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In the last two decades various human language learning applications, spaced
repetition software, online dictionaries, and artificial intelligent chat agents have
been developed. However, there is no solution to cohesively combine these
technologies into a comprehensive language learning application including skills
such as speaking, typing, listening, and reading. Our contribution is to provide
an immersive language learning web application to the end user which combines
spaced repetition, a study technique used to review information at systematic
intervals, and active recall, the process of purposely retrieving information from
memory during a review session, with an artificial intelligent conversational chat
agent both in voice and in text. The proposed solution created with Japanese as the
target language and English as the understood or source language. One benefit of
this approach is that two end users do not have to be present in order to encounter
new words through a natural conversational context. Another benefit is that a
given end-user can use the web application without the fear of offending another
person who speaks the language to be learned. What makes the proposed solution,
called Immersio, different than other existing applications is the combination of
the space repetition system which is tied to the chat page. Immersio was evaluated

by a native Japanese speaker. It received an average score of 3.24 out of 5.0 points



out of seventeen questions. In terms of five open-ended questions, the reviewer
likes the following: the chat page worked well and the grammar was mostly correct
and natural. However, he dislikes the following: Part-of-Speech and the dictionary,
which were not readily accessible. Also, he was unable to upload audio. Moreover,
he indicated that the review page was confusing, and he could not hear most of

the audio voice from the Al chat.
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Chapter 1

Introduction

This chapter discusses the outline for this project. First, it states the problem
statement and the motivation. Additionally, this chapter covers high-level imple-
mentation details of the proposed solution. The chapter concludes with project
objectives, limitations of existing solutions, delimitations, and an overview of the

project.

1.1 Problem Statement and Motivation

In the last two decades there has been a surge of several language learning
applications, both including web and mobile applications, which either employ
spaced repetition or artificial intelligence, usually through a conversational chat
agent. For example, SuperMemo’, a reputable language learning web application,
employs a flashcard system as well as an OpenAI*> GPT model. Another example

is Univerbal3, a web and mobile application which employs a conversational

Thttps:/ /www.supermemo.com/
2https:/ /chat.openai.com/
3https:/ /www.univerbal.app/
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agent. Both of these applications utilize their conversational agent to provide
dynamic interactions for a user including text messaging and speaking. However,
throughout the various applications that exist there does not currently exist a web
application that integrates both artificial intelligence, chat agents, an intuitive user
interface, and algorithms which space language learning into manageable units of
time.

Also, current applications do not utilize Part-of-Speech (POS) parsing of arti-
ticial intelligent text generated on-demand. POS can be thought of as pieces of
sentences which are broken up into verbs, grammar points, words, nouns, and
much more [2]. This is problematic because understanding how different POS
interact with each other is vital to the language learning process. Furthermore,
most POS items in existing solutions are hard-coded into a database which has a
negative side-effect of not accurately portraying the other surrounding POS items.

In particular, current dictionary tools, such as the J]MDict project* that consists
of the work of Jim Breen> and EDRDG? or Tatoeba?, another large language-to-
language database or repository, only allows for a language learning application
to provide POS information with predefined sentences from a database. Using
tools such as these has benefits in the sense that predefined sentences may be
grammatical and linguistically correct if the data was entered by a professional in
the target language. However, these approaches have the pitfall of containing errors
if the data was entered by a user with little knowledge on the target language.

Yet another issue of existing solutions is that audio generated via an artificial

intelligent conversational agent that employs spaced repetition is not widely

4https:/ /www.edrdg.org/jmwsgi/srchform.py?sve=jmdict&sid=
Shttp:/ /nihongo.monash.edu/cgi-bin/wwwjdic?9T

6h’ctps: //www.edrdg.org/

7https:/ /tatoeba.org/en/
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utilized. This is problematic because it can be expensive to hire voice actors
who specialize in a particular language to read a script for a language lesson.
Furthermore, scripts must be created by someone and validated such that the
audio recorded by a given voice actor is linguistically correct. One of the existing
applications that inherits this pitfall is known as Pimsleur®, designed after Paul
Pimsleur’s method, which employs spaced repetition via audio lessons.
Additionally, it is rather difficult to find a real person who is willing to consis-
tently practice with another during a language exchange. A language exchange
is where two or more language learners engage in conversing with one another
in their target languages and explaining intricate details of their own language
to others. The caveats that typically come with traditional language exchanges is
that the two or more language learners have to either converse asynchronously
with a form of messaging or during a practical time in their schedules in which a
voice call can take place. Unfortunately, it is difficult for two or more real people
to find time to exchange languages. In addition, there may be cultural barriers
which may cause difficulty by discussing a certain topic. For instance, it may be
socially appropriate to speak about one topic in one culture but rather impolite to

speak about it in another.

