptual grouping effect is also observed when a sequence of 

tones varies in intensity, pitch or duration (Woodrow, 1909). In the 

case of intensity and pitch varying sequences, humans group them 

into strong-weak pairs (loud-soft or high-low), whereas variations 

in duration are grouped into weak-strong pairs (short-long). These 

perceptual grouping biases depending on variations in intensity, 

pitch, and duration have been described as the Iambic - Trochaic 
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Law (ITL; Hayes, 1995). The iambic principle describes the 

tendency to perceive groups with final-prominence (weak-strong) 

out of a sequence of tones varying in duration. The trochaic 

principle, on the other hand, refers to humans’ perception of initial-

prominence groups (strong-weak) when listening to a sequence of 

tones varying in intensity (see Figure 1.5 for a schematic 

representation of the ITL).  

 

 

Figure 1.5 Schematic of the principles of the Iambic – Trochaic Law. Top: 
duration varying sequences are grouped into iambs (weak-strong; iambic duration 
principle). Bottom: intensity- or pitch- varying sequences are grouped into 
trochees (strong-weak; trochaic intensity principle). Reproduced from Yoshida et 
al. (2010). 
 

As mentioned above, Nespor et al. (2008) found that the realization 

of prominence varies according to the location of the complement in 

a head-complement pair of words. In head-initial languages, the 

complement is mainly realized with increased duration, whereas in 

head-final languages it is mostly stressed with increased intensity 

and pitch. Interestingly, this realization of prominence is in 

agreement with the principles of the ITL. If in a stream of heads and 

complements stress is mainly realized with increased duration, 

according to the ITL the infant will segment the stream into phrases 

with final prominence (i.e., iambic phonological phrases; HC or 

weak-strong). Likewise, if in a stream prominence is marked with 

increased intensity or pitch, the infants will segment the stream into 
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phrases with initial prominence (i.e., trochaic phonological phrases; 

CH or strong-weak). In this way, prelexical infants could learn the 

head-direction parameter of their native language, setting thus one 

of the basic properties of syntax based solely on the auditory 

perception of prosodic information. 

 

Together with directing the acquisition of the head-direction 

parameter, the ITL would also support speech segmentation into 

phonological phrases, setting the boundaries according to the type 

of stress. In a trochaic phonological phrase the perceptual boundary 

will be placed preceding the complement, whereas in an iambic 

phonological phrase the boundary will follow it. There is evidence 

that infants are sensitive to the acoustic features that mark prosodic 

boundaries (Jusczyk et al., 1992; Hirsh-Pasek et al., 1987), and that 

they are able to segment phrasal units based on prosody 

(Soderstrom, Seidl, Kemler Nelson, & Jusczyk, 2003). Thus, the 

ITL could be an additional available mechanism supporting speech 

segmentation. 

 

In summary, the Complement Law, the different realization of 

prominence, and the ITL, might facilitate the bootstrapping of the 

head-direction parameter and the segmentation of speech given the 

correlation between the prosodic information and the syntactic 

structure. The ITL might serve as a stepping-stone perceptual 

mechanism for acquiring some basic aspects of syntax.  
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Though at first the iambic and trochaic grouping biases were 

observed for music perception (Bolton, 1894), further research 

found that they also apply to both linguistic and non-linguistic tone 

sequences (Hay & Diehl, 2007). Moreover, it has been shown that 

the principles of the ITL are present even in the visual domain 

(Peña et al., 2011). This opens the possibility that the ITL is a 

general perceptual ability that, although it is not language specific, 

it can still be modulated given certain linguistic exposure. Extensive 

research with adults (Bion et al., 2011; Hay & Diehl, 2007; Iversen 

et al., 2008) and infants (Bion et al., 2011; Hay & Saffran, 2012; 

Yoshida et al., 2010) has tried to elucidate if the principles of the 

ITL reflect the listener’s language experience or if they are present 

from birth independently of the prosodic information of the native 

language. So far, results are mixed. On one hand, some results 

suggest the universality of the ITL (Hay & Diehl, 2007; Bion et al., 

2011), while on the other, some studies propose that the ITL might 

depend on language experience (Bion et al., 2011; Hay & Saffran, 

2012; Iversen et al., 2008; Yoshida et al., 2010). More research has 

to be done in order to clarify whether the ITL is a language-

experience independent trait or, if on the contrary, it is modulated 

by the linguistic environment. In this sense, the comparative 

approach could shed some light over this question. 
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1.3.3.1. The ITL: A universal trait or the result of 

language experience? 
 

Searching across cultures, one could find that the perceptual 

grouping effect of the isochronous ‘ticks’ of a clock (Bolton, 1894) 

is present in humans with native languages as different as English 

and Japanese. For example, the next two songs illustrate that both 

English speakers and Japanese speakers group the stream of ‘ticks’ 

into a sequence of tick-tock pairs and chiku-taku pairs, respectively. 

 

“Tick-tock, goes the clock 
And what now shall we play? 

Tick-tock, goes the clock 
Now summer’s gone away?”1 

 
“Hyakunen yasumazu ni 
chiku-taku chiku-taku 

Ojiisan to isshou ni 
chiku-taku chiku-taku 

Ima wa mou ugokanai sono tokei”2 
 

Given that this effect is observed across languages with opposite 

stress pattern at the phonological phrase level (English is stress-

final, Japanese is stress-initial), one could say that language 

experience has no influence on this perceptual grouping bias. 

However, what could one say about the principles of the ITL? Are 

they the result of language experience over the auditory system, or a 

                                                 
1 Song by Mark Gatiss, from the television series Doctor Who. 
2 “Hundred years without pause/tick-tock, tick-tock/Together with 
grandfather/tick-tock, tick-tock/Now (it) doesn’t move anymore, that clock.” 
Japanese version of Grandfather’s Clock, by Henry Clay Work. 



INTRODUCCION 

 56 

universal perceptual mechanism brought by the infant to the task of 

language learning? 

 

Recent studies with human adults support the hypothesis that the 

principles of the ITL are independent of language experience (Hay 

& Diehl, 2007; Bion et al., 2011). In their study with English 

speakers and French speakers, Hay and Diehl (2007) presented 

sequences of tones and sequences of the syllable /ga/ varying either 

in duration or intensity. Participants were instructed to group 

sequences into a two-beat rhythmic pattern and to indicate, after 

each sequence, whether the rhythm consisted of strong-weak pairs 

of sounds or of weak-strong pairs of sounds. The authors 

hypothesized that any effect of listeners’ native language stress 

pattern would be reflected by how participants segmented the 

streams. The results showed that both groups of listeners perceived 

duration-alternating sequences as iambs (i.e., weak-strong), and 

sequences varying in intensity as trochees (i.e., strong-weak). 

Interestingly, this pattern of results was observed with both 

linguistic and non-linguistic stimuli.  

 

Similarly, Bion et al. (2011) asked Italian speakers to listen to a 

sequence of 10 adjacent syllables alternating either in pitch or in 

duration, or with equal pitch and duration (control condition; see 

Figure 1.6 for a representation of the stimuli).  
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Figure 1.6 Participants were familiarized with one of three different streams of 
syllables. (a) Control condition: all syllables have the same pitch and duration. (b) 
Pitch condition: all syllables have the same duration but they vary in pitch. (c) 
Duration condition: all syllables have the same pitch but they alternate in 
duration. Reproduced from Bion et al. (2011).  
 

