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There are patterns in child-directed
speech that make first language
learning possible
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How do children learn
language?
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Recursion




Recursion




Rule-based learning

house houses child children

kid kids mouse mice

dog dogs foot feet



Rule-based learning

German
Table 1: The Eight German Plural Classes

affix -S -(e)n -€ -er ZEro

- Umlaut Auto-s Bahn-en, Fisch-e Kind-er Lehrer-0

Fahne-n
+ Umlaut -- -- Biink-e Riid-er Kiisten-0
Behrens 2002

Dinka
SINGULAR PLURAL GLOSS
ciin cin ‘hand’ (marked singular)
j€ec jeeec ‘belly’ (marked plural)

tuuk tuuk ‘fruit of palm’ (both singular and plural marked)



Beyond structure




Beyond structure
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Beyond structure
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External
Environment

Ecological

Physical

Cultural

Social

Hauser, Chomsky & Fitch 2002



Learning mechanisms

Socio-
cognitive
abilities

Experiments
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Learning mechanisms

VY, Pattern-
coghnitive | ' : detection
abilities abilities
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How Is language learning
possible?

e Study 1: An extreme case of language learning: A
polysynthetic verb system.

* Study 2: Variation sets: How to learn about constructions and
meaning.

e Study 3: Structural frames: how to detect nouns and verbs

e Study 4. Temporal cues: how to detect nouns and verbs

16



Balthasar Bickel Damian Blasi Jekaterina Mazara

Study 1:
An extreme case of language
learning: thousands of verb
forms in Chintang
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Verbal morphology

Chintang

1s | 1di 1pi | 1de 1pe 2s 2d 2p 3s 3ns intransitive
1s tupna?d tupnaZdce tupna?dni tubukuny tubukuncuny tupma?a
- tupna?aniy tupna?dcenin tupna?aninin tubukunnin tubukuncunnin tupmatdnin
tupnehé tupnace tupnanihé tubuhé tubuncihé tubehé
E n I I S h matupyoknehé matupyoknace matupyoknanihé matupyoktuhé matupyoktuncihé matupyoktehé
1di tupcoko tubumcum tupceke
tupcokonin tubumcumnim tupcekenin
tubace tubumcumhé tubace
matupyoktace matupyoktumcumhé matupyoktace
w a 1pi tubukum tubiki
tubukumnim tubikinin
tubumhé tubihé
matupyoktumhé matupyoktihé
1de tupnalanciya tupcokona tubumcumma tupcekena
O u wa tupna?anciydniy tupcokonanin tubumcummaniy tupcekepanin
tupnanciyehé tubacehé tubumcummehé tubacehé
matupyoknanciyehé matupyoktacehé matupyoktumcummehé matupyoktacehé
1pe tubukumma tubikina
tubukummanin tubikinanin
h w I k tubummehé tubiehé
matupyoktummehé matupyoktiehé
2s atupma?a {a-ma}tupceke {a-ma}tupno atuboko atubukuce atupno
atupma?anin {a-ma}tupcekenin {a-ma}tupniknin atubokonin atubukucenin atupniknin
atubehé {a-maj}tubace {a-majtube atube atubuce atube
we w a I k {a-ma}tupyoktehé {a-ma-ma}tupyoktace | {a-ma-majtupyokte amatupyokte {a-ma}tupyoktuce {a-ma}tupyokte
2d | atupmaZanciy atupcoko atubumcum atupceke
atupmaZancinnin atupcokonip atubumcumnim atupcekenin
atubancihé atubace atubumcumhé atubace
{a-majtupyoktancihé amatupyoktace {a-ma}tupyoktumcumhé | {a-ma}tupyoktace
0 2p atupmaZanin atubukum atubiki
u w atupmaZaninin atubukumnim atubikinin
y atubannihé atubumhé atubihé
{a-ma}tupyoktannihé amatupyoktumhé {a-ma}tupyoktihé
3s utupma?d maitupceke maitupno matupceke matupno natupno natupceke natubiki tuboko tubukuce tupno
utupma?aniy maitupcekenin maitupniknin matupcekenin matupniknin natupniknip natupcekenin natubikiniy tubokonin tubukucenin tupniknin
e w a utubehé maitubace maitube matubace matube natube natubace natubihé tube tubuce tube
{u-majtupyoktehé {mai-majtupyoktace | {mai-majtupyokte | {ma-majtupyoktace {ma-ma}tupyokte {na-majtupyokte | {na-majtupyoktace | {na-ma}tupyoktihé | matupyokte matupyoktuce matupyokte
3d utupma?anciy utupcoko utubukuce utupceke
utupma?Zancignin utupcokoniy utubukucenin utupcekenin
utubancihé utubace utubuce utubace
w a e {u-ma}tupyoktancihé {u-ma}tupyoktace {u-ma}tupyoktuce {u-ma}tupyoktace
3p utupma?Zaniy utuboko utupno
utupma?Zaninin utubokonin utupniknin
utubannihé utube utube
{u-ma}tupyoktannihé {u-majtupyokte {u-maftupyokte

