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Abstract—Langmates is an Al-powered language learning
platform that brings real-time, adaptive speaking and listening
practice into K-12 classrooms while keeping students actively
engaged. Using OpenAI’s Realtime API and multilingual tran-
scription models, Langmates enables students to hold natural
conversations with animated AI characters in more than 40 lan-
guages. Each interaction is tailored to student interests and profi-
ciency levels, featuring dynamic character personalities, gamified
elements, and progress tracking aligned with the standards of
the American Council on the Teaching of Foreign Languages
(ACTFL). Teachers can upload syllabi to shape conversation top-
ics, monitor student performance, and integrate Langmates seam-
lessly into existing instruction. Designed with pedagogical best
practices and developmental psychology in mind, the platform
emphasizes fluency, contextual learning, and intrinsic motivation.
Early pilots in multiple schools demonstrated high engagement
from both students and educators, positioning Langmates as a
scalable and impactful tool for modern language education-all
the while keeping learnign fun.

Index Terms—Language learning, LL.Ms, Edtech, US Schools,
K-12, Artificial Intelligence, Education.

I. INTRODUCTION

VER the past two years, advances in artificial intelli-

gence have begun to transform traditional educational
methods. In particular, large language models (LLMs) have
created new opportunities for enhancing how students practice
and acquire foreign languages. While many EdTech compa-
nies targeting the consumer market, such as Duolingo and
Babbel, have incorporated Al to improve individual learn-
ing experiences, there has been little adoption of Al-driven
tools within the U.S. K-12 education system. This gap is
particularly concerning given the persistent shortcomings in
American language education: many students graduate after
years of study without achieving conversational proficiency,
and students’ oral skills generally lag behind their reading and
listening skills [[1].

At the same time, national organizations such as the U.S.
Department of Education and the Center for Applied Linguis-
tics have called for a renewed focus on developing students’
speaking and listening skills [[14]] [[16]], emphasizing that early
and immersive practice is critical for long-term success. How-
ever, resource constraints—including limited classroom time,
a shortage of qualified teachers, and lack of access to native
speakers—make it difficult for schools to offer enough real-
time conversational practice.
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A. Inspiration

As a team of passionate language learners, we have ex-
perienced firsthand both the rewards and the challenges of
learning new languages. Reflecting on our own experiences
within the U.S. education system, we recognized a widespread
problem: despite years of study, many students struggle to hold
a conversation in their target language. The heavy emphasis
on rote memorization of vocabulary and grammar at the
expense of authentic speaking practice still prevalent in many
classrooms leaves students disengaged and unprepared for
real-world communication.

We believe that language learning should be rooted in
meaningful interaction and cultural appreciation. Successful
language acquisition requires more than textbook exercises; it
demands opportunities for immersive, motivating conversation,
tailored to each learner’s needs and interests. We each found
immense value in our lives by connecting with people speaking
languages we enjoyed, and we wanted to bring that value
to every child in the country. This inspired us to create
Langmates: a platform that makes language learning both
effective and fun.

B. Problem Statement

Language learning in the United States faces a crisis of
engagement, effectiveness, and enthusiasm. Despite years of
instruction, 40% of Americans who studied a foreign language
report that they could not navigate daily life in a country where
the language is spoken [13]. Further, enrollment in college-
level language courses has decreased significantly in the past
ten years [[15[]. These statistics suggest that American students
are not only struggling to succeed in language learning but are
increasingly opting out of it altogether.

C. Our Solution

Langmates is an Al-powered platform designed to make lan-
guage learning engaging and personalized. Instead of drilling
vocabulary or memorizing grammar rules, students practice
real-world communication through conversations with Al char-
acters that adapt to their interests, proficiency level, and goals.

Using OpenAl’s Realtime API, Langmates enables natural,
low-latency conversations in over 40 languages. Students can
choose from a variety of character voices and personali-
ties, creating a playful, immersive experience that mirrors
real-world dialogue. Built-in progress tracking, aligned with
ACTFL standards, gives students and teachers clear milestones



to measure their improvement and helps maintain motivation
over time.

Teachers can upload lesson plans to customize conversation
topics and learning goals for each class and individual student.
They also have access to student conversations and can mon-
itor student progress through a dedicated dashboard, ensuring
that Langmates fits seamlessly into classroom instruction. This
makes it easy to incorporate Langmates into existing curricula:
there’s no need to create new exercises or spend large amounts
of additional time grading the conversations.

To ensure its educational effectiveness, Langmates is built
on pedagogical, linguistic, and neurodevelopmental best prac-
tices. The platform emphasizes frequent speaking practice,
contextual learning, and positive reinforcement—strategies
shown to support stronger language acquisition [[1]]. Designed
in consultation with educators and learning scientists, Lang-
mates focuses on building communicative competence and
intrinsic motivation, helping students develop the fluency,
confidence, and cultural understanding that traditional methods
often fail to achieve. By combining personalization, gamifica-
tion, and real-time feedback, we transform language learning
into an experience students genuinely want to stick with.

II. RELATED WORK

Foreign language instruction in U.S. K-12 schools has
faced persistent challenges. While some schools offer robust
programs, many struggle with limited instructional time, a
shortage of qualified teachers, and a lack of immersive,
conversation-based practice. At the same time, the rise of
consumer-focused language learning apps has made vocabu-
lary acquisition more accessible, but often falls short in devel-
oping speaking and listening skills. This section reviews both
the institutional context of language learning in U.S. schools
and the capabilities and limitations of popular EdTech tools,
providing the foundation for understanding where Langmates
fits within the broader language education landscape.

A. Language Learning in US Schools

A 2008 national survey by the Center for Applied Linguis-
tics reported that only 25% of elementary schools offered
any form of foreign language education, and just 6% of-
fered immersion programs—considered essential for achieving
conversational fluency. Further, these programs are unevenly
distributed, often correlating with socioeconomic disparities
across school districts [4].