After listening to 20 repetitions of one of the three familiarization-

streams, participants were tested with three kinds of pairs of 

syllables, all with constant pitch and duration. One pair consisted of 

syllables that occurred adjacently and were stressed in their first 

syllable during familiarization (e.g., pa-su, tu-ke, ma-vi). The 

second pair consisted on syllables that occurred adjacently and had 

prominence on their second syllable (e.g., su-tu, ke-ma, vi-bu). And 

the third pair consisted on syllables that were never adjacent (e.g., 

pa-vi, su-bu, go-tu). During testing, participants were asked to judge 

whether they had heard these pairs of syllables as being adjacent or 
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not during familiarization. The authors found that participants 

familiarized with pitch-varying sequences better remembered the 

pairs that had initial prominence during familiarization than the 

pairs stressed at the second syllable. On the contrary, participants 

familiarized with the stream varying in duration better remembered 

the pairs that had final prominence than the pairs stressed at the first 

syllable. The participants that ran the control condition did not 

prefer either set of stimuli. According to the authors, these results 

supported their prediction based on the grouping principles of the 

ITL. Their hypothesis was that pitch-alternating sequences would 

be grouped into initial-prominence pairs (trochees), while duration-

varying sequences would be grouped into final-prominence pairs 

(iambs). 

 

Together, both studies (Hay & Diehl, 2007; Bion et al., 2011) 

suggest that the ITL is a general perceptual principle independent of 

language experience. In Hay and Diehl’s study, participants’ native 

languages differ in their stress pattern at the word level. While 

English tends to have initial-syllable prominence, French has final-

syllable prominence. Hence, despite of the fact that participants had 

different language experience, they all grouped the sequences 

following the principles of the ITL.  

 

Nevertheless, studies comparing languages at the phrase level 

propose that the principles of the ITL might be modulated by the 

listener’s auditory experience with the specific prosodic information 

of his native language. Iversen et al. (2008) familiarized speakers of 
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English – a head-initial language, and speakers of Japanese – a 

head-final language, with sequences of tones alternating either in 

duration or in intensity (see Figure 1.7 for a representation of the 

stimuli). 

 
After each sequence, participants had to indicate which grouping 

they perceived (i.e., loud-soft or soft-loud for sequences alternating 

in intensity, and long-short or short-long for sequences varying in 

duration). The authors found that both groups segmented intensity-

varying sequences as trochees (i.e., loud-soft), but only English 

speakers segmented duration-varying sequences as iambs (i.e., 

short-long; see Figure 1.8 for a summary of these results).  

 
Figure 1.8 Grouping preferences as a function of native language. (a) Both 
English and Japanese participants mostly perceived loud-soft groups than soft-
loud groups when listening to sequences alternating in intensity. However, when 
presented with sequences varying in duration (b), only English speakers’ 
grouping preferences were significantly higher for short-long groups than for 
long-short groups. Japanese speakers did not show any preference. Reproduced 
from Iversen et al. (2008). 

Figure 1.7 Examples of 
tone pairs from (a) an 
intensity-varying sequence, 
and (b) a sequence 
alternating in duration. 
Reproduced from Iversen 
et al. (2008).  
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Iversen et al. suggested that their findings were incompatible with 

the claim of universality of the principles of the ITL. They 

considered that the difference between English and Japanese in the 

head-direction parameter, and its correlated acoustic prominence, 

could account for this pattern of results. Specifically, the authors 

explained these findings on the basis of the function-content word 

order. In English, functors (articles, prepositions, conjunctions, and 

pronouns) typically precede their syntactically related content word 

(e.g., the book), whereas in Japanese functors are placed after the 

related content word (e.g., hon ga or ‘book the’; Baker, 2001). 

Importantly, the way functors and content words are placed across 

both languages might result in an acoustic difference between both 

orders (Christophe, Nespor et al., 2003; Nespor et al., 1996). In the 

case of English, a short functor would be followed by a longer 

content word (e.g., the BOOK), whereas in Japanese a long content 

word would be followed by a short functor (e.g., HON ga). Thus, 

given their linguistic experience, English speakers would perceive 

duration-varying sequences as groups of short-long tones, while 

Japanese speakers would perceive the same sequences as long-short 

groups.  

 

In addition, at the phonological phrase level Japanese is a head-final 

(thus, stress-initial) language that might use initial intensity as 

acoustic correlate of prominence. Hence, a greater experience with 

a trochaic prominence pattern at both the phonological phrase level 

(loud-soft) and the function-content word order (long-short), while 
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basically no experience with an iambic prominence pattern, could 

explain why Japanese speakers did not significantly prefer either 

iambic or trochaic grouping when listening to duration-varying 

sequences. 

 

Similarly, the languages tested in the previous studies (English and 

French by Hay & Diehl, 2007; Italian by Bion et al., 2011) have the 

same linguistic structure at the phrase level, that is, they are head-

initial (stress-final) languages. The fact that participants from these 

studies did not show a conflict with the iambic principle of the ITL 

might thus reflect an effect of language experience with this type of 

structure.  

 

One approach to elucidate if the grouping principles of the ITL are 

the result of language experience, or a universal trait present at birth 

and perhaps modulated by the linguistic environment, is to study 

infants’ perceptual grouping biases. So far, research on this topic 

suggests developmental differences between the two principles of 

the ITL. In a recent study with 5- and 7-month-old English- and 

Japanese-learning infants, Yoshida et al. (2010) found a delay in the 

emergence of the iambic grouping bias. Yoshida and colleagues 

familiarized infants with a 2-min stream of tones alternating in 

duration. Then, following a head-turn preference paradigm, they 

tested infants’ preference for either iambic (short-long) or trochaic 

(long-short) groups. Interestingly, they found that only 7-month-old 

English infants segmented the sequence as iambs. Five month-old 

English infants and 5- and 7-month-old Japanese infants preferred 
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neither trochaic nor iambic sequences (see Figure 1.9 for a 

summary of these results). According to the authors, these findings 

suggest that the iambic grouping bias might appear after being 

exposed to a language that has a consistent iambic prosodic pattern 

at the level of the phonological phrase and the function-content 

word order. 

Figure 1.9 Average looking time (s) of English infants (left) and Japanese infants 
(right) to the iambic and trochaic test trials. Greater looking time for trochees 
suggests an iambic grouping of the duration-varying sequences during 
familiarization. Reproduced from Yoshida et al. (2010). 

 

As previously mentioned, English has a short-long pattern in its 

function-content word order (a long content word follows a short 

functor; e.g., at HOME), and in its head-direction parameter (a 

complement with increased duration follows a shorter head). On the 

contrary, according to Gervain and Werker (2013), Japanese 

function-content word order and phonological phrases follow a 

high-low pitch pattern (i.e., a high complement is followed by a low 

head, and a high content word follows a low functor, e.g., UCHI ni 

or ‘home at’). Thus, the fact that duration is not a cue of 
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prominence for Japanese-learning infants might hinder Japanese 

speakers to group the duration-varying sequences either into 

trochees or iambs.  

 

Interestingly, Bion et al. (2011) reported parallel findings with 7-

month-old Italian-learning infants. The authors familiarized infants 

with a 3-min stream of six syllables (/pa su tu ke ma vi/) alternating 

in either duration or pitch. During the test phase, infants listened to 

two pairs of adjacent syllables. One pair had prominence in the first 

syllable during the familiarization (e.g., pa-su), while the other had 

prominence in the second syllable (e.g., su-tu). Researchers 

measured infants’ total looking time for the pairs with initial and 

final prominence. Their findings showed that infants familiarized 

with a pitch-varying stream preferred trochaic pairs of syllables 

(thus displaying a trochaic bias). However, infants familiarized with 

a stream alternating in duration did not prefer either iambs or 

trochees. Bion et al. interpreted their results as partially coherent 

with the principles of the ITL, suggesting a differential 

developmental path between both grouping principles. The trochaic 

grouping principle based on intensity and pitch might appear early 

in development, whereas the iambic grouping principle based on 

duration might depend on language experience. 

 

In addition, in a study by Hay and Saffran (2012), this pattern was 

closely replicated. When 9-month-old English-learning infants were 

familiarized with an artificial language or a stream of tones, the 

authors observed that infants grouped sequences following both 
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principles of the ITL. That is, infants extracted trochees when 

listening to sequences varying in intensity, and iambs when 

familiarized with sequences varying in duration. Interestingly, the 

authors found that 6.5-month-old infants were unable to extract 

iambs from a stream alternating in duration, whereas they still 

presented the trochaic grouping principle based on intensity 

variations.  