na-khutt-i-ca-i-hatt-i-bir-i.

Jo-go-yan
whatever-NMLZ-ADD 3[s]>2-steal-2pO-V2:eat-2pO-V2:move.away.TR-2pO-V2:do.for-[SB]JV.]2pO

‘It (a cat) may steal everything from you and eat it all up!’ [story.cat.204] 18



Verbal structure

| Affixes Unique synthetic forms
English 3 3
Chintang 148 4745

19



How can such an extreme
system be learned?

20



Verb form types in the input

25000
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Number of verb form types
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Chintang

English
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English Chintang
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English Chintang




English Chintang
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Frequency distributions stems
vs. affixes: Chintang (input)

log(Frequency)

10.0 1

7.5 -
Part of verb form:

5.0 7 © Dependents
© Heads

2.5

0.0 1

I I I I I
0.0 2.5 5.0 7.5 10.0

log(Rank)

Stoll et al in prep. 26



Most frequent stems In one
recording: Chintang (input)

150

100

)@
Y

1\’0‘ }

50 $

0_

Child-surrounding verbs from start to end of session

I I I I I I I I I I
_29) ) A9 A2 AD AN M A0 _%) _%)
e’&’&\ %o\“ \oe\“ ,{\e\“ @\, ™ (\)o\“ ,@\\\“ \kee‘)“\ \,;\\\\0 ¢ o\x\\“\

10 most frequent heads in adult production in sample session

Stoll et al in prep.
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Forms with the same stem in one
recording session: Chintang (input)

S
.ﬁ ci ma hatt ma
Q ci ma hatt ma
& I
LS ci ce ce

ci ma
_g ci a ce a
() ci ce
o ci ce
-+ ci a
£ 100 - o [
(qv] ci no
"G; ci a

ci a
E ci a
9 ci a
- ci a
wn .
o ci a
| - ci na
g @ ci na

a ci ' u

20 50 - 6 b a 7
= = a G W
o ® :
0 0w
- e ci a
9 N ci ma
— ci i m
(?') | ci ma
I E ¢ hatt e
E ci ma
i
O

eat(nlzzg) Stoll et al in prep.
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Forms with same affixes in one
recording session: Chintang input

200 -

150 ~

aQ a a a
s T h-T -1
oo o
S g g F fFEsEs838¢ 8
13 2 2 - - -3 = -3
o o o & & o & O v v o v & v & v ¥ ¥ N v O N & O
v v v v m et v mmmm e m e m o mnw

100 A

50 -

. '

a-?(n=51) Gtoll et al in prep.

| F T

3 ER S Fs F gt ¢
I ~ 2 2

g g§ § 8§ §*+ £ I a 3
L T Y
W NN NN NN Ny NN N NN NN NN

E

Child-surrounding verbs from start to end of session
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Stem and affix combinations:
Chintang (input)

English Chintang
3000 1
n 357
S
>
i
“5 2000 ~
O
0
g 1000
< 453
N
0 - 0
S © ;«e
2 e ™ O
- OeQé\é N ézd\?}e@\
SMIBAN
%O,b(ecn\

Combines with multiple 8 Combines with one

Stoll et al in prep.



Stems vs. Affixes over time in
children

Chintang Child 1

1.2

(]j-g_ 777777 c 77;7:7777:’*‘?*7.7774177‘7 777777777 b ey —— —— ———————— ——— — — — —— —— — —————
S 06- et
© . .

