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Introduction

The word segmentation problem: when and how infants begin to segment word-like forms from
the continuous speech stream?

édificilencontraruma palavranesta frase
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Typically developing (TD) infants

= Early word segmentation plays a crucial role in language acquisition (i.e., word
learning — Newman et al., 2006; Singh et al., 2012; Kidd et al., 2018; Hoareau et al., 2019)

= Segmentation abilities in TD infants have been shown to vary across languages (e.g.
Jusczyk & Aslin, 1995; Jusczyk et al., 1999; Seidl & Johnson, 2006; Hohle & Weissenborn, 2003, 2005; Bosch et al,

2013; Nazzi et al., 2006; Nazzi et al., 2014; Nishibayashi et al., 2015; Berdasco-Munoz et al., 2018)

= Segmentation abilities are modulated by prosodic structure: Words at prosodic edges,
namely utterance-final position, are segmented earlier than in utterance-medial
position (e.g., Johnson et al., 2014; Butler & Frota, 2018)
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Atypical development I

= Only a few studies on segmentation abilities in atypical development: Development
of this ability is seriously delayed, but the learning path is similar to TD (Nazzy, Paterson
& Karmiloff-Smith, 2003; Mason-Apps et al., 2011; Mason-Apps et al., 2018)

Bisyllabic
Clinical Group Language Trochaic (7.5m) \ambic (10.5m) Age/CDI
Y;/;I;iams Syndrome English 33 m/19 m o —
Down Syndrome (9) English 18-20 m/- - - - Failed -/No
Down Syndrome (11) English 18-20m/9-11m Failed NTETEET

outcomes
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Atypical development 11

= Two studies on segmentation abilities in infants at risk for language impairments —
preterm infants: Mixed findings (Bosch, 2011; Berdasco-Mufioz et al., 2018)

Group Language Succeeded Failed Full-term
8-month.olds Spanish ) CVC, COVC Do it
(maturational) Catalan
ST e (PesE French CV Do it

natal) _
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= Early segmentation abilities in European Portuguese (EP)-learning infants with
Down Syndrome (DS) and at-risk for language impairment (AR)

= Premature birth and familial risk for autism or language disorder
= Goals

= Examine whether prosody facilitated word segmentation, as previously shown for TD infants
(Butler & Frota, 2018)
= Early segmentation for prosodic-edge only (earliest evidence for segmentation in the literature)
= Segmentation at utterance-medial position still developing by 10 months
= As lexical acquisition seems to be delayed in DS and AR (Sansavini et al., 2011), we further asked
whether prosody modulated the relation between segmentation abilities and lexical knowledge
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* |f similar mechanisms and/or trajectories guide word segmentation,
a similar pattern of results is expected, albeit possibly delayed.
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Method

Participants

= DS: 25 infants and toddlers (12 girls, mean age 16 months and 12 days, range 7 to
23 months)

= AR: 21 infants and toddlers (10 girls, mean age 15 months and 17 days, range 6 to
26 months)

= preterm birth < 37 weeks (9), familial risk for autism or language disorder (9), and other factors
like low Apgar score and reanimation at birth (3)

= Monolingual homes; Normal hearing; Normal or corrected-to-normal vision; No
history of seizures/other medical or neurological conditions
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Stimuli
= 4 monosyllabic pseudo words (CVC/CVG)

= Ful, Queu, Pis, Sau

= 2 passages constructed for each word, one for medial and one for edge prosodic
conditions; 4 word-lists from different spoken exemplars

Utterance-medial position

Utterance-edge-final position

A Marta pds o seu na mesa.
Fizemos festas ao  vermelho.

