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ABSTRACT 
Four- to eight-month-old infants (n=56) were examined on their ability to 
acquire verb meaning. In a visual preference procedure they were tested 
on their ability to form verb-action associations by detecting the 
correlation between auditory speech stimuli and actions presented in short 
movie clips on a screen. If associations were formed, they were expected 
to significantly modify their looking behavior after exposure, looking 
closer to the target than during baseline. Instead of measuring total looking 
time as response, distance to target was the chosen measure. Eight-month-
olds as well as a reference group of adults acquired the verb-action 
associations. Thus, eight months is the youngest age at which verb 
meaning acquisition could be demonstrated so far.  
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1 INTRODUCTION 
Infants’ rapid language acquisition process is fascinating. Researching the incredibly 
complex processes of early language acquisition is comparable to attempting a jigsaw 
puzzle of enormous proportions. One piece at the time, researchers add to the collection 
of knowledge for a comprehensive picture of first language acquisition to emerge one 
day. Infants’ verb acquisition is one small part of this puzzle and the topic of the present 
paper. The current study aims at investigating infants’ ability to find relations between 
actions and words embedded in a continuous speech signal, adding one more piece to the 
puzzle of first language acquisition. 

Infant language development as a contextual framework for the question of verb 
acquisition will be discussed in the first paragraphs. Firstly, the physiological 
requirements and necessary processing capabilities for a typical language development 
will be covered. Secondly, the abilities needed for word learning will be discussed, as 
well as early vocabulary development. Following that, an overview of previous research 
on verb learning will be given. Although the main focus of the current study is 
perception, production aspects will be covered briefly in every section in order to paint a 
broader, though sketchy, picture of the infant language development. Lastly, the present 
study will be introduced in greater detail. 

1.1 PERCEPTION AND PRODUCTION REQUIREMENTS 
In order for any child to acquire language, some physiological requirements need to be 
met. In a typically developing infant, the most obvious of those are functioning auditory 
and vocal production systems; physiological bases providing the infant with the necessary 
capacities to wield spoken language, such as perceiving and discriminating different 
sounds, and producing sounds that can be recognized as speech. 

The development of the above mentioned physiological systems will be described 
briefly in the following sections, and a short summary of the developing capabilities 
those systems provide will be given. 

BEFORE BIRTH 
Human beings are exposed to language already in the womb. A human fetus starts to 
respond to external sound stimuli – a pure tone at a frequency of 500 Hz – at the 
gestational age1 of nineteen weeks, and throughout the following weeks the frequency 
range to which the fetus responds expands, first to lower frequencies and then to higher 
frequencies (Hepper and Shahidullah, 1994), suggesting the developmental path of the 
auditory system during this period. Several studies show that fetuses respond consistently 
to external sound stimulation between 24 and 37 weeks of gestational age (Birnholz and 
Benacerraf, 1983; DeCasper, Lecanuet, Busnel, Granier-Deferre and Maugeais, 1994; 
Hepper and Shahidullah, 1994; Zimmer, Fifer, Kim, Rey, Chao and Myers, 1993). The 
sounds reaching the fetus from outside the womb are primarily of low frequency (Gómez 
and Gerken, 2000) and attenuated, but rarely by more than 30 dB. As a result only partial 
phonetic information is available for the fetus, but the intonation information is 

                                                 
1 The gestational age is a fetus’ age counted from the first day of the mother’s last menstrual period. 
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essentially intact (Querleu, Renard, Versyp, Paris-Delrue and Crepin, 1988). Essentially, 
the acoustic environment in the womb is a low-pass filtered version of that outside the 
womb; loud sounds from the surrounding world are transmitted, as well as the 
fundamental frequency and the rhythmic characteristics of the mother’s speech. In effect, 
this means that the fetus is exposed to the prosodic features of its native language for 
several months before birth. Further studies support this claim by reporting that two-day-
old infants prefer to listen to their mother’s voice compared to that of an unfamiliar 
female (DeCasper and Fifer, 1980), and that the infant prefers to listen to its native 
language over a foreign one (Moon, Cooper and Fifer, 1993). Four-day-old infants are 
able to distinguish between their native language and a foreign one, but not between two 
foreign languages. The same results were found with low-pass filtered speech stimuli, 
suggesting the newborn’s ability to discriminate is primarily based on prosodic cues 
(Mehler, Jusczyk, Lambertz, Halsted, Bertoncini and Amieltison, 1988). 

THE FIRST YEAR 
Studies have shown that young infants are able to discriminate speech sounds, not only 
those relevant in their native language (Eilers and Minifie, 1975; Eimas, 1975; Hohne and 
Jusczyk, 1994; Kuhl and Miller, 1975), but also those from non-native languages (Polka 
and Werker, 1994; Trehub, 1976). It has been proposed that infants, during the first six 
months of life, are able to discriminate phonetic contrasts of all languages, at least all on 
which they have been tested so far (Kuhl, 2004; Werker and Lalonde, 1988). The 
language-general ability to perceive speech sounds still remains at six months of age 
(Aslin, Pisoni, Hennessy and Perey, 1981; Eilers, Gavin and Wilson, 1979; Werker, 
Gilbert, Humphrey and Tees, 1981), but over the course of the following six months, it is 
reorganized into a language-specific pattern; the infants discriminate native contrasts, but 
their discrimination ability for non-native contrasts is gradually attenuated (Polka and 
Werker, 1994; Werker and Lalonde, 1988; Werker and Tees, 2002). 