In addition to access gaps, national trends show a declining
emphasis on language learning. From 2016 to 2021, enroll-
ment in college-level foreign language courses declined by
16.6% [15]]. By contrast, 92% of European students study
at least one foreign language in school, compared to just
20% in the U.S. These trends reflect both structural barriers
and a broader disengagement from language learning in the
American educational system.

Recognizing the long-term consequences of this gap, major
government organizations such as the U.S. Department of Edu-
cation, the U.S. Department of Defense, and the Committee for
Economic Development have called for an education system

that equips U.S. students with the ability to “communicate
effectively in languages other than English” [4], while the
Center for Applied Linguistics has called for earlier and more
immersive language instruction [[16]]. Across the board, these
bodies emphasize the importance of expanding foreign lan-
guage offerings, increasing instructional time, and integrating
culturally responsive content into language curricula [4]] [16].

B. Popular Language Learning Tools

While digital platforms such as Duolingo and Babbel have
made language learning more accessible to individuals, re-
search suggests that their focus on vocabulary retention and
continuous repetition has limited effectiveness in developing
speaking skills. A study from Michigan State University found
that Babbel users made significant gains in vocabulary and
grammar after 3 months of use but showed only modest
improvement in oral fluency, as measured by standardized
speaking assessments [2]].

Similarly, a study comparing Duolingo learners with stu-
dents receiving direct instruction found that the latter signifi-
cantly outperformed the app users in pronunciation accuracy.
The German speech recognition technology the researchers
used was able to identify only 17.3% of German words
spoken by learners, compared to 49.7% accuracy for students
who received classroom-based instruction [3]]. These results
highlight the limitations of app-based learning, particularly in
fostering real-time verbal communication skills.

These gaps present an opportunity for more conversation-
focused platforms to enter the space. Langmates addresses
this need by delivering adaptive, interactive speaking practice
through real-time Al conversations tailored to individual stu-
dent proficiency. By focusing on oral proficiency, integration
with classroom instruction, and accessibility for K—12 envi-
ronments, Langmates offers a distinct alternative to consumer-
oriented apps that emphasize memorization and repetition.

III. DESIGN AND METHODOLOGY

The development of Langmates followed a structured en-
gineering design process to meet functional, educational, and
technical requirements. Much of the innovation of Langmates
lies in the system design element, as we strived to put together
a system that would be fun and genuinely elevate language
learning for students. This section outlines the specifications
that guided the project, the constraints encountered, and the
methodology used to design and refine the system, with each
subsection discussing a different aspect of the design.

A. Pedagogic Considerations

Early in the design process, we consulted with experts in
language acquisition and educational psychology to ensure
that Langmates would support effective learning for school-
aged users. Dr. Yuko Butler, a professor of linguistics at Penn
with a focus in educational psychology and foreign language
development in children, offered guidance on how children
interact with language learning tools. We were initially worried
that students could be missing on important body language



cues by learning from an Al companion. However, Dr. Butler
affirmed that Al can be an effective language learning tool,
even to the extent that some children might be more comfort-
able practicing their speaking skills with a virtual companion.
Based on her input, we implemented features such as age-
based interaction styles, adjustable correction frequency, and
animated characters with eye contact-like behavior to support
younger learners. Dr. Butler also advised us that younger
students focus more on communicating meaning, rather than
speaking with perfect grammar, leading us to modulate the
way the Al interacts with different age groups more drastically
than we had initially planned.

We also consulted with Dr. Amy Wrzesniewski, a psycholo-
gist and professor at the Wharton School, who emphasized the
importance of student motivation and the psychological impact
of visible progress. In response, we incorporated a progress
bar and light gamification elements, both aimed at reinforcing
a sense of achievement and keeping students engaged over
time. These features are still in development, with achievement
stickers, completion markers, and more detailed progress bars
planned for future iterations.

In addition to external guidance, We applied insights from
our own coursework in language acquisition, language pro-
cessing, and human systems engineering to inform the user
experience. In particular, the concept of a critical period
in language learning was central to our design. While the
precise age cutoff is still debated, research clearly shows
that children and adolescents learn languages most effectively
through exposure, acquiring both vocabulary and grammar
implicitly rather than through formal instruction. This learning
is most efficient when new material is embedded within
familiar content—a principle known as comprehensible input.
This informed our approach to conversational design, ensuring
that interactions adapt dynamically to the student’s proficiency
level. To preserve attention and reduce cognitive load, we also
limited Al response length and enabled students to interrupt
the Al at any time, supporting more natural turn-taking and
responsiveness, among other more subtle design choices for
reducing learners’ cognitive load.

B. Specifications and Constraints

The design of Langmates was guided by a set of key spec-
ifications aimed at creating a language learning platform that
is effective, engaging, and suitable for deployment in K-12
classrooms. Our main focus areas were ensuring usability and
conversation flow while keeping the product fun and secure to
use, with a final goal of delivering a fully functional product
capable of providing comprehensive listening and speaking
practice in 10 languages through dynamic interactions with
unique characters.

More specifically, to be an appropriate tool for modern
classrooms, Langmates was required to support the most
common foreign languages taught in US schools and pro-
vide useful feedback for students and teachers while keeping
the user experience intuitive and aligned with data security
practices. The minimal set of target languages was defined as
those languages in which an Advanced Placement (AP) exam

is currently offere(ﬂ as well as the official UN languages not
currently part of the AP prograrrﬂ providing access to as many
learners as possible. For providing useful feedback, Langmates
needed to be able to evaluate student performance in line with
a standardized quantitative framework. Accessibility and data
privacy specifications include compliance with appropriate
legal requirements and design standards.

A key design priority was to create an engaging and
intuitive learning experience, with the goal of improving
educational outcomes through sustained student interaction
with the platform. To achieve this, Langmates needed to be
prompt-engineered to tailor its conversational responses to
individual student interests, maintaining engagement through
a variety of interactive activities. Students should also be able
to select among different characters, each featuring distinct
personalities, voices, and animations.