Os vizinhos brincam com o teu
Estao sempre a falar-nos do

http://labfon.letras.ulisboa.pt/babylab/infant word segmentation/word segmentation supporting materials.htm
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340 ’ i 7
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Mean SD Mean SD
Sentence Length (ms) 2000.63 143.36 1952.88 154.91 1.11, p = .27
Syllable Duration Before 308.79 52.49 494.50 53.60 12.13, p<.001
Boundary (ms)
Syllable Duration After 203.46 67.98 - - -

Boundary (ms)

Pitch Range (Hz) -24.52 32.32 -59.58 21.83 4.4, p <.001

Tonal Event - L% -

Butler & Frota, 2018
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Procedure

Modified version of the visual habituation paradigm (Altvater-Mackensen & Mani, 2013)

Familiarisation Test
Alternating trials Block 1 | Block 2 | Block 3
25 secs accumulated Randomised order | Randomised order | Randomised order

listening time to each

Word 1 — familiar end Word 1 — familiar end Word 1 — familiar end
Passage 1 — End ' '

Word 2 — familiar mid i Word 2 — familiar mid i Word 2 — familiar mid
Passage 2 — mid Word 3 — novel i Word 3 — novel i Word 3 — novel

Word 4 — novel Word 4 — novel Word 4 — novel

Segmentation demonstrated by any consistent difference in looking times to familiar and unfamiliar word-

Uitg forms
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Measuring concurrent language abilities

EP version of the MacArthur Bates Communicative
Development Inventory (CDI) short forms

http://labfon.letras.ulisboa.pt/babylab/pt/CDI/

CDI para o Portugués Europeu — Forma reduzida: Nivel |

e 1 ¢ mborerioonesia/ ety Bb/ptICD_Portugees_Europes i

Nome da crianga

Data de nascimento. /. /.

Sexo

F oo

Data de hoje

Compreende Compreende e
diz

Compreende  Compreende &
diz

ir
30 cother anta/cantar
{s0m co anirmi)
brrumbrrum copo dé/dar
piu-piu escova spera/espera
o co i)

garfo gosta/gostar
galinha uz pirapar:
eato manta puaa/puar
=3 cadeira rifrir
pato ama salta/satta
rato cozinha ira/tirar
carro mesa ‘toma/tom:

icdo televisio anl

bola sgua bom
boneco arvore bonito.
aro asa depressa
banana hova folo
bolo flor grande
leite. lua jaesta
pio pedra mau/mi
papa a hoje
sopa avi/vovs oite
chapéu bebé este
fralda mie/mam3 meu/minha
meia(s) menina mim
sapato(s) banho onde
cabega chichi quem
cabelo colo ai
dentes. cucu fora
olhols) nio algum

ola ais.
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condition
. Edge
. Medial
. Unfamiliar

Medial Unfamiliar
Condition

Results - DS

v" No clear evidence for segmentation DS
Familiar vs. Unfamiliar: t(24)=1.9, p=.065, Cohen’s d= .38
v’ Overall, the DS group is not segmenting: no effect
of the prosodic conditions N
F(2,48)=0.8, p=.45, n*=.03

Mean Looking Times (s)

Fig. 1. DS Mean looking times (s) to edge, medial and unfamiliar.

UJ usson | s QDY o




Learnin
Results Dis“bwi!i!niw%i-

Results - DS

v'Age as a continuous variable:

v No age effect. Im(LT ~ condition + Age in Months)
v Two age groups (CDI age range): younger (below 18 Condition, F(2,71) <1; Age, F(1,71) <1
mos, mean 12 mos) older (above 18 mos, mean 20 mos) e

10.0-

RM ANOVA: No effect of prosodic condition, no effect of
age group (F(1,23)=0.7, p=.39, n?=.02) and no interaction

7.5-

Condition

£
(F(2,46)=0.7, p=.46, n?=.01). > -

§ 5.0- [ ] :Jn:f::'nliliar
E

However, medial >unfamiliar in younger, but edge >

unfamiliar in older. Only edge vs. unfamiliar in older ounger e

approached significance (p=.08) Fig. 2. DS Mean looking times (s) to edge, medial and unfamiliar

by age.