While the auditory system is physically fully developed at birth (Boothroyd, 1997), 
the vocal tract of a new-born infant is very different from that of an adult (Figure 1). Not 
only is it smaller – the vocal tract length of a newborn infant is roughly 50% of the adult 
vocal tract length – but the proportions are different. The larynx is situated very high in 
the throat in infants, and the hard and soft palate are proportionally longer in the infant; 
around 65% and 60% respectively of adult palate length, instead of the expected 50% if 
they had been proportionally downscaled (Vorperian, Kent, Lindstrom, Kalina, Gentry 
and Yandell, 2005). Studies have shown that the vocal tract develops rapidly over the 
first six months of life, and becomes more similar to that of an adult (Sasaki, Levine, 
Laitman and Crelin, 1977). 
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Figure 1: The vocal tracts of an infant (left) and an adult (right) (adapted 
from Vorperian, Kent, Gentry and Yandell, 1999). Note the differences in hard 
and soft palate, as well as in the position of larynx. 

 
Infants’ vocal production during first time after birth consists only of reflexive sounds 
such as crying and sneezing. Around one to two months of age infants start to produce 
vowel-like sounds, and at three to four months they produce sounds with stable vowel 
formant patterns. Canonical babbling (repetitive strings of identical consonant-vowel 
syllables) starts to occur at the age of five to six months (Kuhl, 2004; Kuhl and Meltzoff, 
1996). By ten months of age, most infants produce strings of varied consonant-vowel 
syllables, called variegated babbling. Although unintelligible, it resembles spoken 
language (Engstrand, Williams and Lacerda, 2003). The first word is typically produced 
at about twelve months of age (Kuhl, 2004). 

1.2 WORD LEARNING IN INFANCY 
In order to learn any word regardless of word class, the infant needs to be able to 
remember and recognize as well as map a meaning to its phonetic pattern. While some 
words are presented to infants in isolation (Brent and Siskind, 2001), much of the input is 
a continuous stream of speech, making the ability to segment specific sound patterns 
from fluent speech indispensable for word learning. In the following sections the infant’s 
developing capacities to do this are described, and a short summary of the infant’s lexical 
development is given. 

WORD SEGMENTATION AND RECOGNITION 
Already at the age of four and a half months, infants recognize the sound pattern of their 
own name (Mandel, Jusczyk and Pisoni, 1995), and by six months they recognize the 
sound patterns of the words “mommy” and “daddy” (Tincoff and Jusczyk, 1999). At an 
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age of seven and a half months, English learning infants are able to segment2 words from 
fluent speech based on the typical strong/weak stress pattern of English (Jusczyk, 
Houston and Newsome, 1999). By eight months of age, infants are able to segment words 
based exclusively on transitional probabilities3 (Saffran, Aslin and Newport, 1996), but 
rely more on speech cues such as stress pattern and coarticulatory cues if those are 
available (Johnson and Jusczyk, 2001). Nine-month-olds are sensitive to both phonotactic 
regularities and prosodic pattern, but, if presented as conflicting cues, the latter are relied 
upon more strongly (Mattys, Jusczyk, Luce and Morgan, 1999). At nine months of age, 
infants are not able to segment words based solely on allophonic cues, but if given 
additional distributional cues, they are successful. At ten and a half months, the infants 
are able to segment words having only allophonic cues at their disposal (Jusczyk, Hohne 
and Bauman, 1999). English learning infants of the same age are also able to segment 
words with the weak/strong stress pattern, atypical for English (Jusczyk, Houston and 
Newsome, 1999), suggesting the reliance on prosodic cues is receding. 

MAPPING MEANING TO THE WORD 
Infants use different strategies to map the meaning of a word to its sound pattern, 
depending on where they are in their lexical development. Early in infancy, before they 
have much linguistic knowledge, they are still able to associate objects or pictures to a 
specific sound pattern, a fact exploited in word segmentation and word recognition 
studies in order to be able to measure the infant’s responses (e.g. Jusczyk, Hohne and 
Bauman, 1999; Tincoff and Jusczyk, 1999). They can be taught this explicitly, by 
repeatedly presenting the visual stimulus and the word or sound in isolation (Gogate and 
Bahrick, 1998; Jusczyk, Hohne and Bauman, 1999), which is probably also the way 
some, but far from all, natural input is presented to the infant. Instead, most of the time 
words are presented in longer utterances, and it is up to the infant to figure out which 
chunk of speech refers to what. Several studies have shown the infant’s ability to extract 
words from utterances with no prior familiarization in isolation, finding the invariant 
sound sequence – the target word – and associate it with objects (Koponen, 2000; 
Lacerda, Klintfors, Gustavsson, Marklund and Sundberg, 2005) or attributes such as color 
or shape (Klintfors, 2008). Given the repetitive nature of infant-directed speech4 this 
could very well be the way young infants form their first associations between specific 
sound patterns and persons, objects, or the like in the environment. Older infants (from 
about twelve months) have linguistic capacities that modify their strategies for word 
learning. At this age, infants have perceptive vocabularies, and are somewhat sensitive to 
                                                 
2 Segmenting speech is to be able to find the boundaries between linguistic entities, such as phonemes, 
syllables or words. In the current paper, the term segmentation will henceforth refer to segmentation on the 
level of words. 
3 The transitional probability is the likelihood for one speech sound to follow another. The transitional 
probabilities within words are higher than across word boundaries, making infants’ sensitivity to them 
useful in early word segmentation (Saffran, Aslin and Newport, 1996; Saffran, Newport and Aslin, 1996). 
4 When talking to an infant, most people spontaneously modify their speaking behavior; they talk “baby-
talk”, or infant-directed speech (IDS). IDS is characterized by its syntactic and semantic simplicity 
(Soderstrom, 2007), high fundamental frequency (Grieser and Kuhl, 1988), expanded intonation contours 
(Fernald and Simon, 1984), and exaggerated phonetic cues (Kuhl, Andruski, Chistovich, Chistovich, 
Kozhevnikova, Ryskina et al., 1997). IDS is also repetitive in nature and typically refers to objects and 
events in the infant’s immediate surroundings (Lacerda, Marklund, Lagerkvist, Gustavsson, Klintfors and 
Sundberg, 2004). 
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linguistic frames (Echols, 1993), and so their word learning becomes more bootstrapping 
in nature; from the context in which the word is presented, the child infers the meaning 
(Bloom and Markson, 1998). Infants are, at the age of twelve months, able to form 
rapidly and with minimal exposure hypotheses on what a word refers to (Schafer and 
Plunkett, 1998), an ability called fast-mapping, gained in infancy (Heibeck and Markman, 
1987; Houston-Price, Plunkett and Harris, 2005; Werker, Cohen, Lloyd, Casasola and 
Stager, 1998; Woodward and Hoyne, 1999; Woodward, Markman and Fitzsimmons, 
1994) and retained in adulthood (Markson and Bloom, 1997). 