 

Finally, in a recent paper, Gervain and Werker (2013) showed that 

7-month-old English and Japanese-learning infants can exploit the 

prosodic cues of their two native languages. During familiarization, 

infants were exposed to a stream of words in which the syllables 

alternated either in pitch or in duration. In the test phase, they were 

presented with words that either had initial or final prominence 

(high pitch or long duration according to the familiarization 

condition) during the familiarization. Gervain and Werker found 

that when infants were familiarized with a stream of syllables 

alternating in pitch, they preferred words with initial prominence. 

Interestingly, when these bilingual infants were familiarized with a 

stream alternating in duration, they preferred words with final 

prominence.  

 

In summary, these studies point in the direction of a late emergence 

in development and a language-dependent modulation of the iambic 

principle. They also suggest an early appearance of the trochaic 

grouping bias, unaffected by the linguistic environment. Still, it 
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cannot be stated that the trochaic principle, contrary to the iambic 

principle, is a universal trait.  

 

One way to approach the universality of the trochaic principle and 

to definitely confirm an effect of language experience over the 

iambic principle is to look for evidence of the ITL in a nonhuman 

animal. If language experience causes the perceptual grouping 

biases based on intensity, pitch, and duration observed in human 

adults and infants, animals should not show a preference for either 

iambic or trochaic groups. On the contrary, if the ITL is a universal 

feature that arises as a consequence of how the perceptual system 

organizes acoustic stimuli, and is therefore independent of language 

experience, animals might group pitch-varying sequences into 

trochees and duration-varying sequences into iambs. Finally, if the 

iambic principle is more sensitive to language experience than the 

trochaic principle (as has been suggested in previous studies; Bion 

et al., 2011; Hay & Saffran, 2012; Iversen et al., 2008; Yoshida et 

al., 2010), one might observe similar results across species for the 

latter but not the former.  

 

In the next section I will describe how the comparative method 

could contribute to elucidate the origin of the cognitive and 

perceptual mechanisms behind humans’ linguistic capacity.  
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1.4. The comparative method 
 

“…the comparative study of brain function, evolution, and development 
will provide the basis for a future theory of the neural implementation of 

the language faculty. Such research will combine with detailed behavioral 
study of animal capabilities to provide insights into the neural and 

behavioral mechanisms that were present at the evolutionary divergence 
between chimps and humans, which the evolving language faculty 

incorporated & elaborated.” 
 

Marc D. Hauser & W. Tecumseh Fitch 
 

Within the study of the human mind, questions on humans’ 

linguistic capacity are of the most intriguing ones, specifically those 

of its origins, which cannot be observed directly. Given the 

complexity of human language, scientists from a wide range of 

disciplines, from anthropologists and linguists to biologists, 

psychologists and neuroscientists, had investigated this question 

from different perspectives. A general idea framing the present 

work is to study the origin of language from a biological 

perspective: How it emerged, which were the processes that gave 

rise to language as we know it today, and which are the biological 

prerequisites that support humans’ linguistic system. 

 

One way to study the biological evolution of language is through 

the comparative method (Hauser & Fitch, 2003). This approach 

allows studying to what extent the cognitive mechanisms supporting 

the linguistic system in humans are shared with animals, and what, 

if not shared, is uniquely human. Likewise, it allows drawing 

conclusions about the evolutionary history of such mechanisms, and 

how differently they are constrained across species. Knowing this 
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would shed some light on what during the evolutionary process 

remained in humans, and what changed for them to be the only 

species having a linguistic system. 

 

After Chomsky’s proposal of the “language organ” (1957; 1966), 

the firsts attempts to study language evolution looked at animals’ 

abilities to acquire human natural language, or to use their own 

species-typical vocalizations in similar ways to human spoken 

language (Fischer, 1998; Gardner, Gardner, & Van Cantfort, 1989; 

Gouzoules, Gouzoules, & Marler, 1984; Hauser, 1998; Marler, 

Dufty, & Pickert, 1986; Savage-Rumbaugh, et al., 1993; Seyfarth, 

Cheney, & Marler, 1980; Zuberbuhler, Noe, & Seyfarth, 1997). It 

was not until Al Liberman and his colleagues discovered categorical 

perception (Liberman, Cooper, Shankweiler, & Studdert-Kennedy, 

1967; Liberman, Harris, Hoffman, & Griffith, 1957), that the focus 

shifted and speech perception started to be studied as the result of 

perceptual mechanisms that could be shared with animals and thus 

inherited from a vertebrate ancestor. The existence of the 

categorical perception in a wide range of animal species (birds: 

Kluender et al., 1987; Dooling & Brown, 1990; mammals: Kuhl & 

Miller, 1978; Morse & Snowdon, 1975; and insects: Wyttenbach et 

al., 1996) opened up the rationale behind the comparative method: 

In order to claim that a particular mechanism is language-specific 

and therefore uniquely human, it must be absent in animals. 

 

Following this reasoning, further studies were run to examine the 

extent to which the learning mechanisms and the phonological skills 
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underlying speech perception are present across domains and 

species (see HFC, 2002; Premack, 2007; Yip, 2006, for a review). 

As for the studies with animals, there is evidence that birds 

(Kluender et al., 1998) and rats (Pons & Trobalón, 2007) show a 

perceptual magnet effect, and that both tamarin monkeys and rats 

have the abilities to extract rhythm from speech (Ramus et al., 

2000; Toro et al., 2003; 2005) as well as to compute statistical 

regularities (Hauser et al., 2001, Toro & Trobalón, 2005). Likewise, 

birds (Gentner, Fenn, Margoliash, & Nusbaum, 2006), bees (Giurfa, 

Zhang, Jenett, Menzel, & Srinivasan, 2001), and rats (Murphy et al., 

2008), seem to have the ability to track abstract structures. 

Altogether, these results show that humans inherited from animals a 

set of mechanisms and abilities that support some aspects of speech 

processing. Hence, it is unlikely that these capacities shared by 

humans and animals evolved specifically for language. 

 

Two features in which I am interested in the present work are the 

capacity to perform abstract computations (Marcus et al., 1999), and 

the influence of grouping-perceptual biases (i.e., the ITL) on the 

bootstrapping of syntax based on prosody (Hay & Diehl, 2007; 

Hayes, 1995; Nespor & Vogel, 1986; Trehub & Trainor, 1993). As 

for the ability to compute abstract relations, I am specifically 

interested in studying to what extent animals can extract and 

generalize rule-like structures. So far, it has been found that like 

humans, rats are capable of performing abstract computations 

required to extract rule-like patterns and generalize them to new 

instance (Murphy et al., 2008). In their study, Murphy and 
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colleagues trained rats to receive food for press-lever responses 

after the presentation of one of three rules: a XYX (ABA and 

BAB), a XXY (AAB and BBA), or an YXX (BAA and ABB) rule 

(the nonreinforced rules were the remaining two rules). They tested 

rats’ rule-learning abilities using both visual (Experiment 1; A, 

bright light; B, darkness) and auditory stimuli (Experiment 2; A = 

3.2 KHz and B = 9 KHz during training, C = 12.5 KHz and D = 

17.5 KHz during test). The results from Experiment 1 showed that 

rats were able to discriminate between the reinforced and the 

nonreinforced sequences. This suggested that rats possess the ability 

to extract abstract relations. Similarly, findings from the transfer 

test in Experiment 2 showed that rats have the ability to generalize 

rule-like patterns (ABA) to new instances (CDC and DCD).  

 

Though the rule-learning mechanism has been found in animals, its 

constraints (Peña et al., 2002; Pons & Toro, 2010; Toro, Nespor et 

al., 2008; Toro, Shukla et al., 2008) could still be language specific 

and therefore uniquely human. So far, studies with animals on this 

topic have found that tamarin monkeys, contrary to humans, tend to 

compute statistics over the more salient vowels than over 

consonants (Newport, Hauser, Spaepen, & Aslin, 2004). Likewise, 

electrophysiological studies on the rats' auditory cortex have found 

evidence of different neural responses to consonants and vowels 

(Perez et al., 2012), suggesting they process them independently. 

