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Academic research with Manuel Blum leads to 
creation of Captcha

DUOLINGO

Early Motivations
💰

MANUEL BLUM
CMU Professor

Vohn Ahn's partner at CAPTCHA

Growth under venture capital
Bing Gordon (video game executive and 
technology venture capitalist)

DUOLINGO

Later Motivations

Captcha leads to Luis von Ahn's MacArthur 
fellowship & National Science Foundation grant

DUOLINGO

Von Ahn wants to use the grant to create free 
educational resource to learn languages

DUOLINGO

Inspired by Captcha tries to crowdfund the app 
by creating a crowdsourced translation service

DUOLINGO
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Duolingo's Tech Stack

Application and Data Tools

HOW DOES IT “THINK”?

Hey there! Did you know that 
Duolingo's algorithm is based on 
spaced repetition? That means 

we space out your language 
learning practice over time.

And to make sure you're learning 
e�ciently, we use the half- life 

regression model (HLR) to 
present new material at the 

optimal time. Pre�y cool, huh?

Fun fact: our algorithm uses the forge�ing curve to help you learn 
be�er! That means we show you new material in short increments 

over a long period of time.

But that's not a�! We also consider the di�culty of the material, 
your performance, and how much time has passed since you last 
saw it. It's like a personalized language learning plan just for you!

Hiya! Did you know Duolingo uses 
a scalable AI ca�ed Birdbrain? It 

learns from user pro�les and 
learning history to personalize 

lessons.

Birdbrain began with the 
question, "for any learner and 

any given exercise, can we 
predict how likely the learner is 
to get that exercise correct?"

This is how Duolingo personalizes 
your screen so you can perfect those 

language ski�s!

And the algorithm is proven to have 
a lower error rate!

Fun fact: Duolingo has an opt- 
out system.

Duolingo defaults users to 
have their data co�ected the 

moment they begin taking 
lessons. Duolingo does not se� 
personal data and users have 

the option to have their 
account data deleted.

Want to know how Duolingo works?
Easy, go on our Duolingo Blog, where we explain 

the inner workings of our app.

The data co�ected during 
a lesson is then used when 

personalizing a future 
lesson.

In 2020, Duolingo personalized over 20% of lessons using the 
data co�ected from individual users.

WHAT DOES IT “KNOW”?

WHAT IS IT MADE OF?

Leitner System

 In 2016, starts Duolingo English Test

DUOLINGO

In 2017, starts freemium model with Duolingo 
Plus. This is later rebranded as Super Duolingo

DUOLINGO

Investor Laela sturdy pushes Von Ahn to focus 
on revenue

DUOLINGO

JavaScript CloudFare NGINX jQuery MathJax Fastly

Ubuntu BootStrap Amazon S3 Modernizr Amazon CloudFront Objective C

AI & High- Performance Computing

Infrastructure & Standards

Technical Infrastructure Standards

Did you know that Duolingo's infrastructure is 
designed to support the flow of language 

learning?

At Duolingo, the language learning app is just one of the 
products on our platform. All of these products, such as 

Duolingo ABC, Duolingo Math, and the Duolingo 
English Test, share the same technology 

infrastructure. This allows for more efficient 
implementation of new features across all of our 

products.

Cloud 
Delivery 
Network

Coding Language

Request Tracing

Visualization of service dependencies with filtering options.

Amazon Web Services

Cluster Orchestration & Scaling

Amazon EC2 P3 high- performance GPU instances

Duolingo uses powerful computers 
called Amazon EC2 P3 high- 

performance GPU instances to train 
and deploy deep learning models.

Data Management

Store and manage large volumes of unstructured data

 Maintenance

Educational and Language Standards

Duolingo needs to adhere to several standards to ensure the quality 
and effectiveness of its courses. Some of the educational/language 
standards Duolingo keeps up with include:

CEFR: Common European Framework of Reference for 
Languages
National Standards for Foreign Language Education
WIDA: World- Class Instructional Design and Assessment
ACTFL: American Council on the Teaching of Foreign Languages
Standards for Education and Psychological Testing (AERA, APA, 
and NCME, 2014)
Common Core State Standards

Technical Standards

Duolingo adheres to various technical standards to ensure the quality 
and reliability of its platform. Some of the technical standards that 
Duolingo adheres to include:

SSL: Secure Sockets Layer (SSL)
TLS: Transport Layer Security protocol
PCI DSS: Payment Card Industry Data Security Standard
ISO/IEC 27001: Information Security Management System 
(ISMS) standard
W3C Web Content Accessibility Guidelines (WCAG) 2.0 or 2.1
OWASP Top Ten: Security Risks to web applications

Legal Standards

Duolingo adheres to various legal standards to ensure that it operates 
within the legal framework of the countries where it operates. Some 
examples of legal standards that Duolingo adheres to are:

GDPR: General Data Protection Regulation
COPPA: Children's Online Privacy Protection Act
FERPA: Family Educational Rights and Privacy Act
ADA: Americans with Disabilities Act

Infrastructure Maintenance

Regular software updates and patches.
Hardware upgrades and replacements.
Monitoring and troubleshooting server performance.
Ensuring network security and data privacy.
Backup and disaster recovery planning.
Infrastructure capacity planning.
Database optimization and maintenance.
Application performance tuning.
Regular system testing and maintenance.
Continuous integration and deployment processes.

For anyone who's just getting started with Duolingo, 
we have a great guide called "Duolingo 101: How to 
learn a language on Duolingo." It covers everything 
you need to know, from creating an account to 
effective studying tips.

Duolingo Users

Why do people use Duolingo?

It’s an “effective” way to learn language, (most) 
lessons are free, and learning is personalized. It’s 
also a casual way to learn without having to invest 
significant resources (time, money) 

Duolingo's User Growth Model

User Growth Model has seven states: new, current, reactivated, 
resurrected, at- risk weekly/monthly, and dormant users.
The model helps Duolingo build statistical forecasts, set goals, and 
add new analysis dimensions.
This helps Duolingo track user behavior and adjust its growth 
strategy over time.

Hoot hoot! Well, we've seen some changes in our user 
base over the years. Originally, we targeted college 
students and language enthusiasts, but now we 
have a more general audience. Did you know that 
60% of our users are under the age of 30 in both the 
US and worldwide? It's quite the shift!

Need to know / have before using Duolingo

To use Duolingo, users need access to the internet and a computer 
or mobile device.
Lessons range in difficulty, and no prior language experience is 
needed for beginners (for the language they wish to learn)
The user must know the base language and Duolingo must have the 
lesson they wish to learn.
Over time, Duolingo personalizes lessons based on user progress 
and learning style.

How to be successful on Duolingo?

Personalize your experience by choosing exercises that work for you.
Stay motivated with Duolingo's gamification system, including incentives 
and rewards like XP, leaderboards, streaks, and gems.
Practice consistently and make learning a habit.
Ideal Student: https://www.duolingo.com/efficacy? ref=blog.duolingo.com

"Excluded" Non- Users

Anyone who wants  to learn a language or 
only knows a language unavailable on 
Duolingo, including Lao, Thai, and ASL.

"Rejecter" Non- Users

Users who left after Duolingo's 
interface update in May 2022.

Duolingo Non- Users

Users who were offended by 
inclusion of LGBTQIA+ content.

I am fan art created by an excluded non- user in Serbia, 
representing Duolingo as a native Serbian. Hence, 

demonstrating a demand among excluded non- users.

Certain groups cannot use the 
system due to lack of access to 
technology.

We have three established queer characters: Lin, Bea, 
and Oscar. Lin dates women, Bea dates both men and 
women, and Oscar's into men (although he's as 
discerning with men as he is with his cheeses and 
pretty much everything else).

Anti- Users

Actively misuse: Competitiveness (to "outrank" other users); 
Overindulgence in playfulness (distraction)

Oversimplification of language learning: The AI language model may let 
people ignore the process and nuances of language.

Biased algorithms: AI language learning platforms like Duolingo may use 
algorithms that from biased factors. This can perpetuate existing 
inequalities in language education and make it more difficult for 
marginalized groups to access language learning opportunities.

How can Duolingo accommodate?

Duolingo can potentially accommodate non- users' 
objections by incorporating more personalized 
learning options, such as allowing users to choose 
specific vocabulary or grammar topics to focus on.

However, there is always a balance between 
accommodating individual preferences and 
maintaining the integrity of a language learning 
curriculum!