UJ usson | s QDY o




Learning
Disabilities
WORLDWIDE

Results

DS: Concurrent language skills

v' Segmentation abilities correlated with the CDI expressive vocabulary score

More looks to edge

Better vocabulary score

Production

Fig. 3. Correlation between looks to edge minus unfamiliar and
the CDI vocabulary score (Pearson’s r = .34, p = .05).

EggeUn :
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Results - AR

At Risk
v’ Evidence for segmentation 12
Familiar vs. Unfamiliar: t(20)=2.9, p=.008, Cohen’s d= .66

10.0

7.5

5.0-
2.5-
0.0-

Ed'ge Me&ial Unfar'niliar
Condition

v’ Evidence for segmentation in edge position!
RM ANOVA: condition, F(2,40)=9.64, p<.001, n?=.32;

Post hoc, edge/unfamiliar p=.008, edge/medial p=.03,
medial/unfamiliar p=.99

- Edge
- Medial
. Unfamiliar

Mean Looking Times (s)

Fig. 4 AR Mean looking times (s) to edge, medial and unfamiliar.
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Results - AR

RM ANOVA: Main effect of prosodic condition, but no

v’ No age effect. effect of age group (F(1,19)=1.69, p=.2, n?>=.08) or
5 / interaction (F(2,38)=1.74, p=18, n?=.08). Same pattern of
v' Two age groups (CDI age range): younger (below 18 results across age groups.

mos, mean 11 mos) older (above 18 mos, mean 21 mos)

12.5-

v’ Age as a continuous variable:

10.0-

Im(LT ~ condition + Age in Months)
C Condition, F(2,59)=5.53, p=0.006; Age, F(1,59) < 1

7.5-
Condition

At Risk g = ot
. § 5.0 B unfamitiar
15- g
* . »
. 25-
g 10- 5 * =
g S - s T 0.0-
§ . . !.-. .. ' . 9 » & Unfamiliar youﬁger RileCrbtps older
Fio 3 . P . Fig. 5. AR Mean looking times (s) to edge, medial and unfamiliar
Igl . *

by age group.
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AR: Concurrent language skills

v' Segmentation abilities correlated with receptive vocabulary (CDI)

More looks to edge Better receptive vocabulary More looks to medial Lower receptive vocabulary

At Risk At Risk
40- -
L ]
re=.61,p=.01 . ) r=-.49, p=.04
E . ®
) g 80
(=] 8 ®
@ 20 @
: .
— : |
g % 30
5 :
= 5
3 O £ o
£
(=]
O
-30-
. 20- . . ' . ' ' : . .
Fig. 4. i ; 5 Fig. 5. 50 25 0.0 25 5.0
Edge-Medial Medial-Unfamiliar
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DS, AR and TD Within AR: familial risk and preterm
Effect of condition, group and interaction Effect of condition, No interaction
Imer(LT~ condition*Group+(1|Participant) RM ANOVA: Condition, F(1.88, 30.06)=6.42,
Condition, F(2,172)=18.5, p<.001; Group, p=.005; Group, F(1,16)=4.45, p=.05;
F(2,86)=8.1, p<.001; Interaction, Interaction, F(1.88, 30.06) <1
F(4,172)=2.9, p=.02
At Risk
12.5- n
3 I I game paﬁer
R _ l o 100
E., g 7.5- B e
§ 1 Pref:;::‘:erumamiliar g - Medial
R B oo 2 w0 M
& -
8 ,oo.._lo . B . c
rern
’ same Pt oo
fam.ilial pret.erm
= G?Eup ™ Group
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Discussion

Prosody drives early segmentation skills!
= Segmentation is seriously delayed and follows a different developmental path in DS babies
= AR babies successfully segmented at the prosodic edge only
= Although following the TD developmental path, no emergence of segmentation in medial
position yet. Segmentation abilities are delayed in the AR group
Prosody modulated the relation between segmentation abilities and lexical
knowledge
= Alink between segmentation skills and language acquisition, that had not yet been found for
atypical development.
Implications for remediation/intervention strategies

Future research: focus on sub-groups of at risk babies
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