LEXICAL DEVELOPMENT 
The lexical development can be divided into expressive and receptive lexical 
development; the first is the expansion of the productive vocabulary, while the latter is 
the growth and cognitive representation of the perceptive vocabulary. 

There are a lot of studies describing a sudden accelerated growth of the infant’s 
productive vocabulary during the last part of the second year of life (Fenson, Dale, 
Reznick, Bates, Thal and Pethick, 1994; Goldfield and Reznick, 1990; Hamilton, Plunkett 
and Schafer, 2000; Jackson-Maldonado, Thal, Marchman, Bates and Gutierrez-Clellen, 
1993), but there are also studies where some, but not all of the subjects have a productive 
vocabulary spurt (Goldfield and Reznick, 1990), or where infants had a vocabulary spurt 
at a later age (Mervis and Bertrand, 1995), leading to a debate on whether the vocabulary 
spurt is a real developmental stage or nothing but an artifact (Ganger and Brent, 2004). It 
appears that the lexical development is different for different individuals; indeed, some 
children show evidence of a vocabulary spurt of the typically described kind, while others 
instead have several small bursts or a linear or exponential increase in acquisition rate, 
continuing up to at least ten years of age (Bloom and Markson, 1998). 

In regard to perceptual vocabulary, there seems to be a consensus that it increases at a 
steady rate (Fenson et al., 1994; Hamilton, Plunkett and Schafer, 2000; Jackson-
Maldonado et al., 1993), though there are studies where some of the subjects are reported 
to have a perceptive vocabulary spurt (Reznick and Goldfield, 1992). 

The first words to be acquired are typically nouns (Caselli, Bates, Casadio, Fenson, 
Fenson, Sanderl et al., 1995), whereas verbs come later (Gentner, 1978). Verbs, 
adjectives and grammatical function words are very rare before infants have a vocabulary 
of at least 100 words (Caselli et al., 1995). Regardless of ambient language infants are 
more proficient in processing nouns than verbs, though the degree of proficiency can vary 
between languages (Kauschke, Lee and Pae, 2007). 

1.3 VERB LEARNING 
There are several possible explanations as to why verbs are acquired at a later age than 
nouns. One entails that a verb and its representation is more complex than a noun, 
therefore a young infant would not yet be capable of such a level of conceptualization. 
On the other hand, it could also be that infants are unable to perceive verbs and to 
segment them in fluent speech, or that it is hard to pick out and figure out the meaning of 
the verb in an utterance without already knowing the meaning of any nouns surrounding 
it. It might also be that the input of verbs differs from the input of nouns in such a way 
that it is harder to pick out correlations. 
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Most verb learning studies focus on infants at an age where they already have a 
linguistic base upon which to build their knowledge of verbs, as opposed to the current 
study, which aims to investigate the earliest signs of verb learning. Although not directly 
relevant for the current study, the following sections will give a brief overview of earlier 
verb learning studies focused mainly on a much later stage of linguistic development. 

LEXICAL REPRESENTATIONS OF VERBS 
It has often been claimed that verbs are conceptually more problematical than nouns (e.g. 
Gillette, Gleitman, Gleitman and Lederer, 1999). For one, nouns are about themselves 
while verbs are about something else; verbs need nouns or the like to predicate something 
about (Tomasello, 1992). As a consequence, the lexical representation of a verb has to be 
abstracted from that of the actor. Another thing that sets verbs apart from nouns is the fact 
that verbs refer to processes. They can describe several kinds of processes (e.g. actions, 
movements, states, changes of states), but independent of which kind of process it 
describes, the conceptualization of a verb has to include a temporal dimension, therefore 
“the noun is a snapshot, the verb is a moving picture” (Tomasello, 1992, p. 11). 

The different levels of conceptualization needed for nouns and verbs suggest that they 
are differently represented. Studies have shown that at least the infants’ earliest lexical 
representations are closely tied to the perceptual information of the object itself (Funnell, 
Hughes and Woodcock, 2006), while at two years of age, children have abstract 
representations of verbs (Bunger, 2006). Further support for this was given when five-
year-olds were assigned a picture naming task in which they were asked to name objects 
and actions. Different error patterns for objects and actions were found; errors when 
naming objects were primarily omissions, while the errors for action naming were of a 
more semantic type. The naming time was also longer for actions than for objects 
(Masterson, Druks and Gallienne, 2008). 

That is not to say that the reason for the later occurrence of verbs in infants’ 
vocabularies necessarily means they are incapable of conceptualizing verbs at such an 
early age. In an experimental study, adults were shown videos of mother-infant 
interactions with no sound-track except for a beep when a target word was uttered by the 
mother, and then asked for their understanding of the target word. The subjects performed 
better when the target word was a noun than when it was a verb, showing that adults, 
based solely on non-linguistic context, show a noun bias even though they obviously 
fulfill the conceptual requirements for verb learning (Gillette et al., 1999). In fact, adults 
behave much the same as five-year-olds in picture naming tasks, with longer naming 
times for actions than for nouns (Bogka, Masterson, Druks, Fragkioudaki, 
Chatziprokopiou and Economou, 2003; Druks, Masterson, Kopelman, Clare, Rose and 
Rai, 2006), suggesting the different lexical representations of nouns and verbs are age-
independent. 