To properly support the development of oral expression
and listening comprehension skills, conversations with Lang-
mates needed to feel smooth, responsive, and natural. From a
quantitative perspective, the system was designed to achieve
a conversational latency of less than one second. On the
qualitative side, the platform needed to deliver content with
context-appropriate word and grammar choices, natural tone,
and emotionally expressive responses, ensuring that conver-
sations resembled authentic human interactions as closely as
possible.

Several constraints shaped the development process. The
technical specifications of the APIs used limited the number
of languages we can support, though the number greatly
exceeds our target. Latency presented another major technical
challenge, as we are limited by the APIs’ response and pro-
cessing times as well as relay speed. Further, cost constraints
related to API usage, particularly from OpenAl’s Realtime
API and ElevenLabs’ voice synthesis service, necessitated
efficient design choices. Legal and financial barriers associated
with cybersecurity concerns and the licensing of recognizable
characters also introduced additional considerations.

Due to ongoing latency challenges, full character voice
functionality remains under development; however, animated
character interactions have been successfully implemented.
Overall, the core specifications for Langmates have been met
or exceeded. In addition, several new specifications were
introduced midway through the semester as we realigned the
platform’s development goals based on evolving stakeholder
feedback and classroom testing results.

C. Design Procedure and Iterations

The design of Langmates followed a user-centered, iterative
development approach, grounded in educational psychology
research and informed by continuous feedback from learning
researchers, students, teachers, and advisors. While specifica-
tions evolved throughout the year and the product underwent
several major shifts in focus, the core vision—instilling a love
of language learning in children through fun, engaging conver-
sations with cartoon characters—remained constant. Overall,
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2 Arabic, Russian



the design process balanced long-term planning and modular
system architecture with responsiveness to rapid developments
in Al technology and the feedback we received about class-
room needs.

Langmates began as a program focused on delivering com-
prehensive real-time language tutoring through animated char-
acters, with explicit language instruction embedded directly
into the product. From the outset, the platform was intended
for school-aged children, based on research showing that early
immersion is critical both for developing fluency and fostering
a lifelong love of language learning.

From the earliest parts of the fall semester, we didn’t want
to make Langmates in a vacuum, implementing the shiniest
and newest features that we could think of as engineers. We
contacted the University assisted schools through the Netter
Center, as well as some schools we had personal contact with.
We worked with these schools throughout the process, asking
for their feedback on features we wanted to implement. In the
end, we ended up working with seven schools in an attempt to
build the best integrated system. While we sometimes would
build a bit in one direction, such as with our idea of a good UlI,
we would often get input from teachers that made us realize
we need to be building this in tandem with them, adding in
the features they cared about.

Through interviews with teachers, we discovered that the
greatest unmet need in classrooms was not explicit instruction,
but rather opportunities for students to practice using the
vocabulary and grammar they had already been taught to com-
municate real ideas. In response, we shifted Langmates’ focus
toward becoming a practice companion: a partner for students
on their language learning journey, and a complement to the
expertise of trained teachers. We also explored how the product
could support ESL learners both in and outside the classroom,
but ultimately concluded that while the need is significant,
addressing it effectively would require a substantially different
design than what Langmates is intended to offer.

During the fall semester, our primary focus was establish-
ing the technical foundation for the platform. This included
building a backend that could handle real-time conversation
processing and integrate OpenAl’s Realtime API and Eleven-
Labs’ voice synthesis API into a single data pipeline. We
also validated the LLM’s multilingual capabilities and sought
expert input in children’s language acquisition to ensure con-
sistent and high-quality conversational experiences across the
languages offered on the platform. By the end of the semester,
we had developed a minimalistic prototype of Langmates
with the essential core features in place, although without
significant system fine-tuning or user-facing polish.

The spring semester focused mainly on improving user
experience and aligning the product with the practical and
pedagogical needs of K-12 classrooms. Major updates in-
cluded significant redesigns of the user interface to make the
platform more intuitive and accessible for younger learners,
the development of more granular system prompts to guide
Al behavior, and the addition of new features such as session
report generation and progress tracking. On the backend, we
implemented a persistent database to store user conversations,
enabling the platform to maintain memory across interactions

and personalize the learning experience over time.

One major shift early in the spring was the decision to
postpone full integration of voice synthesis. Due to signifi-
cant latency challenges, real-time voice responses would have
compromised the quality of user experience. Recognizing the
rapid pace of advancement in Al tools, we chose to prioritize
developing other features while monitoring the market for
emerging voice services that better meet our latency and
quality requirements. In exchange, we went through multiple
iterations of our UI/UX where we completely revamped it
across time to create an incredibly user-friendly design that
meshes well with kids.

We have also expanded our testing into three schools
this spring semester, through a paid pilot program. This has
provided us valuable feedback on our system that we are
working to improve on. One piece of feedback was adding an
option to modulate the speed of speech for different learners.
While we have this implicitly designed into our product based
on the level of the student, a teacher wanted a method to
do it manually so that she could have more control over her
lessons. Additionally, we received some feedback on adding
another layer of LLM checking for input to ensure that the
language that is being spoken is correctly displayed. One issue
we struggled with was the Al companion using the wrong
script for languages that are similar, like Hindi and Urdu. Hindi
uses the Sanskrit alphabet, whereas Urdu uses the Arabic one,
and while the AI would usually catch on to what language
you were speaking, the initial message may use the wrong
script since it is guessing using the input words, since it is a
transcription algorithm. We could add a restriction, likely using
an additional check from an LLM that restricts the input text
to only the target language and the students’ native language,
although this may remove some robustness for students that
are bilingual (think comparing the target language to another
language the student speaks such as comparing Spanish to
Arabic).