However, research on the constraints of the rule-learning 

mechanism in a nonhuman animal is still outstanding.  
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Therefore, my aim is to offer a complementary approach to study 

why the rule-learning mechanism seems to be constrained to 

compute abstract computations preferentially over vowels rather 

than over consonants. If it is either because of language experience, 

or because of the differential role consonants and vowels play in the 

linguistic system, one would not expect to observe functional 

differences between them in an animal that, putatively, has no such 

experience nor language. On the contrary, if the same pattern of 

results is observed across humans and other species, it will suggest 

that uniquely-human linguistic representations are not necessary for 

differences between consonants and vowels to emerge. Finally, if 

the acoustical differences between consonants and vowels are 

responsible for their functional differences, animals might show a 

similar constrained rule-learning mechanism to that observed in 

humans.  

 

The study of humans and animals through the comparative 

perspective does not intend to draw a view in which everything or 

nothing is different between them. Rather, it is possible to test 

specific predictions in each individual case of study. So, if the 

functional differences between consonants and vowels were the 

result of linguistic representations, I would expect to observe a 

difference between humans and animals. On the contrary, if the 

principles of the ITL were due to general acoustic mechanisms in 

mammals, my prediction is that I would observe the same results 

across species. 
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Thus, regarding the influence of the ITL on the extraction of 

prosodic information (Hay & Diehl, 2007; Hayes, 1995; Trehub & 

Trainor, 1993), I am particularly interested in exploring if the 

grouping principles of the ITL are also present in animals. So far, 

we know that tamarin monkeys (Ramus et al., 2000) and rats (Toro 

et al., 2003; 2005) can extract rhythmic information from speech. In 

these studies, researchers tested animals’ ability to discriminate 

sentences from two languages belonging to different rhythmic 

classes (Japanese and Dutch). The sentences were played forward 

and backward, and using both natural and synthesized utterances 

(which preserved the prosody but eliminated lexical and phonetic 

information present in natural speech). Results showed that both 

monkeys and rats could discriminate between the two languages 

based on their different rhythmic information when synthesized 

utterances were played forward. When languages were played 

backward, neither monkeys nor rats could discriminate between 

Japanese and Dutch, since the cues for discrimination based on 

rhythm were absent in backward speech. The authors concluded that 

language discrimination might rely on general perceptual skills 

shared at least across mammals. Moreover, both studies showed that 

the capacity to discriminate between languages based on their 

rhythmic information is not based on low-level acoustic cues, but 

rather on specific properties of speech that are lost when it is played 

backward.  

 

Still, as pointed out by Yip (2006), research is missing on other 

perceptual skills that contribute to human phonology but remain 
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unexplored in others species. One of this is the extent to which 

animals and humans share the perceptual grouping principles of the 

ITL (i.e., initial-prominence grouping of intensity- and pitch- 

varying sequences, and final-prominence grouping of duration 

varying sequences). First proposed for musical perception (Bolton, 

1894; Woodrow, 1909), further research found that the ITL is an 

auditory bias that applies to speech and nonspeech stimuli alike 

(e.g., Hay & Diehl, 2007; Hay & Saffran, 2012; Peña et al., 2011). 

However, whereas the ITL has been studied in both adults (Bion et 

al., 2011; Hay & Diehl, 2007; Iversen et al., 2008) and infants (Bion 

et al., 2011; Gervain & Werker, 2013; Hay & Saffran, 2012; 

Yoshida et al., 2010), the extent to which it is shared with animals is 

still unknown. The existence of these grouping biases in a 

nonhuman animal would reveal that they are not the by-product of 

language experience, but a shared general perceptual ability that 

might support the bootstrapping of syntax. 

 

During this research, my model of study will be the rat (Rattus 

norvegicus), which, contrary to primates, does not use complex 

vocalizations as a mean of inter-specific communication. This 

restriction will allow me to rule out the possibility that the intention 

to communicate was the cause behind the evolution of the specific 

abilities I will target in the present work. Moreover, working with 

rodents instead of primates will give me more information of how 

far back in the evolution of the mammal lineage these processes 

emerged.  
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Given their common auditory system, humans and rats, together 

with other mammals, can process simple and speech-like complex 

sounds in a similar manner (Malmierca, 2003; Yip, 2006). For 

example, rats seem to have the ability to discriminate across vowel 

categories (Eriksson & Villa, 2006), among fricative consonants 

(Reed, Howell, Sackin, Pizzimenti, & Rosen, 2003), and to organize 

consonants sounds around categories (Pons, 2006). Additionally, 

humans’ vocalization frequency range (100 to 1000 Hz) falls within 

rats’ hearing limits (100 to 90000 Hz; Fay, 1988). Likewise, rats 

can detect durations and interval differences within humans’ 

perception thresholds. On one hand, humans are capable of 

perceiving durations as short as 25 ms, and detecting interval 

differences ranging between 15-27 ms (Sinnot, Owren, & Petersen, 

1987). On the other hand, rats can perceive short durations ranging 

between 10 and 50 ms, as well as minimal changes in duration of 

38-50 ms with respect to a standard tone (Kelly, Cooke, Gilbride, 

Mitchell, & Zhang, 2006; Roger, Hasbroucq, Rabat, Vidal, & Burle, 

2009).  

 

In summary, I will tackle the origin of the linguistic and perceptual 

constraints found in human adults and infants using the comparative 

method. I will focus on the sources of the linguistic constraints 

acting over the rule-learning mechanism, and the origins of the 

perceptual constraints described by the ITL. If these constraints are 

the product of language experience, or of the linguistic system 

present in humans, I should not find evidence of either the linguistic 

or the perceptual constraints in animals. On the contrary, if they 
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result from a low-level processing of the acoustic features of the 

speech signal (in the case of the linguistic constraints), or from 

perceptual biases inherited in evolution (in the case of the principles 

of the ITL), I should find, to some extent, similar results in animals 

to those found in human adults and infants.    
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2. EXPERIMENTAL SECTION I 

Studying the extent of the linguistic constraints across 

species 

 

2.1. Manuscript 1. 

de la Mora, D. M. & Toro, J. M. (2013). Rule learning 

over consonants and vowels in a non-human animal. 

Cognition, 126, 307-312. 

 

2.2. Appendix I. Rules over vowels or consonants in 

CVCVCV nonsense words 

http://www.sciencedirect.com/science/article/pii/S0010027712002260
http://www.sciencedirect.com/science/article/pii/S0010027712002260
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In this section I will present the results from the study where I 

explored the extent to which rats (experiments 1 and 2) and humans 

(Experiment 3) are capable of extracting rule-like structures 

instantiated either by vowels or by consonants, and generalizing 

them to new instances. In the Appendix, I present the lists of 

CVCVCV nonsense words implementing either an AAB or an ABC 

rule over the vowels or the consonants. 
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2.2. Appendix I. Rules over vowels or consonants in 

CVCVCV nonsense words 
 

CVCVCV nonsense words followed either an AAB rule or an ABC 

instantiated over the vowels (Experiment 1) or over the consonants 

(Experiment 2). 