VERB SEGMENTATION 
One possible argument for the late acquisition of verbs could be that infants are incapable 
of extracting verbs from a continuous speech signal. Most studies on word segmentation 
focus on infants’ ability to segment nouns from fluent speech, but there have been some 
studies examining their ability to segment other word classes. For example, thirteen-
month-olds are able to segment function words, while eight-month-olds are not (Shi, 
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Werker and Cutler, 2006). English learning infants were tested on their ability to segment 
verbs from fluent speech, based on cues of stress pattern (strong/weak and weak/strong) 
and type of initial phoneme (consonant and vowel). At the age of thirteen and a half 
months, they were able to segment the verbs if the initial phoneme was a consonant, 
regardless of stress pattern, but if the initial phoneme was a vowel, only when the typical 
strong/weak stress pattern was present. By sixteen and a half months, they were also able 
to segment the verbs beginning with a vowel and with a weak/strong stress pattern 
(Nazzi, Dilley, Jusczyk, Shattuck-Hufnagel and Jusczyk, 2005). French learning infants 
at an age of eleven month preferred listening to sequences of speech containing a verb 
they were previously familiarized with over sequences with a non-familiarized verb, 
indicating that the delay in lexical acquisition of verbs is not in fact due to inability to 
segment verbs (Marquis and Shi, 2008). 

FAST MAPPING OF VERBS 
Fast mapping – the ability to very quickly assign meaning to a new word – has been 
primarily studied for objects and attributes, but there are several studies focusing on 
verbs. It has been shown that infants at the age of 34 months are able to fast map verbs as 
well as extending the meaning of a novel verb to a novel actor (Michnick Golinkoff, 
Jacquet, Hirsh-Pasek and Nandakumar, 1996). Further, English learning and Spanish 
learning infants at the age of three years were tested on their ability to fast map verbs in 
two conditions; an inflection condition, in which the inflection varied between exposure 
and test, and a non-inflection condition, in which the inflection did not vary. Spanish is a 
language more inflectionally abundant than English, and so the Spanish learning infants 
were expected to perform better in the inflection condition. There was, however, no 
significant difference between language groups; all infants were able to fast map verbs in 
the non-inflection condition, but not in the inflection condition (Bedore and Leonard, 
2000), suggesting that fast mapping at this age does not entail generalization abilities. 

SYNTACTIC BOOTSTRAPPING IN VERB LEARNING 
According to the hypothesis of syntactic bootstrapping, the environmental context in 
which a word is presented does not always provide sufficient information when 
deciphering the meaning of a verb, and so the child uses the syntactic frames in which 
verbs are presented as additional cues (Gleitman, 1990; Naigles and Hoff-Ginsberg, 
1995). There are many instances when an assumption of a verb’s meaning based solely 
on contextual information would be inconclusive. For example, if a child holds a toy 
while walking towards her parent and hears the situation labeled, that label could – for all 
the child knows – refer to any one of the actions bring, hold, walk, or several others. If, 
however, the child is sensitive to the syntactic frame in which the verb is presented, for 
example “Are you bringing me the doll?” the alternatives are greatly diminished, as 
neither hold nor walk, are allowed in that specific syntactic frame. The child can deduce 
that the label “bring” refers to a situation requiring three participants; someone takes 
something closer to someone – and is so able to map the word to the concept of said 
situation (Naigles, 1996). 

The hypothesis of syntactic bootstrapping is not concerned with how the child forms 
concepts of verbs or how it knows which word in an utterance is the one referring to an 
action, but deals specifically with the question about how the learner decides which 
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particular action-word correspond to which particular action (Gleitman, 1990). As a result 
of this, research on syntactic bootstrapping has focused on older children (two-year-olds 
and older), where one can safely assume that the child has the ability to form concepts 
about action-situations, and also enough linguistic knowledge to be able to pick up a new 
word in an utterance containing familiar ones. 

There are several studies indicating that children do use the additional cues that the 
syntactic frames provide when learning a novel verb (Fisher, 1996; Göksun, Küntay and 
Naigles, 2008; Lee and Naigles, 2008; Naigles, 1996). 

VERB INPUT 
Infant-directed speech typically has a greater number of both types and tokens of nouns 
compared to verbs, and in languages which hold more syntactic information in the verb, it 
tends to reflect this in e.g. number of types and tokens of verbs (Camaioni and 
Longobardi, 2001) and emphasis on the verb (Choi, 2000). The verb/noun ratio in infant-
directed speech is consistent with infant speech data at around one year of age (Tardif, 
Shatz and Naigles, 1997). All this suggests that the input frequency of words of each 
class could be a factor in the order of acquisition. Infant-directed speech differs also in 
the characteristics of the nouns and verbs presented; the most frequently used nouns 
typically name solid objects using words that are grammatically similar, while the most 
frequently used verbs vary more in conceptuality (Sandhofer, Smith and Luo, 2000), 
making them harder to generalize. 

The input also influences the acquisition order of verbs; factors that predict order of 
acquisition are total frequency, final position frequency and variety of syntactic frames in 
which the verb is presented (Naigles and Hoff-Ginsberg, 1998). 

In an experimental study on verb input, two-year-olds performed better at extending 
novel verbs to new actors in a few-exemplar condition than in a many-exemplar 
condition, showing that learning a verb is easier when the actor does not change 
(Maguire, Hirsh-Pasek, Golinkoff and Brandone, 2008). 

This suggests that the relative shortage of verbs in infant-directed speech is not 
necessarily that much of a hindrance for learning verbs, as long as the exemplar 
variability is low. Even disregarding that, the fact that infant-directed speech provides 
sufficient variability in syntactic frames to make syntactic bootstrapping possible (Lee 
and Naigles, 2005; Naigles and Hoff-Ginsberg, 1995; Naigles and Hoff-Ginsberg, 1998), 
gives the infant a relatively solid input-base from which draw conclusions about the 
meaning of verbs. 

