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Don't eat meat
to live longer
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90% of Englishiis ...
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You can be fluent in ...
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... or don't study it!
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Losing Weight

& Language Learning
4Ly hENEREER

« Requires consistent efforts + time
%Ii%bﬁ'jfd zj]é_’_ #Faﬁﬁcfg—g_%

« Anyone healthy can succeed, yet most fail
FECHBINTEDH, KREAHDKRBICIRD D

« Lack of knowledge of correct methodologies
FUWHEICET 2RO E




Second Language Acquisition

SLA)

Dynamic Memory Models

Critical Period Hypothesis

Comprehensive Input

Monitor Theory Hypothesis

Interaction Hypothesis

Self-Regulation Theory



People learning English worldwide
HRPOREBFES

1,500,000,000

(~20% of the world’s population)
(T FEAOD#KI20%)




duolingo

More than 150 million registered users worldwide
Bk 1——% : 15500045 A

Currently offer 64 courses (teaching 21 distinct languages)
651 —X Q1538 =F&E ]

Expanding to 87 courses soon (incl. Klingon!)
87 1—XRICHLKFE (VYUY IVEED)

Available on Android, iOS, Windows Phone & Web
100% FREE 100%fxl

(As of Sept. 2016)



Top Free In Education

Duolingo: Learn Kids Reading Pr Edmodo Quizlet Blackboard Mok
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» English Skills 1)

Basics 1

é

Basics 2 Phrases

e®

Food Animals
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Practice Weak Skills

Nnours
S

of Duolingo is
as effective as one

university semester
= K¥F 1 FHATE




What makes learning

languages difficult?
NEZEEFSDODHEHUIDER




Methodology
IR

e Providing context: Teaching through whole
sentences / pictures XPEE(CE D RHE

- Which of these is “the girl™?
(*°0°)
w
€) Oui, je parle anglais <) No

14



Methodology

%U IS

e Listening and speaking JXZ>J&AE—F27
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Type what you hear

15



Learner Error Labeling

— §_|I_|:|_ = AN ]S N
User submission = HEam D INIVY

11— —DAT] . - - .
She . . like an apples

Correct angwer

— Joi
15

She :: really {: likes :: apples

Error labels|
LD SN

CRF (Conditional Random Field)

p(y|x) o exp(w’ ¢(y,x))



Learner Error Prediction

New sentence

He

Label prediction

— Ai
1/

HE NI

Features
=4

w=he

pP=PRON
m:Gender=Masc
m:Number=Sing
m:Person=3
d=nsubj->VERB

FE A DT

often

AE

eats | | bananas

1

w=eat

p=VERB
mM:Number=Sing
m:Person=3
m:Tense=Pres

d=ROOT



Words ys Difficulties

—+ |:||:| @ %&% 12

Spanish
Hard
yes Definitely A ho simple est-ce
table Possibly Y Calcetines  combien dix-sept
top ceiling casa volviO a sont-ils
IS Seconds no Definitivamente 1l Voulez-vous
and Almost ayer Oimos nuit soiréee
'S Think local Cuando orange Es-tu
old Summer es Jamas ICI Est-ce
tuna Clearly antes Posiblement  animal Dimanche
open Portuguese nota Como mal Veux-tu

Pink Private hotel boligrafos tard Quol



Word Lengths vs Difficulty

EREHZE
English Spanish French
_B\' ' i ‘ ! | § E : _B\ . ; P i _B\ Nttt O
Sl 2l 2 g
£ | LARE £ P, £
S A & 5 -4
Word Length-(ch-ars-.) | Word Léngth »(ch”ars».) A. Word Lengt‘h (éhérsl) |

r=0.25(p < 0.01) r=0.24 (p < 0.01) r=0.32 (p < 0.01)

French word difficulty is most sensitive to length
T oOVAEDEREHZE= E—nnEk*EBab\E_:E)I_J\'\




Word Frequency vs Difficulty

HEEAE S E

English Spanish French

Difficulty

Difficulty
Difficulty

“Log»Probability‘ | .‘ AI__og-Probability | “ -I'_og-Probability'

r=-029(p<0.01) r=-018(p<0.01) r=-0.15(p<0.01)

Engllsh word difficulty is most sensitive to frequency
SDHEEBEHZE=BHEAE CHEA RO




Character n-grams vs Listening
Difficulties

XFENT TLEVRZV T DH#GE

English
Easy
piN ma$S AaS igu Aea tai
leg gnsS uesS Aés geS auv
Aye als onS ést lez uva
SiX rop not Aoi XS lag
nuS nig Aru nam ans ére
cre lyS ANo Aoi AasS eue
mal bar 1ja 0Ig cas enn
ted gesS ses Sig arm ele
Ada wom pas sde ust vas

taS eke Afy esd mon Adé



Typical Errors by

Native Language
E— S BRI DB HER

Portuguese

» *We drinks wine. (verb conjugation ‘drink’)

