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Background
 What is cross-situational learning?
* Rebuschat, Schoetensack, & Monaghan (in prep): CSL of everything in adults

Rebuschat, Farrimond, and Monaghan (in prep)

e Part of larger study on individual differences in language learning
e Children and adolescents

e CSL of Japanese
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Background




Statistical learning

Our ability to make use of statistica
information in the environment to
acquire (linguistic) knowledge.

SL well attested in infants, children,
adults, and non-human primates.

We can use SL to succeed in a wide
variety of linguistic tasks:

 word segmentation and word learning
 phonological development

e syntactic development

infection of murine cells (15) and transgenic
mice expressing human CD4 (16) and pro-
videsa rarionale for teansgenic approaches to
develaping animal models of HIV disease.
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SCIENCE =

p:lrnunlnz rganiam. boch sperknce- e
pendent and ent mecha-

rescted compared to the child’s eventual
linguistic abilities (). Thus, mast theorics
of language acquisition have emphasized
the cricical role played by experience-ind
pendent internal seructures over the role of
experience.dependent factors ()

It is undeniable thar experience-depen-
dent mechanisms are ako equired for the
acquisition of language. Many aspects of a
portieular nowral language must be o
quired from listening experience. For exam-
ple. scquiring the specific words and pha-
nological structure of a kinguage requires
expasure 1 3 significant corpus of language
input. Mareover, long hefore infants begin
to proche dhei raies angiogs, chey -

e

nisms may he involved in the extraction of
information and the conteol of behavior.
In the domain of language acquisition,
two faces have supported the Interpretation
that_experience-independent mechanisms
are both necessary and dominant, First,
highly complex forms of language produc-
tion develop extremely rpidly (3). Second,
the language inpue available to the young
child is both incomplete and sparsely rep-
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VOL. 274+ 13 DECEMBER 1996

q
61 Novenhelon. e the daanting ok
of acquiring linguistic information from lis-
tening experience during early develop-
ment, few theorists have entertained the
hypothesis that learning plays a primary
rale in the acquisition of more complicar-
ed aspects of lamguage, favoring instead
experience-independent mechanisms (7).
Young humans are generally viewed as
paor leamers, suggesting that innate fac-
tors are primarily responsible for the ac-
quisition of language.

Here we investigate the narure of the
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Yu and Smith (2007); Smith and Yu (2008)

Our ability to keep track of
information across many learning
trials (situations) and to make use
of this information to learn
language.

Research Article

Rapid Word Learning
Under Uncertainty via
Cross-Situational Statistics

Chen Yu and Linda B. Smith

Department of Psychological and Brain Sciences and Program in Gognitire Science, Indiana University

ABSTRACT—There are an infinite number of possible word-
to-word pairings in naturalistic learning environments.
Previous proposals to solve this mapping problem have

Rescarch on children’s word leaming has concentrated on
detrial, such that
the word is con ly mapped to the referent on that tral. This
I

how this learning might be constrained

focused on linguistic, social, repr L and at-
tentional constrainis at a single moment. This article dis-
cusses a cross-situational learning strategy based on
computing distributional statistics across words, across
referents, and, most important, across the co-occurrences
of words and referents at multiple moments. We briefly
exposed adults to a set of trials that each contained mul-
tiple spoken words and multiple pictures of individual
objects; no information about word-picture correspon-

suggests that altentional (Smith, 2000), social (Bald-
win, 1993; Tomasello, 2000), linguistic (Gleitman, 1990), and
representational (Markman, 1990) constraints enable leamers.

Lo *fast map” words Lo referents in a single encounter. However,

y problem may also be solved cross-situat
in a single encounter with a word and potential referent
but across multiple encounters and lea trials. A leamer

unable to unambiguous]

decide the referent of a wond

ngle leaming tral might nonetheless store possible

ical

over trials,
subjects learned the word-picture mappings through
cross-trial statistical relations. Different leaming condi-
tions varied the degree of within-trial reference uncer-
tainty, the number of trials, and the length of trials.
Overall, the remarkable petformance of learners in vari-
ous learning conditions sugzests that they calculate cross-
trial statistics with sufficient fidelity and by doing so

dences was given within a trial.

rapidly learn word-referent pairs even in highly ambigu-
ous learning contexts.

Quine (1960) famously presented the core problem for leaming
word meanings from their co-occurrence with perceived events

in the world. He imagined an anthropologist who abserves a
. e

kersaying “gavagai” while pointing in the general diree
ol afield. The intended referent (rabbil, grass, the field, or rabb
ears, ete.) is indeterminate from thi ence. The solution to
thisindelerminacy problem requires that the leaming system be

somehow constrained.