1.4 THE PRESENT STUDY 
As mentioned above, most verb learning studies have focused on children who are 
already rather linguistically adept, and covering the developmental stage where the 
conceptual requirements for verbs are present or at least well on their way to be. The 
current study focuses on much younger infants, and on their ability to extract verbs from 
continuous speech. As stated earlier, their ability to do so has been reported for objects 
(Koponen, 2000; Lacerda et al., 2005) as well as linguistic entities of a more complex 
kind, namely attributes. Attributes are, like verbs, about something separate from 
themselves; they predicate something about something, and must therefore be abstracted 
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from the object itself. Yet infants’ ability to extract attributes from a continuous speech 
stream has been shown already at three months of age (Klintfors, 2008). 

Actions are more complex than attributes; in addition to the need to separate actor 
from action, the temporal aspect is necessary to understand verbs. The infant needs to be 
able to conceptualize an ongoing state, whether it is changing or steady, instead of just a 
quality that has nothing to do with the past. An earlier study showed no signs that infants 
at the ages between six and ten months were able to extract verbs from continuous speech 
and associate them with the corresponding actions (Gustafsson, 2001). However, 
Gustafsson’s analysis measured the infants’ responses only in terms of total looking time 
towards different targets, and it is possible that a more detailed analysis, using for 
example gaze distance to target as a measure, would have revealed something different.  

It is, as previously mentioned, not necessarily the lack of conceptual abilities that sets 
the order in which word classes are typically acquired, but instead the availability of non-
linguistic contextual information (Gillette et al., 1999). The stimuli design of the current 
study creates an unambiguous relation between the target verb and the target action, 
making it possible – in theory – to extract the correlation from context only. The aim of 
the current study is to investigate the ability to form verb-action associations in early 
infancy. 

2 METHOD 
The visual preference procedure technique makes use of the fact that infants prefer to 
look at things that make sense in relation to what they hear (Spelke, 1976). The infant, 
when simultaneously presented with one auditory stimulus and multiple visual stimuli, is 
expected to look at the visual stimulus they associate with the auditory signal. 

2.1 PARTICIPANTS 
The participants were 56 Swedish infants between four and nine months old, randomly 
selected from the National Swedish address register (SPAR) on the basis of age and 
geographical criteria. In a between-subjects design, the participants were divided into five 
age groups (Table 1). Fourteen Swedish-speaking adults were also tested as a reference 
group, using the same stimuli and procedure. 
 

Number of recordings Group Age range Film 1 Film 2 Total 
4 months 105-135 days 3 1 4 
5 months 136-165 days 6 8 14 
6 months 166-195 days 9 7 16 
7 months 196-225 days 8 6 14 
8 months 226-255 days 2 6 8 
Control Adult 9 5 14 

Table 1: The subjects were divided into different age groups. 

2.2 APPARATUS 
A Tobii Eye-Tracker 1750 recorded the participants’ eye movements in combination with 
a 17” TFT monitor on which the stimulus was presented. Near infra-red light-emitting 
diodes (NIR-LEDs) are mounted on the screen, as is a high-resolution camera with a 
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large field-of-view. The light from the NIR-LEDs is reflected on the surface of the 
subject’s eye, and the camera captures those reflections and the position of the pupil, 
using this to calculate the fixation point on the screen. 

Before recording a subject’s eye movements, a calibration needs to be done. By 
encouraging the subject to look at specific points and meanwhile recoding the position of 
the pupil compared to the reflections from the NIR-LEDs on the surface of the eye, the 
system acquires the reference points it uses for calculating gaze position during 
recordings. 

The eye-tracker’s gaze estimation frequency is 50 Hz during optimal conditions, 
though it can vary if the system has problems finding the subject’s eyes or if the 
computer on which the system is running has other applications running at the same time. 
Nominal spatial accuracy is 0,5 degrees, during optimal conditions (Tobii Technology 
AB, 2006). 

2.3 STIMULI 
Stimuli consist of a film showing animated figures moving across the screen while a 
voice describes what can be seen (Figure 3-4, Table 3). There are two different versions 
of the film, counterbalanced across participants. Each film consists of three phases; a 
baseline phase, an exposure phase and a test phase. The baseline phase measures 
subjects’ spontaneous looking behavior, and in the exposure phase the subjects are 
exposed to the correlations they are expected to pick up. In the test phase the subjects’ 
looking behavior when prompted to look at a target word is measured, and compared to 
the spontaneous looking behavior seen in the baseline. 

SPEECH MATERIAL 
Although the words used in the speech stimuli can not be called an artificial language as 
such – because it is highly limited in terms of both grammar and lexicon – it offers the 
benefit of controlling for earlier language exposure in the same way that using artificial 
language stimuli does (Gómez and Gerken, 2000). 

The words used are all disyllabic with the stress on the first syllable, created to be 
phonotactically legal without carrying meaning in Swedish (Table 2). Aspects of the 
motion event are differently encoded in the stimuli than in Swedish. In Swedish the 
manner of the motion event is typically encoded within the verb and the direction is 
outside the verb as a modifier, such as in “springa mot” (run towards) and “gå från” 
(walk away from), while in the stimuli material the manner of the motion event is 
irrelevant and the direction is encoded within the verb. The difference should be of no 
importance, since motion events are conceptually represented in the same way regardless 
of linguistic experience (Papafragou, Massey and Gleitman, 2002). 
 