Currently, Langmates is a functional speaking practice
companion that can be used independently by students or
integrated into classroom instruction by teachers. The product
has gone through a number of iterations on both the frontend
and backend, all of which were guided by the needs of students
and educators. The next stages of product development will
be guided by the results of our ongoing pilots but are likely to
include enhancements to model memory and student progress
tracking, the incorporation of additional gamification elements
to sustain long-term engagement, and the expansion of char-
acter selection options to provide greater personalization.

D. System Architecture

Langmates is structured around a modular architecture de-
signed for scalability, reliability, and performance, as shown
in Figure 1. The system consists of three primary components:
the frontend, the backend, and the data flow pipeline.

The frontend delivers a dynamic and responsive user ex-
perience for both students and teachers. It manages conver-
sational interfaces, displays animated character interactions,
and presents progress-tracking information through a visual



dashboard. The backend integrates OpenAl’s Realtime API
for multilingual conversation generation and ElevenLabs’ API
for voice synthesis, with voice features currently under re-
finement for future deployment. It is responsible for session
management, language processing, user authentication, and
ensuring data privacy. The backend also retrieves data from
and saves it to Supabase databases to enable progress tracking
and the utilization of conversational history to enhance current
interactions.

In the data flow pipeline, student speech input is transcribed
using a multilingual model and simultaneously sent to an
LLM to generate context-appropriate responses. The LLM
returns audio output, which is played alongside synchronized
animations and a corresponding text transcript. Real-time
updates to progress metrics are recorded and displayed for
both students and teachers through the frontend dashboard.
Conversations are stored in a database, enabling the creation
of a personalized conversation history for each student. This
history allows us to analyze speech patterns and generate long-
term performance reports. It also supports the development
of an Al “memory” that condenses each student’s strengths,
weaknesses, and personal preferences, allowing conversations
to feel increasingly personalized over time. We are using our
pilot deployments to gather at least a month’s worth of data
per student, which will enable us to implement these features
in a way that robustly draws on long-term interaction history.

In addition to the main data pipeline, two other major
functions rely on LLMs: the generation of session reports and
the integration of teacher-uploaded syllabi into conversations.
At any point, users can choose to generate a report of a
conversation, which sends the full dialogue through OpenAI’s
API with formatting instructions and returns the information
needed to produce a standardized summary. Similarly, when
a teacher uploads a curriculum document, it is processed by
an LLM that extracts key instructional content, which is then
incorporated into the student’s conversation prompts.

This modular structure ensures that Langmates can evolve
with advancements in Al and speech technologies, while main-
taining flexibility for future feature expansion and classroom
customization.

IV. IMPLEMENTATION

The implementation phase of Langmates focused on trans-
lating the system design into a functional, scalable, and
user-friendly platform. Emphasis was placed on creating a
robust web application, integrating real-time conversational Al
capabilities tailored for the pedagogic needs of K-12 class-
rooms, developing engaging frontend interactions, and estab-
lishing reliable systems for progress tracking and curriculum
customization. Although initial plans included full character
voice integration, the current build prioritizes a low-latency
conversation experience enhanced by animation features, while
voice synthesis remains under refinement.

1) Backend: The backend architecture of Langmates was
built to support low-latency, real-time multilingual conversa-
tions while maintaining scalability and data security. The pri-
mary conversational engine is powered by OpenAl’s Realtime

API, which has the capability to directly interpret multiple
languages in a single audio input, making it optimal for
language learners who might code-switch mid sentence. The
Realtime API then generates natural language responses in
line with the instructions we provide in system prompts, and
handles the flow of the conversation throughout the session.
The conversations are transcribed by Open AI’s Whisper soft-
ware and displayed to the user along with the audio responses.
The backend also manages session states for individual users,
tracks student interactions, and maintains secure records of
learning progress, including session duration, conversation
content, and vocabulary milestones.

Integration with ElevenLabs’ voice synthesis APl was ex-
plored to generate character-specific voice outputs. However,
due to ongoing latency and cost challenges, full deployment
of synthesized character voices remains under development.
Current system functionality prioritizes delivering smooth spo-
ken dialogue with the default voices provided by the OpenAl
Realtime APIL.

To optimize performance, backend services employ efficient
request handling and minimize API call redundancies. Session
data and user profiles are stored securely using Supabase

services, ensuring compliance with data privacy standards such
as FERPA and COPPA.

2) Frontend: The Langmates frontend was developed using
Next.js and React, leveraging a modular component structure
for scalability and maintainability. The ShadCN UI library was
selected to provide a clean, accessible, and consistent visual
design across both student and teacher interfaces.

For students, the frontend delivers an interactive language
learning environment where the user engages in real-time
conversation with animated, Al-driven characters. The ani-
mation system is built using lightweight, web-optimized li-
braries that synchronize facial movements and gestures to
match Al-generated dialogue text. Feedback elements, includ-
ing progress bars and session summaries, are embedded into
the interface to provide immediate feedback and encourage
sustained engagement.

We are currently in the process of developing a dedicated
teacher-facing dashboard, with a working version of the fea-
tures integrated directly into the chat interface. This allows
teachers to upload lesson plans and instructional materials
through a sidebar panel and generate progress reports. These
lesson plans are parsed on the backend to customize con-
versation topics and vocabulary sets dynamically, while the
report is created through analyzing and condensing the student
conversation using an LLM. This initial integration lays the
groundwork for a more robust set of tools to support instruc-
tional alignment and progress monitoring in future iterations.

As a browser-based application, performance and usability
were major considerations. Through server-side rendering and
static site generation, Next.js accelerates initial page loads,
ensures a consistent user experience, and also enhances search
engine optimization (SEO). Further, its integrated routing
system and automatic code splitting optimize application ef-
ficiency. As a result, Langmates is fully functional on basic
devices commonly used in K-12 classrooms.
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Fig. 1: System Design Flow Chart

A. Deployment Environment

Langmates was deployed using a cloud-native architecture
to ensure high availability, scalability, and low-latency per-
formance. The frontend is hosted on Vercel, providing global
CDN distribution for fast load times and optimized content
delivery. Backend services and database storage are hosted on
Supabase for flexible scaling based on user demand.