Addees corempondence to Chen Yu, Department of Psycholagical
and Brain Sciences, 1101 East 10k S, Indisna University,
Bloanington, IN 47405, e-mail: chenyui@indiana.edu.
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paifings across irals, evaluate the stal

evidence, and ultimately map indi
referents through ih

ual words 1o the right
cross-trial evidence. There has been

very little systematis
do this kind of leam
processes are.

Thi i i ding of

&ap
human leaming in general, and wond leaming in particular. Not

igation of whether human leamers

& andif so, what the underlying leaming

current

all upportunitics for word leaming cutside the laboratory arc as

and as ined as the experi settings in
which fust mapping has been demonstrated. Instead, in everyday
scenarios, there arc typically many words, many potential ref-
erents, limited cues as to which words go with which referents,
and rapid atentional shifts among the man s in the

scene. Such highly ambiguous learning

theless play the dominant wle in real-world word leam!

leamers caleulate and use statistical information across multi-
ple cncounters with words and reforcnts.

Several formal simulations suggest the plassibility of cross-
situational word learning (Siskind, 1996; Vogt & Smith, 2005;

Yi & Balland, in press). In these simulations, leamers keep

track of many words and many referen
ering evidence as to the word-referent puirings. Given the i

over many trials, ac-

cross-situational leam)

nite: number of potential meanings,

Nokume 18— Number 5
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Cross-situational learning
Yu and Smith (2007); Smith and Yu (2008)

2x2 condition: two referents, two words

“ball” “bat” “dog”  “ball’

|><\/ >

&

utterance 1, scene 1 utterance 2, scene 2

&
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Cross-situational learning University 5
Yu and Smith (2007); Smith and Yu (2008)

Adults can easily track cross-trial statistics and use this information to
learn words (nouns).

1.0,

Three conditions 8
e 18 words condition ©]
 Each word occurs 6 times | ul "Ijhm
* Exposure time: Less than 6 mins “
0

2X2 3X3 4X4
Learning Condition

Proportion Correct

Results:

e 2x2 condition =learn 16 words
* 3x3 condition =learn 13 words
* 4x4 condition =learn 10 words
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Cross-situational learning

Yu and Smith demonstrate that infants (12 to 14 months) can use
cross-situational learning to acquire novel nouns.

Scott and Fisher (2012) further showed that 2.5-year-old children
can use CSL to acquire novel verbs.

Monaghan et al. (2015) confirms that adults can learn both nouns
and verbs simultaneously from cross-situational statistics.

But what about other lexical items like function words? And what
about syntax?
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Rebuschat, Schoetensack, &
Monaghan (in prep):

Can we learn words (nouns, verbs, adjectives, function words)
and syntax simultaneously via cross-situational learning?

Part of larger project on individual differences in language learning
across the lifespan.

Participants:

 Twenty adult NS of English, no background in Japanese

Materials:

 Developed novel artificial language
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Methods: Novel artificial language
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Methods: New artificial language

Aliens are depicted performing one of four actions (hiding,
jumping, lifting, pushing) in dynamic scenes.

Lexicon = 16 pseudowords

* Eight nouns, four verbs, two adjectives, two function words
Grammar = Japanese (SOV, OSV)

Sixteen training and test blocks:
* 192 training items, 92 test items

* Subjects are tested four times throughout experiment = Allows to
check what is learned first and to later shorten exposure phase.
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Cross-situational learning task
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Results: Exposure trials

[EEN

* Performance above
chance from block 3
onwards.

o
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» 48 exposure trials enough
to reach above-chance
performance
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Results: Lexical and syntactic tests

Performance strongest
0.9
for...
08 1. Syntax and verbs
0.7 2. Nouns
g 06 P, 3. Adjectives
(@]
= T -a-ndiecives 4, Marker words
f—j 1 T =e=Nouns
§-04 =>¢=\/erbs
- —eMakers Rapid learning of word
03 order, nouns, verbs,
0.2 adjectives and markers
without feedback.
0.1
0

Test 1 Test 2 Test 3 Test 4
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Spacing effect and IDs

Neil Walker (PhD student, Lancaster)

