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(Source: Esperanto-USA Retbutiko)



Language Learning in 1998

(Source: US Air Force)



Language Learning in 2018



“Newer generations are not as patient, and they don’t have 
to be. Unlike most of their elders, who rarely had the 

chance to speak Esperanto, today’s speakers can use the 
language every day online.” 

“Learning Esperanto used to be a solitary quest. You could 
practise it by sitting for weeks with a book and a 

dictionary, figuring out the rules and memorising the 
words. But there was usually no professor to correct your 

mistakes or polish your pronunciation.”

— Jose Luis Penarredonda, BBC, 2018 



~800M satisfy three properties: 
- learning English 
- in a developing country 
- to gain more opportunity

(Source: British Council)

1,200,000,000
(~16% of the world’s population)

people learning a second language



• More than 300 million registered users 

worldwide 

• Currently offer 75 courses (teaching 27 distinct 

languages) 

• Expanding to 90 courses soon 

• Available on Android, iOS & Web 

• 100% free content

(As of Aug. 2018)





34
hours

of Duolingo is 
as effective as one 
university semester

[Vesselinov & Grego, 2012]
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What makes users 
successful in learning 

languages?



“User attention is expensive”

Source: Ultimate App Icons Set Sketch Resource
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9-to-5 Prime time (~8pm)

Weekenders Arbitrary





“Learning” by Icon Pond (Flaticon) 
“Healthy Lifestyle” and “Employment” by Freepik (Flaticon)

12h 12h

~30%+ retention 
2x relearning

Source: (Mezza et al. 2016)
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Conclusion

• Frequency 

• Consistency 

• Don’t “binge” 

• Sleep



Modeling 
Learning and Forgetting



The 2 Sigma Problem

Achievement scores

Lecture

Tutoring

Mastery 
Learning

Source: (Bloom 1984)
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Forgetting Curve

the probability p of a correct 
answer as a function of: 

• time Δ since it last practice 

• halflife h in user’s memory

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



The Leitner System
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(Leitner, 1972)



Student Performance Data

can we learn to predict word halflife from these data? 



Half-life Regression (HLR)

time (in days)

re
ca

ll 
ra

te

correct = 2 
incorrect = 1 
lexeme = étant

correct = 5 
incorrect = 1 
lexeme = étant

correct = 10 
incorrect = 3 
lexeme = étant

correct = 14 
incorrect = 4 
lexeme = étant

correct = 15 
incorrect = 5 
lexeme = étant

0 5 10 15 20 25 30
0

0.2

0.4

0.6

0.8

1

✖

✖

✖

✖

✖ ✖



Results: User Experiment

OLD NEW

(6 weeks; 3.6M subjects) 

all students  
who returned the next day: 

+1.7% (p<0.001)

(ca. April 2013)
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Practice Testing

words dropped from test 
once recalled

Remembering Swahili-English word pairs [Karpicke & Roediger III, 2008]



Distributed Practice

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



Distributed Practice

S TS

Time Time

✗ ✓

[Cepeda et al., 2008]

10%-20% of desired 
retention period 

S

S

T

Exam Exam



Conclusion

• _____ is the largest language learning app with 
300 million registered users 

• Successful learners study language in a _____ 
manner (i.e., do not _____ ) 

• _____ and _____ are the two key strategies for 
effective learning



Duolingo Second Language Acquisition 
Modeling (SLAM) Data

http://sharedtask.duolingo.com/



Thanks! 
http://masatohagiwara.net/shenzhen2018.html

… and we’re hiring!