All Al model requests and user session data are routed
through secured endpoints with encrypted communication to
maintain compliance with data protection regulations. Cloud
infrastructure was chosen specifically to eliminate the need
for specialized local hardware, making Langmates easily de-
ployable in a wide range of school technology environments.
End users require only a standard web-connected device with
a microphone, such as a laptop, tablet, or Chromebook, to
access the full functionality of the platform.

B. User Interface and User Experience (UI/UX)

User experience design for Langmates focused on max-
imizing student engagement while maintaining accessibility
and ease of use. The student-facing interface utilizes intuitive
visual cues that encourage exploration without overcrowding
the layout, while the educator side focuses on structured, well-
organized layouts that provide an easy overview of student
progress. Color schemes, typography, and visual elements
were selected to meet WCAG 2.1 accessibility standards,
ensuring that the platform is accessible to users with a wide
range of needs.

Key UI/UX features implemented include:

o Animated Characters: Characters visually respond to

student inputs with facial expressions and gestures syn-
chronized to dialogue content. This visual feedback

makes the conversational experience feel more human and
immersive, even before full voice capabilities are added.

o Progress Tracking: A visible progress bar and achieve-
ment system allow students to track their language prac-
tice over time. Metrics such as session length, frequency
of conversation, and vocabulary milestones are stored to
reinforce positive learning habits.

o Customizable Conversations: Settings allow students to
adjust conversation difficulty based on their proficiency
level, providing differentiated support for elementary,
middle, and high school learners.

« Intelligent AI responses: Langmates stores all conversa-
tions the student has, allowing the Al to learn about the
student and their interests. This way, every interaction is
uniquely tailored for the specific student. The program is
also tuned to detect signs of disengagement, with built-in
mini-games and other activities to suggest to the student
to keep them practicing their language skills.

The ShadCN UI library was selected to implement the
UI for its minimalist design philosophy, as its emphasis on
clarity and functional elegance aligns with our design goals.
The library provides a collection of well-crafted and easily
navigable components that maintain a clean aesthetic while
providing comprehensive functionality.

The conversational experience is shaped by carefully en-
gineered system prompts that guide interactions toward ed-
ucational and age-appropriate content. Langmates adapts to
each student’s interests, encouraging them to elaborate and
engage in extended dialogue. When relevant, it may suggest
vocabulary-focused activities from its internal game library to
keep conversations varied and purposeful. If a student attempts
to steer the conversation off-topic, the system gently redirects
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them, and built-in moderation tools prevent engagement with
inappropriate prompts. In the case of concerning disclosures,
Langmates is designed to encourage the student to speak with
a trusted adult and automatically notify the teacher of the
interaction.

Langmates incorporates accessibility features such as key-
board navigability, high-contrast visual modes, and screen
reader compatibility to ensure inclusivity across a wide range
of user needs. Usability testing was conducted with both
university staff and high school students to evaluate system
responsiveness, clarity of interface, and overall engagement.
Feedback from these sessions directly informed design refine-
ments, including improvements to layout structure, positioning
of key controls, and phrasing of instructional prompts to ensure
that the platform is as intuitive as functional.

V. TESTING AND VERIFICATION

Langmates was evaluated through a combination of internal
testing and school-based pilot trials to assess language learning
outcomes, usability, and overall user experience. Feedback
from students, educators, and advisors provided critical input
that shaped the refinement of the platform.

A. Preliminary Feedback

After the completion of our first prototype back in the fall,
several students and staff from the University of Pennsyl-
vania were asked to test and rate the chatbot on Language
Accuracy, Phonetics, Realism, Engagement, and Ease of Use.
Feedback across all five categories was largely positive. Most
participants found the tutor highly realistic and accurate in
conversation. However, several recommendations were made
to enhance the chatbot’s Ul controls, making it more visually
appealing and user-friendly.

B. High School Student Experiences

Following improvements to the Ul, customization features,
and chatbot conversational capabilities, we began evaluating
the effectiveness and user experience of Langmates in a school
setting. This feedback provided valuable insight into how the
system performs in real-world educational environments.

A group of 13 high school students participated in a hands-
on trial of the Langmates Al tutor. Students were asked to
evaluate specific aspects of their experience:

« Engagement: How pleasant conversations are with the
chatbot and the extent to which the user would want to
keep using it.

o Ease of use: The overall simplicity and navigability of
the UI and speech functions.

o Naturalness: The degree to which the tutor’s responses
feel like a legitimate human-to-human conversation.

« Effectiveness: How much a student feels that he/she gen-
uinely learned and is able to speak the learned language.

The results were consistently positive, indicating strong
potential for Langmates to support language development
through meaningful, adaptive conversation. Many students
highlighted the ability to interact with different character
voices, the natural tone of conversations, and how well the
system adapted to varying fluency levels.

For example, one student proficient in Bengali set the
chatbot to high school level with high proficiency. Langmates
responded primarily in Bengali, producing fluent, natural dia-
logue. The student described the experience as “talking to his
own family in their native tongue.”

At the other end of the spectrum, a beginner-level Por-
tuguese student configured the chatbot to elementary level
with low proficiency. In this case, Langmates adopted a
nurturing tone, guiding the student through basic vocabulary



Languages

Spanish

Arabic

Hindi

Tamil

Russian

Japanese

Cantonese

Hebrew

® Overall Progress
The student is showing a positive attitude towards learning Arabic and is making incremental progress in
vocabulary acquisition. Continued practice and exposure will aid in developing more complex language skills.

Additional Notes:

The student was playful and engaged, showing interest in learning through fun methods like mimicking Mickey
Mouse. Encourage this creative approach to maintain enthusiasm. No tech issues were noted.