Rough English translation Stimuli word Film 1 Film 2 
bysa move away from kangaroo 
fugga move towards elephant 
nima elephant move towards 
pobi kangaroo move away from 

Table 2: The words created to use as stimuli were assigned different meanings 
in the two versions of the film. 
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The speech material was recorded as three word phrases using only one word per phrase, 
each phrase recorded thrice with emphasis on the different words (e.g. “bysa bysa bysa”, 
“bysa bysa bysa”, “bysa bysa bysa”). The phrases used as stimuli were concatenated 
from the matching recordings, for example in the phrase “nima bysa pobi” the words 
used were the first instance of the recording “nima nima nima”, the second instance of 
the recording “bysa bysa bysa”, the third instance of the recording “pobi pobi pobi”. 
This was done to give the stimuli phrases natural intonation patterns. 

The material was recorded by a female speaker in infant-directed speech style, with 
undulating pitch contour, and the pitch ranging between 120 Hz and 280 Hz in the 
material used in the films (Figure 2). 

 

 
Figure 2: Example of the speech stimuli used; three repetitions of a tree word 
phrase used in Film 1.  The upper pane shows the pitch contour of the speech, 
and the lower pane the waveform. 

BASELINE PHASE 
The baseline phase shows four different scenes on a split screen (Figure 3). In each 
quadrant the actor is moving towards or moving away from another, immobile, figure. 
The sequence is eight seconds long, and no audio is played. 
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Figure 3a: The baseline phase of Film 1: the cyclist moves towards the 
kangaroo (UL), the elephant moves towards the flower (UR), the runner 
moves towards the spinny (LL), and the spinny moves away from the tree (LR). 
The sequence played for eight seconds, and there was no audio signal. 

 

 
Figure 3b: The baseline phase of Film 2: the spinny moves towards the flower 
(UL), the cyclist moves away from the spinny (UR), the kangaroo moves away 
from the tree (LL), and the runner moves away from the elephant (LR). The 
sequence played for eight seconds, and there was no audio signal. 

EXPOSURE PHASE 
The exposure phase is built of eight scenes in which either the elephant or the kangaroo 
moves towards or moves away from the other while a three-word phrase is played, with 
the word corresponding to the action in medial position (Table 3). Each scene is eight 
seconds long, and during this time the phrase is repeated three times in each scene. The 
scenes are designed to balance for actor and direction. 
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Description Video Audio Film 1 Audio Film 2 

The elephant moves 
away from the kangaroo. “nima bysa pobi” x 3 “fugga pobi bysa” x 3 

The kangaroo moves 
towards the elephant. “pobi fugga nima” x 3 “bysa nima fugga” x 3 

The elephant moves 
away from the kangaroo. “nima bysa pobi” x 3 “fugga pobi bysa” x 3 

The elephant moves 
towards the kangaroo. “nima fugga pobi” x 3 “fugga nima bysa” x 3 

The elephant moves 
towards the kangaroo. “nima fugga pobi” x 3 “fugga nima bysa” x 3 

The kangaroo moves 
away from the elephant. “pobi bysa nima” x 3 “bysa pobi fugga” x 3 

The kangaroo moves 
towards the elephant. “pobi fugga nima” x 3 “bysa nima fugga” x 3 

The kangaroo moves 
away from the elephant. 

 

“pobi bysa nima” x 3 “bysa pobi fugga” x 3 

Table 3: The exposure phase showed eight scenes, all featuring the elephant 
and the kangaroo moving towards or away from each other. Each scene 
played for eight seconds, during which a three-word phrase corresponding to 
the events on the screen was repeated three times. 

TEST PHASE 
The test phase (Figure 4) is visually identical to the baseline phase, but instead of silence 
the word that corresponds to the target action is played. In Film 1 the target action is 
moving away from and in Film 2 the target action is moving towards. To make sure that 
any potential preference for the target quadrant cannot be attributed to familiarity with the 

 15 



actors, the actors from the exposure phase are not those performing the actions in the 
target quadrants of the test phase. 
 

 
Figure 4a: The test phase of Film 1 is visually identical to the baseline phase 
(see Figure 3a.) During the eight seconds long sequence the word “bysa” 
(=moving away from) is repeated twice. Target is LR. 

 

 
Figure 4b: The test phase of Film 2 is visually identical to the baseline phase 
(see Figure 3b.) During the eight seconds long sequence the word “nima” 
(=moving towards) is repeated twice. Target is UL. 
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2.4 PROCEDURE 
The subjects were exposed to an 80 seconds long film while their eye-movements were 
recorded using the Tobii Eye-Tracker. During the experiment the infants were seated 
either in their parent’s lap or in an infant seat with the parent sitting closely behind. The 
parent was listening to music in headphones while the infant was exposed to the film; a 
baseline phase followed by exposure and a test phase. Each session lasted for 
approximately three minutes, including calibration of the subject’s gaze. 

3 RESULTS 
If the total looking time for one or more of the film’s phases were zero, the recording was 
excluded. Nine recordings had to be excluded, and of the remaining 49 were infant 
recordings and twelve were adult control recordings (Table 4). 
 

Number of remaining recordings Group Age range Film 1 Film 2 Total 
4 months 105-135 days 3 0 3 
5 months 136-165 days 6 8 14 
6 months 166-195 days 7 7 14 
7 months 196-225 days 6 5 11 
8 months 226-255 days 2 5 7 
Control Adult 9 3 12 

Table 4: The age groups after removing recordings with insufficient data. 
 
The distance between the subject’s gaze and the figure performing the target action on the 
screen was calculated for both the baseline and the test phase. The gaze data for all 
subjects (within each age group) was sorted into time slots of 60 ms, and for each of 
those the probability for overlapping distributions between the baseline and the test phase 
was calculated. All calculations were performed in Mathematica 6.0. 

All diagrams show the subjects’ gaze distance to target (y-axis) over time (x-axis), for 
the baseline (blue line) and the test phase (red line). The shaded areas are the confidence 
intervals, and where those are highlighted, the looking behavior is significantly different 
between the two phases (p<0,01). The vertical lines show the on- and offset of the target 
word in the test phase. 

