AI at Duolingo: Transforming Language
Learning

Discover how Duolingo leverages artificial intelligence to revolutionize language learning through personalized
experiences, adaptive challenges, and smart retention systems that keep millions of users engaged and learning
effectively worldwide.
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What Is BirdBrain?

BirdBrain represents the core of Duolingo's intelligent
learning ecosystem—a sophisticated proprietary Al
model and recommendation engine that powers the
platform's ability to adapt to each individual learner.
Unlike traditional language learning applications that offer
a one-size-fits-all approach, BirdBrain analyzes user
performance in real-time to create truly personalized
learning journeys.

At its foundation, BirdBrain serves as the decision-
making intelligence that determines exactly what level of
difficulty is appropriate for each user at any given
moment in their language learning process. This dynamic
difficulty adjustment ensures that learners are
consistently challenged without becoming frustrated or
bored—a critical balance for maintaining engagement
and optimizing learning outcomes.

The Al engine integrates seamlessly into the Duolingo
experience, operating behind the scenes to evaluate
countless data points about user interactions,
performance patterns, and learning pace. This wealth of
information allows BirdBrain to make increasingly
accurate predictions about which exercises will best
serve each learner's development, creating a customized
curriculum that evolves alongside the user's growing
proficiency.

Key Features of BirdBrain

Real-time personalization of lesson difficulty

Adaptive challenge selection based on user
performance

Continuous learning from user interaction patterns

Seamless integration with Duolingo's learning
ecosystem

e Scalable architecture supporting millions of
simultaneous users
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Technical Foundation of BirdBrain

BirdBrain's technological architecture represents a sophisticated blend of cutting-edge machine learning frameworks
and educational science principles. Built on PyTorch, the system leverages the flexibility and computational efficiency of
this popular deep learning library to power its complex recommendation algorithms. This foundation allows Duolingo's
engineering team to rapidly iterate on model improvements while maintaining the performance necessary to serve tens
of millions of active users.

PyTorch Framework Reinforcement Learning Hybrid Logic Layer
BirdBrain utilizes PyTorch's The system implements Beyond pure machine learning,
dynamic computational graph sophisticated reinforcement BirdBrain incorporates a robust
capabilities to create flexible learning techniques where the Al logic layer that combines ML
models that can adapt to "agent" (BirdBrain) learns to predictions with educational
changing user behavior patterns. make optimal decisions by heuristics developed by linguists
This framework enables the receiving rewards based on and learning scientists. This
system to perform complex positive user outcomes. This hybrid approach ensures that Al
tensor computations efficiently, approach allows the model to recommendations align with
making real-time personalization continuously optimize for proven pedagogical principles
possible even at Duolingo's engagement, retention, and while still benefiting from data-
massive scale. learning efficiency through driven insights.

millions of daily interactions.

What makes BirdBrain particularly powerful is its implementation of real-time feedback loops. As users interact with
exercises, the system instantly captures performance data and updates its understanding of the learner's current
proficiency. This continuous stream of feedback allows the model to adapt quickly to changing user needs, whether
they're experiencing rapid improvement or struggling with particular concepts.

The technical infrastructure supporting BirdBrain is designed for both scale and responsiveness. Low-latency
processing ensures that users receive appropriately challenging content without noticeable delays, creating a seamless
learning experience. Meanwhile, distributed computing architecture enables the system to handle peak loads across
global time zones, maintaining consistent performance for all users regardless of when or where they choose to learn.
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How BirdBrain Works: Workflow &
Personalization

The operational workflow of BirdBrain represents a continuous cycle of assessment, selection, and adjustment that
powers Duolingo's adaptive learning environment. At each interaction point, the system performs a sophisticated dual
evaluation: it simultaneously assesses the difficulty level of potential exercises while gauging the user's current
proficiency in specific language skills. This dynamic interplay between exercise difficulty and user capability forms the
foundation of BirdBrain's personalization mechanism.

o & 3 D

~~
~

User Response Performance Challenge Difficulty
e arele baseTiin e Analysis Selection Adjustment
user response to an BirdBrain evaluates the The Al instantly selects Future content difficulty
exercise, whether correct response against the optimal next exercise is recalibrated to maintain
or incorrect. expected patterns and from a vast content the ideal learning
updates its model of the library based on updated challenge zone.
user's proficiency. proficiency.

What sets BirdBrain apart from simpler adaptive systems is its nuanced approach to difficulty calibration. When a user
consistently provides correct answers, the system incrementally increases challenge levels, introducing more complex
grammatical structures, vocabulary, and linguistic patterns. Conversely, when a user struggles, BirdBrain intelligently
reduces difficulty while targeting specific areas of weakness, providing additional practice opportunities without
triggering frustration or disengagement.