Chintang Child 2

2

1.2
O 10+———= e e e T S e
'l: 08_ L) : - o 3 . f 2 P . ®
qC) 0.6 - A
B Chintang Child 3
=
o 1.2+
CIU %g— ******************************** i‘f‘i**:*t*‘**r?**"f*r***‘g*****:****"****
4? 0.6 -
O . .
— Chintang Child 4
<
O 12-

(1)-3- **************************** A e o R g e S e e — o o ———

06_ I I

3;0 4;0

Age of target child

Part of verb: ® Dependents ® Heads

Stoll et al in prep.



Conclusion
Chintang verbal morphology

The system can be learned via
distributional learning,
generalisation and
abstraction

32



How do children learn
language?

v

How come children can
learn any language in a
few years time?




Challnge: diversity
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THE WORLD ATLAS
OF LANGUAGE STRUCTURES
ONLINE

Home Features

Browse

Languages

Genealogy

Chapters

Data

Grammars

100-language Sample

Showing 1 to 100 of 2,679 entries

Name
Search
Aari

Abau

Abaza

Abenaki (Western)

WALS
code

Search

aar

1S0 639-3

Search

200-language Sample

Genus
Search
South Omotic

Upper Sepik

Northwest Caucasian

Algonquian

Search a languold by name. Matching names are formatted in bold font for languages, in
italics for genera and underiined for families. This search does also take alternative names
into account.

search for a languoid v

(o B

« Previous 1 2 3 4 5 Next —

Family Macroarea  Latitude Longitude Countries

Search --any- 4 Search Search Search
Afro-Asiatic Africa 6.00 36,58 Ethiopia
Sepik Papunesia -4.00 141.25 Papua New

Guinea

Northwest Eurasia 44.00 42.00 Russia
Caucasian
Algic North America 44.00 -72.25 United States

Canada

Language
Abkhaz
Acehnese
Ainu
Alamblak
Akkadian
Albanian
Albanian
Albanian
Albanian
Albanian
Albanian
Albanian
Albanian

AUTOTYP

Selected arguments: Conditions: Ana[ysis: Notes_analysis ]
Role Reference Predicate classCo-arg. role Co-arg ref. TAM Clause  Semantics  Diathesis Polarity Domain
2 Ay 2 |def_tr 37 | 99_PTCP 1 |main 1 |ACT 0 |<any> any> |
4 |Agy 3 |def_ditr 37 |e9_pTCP 1 | main 1 |acT 0 |<any> [<any>
1S 19 |Sgcuse 37 |99_PTCP 1 |main 0 |<7a> 1 |ACT 0 |<any> [<any>
2 |A, 404 AP 37 [99_PTCP 1 |main 0 [<7a> 1 [acT 0 |<any> |<any>
4 |Agr 832 [AT G 37 [99_PTCP 1 [main 1 |ACT 0 |<any> any>
build mat <- function(dta)
§te«|s < unique(unlist(dta))
markers <- names(dta)
mat <- matrix(@, nrow=length(items), ncol=length(markers))
p 3 s : colnames(mat) <- markers
group_by(Language, ReferenceType, TAM, Polarity, Diathesis) %>% rownanes(mat) < items
:r(re(mge(kole) % for(n in markers) for(i in items) if(i winy dtallal]) matli, ml < 1
o
# split the roles by GRs @“
roles <- lapply(split(.SRole, .$GR, drop=T), as.character) #5 class
rolenats <~ build_nat(senantics.per. role[['s1])
# convert them to alighment, sorting appropriately
eqset <- sapply(roles, paste, collaps
egset <- factor(egset, levels=c('S', 'S=A" 'P))
eqset <- as.character(sort(egset))
alignment <- paste(eqset, collapse='=')
data.frame(Alignment = alignment, stringsAsFactors=F)
b
123 o
1 o estam
ReferenceType TAM Polarity Diathesis Alighment o s e
#ANY# <NA> <NA> ACT  S=Atr=P e feel_sechy BT
feel_ha
#ANY# <NA> <NA> ACT  S=Atr=P e e
#ANY# <NA> <NA> ACT  S=Atr=pP e e
#ANY# <NA> <NA> ACT  S=Atr=P amn feet iy £
#ANY# <NA> <NA> ACT  S=Atr=P ome S e
2plPro <NA> <NA> ACT  S=Atr=P A —
N-def <NA> <NA> ACT  S=Atr=P /// / > -
3sgPro NAS  <NAS ACT  S—Atr=P o /lp\a\ feet cota BT)
1sgPro <NA> <NA> ACT  S=Atr=P E / feel_sick ILLI
2sgPro <NA> <NA> ACT  S=AtrzP et
N-indef <NA> <NA> ACT  S=Atr=P e sari i
1plPro <NA> <NA> ACT  S=Atr=P o [ D
3plPro <NA> <NA> ACT P—— e s
L ) e vors 3o onary )