@ ACTFL Category Scores

Domain Score  Level Comment

Domain Score Level Comment

Text Type 3 Novice High The student used simple phrases and repeated requests
effectively.

Comprehensibility 3 Novice High The student was mostly clear but required repetition for
understanding.

Language Control 2 Novice Mid Basic control with frequent repetition needed for clarity.

Vocabulary Use 3 Novice High Limited range, focused on a specific word but persistent in
learning.

Listening 3 Novice High Understood basic responses, needed clarification for

Comprehension specific terms.

Communication 4 Intermediate Low ~ Used repetition and clarification requests to maintain

Strategies conversation.

Fluency 2 Novice Mid Hesitant, with frequent pauses and repetition.

Cohesion & Discourse 2 Novice Mid Limited to short exchanges, little use of cohesive devices.

Fig. 3: Sample Generated Feedback Report
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Fig. 4: Feedback from participants by language (scale of 1-5)

with patience and encouragement. The student noted that this
approach felt more effective than traditional learning methods.

C. Educator Feedback

Educator feedback emphasized the importance of simple in-
tegration, instructional flexibility, and a robust user experience.
A Spanish and French teacher, who works with students across
a range of proficiency levels, tested Langmates and expressed
enthusiasm about its potential—particularly the ability to tailor
conversations to different grade levels.

One of the most requested features was a file upload
option that would allow teachers to integrate existing teaching
materials directly into the platform. Many educators possess a
wealth of resources accumulated over years of experience, and
the ability to align Al interactions with their current curricula
was viewed as essential.

Ease of use was also consistently highlighted as a key
priority. For instructors less familiar with Al-based tools, a
streamlined interface with intuitive, single-click functionality
was considered critical. Progress tracking tools—such as vi-



User Evaluation of Chatbot Features

Engagement of Chatbot -

Ease of Use and Navigation =

Naturalness of Response -

Effectiveness of Learning -
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Fig. 5: Feedback from participants (scale of 1-5)

sual indicators, time logs, and conversation summaries—were
identified as especially valuable for assessing student learning
and adjusting instruction accordingly.

One teacher spoke particularly to the lack of speaking prac-
tice outside of class time, which he sees as the most effective
way to internalize a new language. He noted that Langmates
fills this gap, offering students the ability to practice spoken
language in a low-stakes, conversational format. The flexibility
to serve multiple grade levels was also highlighted as a major
strength of the platform.

As described in the Design and Methodology section, we
launched paid pilot programs in three schools as of April.
These pilots have provided valuable feedback that continues
to shape development. Teachers have praised the language
model’s ability to adapt fluidly to conversations, while students
often exceeded expected usage time—validating our dual goals
of educational value and engagement. While we do not yet
have hard data on learning outcomes such as test scores, we
anticipate these results as pilots progress.

Feedback has also helped surface areas for refinement and
edge cases we had not initially anticipated. Teachers suggested
adjustments to how grade reports are presented, refinements to
control options, and general improvements to teacher-facing
tools. Some feedback also highlighted technical challenges,
such as handling pronunciation errors that are currently diffi-
cult for the system to detect. These insights are helping guide
improvements for future iterations of Langmates.

VI. APPLICABLE STANDARDS

Langmates was developed in alignment with a range of
engineering, educational, data privacy, accessibility, and soft-
ware development standards to ensure a reliable, ethical, and
effective learning platform. In particular, the platform’s use
of artificial intelligence adheres to IEEE P7001 guidelines

for transparency and ISO/IEC 23894 standards for AI risk
management, minimizing bias and ensuring responsible Al
behavior. The ISTE Standards for Technology in Education
further shaped the design by promoting equitable and person-
alized learning experiences.

Data protection and user privacy were prioritized in com-
pliance with FERPA and COPPA, safeguarding sensitive stu-
dent information and ensuring appropriate consent procedures.
ISO/IEC 27001 principles for information security manage-
ment informed backend development, and best practices from
the KidSAFE Seal Program were incorporated to promote safe
interaction for younger users.

Accessibility was addressed through adherence to WCAG
2.1 guidelines and Section 508 of the Rehabilitation Act,
ensuring that Langmates is usable by students with disabilities
through screen reader compatibility, keyboard navigation, and
accessible design features.

The educational framework of the platform reflects IMS
Global LTI standards for learning tool interoperability and
SCORM standards for sharable content, facilitating integration
with school learning management systems. IEEE Learning
Technology Standards guided instructional content structur-
ing, while the ACTFL Proficiency Guidelines informed the
platform’s student progress tracking and reporting systems.

User interface design followed ISO 9241 ergonomic prin-
ciples, Nielsen’s Usability Heuristics, and ISO/IEC 29110
standards for child-centered design, ensuring that the system
is intuitive, engaging, and developmentally appropriate. The
software development process was structured according to
ISO/TEC 25010 for quality requirements, IEEE 829 for testing
documentation, and ISO/IEC 12207 for software life cycle
management.

By grounding its design in these standards, Langmates
ensures a platform that meets high expectations for security,



accessibility, educational impact, and technical reliability.

VII. ETHICAL CONSIDERATIONS

The development of Langmates raised several important
ethical considerations centered around user privacy, data se-
curity, responsible use of Al, and protection of minors. From
the outset, the platform was designed to comply with FERPA
and COPPA regulations, ensuring that all student data is se-
curely stored, access-controlled, and collected with appropriate
consent for users under the age of 13. Data transmission
and storage practices follow recognized information security
standards to protect sensitive personal information.

Transparency was another priority. Langmates clearly iden-
tifies that users are interacting with an Al-powered system,
helping to prevent misunderstandings about the nature of
conversations. This transparency is especially important in
educational settings, where trust and informed participation
are critical.