If word-referent associations have been formed the subjects are, when presented with 
the target word during the test phase, expected to look significantly closer to target than 
they did during the baseline phase, at least during a short period starting some time after 
the prompt onset. In terms of the result pictures this means highlighted areas (significant 
periods) where the red line is below the blue line (the distance to target is shorter during 
the test phase than during the baseline phase), occurring after the first vertical line in each 
pair (after the onset of the target word). For the interpretation of the results, only longer 
periods of significant difference will be considered stable and therefore relevant.  
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Figure 5: Looking behavior of the four-month-olds. The blue line is the mean 
gaze distance to target during the baseline phase, and the red line is the mean 
gaze distance to target during the test phase. The shaded areas are the 
confidence intervals, and highlighted parts are where the distributions differ 
significantly (p<0,01). The vertical lines mark on- and offset of the two 
repetitions of the target word during the test phase. 
 

For the four-month-olds (n=3), there are mostly very short periods of significant 
difference, and the one slightly longer period occurs about 200 ms after onset of the first 
presentation of the target word (Figure 5). This could, if taken out of context, be seen as 
an indication of successful association between the target word and action. However, as 
there were only a few subjects in this group, and all of them did not necessarily look at 
the screen at all times, the results of this age group are hardly reliable. 
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Figure 6: Looking behavior of the five-month-olds. The blue line is the mean 
gaze distance to target during the baseline phase, and the red line is the mean 
gaze distance to target during the test phase. The shaded areas are the 
confidence intervals, and highlighted parts are where the distributions differ 
significantly (p<0,01). The vertical lines mark on- and offset of the two 
repetitions of the target word during the test phase. 
 

The five-month-olds (n=14) display a significant and stable alteration in looking behavior 
between the baseline and the test phase (Figure 6). However, they look significantly 
closer to the target during the baseline phase, and that does not imply forming of verb-
action associations. 
 

Figure 7: Looking behavior of the six-month-olds. The blue line is the mean 
gaze distance to target during the baseline phase, and the red line is the mean 
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gaze distance to target during the test phase. The shaded areas are the 
confidence intervals, and highlighted parts are where the distributions differ 
significantly (p<0,01). The vertical lines mark on- and offset of the two 
repetitions of the target word during the test phase. 
 

The results for the six-month-olds (n=14) show two periods of significant difference 
between the phases (Figure 7), and none of them indicate any forming of word-action 
associations. The first one, while shifted in the right direction, occurs before the first 
prompt of the target word, and can so not be considered a response to it. During the 
second period, the gaze is shifted closer to target during baseline, which again is the 
wrong direction if the intended associations have been formed. 
 

Figure 8: Looking behavior of the seven-month-olds. The blue line is the mean 
gaze distance to target during the baseline phase, and the red line is the mean 
gaze distance to target during the test phase. The shaded areas are the 
confidence intervals, and highlighted parts are where the distributions differ 
significantly (p<0,01). The vertical lines mark on- and offset of the two 
repetitions of the target word during the test phase. 
 

The seven-month-olds (n=11) have a fairly stable difference in looking behavior, but 
shifted to looking further away from the target during the test phase, showing no signs of 
forming associations between target word and action (Figure 8). 
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Figure 9: Looking behavior of the eight-month-olds. The blue line is the mean 
gaze distance to target during the baseline phase, and the red line is the mean 
gaze distance to target during the test phase. The shaded areas are the 
confidence intervals, and highlighted parts are where the distributions differ 
significantly (p<0,01). The vertical lines mark on- and offset of the two 
repetitions of the target word during the test phase. 

 
The results of the eight-month-olds (n=7) show two periods of time where their looking 
behavior shifts to suggest the subjects have formed word-action associations (Figure 9). 
First, during the first repetition of the target word, there is a brief period of significant 
difference in the intended direction, and then again around 2500 ms after the first target 
word prompt there is a longer period with a significant shift in the same direction. In 
between those, there is a short period of significant looking behavior shifted away from 
target from the baseline to the test phase. 
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Figure 10: Looking behavior of the adults. The blue line is the mean gaze 
distance to target during the baseline phase, and the red line is the mean gaze 
distance to target during the test phase. The shaded areas are the confidence 
intervals, and highlighted parts are where the distributions differ significantly 
(p<0,01). The vertical lines mark on- and offset of the two repetitions of the 
target word during the test phase. 
 

The reference group of adults (n=12) has two periods of gaze shifted in the right 
direction, one about 1500 ms after the first target word prompt, and one 500 ms after the 
second prompt (Figure 10). However, neither of those periods is very long. 

Infants at ages four to seven months show no significant modifications in looking 
behavior that indicate verb-action associations have been formed. At eight months, 
infants looking behavior is shifted significantly closer to target during the test phase 
compared to the baseline phase. Adult data confirms that the task set to the infants is 
achievable. 

4 DISCUSSION 
The data suggests that the adult reference group looked closer to target during the test 
phase compared to the baseline, and can so be assumed to have acquired the meaning of 
the target word. There is a delay in response of about 1500 ms after the first target word 
prompt, and 500 ms after the second one. The different delays can be explained by the 
fact that the participants after the first prompt need not only time to process the word, but 
also to find the corresponding action on the screen, while after the second prompt, they 
already know where to look. 

Eight-month-olds are the one group of infants that seems to have detected the 
correlation between the target word and action. They show a similar reaction as do the 
adults after the first prompt, only with a delay of 2500 ms, consistent with earlier 
discovered longer processing time for verbs in infants than in adults (Bogka et al., 2003; 
Druks et al., 2006; Masterson, Druks and Gallienne, 2008). The results suggest that 
infants at the age of eight months already are able to conceptualize verbs and to detect 
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implicit linguistic structure referring to them, very much like they are able to do for 
objects (Koponen, 2000; Lacerda et al., 2005) and attributes (Klintfors, 2008) at an earlier 
age. 