Hearing- impaired users 
are able to turn off 
audio exercises, but the 
visually impaired 
cannot exclusively do 
audio exercises. 

Certain groups cannot use the system due to lack of access to 
technology. To address this, Duolingo has launched initiatives such 
as Duolingo for Schools, which provides language courses to 
students who may not have access to technology.

"Expe�ed" Non- Users

In 2021, China banned Duolingo 
in the country. The ban lasted for 
a year.

 Users can be banned for posting 
abusive content on the platform.

"Resister" Non- Users

Anyone who prefers a more 
rigorous language program than 
Duolingo.

Anyone who is not 
interested in learning a new 
language

CCTP-506 Survey
30 responses

Why aren't people using Duolingo?
54.5% Not interested in learning a new language
Other reasons:
Not enough time to commit to using Duolingo regularly
Find Duolingo's teaching style ineffective

36.6% are rejectors
Why did people stop using Duolingo?
61.1% lost motivation to continue using Duolingo
Other reasons:
Found alternative ways to learn a new language.

Von Ahn, help me "develop a 
test that humans can pass but 

not computers."

Ok Blum, why don't we use scanned 
distorted words to solve two problems 
at once; it ensures we can distinguish 
humans and computers and digitize 

literary archives.

Great idea! We can call it CAPTCHA 
(Completely Automated Public Turing 

Test to tell Computers and Humans 
Apart)!

Team Members
Catherine Roh Farzana Jeyash Luxi Yang

Mac Milin Kiran Madina Mohammed Mitran Kwatra

Rose�a Stone So�ware

Compact Disks

1999

First Version of Duolingo 
Released

2011

Patent for Duolingo 
Interface �led

Interface and lesson plans 
updated

2015

2022

Magnetic Tape Recorders 
for Language Learning

Language Labs

1910s

1940s

CALL - Computer Assisted 
Language Learning

1960s

TBC

1980s

Arrival of the personal computer by IBM

Evolution of Duo the Owl

In 2012, Duolingo launched its 
first mobile app for iOS, soon 
followed by an Android release.

Duolingo targets a casual audience 
and it’s free! It has short lessons that 
feel like games. It also has fictional 
languages, like Klingon and Valyrian.

Here at Duolingo we have a revenue model of selling 
the translated content made by their users to 
Buzzfeed and CNN since 2013. This helps us ensure that 
we don’t have to put advertisments into our app 
interface.

Hey, that's me!

Figure 2 is a block diagram displaying an 
expanded view of the client system in 
Figure 1.
Figure 5 is another block diagram with 
module configuration "for generating a 
sponsored interactive user exercise and 
evaluating user responses."

Language Proficiency 
Certifications
Duolingo Test

Super Duolingo
Subscription service 

Revenue Streams 
🤑

Ads
Partnerships with 
companies/products

Duolingo for Schools
Additional features and 
tools for teachers

Partnerships
With organizations and 
companies

Duolingo Max
Subscription service 
using GPT-4

Infrastructure & Standards Users & Non Users

Metals & BitsHistories & Iterations Motivations & Power Players

Duolingo

Duolingo is a highly innovative socio- technical system that effectively integrates various social and technical 
elements to facilitate language acquisition. The system's user interface is designed with an intuitive and user- 
friendly approach, which enables users from diverse backgrounds to engage in language learning with ease. 
Additionally, the system incorporates a social feature that allows users to connect with other individuals who 
are also learning the same language, thus providing opportunities for the users to practice their speaking and 
listening skills. It also attracts users for its free use.

Duolingo utilizes the latest advancements in artificial intelligence and gamification to create personalized 
lessons that are tailored to the users' proficiency level and learning style. The system is built on the principles of 
spaced repetition, which has been shown to enhance the retention of new vocabulary and grammatical 
structures. The system includes a progress- tracking feature that allows users to set goals and monitor their 
progress over time.

Empowering language fluency for personal and 
professional growth through gamification and 
cutting- edge AI technology.

Cloud 
Enterprise 
Network

Amazon ECS
Spontist's 

Elastigroup 
Service

Terraform

Communication 
through APIs

Sources

Duolingo defines success by the acquisition 
of a new language by the users and their 

completion of a language course.

Hiya! The historical data set of the platform 
includes the learning journeys and course 

results of its users.

https://www.duolingo.com/efficacy?ref=blog.duolingo.com