Potential biases in Al-generated responses are another seri-
ous risk. While LLMs cannot be guaranteed to never produce
unwanted outputs, the prompts are carefully tuned to control
system behaviors and restrict conversational domains to those
appropriate for school-aged children. Language outputs are
monitored to ensure that conversations remain appropriate,
inclusive, and aligned with educational goals.

Finally, the platform was designed with special considera-
tion for its youngest users. Interfaces, conversational topics,
and engagement features were built to be developmentally
appropriate, promoting safe and positive language learning
experiences for children and adolescents.

By addressing these ethical challenges early and consis-
tently throughout the design process, Langmates aims to
provide a trustworthy, safe, and supportive environment for
students and educators alike.

VIII. ENVIRONMENTAL, SOCIAL, AND ECONOMIC IMPACT

The deployment of Langmates brings important environ-
mental, social, and economic considerations. On the envi-
ronmental side, the use of large AI models and cloud in-
frastructure contributes to energy consumption and associated
carbon emissions. To mitigate this, cloud hosting providers
with commitments to renewable energy were prioritized and
backend systems were designed to minimize unnecessary API
calls and data processing. Future improvements will continue
to focus on optimizing computational efficiency and reducing
the platform’s overall environmental footprint.

Socially, Langmates has the potential to expand access
to high-quality language education, particularly for students
in under-resourced schools where access to native speakers
and personalized instruction is limited. By making interactive,
personalized language practice broadly available, the platform
supports greater equity in educational opportunities. In ad-
dition, exposure to multiple languages and cultural contexts
through conversational practice encourages cross-cultural un-
derstanding, empathy, and global citizenship among students.

Economically, Langmates offers a scalable alternative to
traditional language instruction models, reducing the need

for costly tutoring or supplemental programs. The platform’s
cloud-based design allows it to serve large numbers of students
at low marginal cost, making it a practical solution for schools
and districts with limited budgets.

By addressing environmental sustainability, promoting ed-
ucational equity, and offering a cost-effective solution, Lang-
mates aims to create positive and lasting impacts beyond the
immediate goals of language learning.

IX. CONCLUSIONS AND REFLECTIONS

Over the course of the year, our team designed and im-
plemented Langmates, a web-based platform that brings real-
time, personalized language conversation practice into class-
rooms. We successfully built a functional system that enables
students to engage with Al-driven animated characters in over
40 languages and receive feedback on their progress. Teachers
have the capability to upload syllabi and exercises into the
system to align their students’ interactions with classroom
goals and activities, making it easy to integrate Langmates
into existing courses. Continuous testing with students and
teachers, culminating in a month-long pilot test in school
environments, demonstrated high student engagement and sat-
isfaction with the user experience.

The positive feedback we received from our test users, along
with the launch of paid pilot programs, is a testament to
the demand for innovative language instruction. These results
reflect both the value of integrating AI meaningfully into the
classroom and the enthusiasm students bring to language learn-
ing when instruction is interactive, personalized, and fun. Our
experience confirmed that when students are given space to
explore language through dynamic conversation—rather than
rigid memorization—they become more engaged, confident,
and motivated learners.

For us, this project offered valuable lessons in balancing
technical ambition with real-world usability. From licensing
constraints to latency concerns, several features we originally
envisioned as core to the product—such as full character
voice integration—had to be scaled back or postponed to
maintain a high-quality user experience. At the same time,
the rapid pace of Al tool development reshaped our technical
roadmap. After spending a month in the beginning trying to
engineer a custom solution for the realtime responses from
the AI, OpenAl released a brand new API that provided that
functionality out of the box, allowing us to redirect out focus
toward other features almost overnight. Time and again we
came upon situations like this, where we switched APIs and
rebuilt our project in a differnt form nearly overnight. Due to
the nature of Al, there were many times throughout the project
we had to move flexibly in fast-moving technical landscapes,
where adaptability can matter more than upfront completeness.

In addition to the diverse technical and subject matter
expertise of our team, one of the most important contributors
to our success was how well we worked together. We trusted
one another to take ownership of deliverables, assigned tasks
based on each other’s strengths, and created an environment
where we not only produced high-quality work but also
genuinely enjoyed the process. As a team, we did our best



to accommodate one another and offer grace when it was
needed—and in return, we could rely on each other to step
up when someone had a rough midterm week or a family
commitment. Although we did not always meet every deadline
or check every box we had hoped to, we continued to pursue
ideas that excited us and allowed the project to become what
it is today. The difference between a project that struggles and
one that thrives is often not just the idea or the code, but the
trust and mutual respect among the people building it.

Our product also greatly benefited from the feedback and
perspectives of classmates, professors, advisors, and test users
in our partner schools. When working closely on a project, it’s
easy to become so immersed in the internal logic and technical
architecture that you lose sight of the user’s experience.
External feedback reminded us to prioritize supporting features
the users wanted rather than what we thought was important.
For example, a more robust approach to remembering the
user’s conversations was given priority over the voice changing
functionality due to feedback from teachers, and the current
implementation of the mute functionality emerged directly
from classroom testing sessions.

At the same time, we found that building a good product
requires balancing responsiveness to feedback with a com-
mitment to thoughtful design decisions. While we received
suggestions to expand Langmates for English as a Second
Language (ESL) learners, we ultimately recognized that our
platform, as it stands, is not sufficient to address the needs
of these students. Similarly, many of our adult mentors asked
for features like explicit grammar correction during conversa-
tion, but we decided to prioritize modeling correct language
use instead—aligning with educational research that shows
learners benefit more from hearing corrected forms in context
than from direct interruption as per our advice from Dr.
Butler. These decisions reflect the importance of maintaining
ownership over the product’s vision, even as we remain open
to continuous input and improvement.

