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Word learning in infancy is supported by a range of cognitive 
skills. By at least 8 months of age, infants are able to use sta-
tistical information to segment words from continuous speech 
(Saffran, Aslin, & Newport, 1996), and they rely on prosody 
both in word segmentation and in associating novel words 
with visual referents (Shukla, White, & Aslin, 2011). Mapping 
words onto semantic representations by matching the word 
form to a referent is a nontrivial problem, and there is no 
agreement on whether young infants are capable of referential 
word understanding that is genuinely semantic (Waxman & 
Gelman, 2009). Evidence suggests that infants conceive deic-
tic signals, such as gazing and pointing, as having referential 
intent (e.g., Senju & Csibra, 2008), and they exploit such sig-
nals in word learning (e.g., Hollich et al., 2000). Furthermore, 
1-year-olds expect that concurrent verbal and nonverbal 
expressions from the same source refer to the same object, 
which suggests that they appreciate the referential nature of 
both pointing and words (Gliga & Csibra, 2009). However, 
some researchers have argued that early word understanding 
reflects simple associations between auditory and visual stim-
uli and not an appreciation of the referential and symbolic 
nature of words (Robinson, Howard, & Sloutsky, 2005).

Whether infants form stable word-object associations that 
reflect referential understanding of speech is not yet known. 

One way to test such understanding in infants is by measuring 
event-related potentials (ERPs), such as the N400 component. 
The N400 ERP component—a negative-going waveform that 
peaks approximately 400 ms after the onset of a stimulus—has 
been shown to reflect semantic priming in adults (Kutas & 
Hillyard, 1980). Friedrich and Friederici (2004, 2005a, 2005b) 
found that adults and 19- and 14-month-olds, but not 12-month-
olds, produced an enhanced N400 amplitude to words  
that were incongruous with picture primes. In a follow-up 
study, only ERPs from 12-month-olds who were assessed as 
high word producers showed an N400 effect (Friedrich & 
Friederici, 2010). The absence of an N400 effect in infants 
younger than 12 months was interpreted as a sign of merely 
associative word understanding, which does not entail seman-
tic processing. Word learning requires the learner to form 
associations between word forms and visual referents. How-
ever, temporal associations alone do not imply semantic  
representation of word meaning. In the present study, we 
attempted to clarify exactly what infants learn when they form 
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word-object associations: meaningless links or semantically 
meaningful sign-referent relations.

To shed light on whether young infants interpret words ref-
erentially and semantically, we developed a new paradigm that 
overcomes some shortcomings of earlier ERP studies with 
infants. In particular, we wanted to ensure that infants realized 
that the word they heard referred to the object they saw. 
Because both theoretical arguments (Csibra, 2010) and empir-
ical findings (e.g., Senju, Csibra, & Johnson, 2008) suggest 
that referential expectation is primarily elicited by ostensive 
communicative contexts in infants, we modified the picture-
word priming paradigm (Friedrich & Friederici, 2004) to pro-
vide an optimal stimulus environment for 9-month-olds. First, 
we presented infants with live rather than prerecorded speech, 
which was occasionally accompanied by nonverbal referential 
gestures, such as pointing and gazing toward upcoming 
objects. Second, we used the words as primes and the objects 
as probes because a known word is more likely to activate the 
associated semantic representation in preverbal infants than a 
picture of an object is (cf. Xu, 2007). Third, instead of flashing 
a picture on a monitor, the object appeared in a dynamic fash-
ion from behind an occluder on a computer screen. Thus, on 
the one hand, live speech and interaction ensured optimal con-
ditions for speech processing of the prime (Kuhl, 2007), and 
on the other hand, video presentation of the target objects 
made it possible to accurately control stimulus variables for 
measuring ERPs. Finally, because young infants display a 
preference for maternal speech (e.g., Cooper & Aslin, 1989), 
we used the mother as the speaker in one of our two condi-
tions. As auditorily presented words have rarely been used  
as primes for visual probes in ERP studies (but see Nigam, 
Hoffman, & Simons, 1992, for a different paradigm), we also 
tested whether, using this paradigm, we could find a reliable 
N400 effect in adults.

Method
Participants

Twelve adults (6 females, 6 males; average age = 38 years  
8 months, range = 25 to 56 years) who were native speakers of 

Hungarian and 28 infants raised in Hungarian families partici-
pated in the study. Infants were assigned to two conditions:  
14 to the mother-speech condition (5 females, 9 males; aver-
age age = 277 days, range = 269 to 286 days) and 14 to the 
experimenter-speech condition (6 females, 8 males; average 
age = 278 days, range = 266 to 285 days). One additional adult 
was excluded because of poor electroencephalogram (EEG) 
impedance, and 21 additional infants were excluded because 
of fussiness (n = 11), insufficient number of trials (n = 6), 
extensive body movements (n = 2), poor impedance (n = 1), 
and maternal interference (n = 1). (See the Supplemental 
Material available online for further participant details.)

