
Habituation Phase
● Nonce words were combined 

pseudo-randomly to create 3 
sets of 3 trigrams

● Each set depicted a unique NAD 

● A cartoon drawing of a baby 
stayed on screen, accompanying 
the audio stimuli, to sustain 
infants’ attention
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● Items that are structurally related sometimes occur in 
linearly non-adjacent relationships

“the cat is (desperately) trying to catch the laser dot”

● Learning non-adjacent dependencies (NADs) may benefit 
the acquisition of word categories1-3, and it is linked to 
later vocabulary development4

● Starting at 15 months, infants successfully learned NADs 
in an artificial language5 (but see 6 for behavioral and 7-9 for 

neurophysiological findings in younger infants)

● Yet, 12-month-old English-hearing infants were sensitive 
to distributional-grammatical patterns in English, some of 
which involved non-adjacent relationships10-11

● This study aims to investigate 12-month-old infants’ 
ability to learn NADs from an artificial language

● Bilingual infants may be better able to track non-adjacent 
dependencies compared to their monolingual peers12 & pilot

Language exposure is examined to see whether it 
is associated with NAD learning outcomes 

PyHab Zoom

a {X1, X2, X3} b
c {X4, X5, X6} d
e {X7, X8, X9} f

Test Phase
● 3 grammatical (G) trigrams

e.g.,
● 3 ungrammatical (U) trigrams

e.g.,
● Infants had not heard the exact 

combinations of words before
● Grammatical and ungrammatical 

trigrams only differed in their 
adherence to NAD relations

a X4 b c X7 d e X1 f

a X4 f c X7 b e X1 d

● We used an infant-controlled habituation procedure13, 
adapted for online testing environments

● Parents were asked to sit the child on their lap or place 
the child in a high chair, with a laptop in front of them

● A sound volume check and an internet speed test were 
administered during the study

Stimuli
● 15 monosyllabic nonce words were recorded by a female speaker

e.g., “bep”, “bok”, “des”, “dob”, “feep”, “foom”, “ghan”...

● Each word was then modified to last 250 ms and had a 83-ms silence 
added to its end to increase intelligibility

A 250-ms silence was then added in between trigrams

Note: Each letter above represents one of the 15 nonce words.

Habituation Phase
● These infants spent, on average, 127.7 

seconds (SD = 56.2) in the habituation 
phase (Fig 1)

Comparable w/ in-person habituation durations 
(M = 124.3, SD = 49.5) 

Participants
● 97 twelve-month-old infants were included in the current analysis
● Their language exposure was estimated using the LEAT14

66 monolinguals (>= 90% in L1)

36 females, 30 males; Age: M = 366.7 days, SD = 12.3, 347–397 days
On-lap: 47 infants; In-chair: 19 infants

31 multilinguals (>10% in non-L1)

14 females, 17 males; Age: M = 363.8 days, SD = 9.5, 352–387 days
On-lap: 20 infants; In-chair: 11 infants

● Additional 59 infants participated in the study but were excluded due to 
the following reasons
fussiness (29), technical issues (9), distraction (8), falling asleep (1), sickness (1), 
premature birth (8), and insufficient valid test trials (3)
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Figure 1

Figure 2

Take-homes

Test Phase
time ~ grammaticality + multiling + (1|child)

● Infants looked significantly longer to U 
than G trigrams (Fig 2; β = 0.04, SE = 0.02, p = .039)

U: M = 7.26 s, SD = 3.02 s; G: M = 6.90 s, SD = 3.04 s

● Multilingual infants spent less time on test trigrams than 
monolingual infants, regardless of the grammaticality of 
test trigrams (Fig 3; β = -0.11, SE = 0.04, p = .011)

Figure 3

M = 7.34
SD = 2.99

M = 7.73
SD = 3.09

M = 5.98
SD = 2.97

M = 6.24
SD = 2.65

Infants are able to learn non-adjacent 
dependencies from an artificial language at 12 
months of age. However, there is no evidence 

suggesting that language exposure (mono- 
vs. multi-lingual) affects their NAD learning. 
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