Stoll & Bickel 2013

EDre rear

have_headache BLT1

35



Data: ACQDIV bank

New Corpora:

I : Qaget
gg 22 §§ §§ 53 Pijanjatjara
QAR 7 et e 9NN
Ku Waru
Cluster 1 Cluster 2 Cluster 3  Cluster4 Cluster 5 Tuatschin
English
Turkish Indonesian  Inuktitut Sesotho Dene Shipibo
Japanese  Yucatec Chintang  Russian Cree etc. .o

Stoll & Bickel 2013

o D)
.
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ACQDIV core team
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Nick Lester

Géraldine Walther Jekaterina Mazara
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| Tabelle = Text

Untertitel

Lexikon

Audio-Erkenner

Video-Erkenner = Metadaten 7
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100 )
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112 kristina 00:41:14.010 00:41:14.800 00:00:00.790
’ 113 e duijana coptana 00:41:15.275 00:41:17.580 00:00:02.305
114 kanchi to 00:41:18.824 00:41:19.800 00:00:00.976
115 kanchi 00:41:20.446 00:41:21.380 00:00:00.934
116 to hanako hanako mama 00:41:22.109 00:41:24 410 00:00:02.301
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language
Chintang
Chintang
Chintang
Cree
Indonesian
Indonesian
Indonesian
Inuktitut
Japanese
Japanese
Japanese
Russian
Russian
Russian
Russian
Sesotho
Sesotho
Sesotho
Sesotho
Turkish
Turkish
Turkish
Yucatec
Yucatec
Yucatec

Yucatec

corpus
Chintang
Chintang
Chintang

Cree

Indonesian
Indonesian
Indonesian
Inuktitut
Japanese_Miyata
Japanese_Miyata
Japanese_Miyata
Russian

Russian

Russian

Russian

Sesotho

Sesotho

Sesotho

Sesotho

Turkish

Turkish

Turkish

Yucatec

Yucatec

Yucatec

Yucatec

session_id utterance_id word_id

478

503

503

503

1500
1577
1577
1577
1939
1939
1939
1939
2389
2389
2389
2389
2667
2667
2667
2891
2891
2891
2891

393608

410983

410983

410983

1326526
1373193
1373196
1373198
1810004
1810005
1810006
1810006
2637993
2637993
2637993
2637993
2858439
2858439
2858440
3108071
3108071
3108071
3108071

1

1

1
987673
1023914
1023916
1023917
3516259
3589311
3589314
3589317
4783322
4783323
4783324
4783325
6816355
6816355
6816356
6816356
NA

NA
7504733
8185947
8185947
8185948
8185949

morpheme_id
1

2

3
1600151
1616384
1616386
1616387
4381281
4419047
4419048
4419050
5470915
5470916
5470917
5470918
7494533
7494534
7494535
7494536
7824079
7824080
7824081
8123413
8123414
8123415
8123416

ACQDIV bank

word
habinin
habinin
habinin
awan

da

7?7?
Tante
Naa
issho
pikapika
ne

oj

??2?

Alja

ne

ere

ere
mphe
mphe
NA

NA
kamera
Lorena-e’
Lorena-e’
tédan

u

pos_word_stem
\

\

\
PRODEM
stem
7?7?
stem
PTCL

N
IDEOPH
PTCL
INT)

??7?

N

PTCL

NA
NA

z2 =2

?7??