= \]assed === Distributed

""" M- Verbs — M — Nouns = =% - Adj
1.00 —&— Markers — -0~ - Syntax
0.90
0.90

o
00
o

S
v
0.70 ' E ’E _% h
0.60 ;%

Proportion correct
o
~
o

o
)
o

Proportion correct

0.50 0.50
0.40 0.40
e & ) > ) o o R ) Q N oy 1 2 3 4 5
\o& Q}o& Q}o& Q’\o(\’& Q’\o(\’b Q)\o& Q)\o(\’b Q,\o‘\’{~ %\o‘\'{- \OCQ’ \oe'c, \oa&
&L & & & & & & & & & L L Test block
&S S S S E S est blocks
D G A G A P AP P & & &
i . . 0GSCI2017
* Performance on massed condition replicates previous expt 29 s et o e
* Delayed PT confirm acquired knowledge robust after 24 hrs cop et

e Confirms learning sequence: Syntax and verbs > nouns > adj > markers
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Summary

Rebuschat, Schoetensack, & Monaghan (in prep)

e Adults can use cross-situational statistics to learn words
and grammar simultaneously.

Two questions

e What about children?
e  Dunn, Belteki, Rebuschat &
Monaghan (in prep)

* Why not just use a natural
language?




Lancaster E=3
University %

Rebuschat, Farrimond, &
Monaghan (in prep)
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Rebuschat, Farrimond, &
Monaghan (in prep)

 (Can we use a natural language to

explore statistical learning of words
and syntax? @’%W}LD

 Does age make a difference in cross-
situational learning?

 (Select stimuli and age cohort for
subsequent studies)




Lancaster
University = ¢

Methods

=/ 7
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Methods: Participants

Participants:
* Forty-five NS of English across three age cohorts (each n =15):

— 8-9 years
— 11-12 years
— 17-18 years

No background in Japanese or any other VF language.

Participants were recruited and tested at local schools.
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Methods: Mini-Japanese

e Six animal cartoon characters used in experiment
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Methods: Mini-Japanese University &

Animals are depicted performing
one of four actions (hiding, jumping,

lifting, pushing) in dynamic scenes
generated by E-Prime.
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Methods: Mini-Japanese

Lexicon = 12 words

e Six nouns (one per animal)

— niwatori, chicken; ushi, cow; zou, elephant; kame, turtle; shimauma,
zebra; fukuoru, owl

* Four verbs (one per action)

— kakusu, to hide; tobikueru, to jump; mochiageru, to lift; taosu, to knock
down

 Two morphological markers

— ga = subject marker; o = object marker

Japanese words controlled for length: Half the nouns and verbs
three morae in length, the other half five morae.
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Methods: Mini-Japanese

Syntax based on Japanese:
e Sentences either SOV or OSV

* Noun phrases have noun as head,
followed by obligatory case marker,
attached to noun.

Example:

Scene: Zebra jumping over chicken.

Possible descriptions:
* ¢ “Shimaumaga niwatorio tobikueru“(SOV)
* ¢ “Niwatorio shimaumaga tobikueru“(OSV
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Generated 72 training sentences and 72 test sentences.

—> Less training than Rebuschat, Schoetensack, & Monaghan

(in prep): 48 trials was enough to reach above chance
performance

Lexical frequencies, agent-patient assignment, and word order
carefully counterbalanced.
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Cross-situational learning task

* Four exposure blocks [EXP] = exposure trials only

* Four mixed blocks [M] = exposure trials and lexical test trials
* Four test blocks [ST] = syntactic test trials

Block
1 2 3 4 5 6 7 8
Blocktype Exp Exp M ST Exp Exp M ST

Nr of trials 12 12 12+14 12 12 12 12+14 12
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Methods: Procedure

Exposure trials and lexical test trials

e Participants informed that they would learn a new
language.

 They observed two dynamic scenes and hear a
sentence in the new language over headphones.

» Task: Decide, as quickly and accurately as possible, NO feedback!
which scene the sentence referred to.

Block

1 2 3 4 5 6 7 8
Blocktype | Exp Exp M ST | Exp Exp M ST
Nroftrials | 16 16 40| 16 | 16 16 40| 16
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Methods: Procedure

Exposure trials and lexical test trials

* Inthe lexical test trials, the scenes were identical
with one difference.

Agent-patient
assignment

Noun test Different Same Same
Verb test Same Different Same
Marker test Same Same Different

No feedback!
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Syntactic test trials
* Subjects see one dynamic scene and hear a sentence.

e Task: Decide, as quickly and accurately as possible,
whether sentence sounds “good” or “bad” (in relation
to the previous sentences).