1.2 Proposed Solution

Our contribution is an immersive language learning platform, which is known as
Immersio. Immersio was designed with Japanese as the target language for this
project. The goal of Immersio is to combine the immersive interaction of speaking

with a conversational agent that implements a spaced repetition system. Open

8https:/ /www.pimsleur.com/c/how-to-learn-a-foreign-language
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Al’'s GPT-3.5-Turbo model, via REST API, was used as the conversational agent.
Moreover, the aim of Immersio is to provide a natural and believable language
learning process which should cultivate skills such as speaking, typing, listening,
and reading Japanese.

Immersio was constructed with various tools to facilitate learning, modularity,
and cohesiveness. The project utilizes a micro-service architecture by using tools
such as Docker? for containerization and RabbitMQ*° for communication between
Docker containers. With this architecture it is possible to place artificial intelligent
models in Docker containers, which can easily be replaced in the case that a
better model or models are found. Immersio contains audio transcription and
audio generation with Whisper'' and CoquiTTS'? , respectively. Whisper and
CoquiTTS have base models that are capable of understanding Japanese and so
they are used in this project. For POS parsing, a spaCy*3 model, through a Python
script, was placed in a Docker container. Because spaCy’s base model contains
the ability to understand Japanese, it was unnecessary to retrain spaCy’s models.
For translation and grammar correction of Japanese, HuggingFace transformer
models™ were placed in containers as well. It is important to note that the Hugging
Face transformer models that were used are pre-trained and are available as a
Python PIP package. Therefore, Immersio did not require additional training to
these models. Specifically, the Hugging Face translation model that was used is
opus-mt-ja-en', which is a translation model that translates Japanese text and

transforms it into English. The model was developed by the Language Technology

https:/ /www.docker.com/
ohttps:/ /www.rabbitmq.com/
TThttps:/ /github.com/openai/whisper
https:/ /github.com/coqui-ai/TTS
Bhttps:/ /spacy.io/
“https:/ /huggingface.co/
Shttps:/ /huggingface.co/Helsinki-NLP /opus-mt-ja-en
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Group at the University of Helsinki®. Because it is possible for a Japanese-to-
English translation model to output ungrammatical English, we therefore pipelined
the output of the translation model into an English grammar model. The English
grammar model takes ungrammatical English as input and returns grammatical
English as an output. Ungrammatical English denotes English text which does
not follow grammar rules in English. For instance, if a piece of text is written

4

as, "My name is Sarah and lives in London,” it is considered ungrammatical
English text. To make this text grammatical we passed it in a grammar model
in which the output returned is, "My name is Sarah and I live in London.” The
Hugging Face model that was used to achieve this is coedit-large'” , maintained
by Grammarly™®. In order to cohesively bind the services together, Django' was
employed to communicate with the micro-services using RabbitMQ with remote
procedure calls (RPCs) and the frontend with REST API which was designed using
React®*. Because the conversational agent and the spaced repetition system are
crucial in the language learning application, we placed OpenAl’s** GPT-3.5-Turbo
API in the same container as the Django backend along with LangChain®** and
PostgreSQL?3 to remember conversations.

There are also various instruments employed by these tools to make develop-

ment more secure, fast, scalable, and reliable. For instance, Django uses Django

®https:/ /huggingface.co/Helsinki-NLP

7https:/ /huggingface.co/grammarly/coedit-large
Bhttps:/ /huggingface.co/grammarly

https:/ /www.djangoproject.com/

*https:/ /react.dev/

*Thttps:/ /openai.com/

22https:/ /www.langchain.com/

23https:/ /www.postgresql.org/
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Rest Framework (DRF)** where React uses TailwindCSS?5, Vite2¢, Vitest?7, Mock
Service Worker (MSV)28. We also used Figma? for constructing the user interface
on the frontend. Moreover, we also employed continuous integration with Github
Actions3°. When a user chooses to save recorded audio files, these files are saved
locally with IndexedDB3" in a user’s browser rather than expend server resources
in the backend. Once all of the tools were ready to be used, Docker Compose3*
was used to start all the services at once. Finally, we deployed the application on
Railway33.