Stimuli
Using data collected from parental reports, we selected 15 
object labels that two thirds of Hungarian 1-year-old infants 
recognize. We used corresponding pictures of objects to create 
15 animated video clips showing an occluder dropping to 
reveal one of the objects (Fig. 1; see Table S1 and Stimuli in 
the Supplemental Material for further details).

Procedure
Adults sat 70 cm in front of a CRT monitor. In each trial, they 
heard a prerecorded word (the name of 1 of the 15 objects) from 
a loudspeaker behind the monitor while a dynamic fixation 
stimulus was presented on top of an occluder. The duration of 
the auditory stimulus was between 419 and 784 ms (average = 
559 ms). After the auditory stimulus ended, the fixation stimu-
lus stopped moving, and the display remained frozen for 600 to 
800 ms. Then the fixation stimulus disappeared, and the occluder 
started to fall forward, revealing an object behind it. This phase 
lasted for 480 ms. The object was fully visible for 1,000 ms 
before the occluder began to rise, hiding the object again. This 
was followed by an intertrial interval lasting 1,100 to 1,300 ms. 
Participants were presented with 240 trials in 4 blocks. In half of 
the trials, the object corresponded to the preceding auditory 
word (congruous trials); in the other half, it did not (incongru-
ous trials). Congruous and incongruous trials were presented 
equiprobably in pseudorandom order.

“Look at the Duck!” or
“Look at the Book!”

Fixation Stimulus
Stops Occluder Falls Occluder Rises

Object: Congruous
or Incongruous Intertrial Interval

1,100–1,300 ms1,000 ms600–800 ms 400 ms480 ms

Fig. 1. Illustration of the trial sequence for infants. While a moving fixation stimulus was presented in front of an occluder, the infant’s mother 
or an experimenter spoke a word or phrase that either named the object behind the occluder (congruous trial) or named some other object 
(incongruous trial). The fixation stimulus then stopped moving, and the display froze for 600 to 800 ms. After this, the fixation stimulus disappeared, 
and the occluder started to fall forward, revealing an object behind it. After 480 ms, the object was in full view, where it remained for 1,000 ms. 
Then the occluder began to rise, completely covering the object after 400 ms.
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Infants sat on a high chair 70 cm in front of a CRT monitor. 
The infant’s mother and an experimenter sat on chairs at either 
side of the infant. The trial sequence (Fig. 1) was the same as 
for adults, except that at the beginning of each trial, a word 
was presented over headphones either to the mother (mother-
speech condition) or to the experimenter (experimenter-speech 
condition). She then repeated it (or uttered a phrase containing 
it) for the infant. Mothers were instructed to speak to the child 
as they would in everyday life, and they were allowed to ges-
ture toward the monitor on which the occluder was seen. We 
asked them to utter the word at the very end of the phrase  
if they wanted to say more than just that word to their infant. 
In the experimenter-speech condition, the experimenter talked 
to the infant, attempting to reproduce the words, intonation, 
and style of a yoked mother from the mother-speech condition. 
In this design, the experimenter matched each individual 
mother from the mother-speech condition for an infant in the 
experimenter-speech condition.

Once the word was uttered and the infant attended the mon-
itor, a second experimenter started a video clip revealing an 
object behind the occluder. Objects could be congruous or 
incongruous with the word prime, just as in the procedure for 
adult participants. Because the auditory stimulus was spoken 
live, the interstimulus interval between the word prime and the 
start of the visual stimulus varied across trials, averaging about 
2,155 ms. Trials were presented as long as the infants were 
attentive. The position of the mother was counterbalanced 
across subjects in both conditions. The behavior of the infants 
was video-recorded throughout the session for off-line trial-
by-trial editing and for additional behavioral scoring. (Further 
details of the procedure are reported in Experimental Setup in 
the Supplemental Material.)