7?

morpheme pos

hap \'

i sfx

nin sfx

NA PRODEM
da stem
??2? ?7?2?
Tante stem

no PTCL
issho N
pikapika IDEOPH
ne PTCL

0j INT)
??? ??2?
alja N

ne PTCL

er \

e sfx

m pfx

ph \"

degil PTCL

0 PRODEM
kamera N
Lorena N

e’ sfx

taan ?7?7?

u ?7?7?

Moran, Schikowski,

gloss
cry
1/2pS/P
NEG
who

bye

7?7?
aunt

no
together
?72?
TAG
INTER]
?2?
M:SG:NOM:AN
PCL

say

mAi
omls
give

7?7?

?7?7?

7?

??2?
TOP
7?7?

?7??

morpheme_language speaker_label

Chintang
Chintang
Chintang
Cree
Indonesian
Indonesian
Indonesian
Inuktitut
Japanese
Japanese
Japanese
Russian
Russian
Russian
Russian
Sesotho
Sesotho
Sesotho
Sesotho
Turkish
Turkish
Turkish
Yucatec
Yucatec
Yucatec

Yucatec

GKR
GKR
GKR
ADU
MOT
MOT
MOT
ALI
AMO
AMO
AMO
AL)
AL
LEN
LEN
MHL
MHL
MHL
MHL
NA
NA
MOT
MAR
MAR
MAR
MAR

age_in_days gender

14600
14600
14600
12842
NA
NA
NA
916
NA
NA
NA
625
625
NA
NA
NA
NA
NA
NA
NA
NA
NA
21486
21486
21486
21486

Female
Female
Female
Female
Female
Female
Female
Male
Female
Female
Female
Unspecified
Unspecified
Female
Female
Female
Female
Female
Female
NA

NA
Female
Male
Male
Male

Male

role

None

None

None
Speaker
Mother
Mother
Mother
Target_Child
Speaker
Speaker
Speaker
Target_Child
Target_Child
Aunt

Aunt
Mother
Mother
Mother
Mother

NA

NA

Mother
Speaker
Speaker
Speaker
Speaker

macrorole
Adult

Adult

Adult

Adult

Adult

Adult

Adult
Target_Child
Adult

Adult

Adult
Target_Child
Target_Child
Adult

Adult

Adult

Adult

Adult

Adult

NA

NA

Adult

Adult

Adult

Adult

Adult

Pajovic¢, Hysi & Stoll, 2016

languages_spoken
nep bap ctn
nep bap ctn
nep bap ctn
crl

xmm ind
xmm ind
xmm ind
ike

und

und

und

sme
sme
sme
sme

NA

NA

xmm ind
jav ind
jav ind
jav ind

jav ind
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NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
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Study 2: Variation sets
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Hypothesis

There are patterns in the input that
make learning and generalisation
possible.
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Learning in interaction
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Two hypothetical language learning situations.

Alien message #1

Alien message #2

(1a) kedmalburafuloropesai
(2a) gianaber
(3a) manadukbiunel

(4a) kiciorudanamjeisulcaz

(1b) kedmalburafuloropesai
(2b) rafuloro

(3b) manaloropesai

(4b) kedmalbumanaloropesai

Onnis et al. 2008
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Variation sets In the input

*MOT: und jetz rein in den schuh.

*MOT: und die schuhe?

*MOT: weg .

*MOT: so zumachen.

*MOT: eine schleife.

*MOT: oh 'n grossen schuh.

*MOT: bum.

*MOT: warte.

*MOT: du kriegst gleich dein'n schuh wieder.
*CHI:  Mama.

*MOT: nein nich?

*MOT: wieder zu?

*CHI:  zu.

*MOT. zu?

*CHI:  &ja schuh &em.

*MOT: schuh?

*MOT: ein schuh?

*MOT: die puppe is zu klein flr den grossen schuh?