 

AAB rule over vowels 
 

bakasi 
bœsœki 
bikisœ 

bœkœsa 
basakœ 
basaki 
bisika 

kœsœbi 
kabasi 

kœbœsa 
kibisa 

kisibœ 
kisiba 

kasabœ 
sibikœ 

sœkœbi 
sikiba 
sabaki 

sakabœ 
sœbœka 

 
 
 
 
 
 
 
 

ABC rule over vowels 
 

basœki 
bikasœ 
bakœsi 
bœsika 
bisœka 
bakisœ 
bœkasi 
kasœbi 
kabœsi 
kasibœ 
kœbisa 
kibœsa 
kœsabi 
kisabœ 
sœbika 
sabikœ 
sikœba 
sikabœ 
sœbaki 
sakœbi 
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AAB rule over 
consonants 

 
bœbisa 
babikœ 
bibasœ 
bœbika 
bibœka 
bœbaki 
babœsi 
kœkiba 
kikabœ 
kikœsa 
kœkisa 
kakœbi 
kœkasi 
kakisœ 
sisœka 
sœsiba 
sœsaki 
sisabœ 
sasœbi 
sasikœ 

 

ABC rule over  
consonants 

 
bisœka 
bakœsi 
bœkisa 
bœsaki 
bœsika 
basikœ 
bikasœ 
kibœsa 
kœbasi 
kabisœ 
kabœsi 
kœsiba 
kisabœ 
kasœbi 
sikabœ 
sakœbi 
sibœka 
sœbaki 
sœkiba 
sabikœ 
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3. EXPERIMENTAL SECTION II 

Studying the principles of the ITL in animals and 

humans 

 

3.1. Manuscript 2. 

de la Mora, D. M., Nespor, M., & Toro, J. M. (2013). Do 

humans and nonhuman animals share the grouping 

principles of the iambic-trochaic law? Attention, 

Perception, & Psychophysics, 75, 92-100.

http://dx.doi.org/10.3758/s13414-012-0371-3
http://dx.doi.org/10.3758/s13414-012-0371-3
http://dx.doi.org/10.3758/s13414-012-0371-3


EXPERIMENTAL SECTION II 

 86 

In this section I will present the results from the research where I 

explored the extent to which rats and humans share the principles of 

the Iambic – Trochaic Law. 
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4. GENERAL DISCUSSION 
 

“I live on Earth at present, 
and I don’t know what I am. 

I know that I am not a category. 
I am not a thing –a noun. 

I seem to be a verb, 
an evolutionary process- 

an integral function of the universe.” 
 

Richard Buckminster Fuller 
 
 

The main goal of this work has been to elucidate to what extent 

certain learning constraints found in humans are shared with other 

species. Specifically, I was interested in two types of constraints: 

linguistic constraints and perceptual constraints. In the case of the 

linguistic constraints, I wanted to explore if in animals, as in 

humans, the extraction of rule-like patterns is constrained to operate 

preferentially over vowels than over consonants. The idea behind 

this research was to explore if the tendency of the rule-learning 

mechanism to preferentially operate over vowels and not over 

consonants was due to the existence of a linguistic system in 

humans or to the acoustic differences between both linguistic 

categories. As for the perceptual constraints, my aim was to 

investigate if the perceptual grouping biases stated in the ITL were 

also present in animals. My research contributes to the debate 

around the origins of the ITL, if it is the result of linguistic 

experience or a universal perceptual bias constraining the way 

infants have access to the syntax during the first stages of language 

acquisition. 
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As the two manuscripts previously presented have their own 

discussion sections, here I will provide a more general debate of my 

work. I will first summarize my findings and the discussion around 

them. Then, I will elaborate some implications that the present set 

of results has for our understanding of how the existence of a 

linguistic system in humans may shape the way we process the 

signal, and how its acquisition might be constrained by general 

perceptual abilities. Finally, I will add some considerations 

regarding the evolution of language and the way my findings 

contribute to our knowledge of the human linguistic capacity.  

 

 

4.1. Summary of results 

4.1.1. Linguistic constraints across species 
 

Three experiments were run in order to compare animals' and 

humans' abilities to extract abstract regularities instantiated either 

by vowels or consonants. To test animals' performance, rats were 

trained to discriminate between CVCVCV words in which either 

vowels or consonants followed an AAB structure (e.g., bakasi when 

instantiated by vowels; kœkiba when instantiated by consonants) or 

an ABC structure (e.g., sœbika when instantiated either by vowels 

or consonants). In order to discriminate between words, rats were 

taught that AAB words gave food for lever-pressing responses, 

whereas ABC words did not give food, independently of the 

number of times the rat pressed the lever. The rationale behind this 
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training was that if rats succeeded in this task (to discriminate 

between AAB words and ABC words), lever-pressing responses 

would be higher for AAB words than for ABC words. In the test 

phase rats were presented with new AAB and ABC words that, 

contrary to the training phase, both gave food for lever-pressing 

responses. Thus, artifacts of the reinforcement schedule could not 

explain any differences observed in the rate of responses during 

test. This would also avoid the extinction of the response during the 

test phase. My expectation was that if rats discriminated between 

AAB and ABC words in terms of the underlying rule during 

training, and were able to generalize the rule to new instances, 

lever-pressing responses would be higher for AAB words than for 

ABC words during the test phase. 

 

A common argument against the comparative approach is that the 

differences between the experimental procedures used to test 

animals' cognitive abilities and those to test humans make it 

difficult to draw strong conclusions. Thus, in the experiment with 

humans, my aim was to replicate some of the conditions under 

which rats were tested. During the training phase I used the same 

words as in the experiments with rats. Likewise, in order to emulate 

the learning motivation behind the lever-pressing responses (i.e., 

food), participants were told that some words gave a prize while 

others did not. As in the experiments with rats, responses (pressing 

the "B" key after the presentation of a word) to AAB words entailed 

such prize, whereas responses to ABC words meant losing it. 

Participants were instructed to avoid responding to non-rewarded 
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words. My expectation was that after gaining experience with the 

rewarded words (AAB words) and the non-rewarded words (ABC 

words), participants' rate of correct responses (responses to AAB 

words) would increase. During the test phase, which consisted of a 

2AFC test, participants were presented with new AAB and ABC 

words, the same words I used in the test phase of the experiments 

with rats. Participants were instructed to choose the word that they 

considered more similar to the rewarded words (AAB words) 

during the training phase.  

 

In the experiment with rats in which AAB and ABC rules were 

instantiated by the vowels, I found that rats were able to 

discriminate between both kinds of words, and to generalize the 

underlying rule to new items. In addition, in the experiment in 

which both rules were instantiated by the consonants, rats 

discriminated between words and generalized the rule to new 

instances. These results suggest that rats are able to compute and 

generalize abstract regularities over vowels with the same ease as 

over consonants. This means that for rats, and perhaps for other 

mammals too, both consonants and vowels, independently of their 

acoustic differences, are equally valid inputs for the extraction of 

rule-like patterns. However, in agreement with previous evidence 

from experiments with human adults (Toro, Nespor et al., 2008; 

Toro, Shukla et al., 2008) and infants (Hochmann et al., 2011; Pons 

& Toro, 2010), human participants were able to extract and 

generalize the underlying rule when it was implemented over the 

vowels, but not when it was instantiated by consonants.  
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  4.1.2. Grouping principles across species 

 

In order to compare animals' and humans' perceptual grouping 

biases based on pitch and duration variations, I ran three 

experiments: Two with rats and one with human adults. My goal 

was to elucidate if animals presented the grouping principles of the 

ITL (i.e., pitch-varying sequences are grouped into strong-weak 

pairs or trochees, and duration-varying sequences are grouped into 

weak-strong pairs or iambs). To elucidate rats' grouping biases, 

animals were trained to discriminate between either pitch- or 

duration- tone-alternating sequences (PSs and DSs, respectively), 

from randomly varying sequences (i.e., the same tones of the 

alternating sequences but ordered randomly in either pitch -PRSs, or 

in duration -DRSs). In order to teach rats to discriminate between 

sequences, food was delivered for lever-press responses to the 

alternating sequences. Random sequences did not give food 

regardless of the number of times the rat pressed the lever. The 

rationale behind this training was that if rats succeeded in 

discriminating between both sequences, lever-pressing responses 

would be higher for the alternating sequences than for the sequences 

in which the tones followed a random order. After the training 

phase a test phase was ran. During this phase, rats were presented 

with either trochaic pairs of tones (e.g., high-low for the pitch 

condition, or long-short for the duration condition) or iambic pairs 

of tones (low-high for the pitch condition, or short-long for the 

duration condition). Contrary to the training phase, both types of 

pairs delivered food for lever-pressing responses. My aim was to 
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elucidate if rats grouped the alternating sequences according to the 

principles of the ITL. My prediction was that if rats segmented PSs 

as trochees (strong-weak), they would respond more to trochaic 

pairs (high-low) than to iambic pairs (low-high) during test. 