* Patterns: SOV, OSV vs *SVO, *0VS, *VSO, *VOS

Block

1 2 3 4 5 6 7 8
Blocktype Exp Exp M ST | Exp Exp M ST
Nroftrials 16 16 40 | 16 | 16 16 40 | 16
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Results
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Performance on training trials

0.7 e Performance
0.6 ] not sig above
0s chance across
2 blocks.
3 0.4
S ——8-9
g 03 =11-12 « No effect of
O - . . .
T 0.2 elrs training in CSL
01 task. 2 More
| exposure
0 | | | | | | necessary.
1 2 3 4 5 6
Block

Note: In sequence learning, absence of training effect is common
when exposure period brief (e.g. Destrebecqz, 2004).



Performance on noun tests

0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Nouns

Nountest

Nountest
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Sig learning effect in 8-9
year olds and 11-12 year
olds.

Sig advantage for
younger learners over
17-18 year olds.
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Performance on verb tests

Verbs
o7 . . e Learning effect only for
0.60
0.50 4¢><: 11-12 year olds.
0.40 ——8-9
>0 =2 e 11-12 year olds sig
0.20 =A=17-18
0.10 outperform 17-18 year
o0 | ' olds.

Test 1 Test 2




Performance on marker tests

0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Markers

_—=

—_

X

Test 1

Test 2

——8-9
-=-11-12
~4—-17-18
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Learning effect only for
11-12 year olds.

17-18 year olds get sig
worse.

Sig difference btw 11-12
and 17-18 year olds.




Performance on syntax tests

0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Syntax
E — ‘-4—
=o—8-9
=-11-12
=4—-17-18

Test 1 Test 2
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* No evidence of learning
across groups.
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Discussion
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We investigated children, adolescents learning real Japanese via
cross-situational learning paradigm (without feedback)

What have our participants learned?

8-9 year olds: Nouns

11-12 year olds: Verbs > nouns, marker words
17-18 year olds: (...)

11-12 year old outperformed older learners
Nobody learns syntax...
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Discussion

Rebuschat, Schoetensack, & Monaghan (in prep)
* Adults learning pseudowords and Japanese syntax
* Acquisition sequence:

Syntax and verbs > nouns > adj > markers.

Rebuschat, Farrimond, & Monaghan (in prep)
* Children and adolescents learning real Japanese

* Only 11-12 year olds show same acquisition sequence as
adults, except syntax
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Why are our participants doing worse?

* Lexicon was simpler (no adjectives, only 6 nouns) but they
received less exposure.

e Difference could be due to reduced exposure.
— 72 training trials (child study)
— 192 training trials (adult study)
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Why is the acquisition sequence different?

Adult study: Syntax and verbs > nouns > adj, markers
11-12 year olds: Verbs > nouns, markers. No syntax!
8-9 year olds: Nouns only

17-18 year olds: No learning (in the right direction)

Noun advantage well documented in developmental literature
so there is expectation that they should do well with nouns.

But: Verbs are very prominent in this language - Sentence
final, associated with overt movement on screen.

Surprising that only 11-12 year olds learn this.
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Why is the acquisition sequence different?

Absence of syntax learning effect surprising.

Adults learn basic word order rapidly, typically strongest
learning effect for verbs and syntax

Here, 11-12 year olds show learning effect for verbs but
chance performance on syntax tests.

Perhaps use different test to measure syntactic development?
- L2 grammaticality judgments could be more challenging for
younger learners (literature suggests 3-5 year olds can do L1
grammaticality judgments).
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Discussion

Why are the 17-18 year olds not outperforming the younger
learners?

— Expectation was that 17-18 year group should perform very
similar to adult subjects in previous studies (mean age = 20)

— Instead: “Sweet spot” for performance in 11-12 year old
children.

* Janacsek et al (2012): Sequence learning across the lifespan 2
Strongest performance between ages 4 and 12, decline
afterwards.

* Interference from prior knowledge more likely in older
learners, e.g. L1 and metalinguistic knowledge.




Different strategy use?

0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Verbs
B —
—
T— ——8-9
-=-11-12
-4—=17-18

Test 1 Test 2

Could older learners use different strategies?

- Explicit hypothesis-testing

0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Lancaster

University

Markers

—

Test 1

Test 2

Explicit learning works well in simpler systemes...

& 8

——8-9
-B-11-12
-4—=17-18
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Next steps

* Follow-up studies with mini-Japanese
* Focus on ages 10-13 years

* |Increased exposure: 18 training and testing blocks, over two
days
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