EEG recording and analysis
Continuous EEG was recorded by 128-channel Geodesic Sen-
sor Nets at a sampling rate of 500 Hz. The EEG was segmented 
into 1,700-ms epochs starting 200 ms before the occluder 
began to fall. We considered Time 0 the frame when the object 
started to become visible from behind the occluder (160 ms 
after motion onset). EEG segments were averaged to separate 
ERPs for word-congruous and word-incongruous objects, 
baseline-corrected to the first 200 ms of the segments, and 
rereferenced to the average reference. On the basis of previous 
reports that found the N400 component over parietal sites 
(Kutas & Hillyard, 1980), we identified as regions of interest 
the electrodes between C3 and P3 and between C4 and P4, 
over the left and right hemisphere, respectively (Fig. 2). On 
the basis of visual inspection of the grand averages and the 
existing literature on N400 latencies, we analyzed adults’ 
mean ERP amplitude between 350 and 500 ms after the object 
appeared and infants’ mean ERP amplitude between 500 and 
650 ms after the object appeared (cf. Friedrich & Friederici, 
2004, 2005b, for N400 time windows in adults and infants). 
(Further details of the EEG procedure are reported in EEG 

Acquisition and EEG Data Reduction in the Supplemental 
Material.)

Results
Figure 2 shows grand-average ERP results for adults and 
infants. An analysis of variance (ANOVA) on the data from 
adults, with congruency (congruous object vs. incongruous 
object) and hemisphere (left vs. right) as within-subjects fac-
tors, revealed that incongruous objects elicited a more nega-
tive N400 amplitude than did congruous objects, F(1, 11) = 
7.50, p = .02, ηp

2 = .41. Although the effect was bigger on the 
right side, the interaction between congruity and hemisphere 
was not significant. This result demonstrates that a semantic 
congruency effect on the N400 component can be elicited 
when an auditory word prime precedes an object image.

On average, infants contributed 20.3 congruous trials  
and 20.3 incongruous trials in the mother-speech condition, 
and 19.4 congruous trials and 19.9 incongruous trials in the 
experimenter-speech condition. An ANOVA on the infants’ 
N400 amplitudes, with congruency and hemisphere as within-
subjects factors and condition (mother speech vs. experimenter 
speech) as a between-subjects factor, revealed an interaction 
between congruency and condition, F(1, 26) = 5.02, p = .03, 
ηp

2 = .16. Two-way follow-up ANOVAs with congruency and 
hemisphere as factors revealed that this interaction was due to 
the fact that the N400 amplitude was more negative in response 
to the incongruous than to the congruous object in the mother-
speech condition, F(1, 13) = 5.45, p = .036, ηp

2 = .30, but not 
in the experimenter-speech condition, F(1, 13) = 0.29, p = 
.598, ηp

2 = .02. A congruency-by-hemisphere interaction in the 
three-way ANOVA also indicated that the effect was more pro-
nounced over the right hemisphere than over the left hemi-
sphere, F(1, 26) = 4.39, p = .05, ηp

2 = .15.
To account for the difference in N400 amplitude between 

the conditions, we took five behavioral measures from 
infants: the number of times the speaker repeated the object 
name within a trial, whether the infant was looking to the 
mother or to the experimenter during the speech, and whether 
the infant looked to the mother or to the experimenter after 
seeing the object. Although we tried to match the mothers’ 
behavior in the experimenter-speech condition, mothers 
uttered the prime word slightly, but significantly, more than 
the experimenter did (1.07 times vs. 1.01 times), F(1, 26) = 
13.67, p = .001, ηp

2 = .345. As a control, we reran the statis-
tics on ERPs that included only trials in which the word was 
uttered once in the mother-speech condition, and we obtained 
the same pattern of results as before. We did not find a sig-
nificant difference between conditions in the number of 
times infants looked to the mother or to the experimenter. 
However, infants in the mother-speech condition tended to 
look more toward the mother than those in the other condi-
tion did, F(1, 26) = 3.74, p = .064, ηp

2 = .126. There was no 
effect of any factor on how many times infants looked at the 
mother or at the experimenter after having seen the object. 
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(See Additional Analyses in the Supplemental Material for 
more information.)

Discussion
Our results suggest that infants as young as 9 months have  
a rudimentary receptive vocabulary. This has been previous - 
ly suspected (Swingley, 2008) but difficult to prove. In agree-
ment with our findings, the results of a recent eye-tracker 

study by Bergelson and Swingley (2012) showed that 6- to 
9-month-olds can follow their mother’s verbal instructions 
and direct their gaze to objects. Six-month-old infants are also 
able to match novel words with arbitrary visual referents in a 
few trials by taking advantage of prosodic cues (Friedrich  
& Friederici, 2011; Shukla et al., 2011). However, the electro-
physiological signs of semantic priming disappeared after  
24 hr, which suggests strong limitations in memory processes 
(Friedrich & Friederici, 2011). Our study shows that 
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word-to-object priming occurs in 9-month-olds with familiar 
words when there is no requirement to learn new ones. Our 
method does not allow us to tell which infant understood 
which word, but infants in the mother-speech condition, as a 
group, seem to have activated the object features associated 
with the highly familiar words their mother uttered and 
matched them with the image that appeared on the screen in 
front of them. In this sense, infants in our study understood 
their mother’s speech.