- *| was not _ teacher. (article ‘a’)

Spanish

- *_ Need a bathroom. (subjectl’)

- *She not is my qirlfriend. (negation word order)
Arabic

- *Where they are from? (word order ‘are they’)

- *The oil _ black. (be-verb 'is’)

Russian

- *Our work week starts in Monday. (Preposition ‘on’)
- *My fatheris _ farmer. (Article ‘a’)



Effect of Native Language
EEOME
w='a’ —EfDEL w='his’ —> DEL d=nmod —> SUB

=N HY N

English <- Portuguese
English <- Spanish
English <- Arabic
English <- Russian

. Arabic

3 Russian-

3 SVD

3. (Singular Value
[ Decomposition)
O \ &7

DC:_ 5 Spanish P E(E D iR

S  Portuguese

1st Priﬁé:ipaltomﬁoneﬁi



How about Japanese?
HARZFBFHEDRE




Difficult Words for Japanese
zl:m:lng’f:'lt & DT@%% ( —|:||:| Y%n7\5h)

Character n-grams

Easy Hard

are research ges bye
days mouth fiv yes
and citizen las fly

for On do$S mou
One firm AIS ste
cats plece mar uth
ten Impossible epo lde
To unit byS edi
condition ill to$S ene

not Walk Al ket



Difficult Concepts for Japanese

POS (Part-of-Speech)

2|:|:||:| né’l‘:‘l (I t P, T@¥E%1§

(XE)

Morphological Tags

Easy Hard
CONJ NOUN
PUNCT VERB

X INTJ

AUX ADV
SCONJ ADJ

NUM ADP
PROPN PART

DET PRON

Easy
Degree=Cmp
Case=Acc
Gender=Fem
PronType=Int
Definite=Ind
Mood=Imp
NumType=Card
Person=1
VerbForm=Ger

Case=Nom

Hard
Number=Sing
Reflex=Yes
VerbForm=Fin
PronType=Prs
Degree=Pos
PronType=Rel
Mood=Ind
Tense=Pres
Number=Plur

Person=3



What makes users successful

in learning languages?
NEEZE ICRINT 5 ADFHE




Retained vs Churned Users
T - B 1 —H'—

Cut-off Date Cut-off Date
Days Days

User ID

3,466 retained users 3,426 churned users



Retained vs Churned Users
T - B 1 —H'—

- Retained users - Retained users

# of days §ince # of sessions Relative stdev of
_ last session (last weeks) daily # of sessions
Rty arvnNod Ty Y a VB Ly a3 YE/ED

i H & HEXIRERE




Other characteristics of

successful user
FIh9 5 A D D4FEL

Has already registered (reminder, etc.)
— U —BFEH ()1 VT —NRE)

Has an observer (a teacher)
dITH—\— (&) ICLDEHBEE

Has longer ‘streak’
& e HED R LY

Does more practice
BEE LD LLERIZ L

Takes more time during a session
gty g VEENRL




User A
User B

User C
User D

Clustering Users

Weekdays

HE 4§ I .
g 5 2

11— —

Weekend

Dirichlet Process
Gaussian Mixture
Model (DPGMM)

DY ZAT Y2

2nd Component

) 4

Visualization by t-SNE

outliers

« BED
*s 9-5
*s+ DAY

MDNT
prime
a.m,
wknd
p.m.
bed

*s mint
*s bipolar

1st Component



Cluster Examp[es
J TR — @W

9am 5pm Prirﬁé time (~8|brh) “




Performance by Cluster
7 ZAY —EZDRE

User Clusters

Weekend Random
(worst) (best)

> "When you study”
FEEE > FERFHE




Weight of Hour —> OK Feature

Time of Day vs Performance

8.86

8.79

8

16

Time of Day

15

A & AE

0.77 -

S _

§ § 0.76

§ § 0.75 - —©— Non-sleep deprived
. o - i

g @ 074 l Sleep deprived |
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< 0.71 T

600 800 1000 1200 1400 1600 1800 2000 2200 2400

Hour of the day

Auditory temporal judgement [Babkof‘f et al.,, 2004]
Hu»?%iﬁg?ﬁgﬂ;;E:FULJT

Better
80 - Alertness

VAS (mm)

Deviation From Mean

LU D B B D B A B e B

180 O 180 0 180

Circadian Phase
Tmin=0°

Cognitive Performance ?Wright et al., 2002]
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Conclusion (so far)

L_*L:\T@%

. Consistent practice (vs ' cramming") is the key
s DIAA TIF 7R < RV IES

7':)\ Eag

« Studying only on weekends may not be enough
BERICTHMBET S5DTIEFEZE5 L ESARL

« When you study doesn’'t matter as much as
how often you study (unless it's at 3am!)

f5EDE

FEKL D, MROMEREHE

k=2




A Model for
Spaced Repetition
Practice

ElE)