Similarly, if rats segmented DSs as iambs (weak-strong), they 

would press the lever more often for iambic pairs (short-long) than 

for trochaic pairs (long-short). This would mean that rats’ 

perceptual-grouping biases based on pitch and duration are alike to 

those of human adults. This would suggest that the grouping biases 

observed in human adults are not the result of language experience, 

but a perceptual bias of the acoustic system that might be shared 

with other animals. On the contrary, if rats' showed similar results 

to those found in human infants (i.e., an early presence of the 

trochaic bias based on pitch, but a late emergence of the iambic bias 

based on duration; Bion et al., 2011; Hay & Saffran, 2012; Yoshida 

et al., 2010) my findings would add evidence in favor of a 

developmental difference between the two principles of the ITL, 

being the iambic principle more sensitive to experience than the 

trochaic principle. 

 

A difference between my experiments and those ran in previous 

research regarding the ITL (Hay & Diehl, 2007; Hay & Saffran, 

2012; Iversen et al., 2008; Yoshida et al., 2010) was that in the 

alternating sequences I used the pairs of tones varied within the 

sequences (in previous experiments, in this kind of sequences the 

same pair of tones alternates along the sequence). Thus, in order to 

test whether the alternating sequences presented to the rats would 
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elicit in humans the grouping biases stated by the ITL, I ran a third 

experiment with humans. In this case, I presented to the participants 

only the sequences varying in pitch (PSs) and the sequences varying 

in duration (DSs). After each sequence participants were presented 

with two test pairs: High-low or low-high pairs for PSs, and long-

short or short-long pairs for DSs. Participants were instructed to 

choose which pair better corresponded with the sequence they 

previously heard. 

 

In the experiments with animals, results from the training phase 

showed that rats were able to discriminate between PSs and PRSs, 

but they were incapable of distinguishing DSs from DRSs. 

Additionally, results from the test phase showed that rats segmented 

the PSs into trochees and not into iambs, whereas DSs were not 

grouped either as iambs or as trochees. There are two conclusions 

that can be drawn from these findings. First, that humans and 

animals share the trochaic-grouping principle of the ITL. Second, 

that the iambic-grouping principle based on duration might emerge 

after experience. The fact that rats segmented duration-varying 

sequences neither into iambs nor into trochees coincide with 

previous studies run on human adults (Iversen et al., 2008) and 

infants (Bion et al., 2011; Hay & Saffran, 2012; Yoshida et al., 

2010) that suggest that the late emergence of the iambic-grouping 

bias might depend on linguistic experience. In addition, my results 

showing that human adult participants segmented both PSs and DSs 

following the principles of the ITL suggest that rats failed to group 

DSs into iambs because they lack the iambic-grouping bias (not 
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because the stimuli would not elicit iambic groupings). It is 

plausible that the iambic-grouping principle is absent in rats 

because they do not have the acoustic experience that could trigger 

its emergence, an experience that in humans might be tied to their 

native language. 

 

 

4.2. Implications for the nature of language acquisition 

4.2.1. Linguistic constraints: Finally something uniquely 

human 
 

Contrary to humans, rats are able to extract and generalize 

grammar-like rules with the same ease over consonants and vowels. 

This adds important evidence to our understanding of the process of 

language acquisition. First, it suggests that the acoustic differences 

between consonants and vowels (Ladefoged, 2001) are not 

responsible for their functional differences found in humans (i.e., 

that vowels are a better target for the extraction of abstract rules, 

whereas consonants serve better to compute statistical relations). 

Though both phonetic categories are processed as separate sounds 

in the rat’s auditory cortex (Perez et al., 2012), rats readily extracted 

the underlying rules and generalized them to new instances 

independently of whether they were instantiated by consonants or 

vowels. This means that vowels' greater acoustic saliency did not 

prevent rats to extract and generalize rule-like patterns instantiated 

by the less salient consonants. Not even after increasing consonants' 

saliency, humans readily generalize rules instantiated by consonants 
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(Toro, Shukla et al., 2008). Acoustic saliency by itself seems 

insufficient to explain why humans prefer vowels instead of 

consonants to extract rule-like patterns. Thus, the intuitive question 

would be: What is in vowels, if not acoustic saliency, that makes 

them humans’ preferred cue to learn abstract relations?  

 

My results contribute to answer this question by suggesting that 

what is behind the functional differences between consonants and 

vowels are the different roles that both phonetic categories play in 

the linguistic system. As I mentioned in the Introduction, it seems 

that consonants are more informative of the lexicon of a language, 

whereas vowels give access to its syntactic structure through the 

prosodic information they carry (Nespor et al., 2003). This could 

make vowels the ideal input for the computations required to extract 

abstract relations such as those determined by the grammatical rules 

of a language. In this sense, the rule-learning mechanism in humans 

would be constrained to preferentially compute algebra-like 

relations over the vowels. Interestingly, the difference between 

consonants and vowels in the role they play within language seems 

to be represented in humans at the neural level (Caramazza et al., 

2000), suggesting a neural correlate of their functional differences 

at the behavioral level.  

 

Finally, and most important, my results suggest that these 

constraints are indeed uniquely human, probably because only 

humans have a linguistic system in which consonants and vowels 

play different functional roles (i.e., consonants inform of the 
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lexicon, and vowels give access to syntax through prosody). In the 

absence of language, vowels and consonants are just sounds that, 

though being processed separately in the rat's brain (Perez et al., 

2012), do not convey any relevant linguistic information. For rats, 

and probably for other animals too (Newport et al., 2004, for 

evidence with tamarins), both phonetic categories seem to fit 

equally well as inputs for any computation, either statistical (to 

segment the linguistic stream) or abstract (to extract grammar-like 

structures). However, in the presence of a linguistic system, 

consonants and vowels are more than different sounds. They are 

abstract categories with a linguistic meaning that convey different 

functional information for language. Hence, given that the different 

information they carry is linguistically relevant, they might be 

differentially suitable for the learning mechanisms implicated in the 

acquisition of language. On one hand, consonants, which may give 

us access to the stem structure of words, might be the best cue for 

the statistical computations required to segment the linguistic 

stream. Vowels, on the other hand, by carrying the prosody that 

correlates with the syntactic structure, might be the preferred input 

for the abstract operations necessary to extract the grammatical 

rules. Remarkably, this might mean that what makes humans unique 

in comparison to other animals is the way the existence of a 

linguistic system might shape humans’ learning and perceptual 

abilities.  

 

In this sense, a more specific question when asking about the 

differences between humans and animals could be to what extent 
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the existence of a linguistic system modulates its own learning. That 

is, if the presence of language may constrain the way the different 

learning mechanisms shared by humans and animals treat the input 

for their computations. While consonants and vowels are 

linguistically irrelevant for animals because they lack language, for 

humans both categories might be differentially valuable as inputs 

beyond their acoustic differences. As the present work shows, 

acoustic differences between consonants and vowels are insufficient 

to explain why vowels, but not consonants, are the preferred cue of 

abstract computations.  

 

An open question for further research is about what assigns the 

differential linguistic value to consonants and vowels. Is it 

experience with language, as suggested by Keidel and colleagues 

(2007)? Or is it a set of genetically determined language-specific 

features and mechanisms, as proposed by Chomsky (1965; 1980)? 

One way to address this question through the comparative approach 

would be to expose animals to language-like streams carrying a 

differential distribution of consonants and vowels, and test if such 

experience elicits a difference in the animals' ability to generalize 

rules either instantiated by consonants or by vowels. 