This continuous calibration process occurs across multiple dimensions of language learning simultaneously. BirdBrain
doesn't simply track overall proficiency but maintains detailed models of user capability across vocabulary recognition,
grammatical understanding, listening comprehension, and other specific skills. This multidimensional approach allows
for highly targeted exercise selection that addresses individual learning needs with remarkable precision.

The ultimate goal of BirdBrain's workflow is to maintain each user in what learning scientists call the "zone of proximal
development"—the sweet spot where content is challenging enough to promote growth but not so difficult as to cause
frustration. By constantly adjusting this balance in real-time, Duolingo creates an engaging learning environment that
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Impact: What BirdBrain Has Achieved

The implementation of BirdBrain has transformed
Duolingo's effectiveness as a language learning platform,

delivering measurable improvements across key
performance indicators. Since its full deployment, the s1srs
company has documented substantial gains in user

retention metrics, with significantly higher completion

rates for learning modules and markedly extended

average session lengths. These engagement

improvements translate directly to better learning

outcomes, as consistent practice is fundamental to

language acquisition.

From a learning efficiency perspective, BirdBrain's
personalized approach has accelerated skill mastery lB +
compared to Duolingo's previous systems. Internal

studies show that users progress through equivalent . .
material up to 28% faster with BirdBrain's adaptive Dally Exercises
sequencing while demonstrating higher proficiency in

subsequent assessments. This efficiency gain stems

Processed and personalized by BirdBrain

from the Al's ability to minimize time spent on content
that's either too easy (providing minimal learning value)

or too difficult (causing frustration without 2 8 %

comprehension).

User satisfaction metrics have similarly improved, with Faster Progress
post-BirdBrain surveys revealing higher perceived value . .

) ) ) i o Compared to previous non-Al curriculum
and enjoyment during learning sessions. The subjective
experience of receiving "just right" challenges creates a
more engaging flow state for learners, reinforcing their
motivation to continue with regular practice. This 42 M +
psychological alignment between challenge and
capability represents a fundamental improvement in the

. . . . . Active Users
learning experience that traditional, static curricula

cannot achieve. Benefiting from personalized learning

Perhaps most impressively, BirdBrain has demonstrated remarkable scalability, reliably supporting over one billion
exercise interactions daily across Duolingo's global user base. This technological achievement enables personalized
learning at an unprecedented scale, democratizing access to effective language education for millions who might
otherwise lack affordable options. The system handles this massive volume while maintaining millisecond-level
response times, ensuring the learning experience remains fluid and engaging regardless of user location or platform
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Smart Review Automation: Personalized

Retention

Complementing BirdBrain's adaptive lesson sequencing, Duolingo's Smart Review Automation system addresses

another critical aspect of language learning: long-term retention. This specialized Al workflow tackles the well-

documented "forgetting curve" phenomenon, where newly acquired vocabulary and grammar structures fade from

memory without proper reinforcement. By applying sophisticated memory science principles through machine learning,
Smart Review creates personalized review schedules that maximize retention efficiency.

Predictive Forgetting
Analysis

At the core of Smart Review is a
predictive algorithm that
evaluates which specific
vocabulary words, phrases, or
grammar concepts each user is
most likely to forget based on
their interaction history. The
system analyzes factors including
initial learning difficulty, error
patterns, practice frequency, and
the inherent complexity of each
language element to forecast
optimal review timing.

Spaced Repetition
Optimization

Rather than applying generic
spaced repetition intervals, Smart
Review customizes review timing
for each vocabulary item based
on individual user performance.
Words that a user struggles with
consistently receive more
frequent review opportunities,
while confidently mastered
vocabulary appears less often but
still at scientifically optimized
intervals to ensure long-term
retention.

Contextual
Reintroduction

Instead of isolated flashcard-style
reviews, the system intelligently
reintroduces vocabulary and
concepts within new contexts
and sentence structures. This
approach not only reinforces
specific word memory but also
helps users develop more
flexible, naturalistic language
understanding by experiencing
learned elements in varied
applications.

The Smart Review system operates as a seamless background process, continuously evaluating user performance data

to identify optimal review opportunities. When a learner opens the Duolingo app, the system automatically prioritizes
activities containing elements approaching their predicted forgetting threshold. This proactive approach ensures that

vocabulary and grammar concepts receive timely reinforcement before they fade from memory, creating a more

efficient learning experience.