Childes, German/Szagun/CIl/Adriane/030520.cha



Variation sets In the input

e Repetitive units in interactional units

e 17% - 30% of verbs and nouns In variation
sets in child-directed speech

Klntay & Slobin 1996, Wiren et al. 2016, Waterfall 2006, Brodsky et al. 2007,
Grigonyte & Bjorkenstamm 2016
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Are variation sets In input
universally reliable patterns and
how do they develop as a
function of the age of the child?
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Percentage of variation sets

08-

04-

-
no
'

00-

Variation sets

Corpus

=== Chintang

Cree
English_Mancheste
Indonesian

Inuktitut
Japanese_MiiPro
Japanese_Miyata
Russian

Sesotho

Turkish

Yucatec

] ] '
1000 2000 3000
Age in days

Moran, Lester, Heath, Kiintay Pfeiler, Allen & Stoll 2019
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Variation sets

Chintang

o
w

o
N

S
—

Percentage of variation sets in the input

g
o

0:06 1:00 1:06 2:00 2:06 3:00 3:06 4:00 4:06
Russian

o
w

O
N

g
—

Percentage of variation sets in the input

o
o

1:06 2:00 2:06 3:00 3:06 400 406 500 506 6:00 6:06
Age

Moran, Lester, Heath, Kiintay Pfeiler, Allen & Stoll 2019



Conclusion variation sets

Found in all of our maximally diverse
languages
Language specific patterns in the
development over time, not necessarily
decreasing
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Study 3:
Frames to detect nouns and
verbs
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Frames

like
hate
hear
love
and
not

Moran, Blasi, Schikowski, Klintay, Pfeiler, Allen & Stoll , Cognition 2018 53



Frame you__it

Frames

put (28), want (15), do (10), see (7), take (6), turn (5), taking (5), said (5), sure (4), lost (4), like (4), leave (4), got
(4), find (4), throw (3), threw (3), think (3), sing (3), reach (3), picked (3), get (3), dropped (3), seen (2), lose (2),
know (2), knocked (2), hold (2), help (2), had (2), gave (2), found (2), fit (2), enjoy (2), eat (2), chose (2), catch (2),
with (1), wind (1), wear (1), use (1), took (1), told (1), throwing (1), stick (1), share (1), sang (1), roll (1), ride (1),
recognize (1), reading (1), ran (1), pulled (1), pull (1), press (1), pouring (1), pick (1), on (1), need (1), move (1),
manage (1), make (1), load (1), liked (1), lift (1), licking (1), let (1), left (1), hit (1), hear (1), give (1), flapped (1),
fix (1), finished (1), drop (1), driving (1), done (1), did (1), cut (1), crashed (1), change (1), calling (1), bring (1),

break (1), because (1), banged (1)

Frame a- 2S/A° -0 3P’

a. theke a-kbind-o-ko?
why 2S/A-pull-3P-IND.NPST

‘Why do you pull it?’

b. hiii  kabili a-nept-o
DEM third.daughter 25/A-step.on-3P

‘Kaili, you might step on it!’

c. a-hbid-o-ko?
2S/A-watch-3P-IND.NPST

‘Can you look after her?’

d.

Frame mai- 'NEG __ -th ‘NEG

la mo mai-son-th-a
INTER] DEM.DOWN NEG-move-NEG-IMP

‘Don’t move down there!

e  mai-kbay-th-o-s-¢ ni
OK NEG-see-NEG-3P-PRF-IND.PST EMPH

‘Yeah, s/he didn’t see it.’

mo sotanma-ce phiday u-mai-let-th-a-ns-a-kha
DEM.DOWN S.-ns ginger 3nsS/A-NEG-plant-NEG-PST-PRF-PST-NMLZ

‘The Sotangma people have not yet planted ginger down in the field.’
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Are frames in the input universally
reliable patterns that could help In
categorizing parts of speech?
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Frames in ACQDIV bank

Word frames: no

Accuracy SD Completeness SD Frames Min Max

Chintang 0.57 0.24 0.04 0.02 33 90 2720
Inuktitut 0.98 0.11 0.03 0.01 37 2 3
Japanese 0.82 0.21 0.02 0.02 97 67 915
Russian 0.44 0.22 0.04 0.03 48 234 1485
Sesotho 0.83 0.23 0.01 0.01 107 8 163
Turkish 0.62 0.20 0.08 0.08 15 34 318
Yucatec 0.78 0.28 0.01 0.01 133 3 41