What is the nature of this understanding? In particular, is it 
possible that the word knowledge that infants displayed in this 
experiment goes beyond the formation of merely associative 
links between auditory and visual information, and reflects 
truly referential and semantic understanding of nouns? The 
kind of neuronal activation that we demonstrated here is cor-
relational in nature and does not support unambiguous conclu-
sions about the underlying processes. Nevertheless, three 
aspects of our results suggest that 9-month-olds appreciate the 
referential nature of words.

First, the N400 component is commonly interpreted to 
reflect semantic processing by exhibiting lower amplitude to 
stimuli semantically primed (rather than grammatically or 
associatively primed) by the context (Kutas & Federmeier, 
2011). The differential N400 responses to congruent and 
incongruent object images thus indicate that the words acti-
vated neural processes in infants that are correlated with the 
extraction of meaning from stimuli. Second, we found these 
effects despite the relatively long delay (> 2 s on average) 
between the uttered word and the appearance of the object. 
Earlier studies, which used synchronous presentation (with the 
object being visible during the presentation of the word), 
should have had a better chance at demonstrating associative 
audiovisual links, but they failed to do so (e.g., Friedrich & 
Friederici, 2005b). Although pure associations could bridge 
temporal delays, they should work best with contiguous stim-
uli. In contrast, words can refer to absent referents, as they did 
in our study. Thus, finding differential brain activations for 
matches and mismatches between temporally separated stim-
uli supports the interpretation that a semantic, rather than an 
associative, link was formed between them.

Third, the success of this study was partly due to our effort 
to set up a situation in which infants had every reason to expect 
semantically interpretable referential expressions. Infants pay 
special attention to ostensive communicative signals, such as 
eye contact (Parise, Reid, Stets, & Striano, 2008) and their own 
name (Parise, Friederici, & Striano, 2010), as well as deictic 
referential signals, such as gaze (Hoehl, Wiese, & Striano, 
2008) and pointing (Gredeback & Melinder, 2010), from early 
on. Ostensive communication has been suggested to generate 
referential expectation (Csibra, 2010) and expectation of core-
ference for concurrent referential signals (Gliga & Csibra, 
2009). Although it is not clear why ostensive referential sig-
nals would facilitate associative processes, they could support 
the inference that the words infants hear are semantically 

related to the object that would appear at the location referred 
to by the speaker. Thus, our paradigm, which closely resem-
bles the natural joint-attention interaction in which infants at 
this age are regularly engaged with their parents (Bakeman & 
Adamson, 1984), provided an optimal environment for mea-
suring the effect of semantic priming in young infants.

Our results suggest that adopting the mother as the speaker 
also contributed to this optimal environment. Newborns prefer 
their mother’s voice to a stranger’s voice (DeCasper & Fifer, 
1980), and recent ERP research has confirmed that at the age  
of 4 months, infants respond faster and allocate more attention 
to their mother’s voice than to an unfamiliar voice (Purhonen, 
Kilpeläinen-Lees, Valkonen-Korhonen, Karhu, & Lehtonen, 
2005). In addition, the mother’s voice elicits more activation in 
language-relevant brain areas in newborns than a stranger’s 
voice does (Beauchemin et al., 2011). Our paradigm did not 
allow us to pinpoint the exact factors that made infants more 
responsive to the mother’s than to the experimenter’s communi-
cation. It could be that the familiar voice, intonation, or verbal 
expression (e.g., “Look, a duck!” vs. “Here comes the duck!”) 
helped them to recognize the situation as a naming game. It is 
also possible that 9-month-old infants had difficulties in recog-
nizing the target word in the slightly different phonetic produc-
tion by the experimenter. Because the speaker sat next to the 
infants and did not always make eye contact with them during 
her speech, they might not have recognized from the experi-
menter’s intonation alone that they were being addressed; how-
ever, the mother’s voice alone could have achieved this effect.

Further studies will be needed to test at what age or under 
what conditions infants detect semantic violations in a strang-
er’s speech. Nevertheless, the functional nature of the N400 
component, and the similarity of the effects we found in adults 
and infants, suggests semantic priming by, and referential 
understanding of, familiar words at 9 months of age. This find-
ing supports the view that the referential nature of speech may 
not have to be learned by human infants, but it may be expected 
and exploited by them during language acquisition.
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