By addressing the forgetting curve directly, Smart Review significantly improves long-term language retention compared

to traditional learning approaches. Internal studies show that users experiencing Smart Review-optimized sessions

demonstrate up to 35% better vocabulary retention in long-term assessments compared to control groups using fixed
review schedules. This improvement in durable learning outcomes represents a substantial advancement in educational

technology effectiveness.
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Under the Hood: Tech Behind Smart Review

The technical infrastructure powering Duolingo's Smart
Review system represents a sophisticated integration of
cognitive science principles with advanced data analytics
capabilities. At its foundation lies a comprehensive real-
time analysis engine that continuously processes user
interaction data, identifying patterns that indicate ~ ;7'55.|
memory strength and decay rates for specific language o " N > \
elements. This analysis occurs across multiple _' T
dimensions, including response time, error frequency, | 1 I | I || |
and contextual performance variations.

The system employs a specialized memory modeling
algorithm that incorporates established cognitive science
research on how memories form, strengthen, and decay

over time. This model accounts for factors such as the e Memory decay modeling using modified Ebbinghaus
spacing effect (where distributed practice outperforms forgetting curves

Key Technical Components

massed practice), the testing effect (where active recall « Multi-factor error classification algorithms

strengthens memory more effectively than passive

) ) e e Response latency analysis for implicit memor
review), and interference effects (where similar items can P y y P y

. e . rength men
confuse recall). By combining these scientific principles strength assessment

with user-specific data, Smart Review creates highly « Cross-session performance consistency tracking
individualized memory profiles for each learner. e Adaptive scheduling optimization using Bayesian
inference

A particularly innovative aspect of the technology is its

error pattern analysis capability. The system doesn't e Seamless integration with BirdBrain's proficiency

simply track whether a user gets an answer right or models

wrong but examines the specific nature of mistakes. For
instance, it distinguishes between errors stemming from
genuine memory failures versus those resulting from
typographical mistakes or misunderstanding of
instructions. This nuanced classification enables more
accurate assessment of true memory strength, leading to
more effective review scheduling.

The Smart Review system is architecturally designed to integrate seamlessly with BirdBrain, creating a holistic
personalization ecosystem. While BirdBrain focuses primarily on optimal difficulty progression, Smart Review ensures
that previously learned material remains accessible in long-term memory. This complementary relationship creates a
more effective learning experience than either system could provide independently.

From an implementation perspective, Smart Review utilizes a distributed computing architecture to maintain
performance at scale. The memory modeling computations are relatively intensive, particularly given the system's need
to track thousands of vocabulary items per user across millions of learners. By distributing these calculations and
employing efficient caching strategies, Duolingo ensures that review recommendations remain responsive and timely

despite the computational complexity involved.
T
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The Future: AI Workflows and Scalable
Agents

Looking ahead, Duolingo is pioneering the next generation of Al-powered language education by developing
increasingly sophisticated workflows that combine specialized Al agents with human expertise. This evolving approach
leverages the complementary strengths of different Al systems while maintaining the critical oversight of language and
education specialists, creating a scalable content creation and learning optimization ecosystem.

Content Generation

Large language models are being integrated to accelerate the creation of diverse practice examples,
dialogues, and stories that incorporate target vocabulary and grammar. Human reviewers ensure
educational quality and cultural appropriateness.

Learning Pattern Analysis

Q Specialized Al agents continuously analyze population-level learning patterns to identify optimal teaching
sequences for different language combinations and learner demographics.

Speech Recognition Enhancement

Qo Advanced speech models are improving pronunciation assessment capabilities, providing more nuanced
feedback on spoken language while accommodating diverse accents and speech patterns.
Personalized Explanation

E] Context-aware explanation agents are being developed to provide customized grammar and vocabulary

explanations tailored to each learner's native language and current understanding.

This multi-agent approach represents a significant advancement over traditional monolithic Al systems. By developing
specialized agents for specific tasks within the language learning process, Duolingo can optimize each component
individually while maintaining a cohesive user experience. The coordination of these various Al systems creates a more
comprehensive and effective learning environment than any single model could provide.

Crucially, Duolingo's approach maintains a "human in the loop" philosophy, where Al-generated content and
recommendations undergo expert review to ensure accuracy, cultural sensitivity, and pedagogical soundness. This
hybrid methodology combines the scaling advantages of artificial intelligence with the nuanced understanding that
human language experts provide—particularly important for educational applications where quality and trustworthiness
are paramount.

As these systems continue to evolve, they establish new benchmarks for Al-driven adaptive education at global scale.
The workflows being pioneered at Duolingo represent not just advancements in language learning specifically, but a
broader model for how artificial intelligence can transform educational experiences across domains. By continuously
learning from the data of millions of users while incorporating the latest research in cognitive science and linguistics,
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Duolingo's Al ecosystem remains at the forefront of educational technology innovation.
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