 

As for further studies with human adults and infants, it would be 

interesting to observe a neural correlate of the previously described 

functional differences between consonants and vowels (Bonatti et 

al., 2005; Havy & Nazzi, 2009; Hochmann et al., 2011; Pons & 

Toro, 2010; Toro, Nespor et al., 2008). If, as described by 
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Caramazza et al. (2000), consonants and vowels are separately 

represented in human adults at the neural level, one could expect to 

find a separate neural representation of their distinctive functional 

role in the extraction of rule-like structures. Likewise, having found 

that infants, as well as adults, prefer vowels to compute structural 

relations (Pons & Toro, 2010), it would be important to study if 

these functional differences are also present in newborns both at the 

behavioral and the neural level (Benavides-Varela et al., 2012).  

 

 

4.2.2. Perceptual grouping principles: Half inherited, 

half acquired 
 

In addition to the constraints imposed by the linguistic system to the 

way words and grammar are learned, the way in which the acoustic 

system is wired to perceive sounds might constrain their acquisition 

at a lower perceptual level. As I explained in the Introduction, 

researchers have proposed a correlation between the prosodic cues 

(stress, rhythm, and intonation) and syntax at different hierarchical 

levels (Nespor & Vogel, 1986; Selkirk, 1984; 1986). Specifically, at 

the phonological phrase level, the head-direction parameter (the 

order of the head and complement pair of words, either head-initial 

or head-final) has a clear prosodic correlate in stress always falling 

on the complement regardless of its location (Nespor & Vogel, 

1982; 1986; Cinque, 1993; Féry & Herbst, 2004). Interestingly, it 

has been observed that the way stress is marked depends on the 

complement’s location. In head-initial languages the complement is 
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realized with increased duration, whereas in head-final languages 

the complement is mainly stressed through high intensity and pitch 

(Nespor et al., 2008). Recent studies have proposed that infants 

might exploit the correlation between prosodic prominence and the 

location of the complement to learn the head-direction parameter of 

their native language (Christophe, Nespor et al., 2003; Bion et al., 

2007). It has been suggested that the way infants bootstrap this 

correlation could be constrained by perceptual biases (e.g., the ITL) 

that would guide the direction in which the linkage between 

prosody and syntax occurs (Nespor et al., 2008). In other words, the 

bootstrapping of syntax through its correlation with prosody would 

be facilitated by the way the perceptual system processes acoustic 

cues. In this sense, the grouping perceptual biases of the ITL (i.e., 

differences in pitch or intensity are perceived as initial-prominence 

groups or trochees, and differences in duration are perceived as 

final-prominence groups or iambs) would help to extract some 

aspects of syntax due to the way prominence is marked in speech.  

 

Nonetheless, studies on the ITL and its role on language acquisition 

(Bion et al., 2011; Hay & Diehl, 2007; Hay & Saffran, 2012; 

Iversen et al., 2008; Yoshida et al., 2010) have not yet demonstrated 

if it is indeed a universal perceptual mechanism (present 

independently of experience), or an effect of language experience 

on perception. So far, research with infants (Bion et al., 2011; Hay 

& Saffran, 2012; Yoshida et al., 2010) seems to point to a 

developmental difference between the trochaic- and the iambic- 

grouping principles. According to these studies, the trochaic bias 
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would appear early in development, while the iambic bias would 

rely more on experience.  

 

Importantly, the results obtained in the present work add evidence 

in this direction. The fact that rats segmented PSs as trochees while 

DSs did not elicit either trochaic or iambic segmentation suggests 

that the developmental difference observed in infants (Bion et al., 

2011; Hay & Saffran, 2012; Yoshida et al., 2010) might have an 

explanation in evolution and experience. My findings show that rats 

and humans share the trochaic principle based on pitch regardless of 

the fact that rats lack language. This suggests that the trochaic bias 

in humans might have been inherited in evolution, and that its 

presence in both human adults and infants is independent of 

language experience. As for the iambic principle based on duration, 

its lack in the absence of language, as in animals and newborns, 

suggests that it may require a certain amount of linguistic 

experience to appear.  

 

According to the studies with infants (Bion et al., 2011; Hay & 

Saffran, 2012; Yoshida et al., 2010), by 5 months of age neither 

English-learning infants nor Japanese-learning infants seem to have 

developed the iambic grouping principle based on duration. 

However, while at the age of 7 months English-learning infants 

already segment duration-varying sequences into iambs, neither 

Italian-learning infants nor Japanese-learning infants of the same 

age present the iambic principle. Interestingly, Italian-learning 

infants seem to develop the iambic bias later in life, since it is 
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present in Italian adults (Bion et al., 2011). On the contrary, adult 

Japanese speakers seem to never develop the iambic grouping 

principle based on duration (Iversen et al., 2008).  

 

It is important to notice that this language-related pattern of results 

correlates with the way prominence is marked in these languages at 

the phrase level. Both English and Italian are head-initial languages 

in which, according to Nespor et al.’s (2008) observations, the 

complement might be realized with increased duration. This means 

that English-learning and Italian-learning infants have experience 

with iambic phonological phrases. On the other hand, Japanese is a 

head-final language in which the complement might be realized 

with high intensity, which means that Japanese-learning infants 

have no experience with the iambic rhythm pattern. 

 

In this sense, my results from the experiment with human adults add 

evidence to the study of the ITL across languages. So far, the 

grouping principles of the ITL have been observed in French 

speakers (Hay & Diehl, 2007), English speakers (Hay & Diehl, 

2007; Iversen, et al., 2008), Italian speakers (Bion et al., 2011), and 

Japanese speakers (Iversen et al., 2008). My results show that 

Spanish speakers' grouping biases also follow the principles of the 

ITL. Nevertheless, these results might still be reflecting the 

influence of the participants' experience with their native language. 

The participants of my study were native Spanish and Catalan 

speakers whose mother tongues are head-initial languages at the 

phrase level. This means that just as French speakers, English 
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speakers and Italian speakers, participants from my study have had 

extensive experience with iambic phrases. Further research with 

Spanish-learning infants has to be run to elucidate the 

developmental pattern of the grouping biases in this population. The 

intuitive prediction is that, just as other infants learning head-initial 

languages like English (Hay & Saffran, 2012; Yoshida et al., 2010) 

and Italian (Bion et al., 2011), Spanish-learning infants would show 

an early presence of the trochaic bias based on intensity or pitch, 

but a delay on the emergence of the iambic bias based on duration. 

 

In summary, my results with rats and humans, together with 

previous studies (Bion et al., 2011; Hay & Diehl, 2007; Hay & 

Saffran, 2012; Iversen et al., 2008), show that humans and animals 

share the trochaic principle of the ITL. In addition, they show that 

the iambic bias does not seem to be inherited through evolution, 

which would explain its absence in young infants (Bion et al., 2011; 

Yoshida et al., 2010; Hay & Saffran, 2012), and the fact that infants 

who are not exposed to iambic phrases do not develop it (Iversen et 

al., 2008).  

 

Interestingly, the present findings might be related to what has been 

observed regarding the representation and processing of frequency 

and duration in the auditory system. So far, it has been observed 

that neurons in humans’ auditory cortex are selective to the 

frequency of sounds, and are physically ordered by the frequency to 

which each neuron is more sensitive (i.e., the “tonotopic map”; 

Moore, 2003). Even more, this neuron-selectivity and arrangement 
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in the auditory cortex seems to be shared with other mammals, 

including rats (Sally & Kelly, 1988). Additionally, it has been 

suggested that in the auditory cortex of humans and monkeys there 

is a specialized region involved in the representation of pitch, called 

the pitch-processing center (for review see Bendor & Wang, 2006). 

On the contrary, there is no evidence so far of the existence of a 

duration-processing center or of duration-selective neurons in the 

auditory cortex of humans. Thus, it might be that the auditory 

system of mammals is better tuned for an accurate perception of 

pitch and its representation at the neural level. In contrast, the 

accuracy of the auditory system to represent sound duration seems 

to depend on the contextual duration to which the perceived sound 

is compared (Amenedo & Escera, 2000). 