Sl

SE b

(Settles and Meeder 2016)



Spaced Repetition

—
-

Abs. Obj.3

©

Materials

Practice Weak Skills

French Skills

o
EDCED
O ~
S -

ElEeE

people tend to learn better when

practices are spaced over long

intervals rather than “cramming”
saDIAA K D ERZRITICFEE DA

%EI’\J

Duolingo uses strength bars to
indicate when lexemes/concepts in
a skill need practice

MBS /N\—ZEWEEE - TROFENFHZ

RN

(Ebbinghaus, 1885; Pimsleur, 1967; Leitner, 1972)



Forgettmg Curve
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the probability p of a correct

answer as a function of:

FEER p (ST OB :

« time A since it last practice

Zam U T=kRE A

 halflife h in user's memory

:—/}jZ.HH h




Halfllfe7

/D/

initial iImplementation:

Leitner flashcard algorithm

TANTF—2AT A

correctly-answered items

4.Y4.Ya Y4l

incorrectly-answered items

1 2 4 8
L e e

HODHTE

16

A

idea:

formalize halflife into

the equation:

= ER D ZR 3R

h = 27e~To

or, more generally:

— AL
h =297

for model weights © and a
vector of predictors X



Student Performance Data
S DRE T — Y

] ]
Type what you hear Type what you hear Translate this sentence
That is likelv.
) ] )
Dasistv
Translate this sentence Translate this sentence Translate this sentence
They are your father's. | have a pen. | have a flight to Germany.
Lacteur  cest celles de ton pére La naciC  yq tiene una boligrafo Ich habe ein Flug nach
£ Deutschland
] | § Y
L
v v v
You used the il/elle/on 1 “Boligrafo” is masculine,
x form "est” instead of the [ not feminine. You used the wrong word.
ils/elles form "sont". Yo tengo un boligrafo. x Ich habe einen Flug nach

- Ce sont celles de ton pére. - - Deutschland.

can we learn to predict word halflife from these data?



"Halflife Regression”

(ER
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. learn h = 2°°* empirically from performance data:

—a,rgmmZ( (i) _ o(=A"/(®: ZU()))) + )03

|

actually

correct (0,1)

| |

predicted L2 regularization
probability correct term

 fit © with stochastic gradient descent using
1 week of log data (13M student/word pairs)



Results Error Rates

TS —X%

I:I7I<'

40-46% error reduction on a held-out week of future data

language course Leitner regression

Ol U

—
— B
—

-
- =
-
-
-
-
=

0.457
0.465
0.451
0.488
0.503
0.503
0.433
0.467

0.272
0.253
0.269
0.287
0.283
0.270
0.262
0.280




(ca. April 2013)

Results: User Experiment
I:EI;K . _’__Ijr— =<:%§

conecty-answered fams (i) o 2
525 25 255 “=argmin Y (y@ 272 O) 4 o)

(6 weeks; 3.6M subjects) @

all students
who returned the next day:

+1.7% (p<0.001)




Example User Trace

Results
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(b) 30-day student-word learning trace and predicted forgetting curve



How best to learn
anything

}JTEI/de_:P;E/ZA




Learning Strategy

P—‘-‘l__l__l

To Learn



Practice Testing
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Cumulative Proportion Recalled

Trials

Fig. 1. Cumulative performance during the learn-
ing phase.

W T AN

08 f

0.6 | ords dro

test onc

ped from
recalled

Proportion Recalled

ST SuT
Learning Condition

Fig. 2. Proportion recalled on the final test 1 week
after learning. Error bars represent standard errors
of the mean.

Remembering Swabhili-English word pairs [Karpicke & Roediger Ill, 2008]



Distributed Practice

AN G

8-Week Course
[ 6-Month Course

—eo— () Days Between Sessions
-o— 1 Day Between Sessions

-~ 30 Days Between Sessions 40
1 -
A 35
09+t g
0.8 = 30}
8
g 0.7 o R 25+
§ 05| E 20
S 04¢ °E’ 15 |
£ 03} &
' £ 10}
0.2+ E
01} 5 |
0 0
2 3o > 6 Final Test During Course  Immediately After Course
Session After 30 Days

Translation of Spanish words [Bahrick 1979] [Budé, Imbos, van de Wiel, and Berger 2011]



Dlstrlbuted Practice

D EGEE

S
S
s | A ] [ [ A
e > D B e R S >
Tim Exam Tim Exam

10%-20% of desired
retention period



Conclusion

4=
3 phth

Is the largest language learning app with 150

million registered users
_____ . UESTROEHRI—YV—28 T HHRKRRD

NEZEZE 7 T THS

Successful learners study language in a manner

(i.e., do not )
RINT 22 EE . MICfhET B ( L7 LY)

and are the two key strategies for

effective learning
MRNBZEFBDCHICIF. & NEZETH S




Thanks!

Follow me on twitter @mhagiwara