The infants in the current study are very young, and little or no linguistic knowledge 
can be assumed, in contrast to the subjects of most verb learning studies. As a result 
neither the hypothesis of syntactic bootstrapping nor the phenomenon of fast-mapping are 
applicable to the results and therefore not discussed. Instead the infant’s ability to extract 
implicit word-world relations from continuous speech is the topic of focus, as it is 
something that does not necessarily require extensive linguistic experience. 

The analysis method in the current study differs from that of several previous ones, 
mainly because time and technical development constantly provide more sophisticated 
recording equipment. For example, Gustafsson’s study on verb acquisition, measures the 
responses in total looking time to each alternative, and finds no significant looking 
behavior alteration between the baseline and test phase (Gustafsson, 2001). The current 
study does, when responses are analyzed in terms of total looking time, corroborate those 
results, as significant difference in total looking time is found neither for any infant age 
group, nor for the adult reference group. There are, however, other methods of analysis 
available when using an eye-tracker, having access to the abundance of data it provides. 
In addition to precise gaze data, the high temporal resolution makes for detailed analysis 
of the looking behavior over the whole course of the experiment, allowing for a more 
nuanced picture of looking responses than for example total looking time. 

There are, however, some concerns about the reliability of the results of the current 
study, as many of the younger groups showed stable looking behavior modifications, only 
not in the expected direction; instead of looking closer to the target, they looked 
significantly further away from the target during the test phase. The implications of these 
results are not obvious, but neither can they be disregarded as artifacts if there are to be 
any claims of validity concerning the eight-month-olds and adults. 

One potential explanation to the younger infants’ looking behavior can be found in 
the stimuli design, but further analysis of the data is needed to either support or dismiss it. 
The stimuli are designed with the assumption that the infants regard the four quadrants as 
separate scenes, when in fact there is nothing to suggest that they would do that. 
Disregarding the to adults obvious scene separators, there are several possible target 
actions in each of the films. An analysis similar to the one performed but measuring the 
distance to each of the possible targets instead of only to the intended target could give an 
indication as to if the above mentioned explanation is viable. 

In Film 1 the target action is moving away from, and the intended target is the lower 
right quadrant in which the spinny moves away from the tree (Figure 4a). Taking no 
notice of the white line separating the scenes, however, both of the moving figures on the 
upper half of the screen can be seen as potential targets, as they both are moving away 
from something – each other – while they each move towards something at the outer 
edges of their respective quadrants. This means that there are, if no longer assuming 
infants see the quadrants as separated scenes, no less than three possible targets in Film 1. 

In Film 2, where the target action is moving towards, the intended target is the upper 
left quadrant where the spinny can be seen moving towards the flower (Figure 4b). 
Again, there are several additional target prospects if disregarding the scene separators. 
The runner moving away from the other spinny in the upper right quadrant is 
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simultaneously moving towards the flower in the upper left quadrant, making for a 
possible target. Further, the two moving figures on the lower half of the screen move 
away from things at the outer edges of their quadrants, and as a result they are moving 
toward each other, and so becoming possible targets. 

This means that the stable shift in looking behavior may well be a response to the 
prompt given, but some or all of the infants choose to focus on a different target. It is, of 
course, possible that the infants do see the quadrants as separate scenes the way adults do, 
especially since they have been exposed to similar-looking scenes in the exposure phase. 
As mentioned above, further analysis could support or challenge the current explanation 
to the results of the younger infants. 

Regarding the translations of the stimuli they are not to be taken as set facts. If 
looking at the scenes that are described using the three word phrases, there is nothing to 
tie either the subject or the object to any of the words; it comes down to if the listener 
prefers a SVO word order or an OVS one. In either case, the words are consistent, but 
there is nothing in the stimuli design to decide for one or the other. It is of no importance 
though, since the words are consistent whichever way the listener chooses to interpret 
them, and neither word-subject or word-object associations, nor the word order is the 
issue of the current study. 

The verbs unambiguously correspond to the visual stimuli; in fact they are the only 
things that do. The action could, of course, be seen as connected to what in the 
translations is assumed to be the object, making the verb translated into moving towards 
into a verb meaning being closed in upon or something of the like. Still, it does not matter 
for the unambiguity of the verb, since it is still consistently described, even if looked 
upon from that point of view. 

The verb stimuli are possibly too complex for investigating infants at ages as young 
as these. For one, the manner in which the actors moved across the screen was irrelevant 
and had to be disregarded. Infants are able to pick out an invariant path amongst differing 
manners of movement earlier than they are able to do the opposite (Pruden, Hirsh-Pasek, 
Maguire and Meyer, 2004), and the path is part of the target action, while the manner is 
irrelevant in this experiment. The target action is, however, the figure’s path relative to 
something other than the infant, a concept that is probably more complex even than 
manner of movement. The infant has not only to grasp the time aspect of the action and 
abstract it from the actor, but also disregard the direction on the screen of the target 
action. For future studies it is suggested to start by investigating infants’ ability to learn 
words referring to actions of a lower conceptual complexity. 

Further, it is possible that a longer exposure phase and more variability in the actors 
and objects would have resulted in more stable results. It has been showed that infants 
learn and extend verbs better in a few-exemplar condition than in a many-exemplar 
condition (Maguire et al., 2008), and while this may be true for older infants that already 
have a linguistic base, for the very young infant, with no linguistic frame to put the target 
word in, a low-exemplar would just mean no way to figure out which sound is the 
invariant one. 

In conclusion, some evidence for the ability to form word-action associations in an 
adult-like fashion is found in eight-month-olds. The stimuli design can be improved to 
investigate whether the looking behavior of the younger infants is really an indication of 
formed associations, and further analysis of the present data can be applied. The analysis 
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method of measuring distance to target over time gives a more fine-grained picture of 
looking behavior than measuring responses in total looking time. In terms of future 
studies, using target verbs of a lower conceptual difficulty is suggested, as well as a 
longer exposure phase more varied in terms of actors. 
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