Our goal was to build a product that adapts to the needs
of individual students while remaining scalable and flexible
enough for diverse classroom environments. But the broader
vision extends beyond simply teaching languages: we aspire
to make language learning in the United States both engaging
and equitable. We believe in harnessing Al to bridge cultural
and educational gaps through affordable, culturally informed
learning environments—just as previous generations of online
resources have transformed access to information. It has been
exciting to contribute to this emerging space within language
instruction, and we hope that the continued democratization
of access will spark a lifelong passion for language learning
and foster cross-cultural understanding among students across
the United States and beyond.

We are currently exploring the transformation of Langmates
into a startup, building on the momentum and technical
progress made over the past year. As we make this tran-
sition, our priorities include ensuring full legal compliance
with intellectual property and data privacy regulations, as
well as strengthening the system’s stability and reliability
for long-term use. On the feature side, we aim to validate
our progress tracking tools at scale, refine model behavior

through continued prompt engineering, and implement subtle
interface improvements to enhance usability. Perhaps most
importantly, we are now moving beyond the exploratory phase
of development-the time in the sandbox is over. As we enter
more formal relationships with schools, we must define a clear
product promise and deliver a system that is predictable, well-
scoped, and aligned with the structured needs of educational
institutions.

Looking back, this has been quite a year. For a team
and a project that came together during the first week
of class—without an existing idea or early-stage proto-
type—Langmates reflects what the senior design course can
offer at its best: the space to build something meaningful
from the ground up, shaped by collaboration, iteration, and
ambition. [NEED FINAL SENTENCE]

X. ABRIDGED BUSINESS WRITEUP

While we have a longer, more formal business plan and
writeup, we will detail the basic strategy here.

1) Executive Summary: Langmates transforms traditional
language education into an engaging, scalable enterprise solu-
tion by enabling students to converse with Al in the personas
of beloved characters. This immersive approach addresses
the engagement gap in foreign-language programs and inte-
grates seamlessly with existing curricula, providing real-time
progress tracking and data-driven insights for educators. From
a business standpoint, our dual revenue model—focused on
per-learner enterprise subscriptions with a secondary consumer
offering—ensures recurring, stable cash flows while posi-
tioning Langmates as a leading contender in the burgeoning
EdTech market. [7]

2) Value Proposition:

« Enhanced Engagement: Students practice with familiar,
entertaining characters, making language learning fun and
memorable.

o Personalized Learning: Educators tailor conversation
topics by uploading existing syllabi, aligning Al inter-
actions with classroom objectives.

« Equitable Access: Affordable, scalable pricing bridges
resource disparities, granting all schools access to high-
quality language practice.

o Comprehensive Assessment: Real-time analytics em-
power teachers to monitor progress and intervene where
needed.

o Institutional Scalability: A per-learner subscription
model simplifies budgeting and drives predictable, recur-
ring revenue.

3) Stakeholders:

o Students: Primary beneficiaries who gain authentic
speaking and listening practice in a risk-free, gamified
setting.

o Parents: Participants in home learning see measurable
gains in children’s language skills alongside entertaining,
character-driven interactions.

o Educators: Teachers leverage customizable content and
robust tracking to deliver differentiated instruction at
scale.



o Educational Institutions: Schools and districts modern-
ize language programs affordably, improving outcomes
and equity.

o Technology Partners: Collaborations with Al and cloud
providers ensure platform reliability and continuous in-
novation.

4) Market Research: The U.S. EdTech sector was valued at
$80.27 billion in 2023 with an 11%+ CAGR projected through
2028. [7]] Globalization and workforce demands are increasing
the need for multilingual skills, while under-resourced schools
seek cost-effective, scalable solutions to close the language-
learning gap. Early pilots in three Philadelphia schools and the
Arizona Cultural Academy have demonstrated strong engage-
ment and learning gains, validating school-district interest and
partnership potential. Additionally, the North American online
language-learning market is projected to reach $9.78 billion by
2031 (19.3% CAGR). [8] Moreover, adoption of generative Al
in EdTech grew by 15% in 2023. [9]

5) Target Customer Segment:

o Enterprise (Primary): Public and private K—12 schools
and districts purchasing per-learner subscriptions at ap-
proximately $200 per student per academic year (or
$20/month), yielding predictable, high-margin revenue.

« Individual Learners (Secondary): Language enthusiasts
subscribing at $24 per month, representing a high-volume
but more competitive segment that we will explore selec-
tively.

6) Competition: Key competitors include Duolingo [10],
known for consumer gamification but lacking classroom inte-
gration, and ISSEN [11]], which offers personalized Al tutoring
without strong motivation mechanics. Traditional substitutes
(private tutoring and teacher-training programs) are effective
but expensive and difficult to scale. A Porter’s Five Forces
analysis indicates low threat of new entrants (high regulatory
and training costs), moderate buyer power (tight school bud-
gets mitigated by high switching costs), moderate supplier
power (reliance on Al and voice-synthesis providers), and
moderate threat of substitutes, with overall low-to-moderate
competitive rivalry in the Al-for-schools segment.

7) Cost: Current Al-voice synthesis costs are approxi-
mately $0.12 per minute, [12] with projected reductions to
$0.04 per minute over the next year. Assuming an average
usage of two hours per week, this results in an annual cost
of roughly $96 per user. Cloud infrastructure and licensing
leverage economies of scale, further driving down per-user
expenses.

8) Revenue Model:

« Enterprise Subscriptions: $200 per student per aca-
demic year (or $25/month) for schools, yielding $30,000
annual revenue and $15,600 gross profit per average
private school (150 users).

o Consumer Subscriptions: $20 per month per individ-
ual user, capturing the broader online language-learning
market on a cautious, secondary basis.

9) IP: Langmates’ intellectual property portfolio will en-
compass:

« Patents: Applications for our real-time voice modulation
techniques and dynamic syllabus-integration methods.

o Trademarks: “Langmates” brand identity and character-
persona names.

o Copyrights: Software codebase, character animations,
and curriculum content.

o Trade Secrets: Proprietary Al fine-tuning processes and
data-driven assessment algorithms.
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