Morpheme frames: yes

Accuracy SD Completeness SD Frames Min Max

Chintang 0.95 0.09 0.08 0.07 60 517 7940
Inuktitut 0.93 0.16 0.02 0.01 100 5 43
Japanese 0.98 0.04 0.02 0.03 187 83 1943
Sesotho 0.97 012 0.04 0.04 88 66 1358
Turkish 0.88 017 0.01 0.01 835 21 1000
Yucatec 0.90 0.18 0.01 0.02 153 20 584

Moran, Blasi, Schikowski, Klntay, Pfeiler, Allen & Stoll , Cognition 2018 56



Categorization of nouns and
verbs via frames

Chintang Inuktitut Japanese

1.00-

0.75-

0.50 - .

0.25- POS

[ J [ ® N

— . °
S 0.00 Y
2 Frequency
g Sesotho Turkish Yucatec 3 0o
O 1.00
9 @ 200
(O] @ 300

0.75 - @ <00

o
0.50 -
o
o
0.25-
°®
o O
0.00-

1 1 1
O.IOO 0.|25 0.:50 O.|75 1.|00 O.IOO 0.|25 0.:50 0.|75 1.|00 O.IOO O.|25 0.50 0.75 1.00
Global precision

Moran, Blasi, Schikowski, Kiintay, Pfeiler, Allen & Stoll , Cognition 2018 7



Conclusion
frames:

Nouns and verbs can be
categorized via repetitive
patterns in their morphological
structure
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Nick Lester

Study 4:
Temporal cues to
detect nouns and verbs



Temporal cues before nouns
and verbs

nouns

Seifart ... Bickel, PNAS 2018
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Temporal cues before nouns
and verbs: adults

a)

b)
c)
d)

e)

9)
h)

B Probability of pause by word class
Baure Bora Chintang
0.6-
0.4-
i il 11T Wi | !“ | 0.2- n.s. N %
& Dutch English Even
uuvaa (pause) llihiyotvuke u thdéneri dsijiveébe e s
()
you my father you after biting died »g 0.4-
X N X v v £
802 .
0.0 0.25 0.5 0.75 1.0 = s e ="
1 o
e It i |8 - S - Hoocak Niing Texistepec
pre-word window noun pre-word window verb '
0.68's 0.35s 0.4-
9.26 phonemes per s 25.71 phonemes per s
0.2-
one pause no pause & \
0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 nouns verbs nouns verbs nouns verbs
Time (s) Word class

Seifart ... Bickel, PNAS 2018
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Temporal cues for nouns and verbs:
pauses Iin child-surrounding speech

Chintang Japanese
1.00 - 1.00 -

=)
\l
&)
o
N
o

- POS
20.50 -

Noun
Verb

Probability of pause
- - :
o 3

Probability of pause

O

N

(&)
1

Adult Child Adult Child
Speaker type Speaker type

Lester, Bickel & Stoll in prep. a0



Speech rate in preword window (segments/sec)

25+

N
o
L

-
w
1

-
o
1

w
L

Sprechgeschwindigkeit vor
Nomen oder Verben

Chintang

n.s.

*eRw

s

Adult

Speaker type

Child

POS

Noun

Verb

251

Speech rate in preword window (segments/sec)

Japanese

201

154

10+

*Rw

e

Ad'ult

Speaker type

Child

POS

Noun

Verb
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Speech rate (segments/sec)

N
(&)
1

N
o
1

—

(&)

N
o

(&)

o

Temporal cues for nouns and
verbs: speech rate in child-
surrounding speech

Chintang

kv
s .
—
-
-
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Adult Child

Speaker type

Japanese
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o
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-
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POS
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Verb

-
o
1
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(@)

o
1

Adult Child
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Lester, Bickel & Stoll in prep. -



Conclusion
temporal cues:

Both pauses before nouns and
verbs and the temporal duration
of these units can serve as cues

for syntactic categorization

65



To conclude:

e The input is not chaotic and there are quite a number of
patterns learners can rely on

* There are striking similarities in the information distribution
iIn child-directed speech in maximally diverse languages

e Some cross-linguistic differences in the patterns

* We are only at the beginning at understanding the
computational power underlying language development

e Children can apply distributional learning and make use of
statistical patterns provided by the input
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Thank you very much
for your interest!
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