 

Still, there is plenty of research left to do in order to draw a clear 

picture of the origin of the two principles of the ITL, during 

evolution in the case of the trochaic bias, and through experience in 

the case of the iambic bias. For example, it would be highly relevant 

to know how the ITL develops in bilingual infants whose mother 

tongues have opposite head-direction parameters (e.g., English- and 

Japanese- learning infants; Gervain & Werker, 2013). In a similar 

vein, it would be of interest to explore how both adults and infants 

would segment a sequence of sounds in which there would be a 

conflict between both grouping biases (e.g., a high tone of long 

duration followed by a low tone of short duration). Would infants 

segment the sequence according to the early trochaic bias and 

against the late iambic bias (i.e., into pairs of a long high tone 
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followed by a short low tone)? Would we find a preference for 

iambic grouping in adults after having experience with the iambic 

phonological phrases of their native language, or would we still 

observe a preference for trochaic grouping? Would we expect to 

find differences across languages or would there be a clear 

preference for one grouping over the other regardless of the 

participants' native language?  

 

Complementary to the behavioral measures, electrophysiological 

studies could be run to search for a neural correlate of the ITL in the 

adult brain. Similarly, by using optical topography one could study 

newborns’ grouping perceptual biases. Replicating the results found 

so far in infants would demonstrate that the trochaic bias in humans 

has evolutionary origins. Likewise, it would close the gap between 

the present results with animals and what has been found so far in 

infants. Furthermore, these studies, complemented with functional-

imaging techniques, would allow us to draw a picture of the 

developmental process of the ITL at the neural level and beyond the 

behavioral measures.   

  

Another way to investigate if language has an influence on the 

emergence of the iambic-grouping principle would be further using 

the comparative method. For example, one could familiarize 

animals to a stream of iambic phonological phrases, and test if they 

have acquired the iambic rhythm of the language of exposure. 

Another possibility would be to look for evidence of the ITL in 

animals that have a communication system, like birds and dolphins, 
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at both early ages and during their adulthood. Moreover, 

electrophysiological studies with animals could be run to study how 

neurons respond to elicit either a trochaic or an iambic grouping. 

Likewise, it would be interesting to know if neurons in the pitch-

processing center (Bendor & Wang, 2006) are responsible for the 

trochaic grouping based on pitch or intensity, and how, if there are 

no duration-selective neurons, the iambic grouping bias emerges at 

the neural level. 

 

 

4.3. What did animals say about humans? 
 

In summary, all results point towards the interpretation that 

language acquisition relies on the existence of a dedicated system. 

Yet, the origins and specific constitutions of such a system are still 

widely unknown. 

 

One possibility is that language could have emerged as an 

exaptation, that is, as the change in function of mechanisms that did 

not evolve for linguistic purposes (see Fitch, 2011; Gould, 1997; 

Gould & Vrba, 1982) and thus are shared, to some extent, with 

animals. Another possibility is that the interaction of the learning 

and perceptual abilities implicated in the process of language 

acquisition is what allows humans to develop a linguistic system. 

The fact that many of the faculties which language relies on are, to 

some extent, shared with animals (for review see Premack, 2004), 

suggests that they did not specifically evolve to support the 
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linguistic system. Rather, it might be that they were recruited to 

comprise a more complex system through a process called 

“evolutionary inertia” (Marcus, 2008). In his book Kluge, Marcus 

takes François Jacob’s idea of the evolution as a tinkerer (Jacob, 

1977) working “with what is already in place, making modifications 

rather than starting from scratch.” (p. 12). Thus, humans and 

animals may share most of the cognitive abilities supporting 

language acquisition, but the specific way in which these abilities 

interact in humans might be responsible for the emergence of the 

linguistic system. In other words, language might be the result of 

recruiting all the learning and perceptual mechanisms available to 

extract the information conveyed in the linguistic input. Therefore, 

it is not that animals are incapable of acquiring language because 

they lack of the mechanisms to do it, but because the way these 

mechanisms interact to accomplish this task is uniquely human.  

 

As I mentioned before, the linguistic constraints acting over the 

rule-learning mechanism when extracting abstract relations, 

instantiated either by consonants or by vowels, could be the result 

of the way the linguistic system modulates its own learning. In other 

words, the network of mechanisms and perceptual abilities 

supporting the acquisition of language might be influencing over 

which cues the rule-learning mechanism performs its computations. 

Since the way this network is configured might be specifically 

human, the constraints acting upon the rule-learning mechanism, as 

showed by my results, might as well be specific to humans. 
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In a similar vein, the trochaic grouping bias of the ITL, together 

with other perceptual mechanisms, might be part of the network of 

abilities that allow humans to acquire language. The iambic 

grouping bias, on the other hand, might be the product of tuning the 

perception to the properties of the input, just as in the process of 

categorical perception (Miller et al., 1976; Pastore et al., 1977). If 

there is no experience with an iambic pattern of sounds during 

childhood, an iambic bias will not further emerge. The results in the 

present work suggest that in contrast, the trochaic grouping bias, as 

well as other mechanisms shared with animals, might have been 

recruited during evolution to be used by the linguistic system. 

 

In summary, it may seem redundant to say that a system comprises 

the parts that allow its own acquisition. However, as photoreceptors 

in the eye are part of the visual system, so the linguistic system 

might be composed of the elements that break down the input in its 

different parts to build a meaningful output. That is, language might 

be the result of the specific way these elements interact to make 

sense of the linguistic input. Animals may possess these 

mechanisms, but the specific way they are connected in humans is 

what might be unique, therefore giving rise to an also unique 

output: Human language. 
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5. SUMMARY AND CONCLUSIONS 

 

According to the data presented in this work, I am now able to draw 

the following conclusions regarding the degree to which rats and 

humans share the functional differences between consonants and 

vowels and the principles of the ITL. 

 

On the topic of whether rats can extract and generalize rule-like 

structures instantiated either by consonants or by vowels, we found 

that: 

• Unlike humans, rats can perform abstract computations 

with the same ease over consonants as over vowels. 

• Vowels’ greater acoustic saliency does not hinder rats to 

extract rules instantiated by consonants.  

• The functional differences between consonants and 

vowels found in humans are observed across different 

experimental paradigms. 

• The functional differences between linguistic categories 

appear to be a uniquely human trait.  

 

In conclusion, it is less plausible that vowels’ acoustic saliency is 

the reason why humans extract rules preferentially over vowels and 

not over consonants. A possible explanation is that the presence of a 

linguistic system in humans might constrain the way we learn and 

the cues over which we compute abstract relations.  
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Regarding the extent to which humans and animals share the 

principles of the ITL, we found that: 

• Rats share the trochaic grouping bias of the ITL with 

human adults and infants. 

• Rats lack the iambic grouping principle, just as very 

young human infants and adult speakers of certain 

languages (e.g., Japanese speakers). 

• The trochaic bias in humans might be universal, whereas 

the iambic bias might emerge after language experience. 

 

In summary, these results suggest the trochaic grouping bias stated 

by the ITL to be an inherited perceptual mechanism recruited to 

support speech segmentation. Accordingly, during the first stages of 

language acquisition, the trochaic bias would help in the 

bootstrapping of syntax thanks to the correlation between the 

syntactic structure and prosody. The iambic principle would emerge 

afterwards if the infant is exposed to an iambic prosody in his native 

language. 

 

Taken together, the results in the present work show that humans 

and animals share specific learning and perceptual mechanisms 

supporting language acquisition. However, the way these 

mechanisms are constrained in humans might reflect the influence 

exerted by the linguistic system on language-related learning and 

perceptual abilities. Furthermore, the way these abilities interact 

might be what makes humans, and human language, unique.  
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"I keep thinking that what we need is a new 

language, a language of the heart... Some kind of 

language between people that is a new kind of 

poetry, that is the poetry of the dancing bee that 

tells us where the honey is. And I think that in 

order to create that language, you are going to have 

to learn how you can go through a looking glass 

into another kind of perception where you have 

that sense of being united to all things and 

suddenly you understand everything." 

 

From the film My Dinner With Andre
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