Immersio includes two main sections consisting of the chat page and the reviews
page. The goal of the chat page is to emulate a dynamic and somewhat realistic
conversation between a human and another human. The difference is that a given
registered end user can be set up to chat with an artificial intelligent conversational
agent which is capable of speech replies, speech comprehension, text replies, text
comprehension, memorization of previous messages in the conversation, parsing
POS, and dictionary lookup.

Whenever a user desires to save a message from a conversation they have
had with their artificial intelligent language exchange partner, they can easily
press a button to send the message, or some portion of it, to review. Reviews
are Immersio’s implementation of a spaced repetition system. The reviews are

designed for a user to study content such as sentences, individual words, and

24https:/ /www.django-rest-framework.org/

2Shttps:/ /tailwindcss.com/

26h’ttps: / /vitejs.dev/

*7https:/ /vitest.dev/

Bhttps:/ /mswis.io/

*https:/ /www.figma.com/

3%https:/ / github.com/features/actions

3thttps:/ /developer.mozilla.org/en-US/docs/Web/ API/Indexed DB_API/Using_Indexed DB
32https:/ /docs.docker.com/compose/

33https:/ /railway.app/
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even POS. The reviews are completed through the review page which contains
lists of various review items that a user has added to their review page. Upon
selecting one of these lists on the review page the user can then select whether
or not individual items show up during their review session with check-boxes
in a table. A user also has the chance to add their items to a custom review list,
reset what is known as a Spaced Repetition System (SRS) level, which is simply a
metric to determine how often a review item is reviewed, or simply delete the item
from their reviews. Moreover, a user is able to delete review items but will have to
confirm deletion via a confirmation modal34. A modal is a frontend development
term for a Ul component that displays over the current page but does not fully
cover the contents underneath it. A modal is useful because it assures a user that
they have not left the page they were on. In Immersio’s case, the modal verifies if
the user actually wants to delete a review item by asking them to press a confirm
button. Finally, a user is able to review these items with due care by pressing the
start review button, which generates a review queue that utilizes a priority queue
in JavaScript and React hooks.

Once a review session is started a user goes through various stages that can be
represented in a finite state automata, as shown in Figure 1.1, which consists of
translation of the review item, the context of a review item along with whether or
not a user has answered correctly, and a review report. During this process, the
user is graded against artificial intelligent models, and finally the review report
determines how well a user has done during asking to translate the review items.
The benefit of this finite state automata is that it can be expanded to accommodate

a mode that only allows speaking in the user’s target language or it could be

34A modal is a frontend and UI term that resembles a popup that prompts a user to take an
action.



adapted to include that the user must select from a list of correct options that

would also be generated by an artificial intelligent model in the backend.

Review Landing
Page

"Review *"
Selected

Selection

(Review Item)

"Start Review"

Button Pressed

Translation
(Review Item)

User

Submission ReviewQueue.length > 0

Conversation
Context
(Review ltem)

ReviewQueue.length <=0

Review Report

Figure 1.1: Finite state automata of the review process a user would take



1.3 Objectives

The main objective of Immersio is to deliver an immersive Japanese language
learning web application using spaced-repetition, active recall, and an artificial
intelligent conversational chat agent both in voice and text. For this reason

Immersio is broken up into sub-objectives which are to:

1. Create the review section which includes:

* A spaced-repetition system (SRS) and active-recall system which tracks

a user’s progress
* A review landing page that includes:

— The ability for a user to review all of their review items. A review
item is a word, POS, or sentence that is prompted to translate by a
user during a review session. A review session is simply an allotted
portion of time in which a user reviews a subset of all of their review
items

— The ability for a user to review all of their sentence review items

— The ability for a user to review all of their word review items
* A review queue selection page which allows:

— A user to add review items to a review session’s review queue. A
review queue is a data structure that manages the order of review
items and determines the next review item that is displayed during
a review session

— A user to see how many review items are available

— A user to add the review items to a custom review item list
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— A user to reset the SRS level of a review item. A SRS level is a value
that determines the review frequency of a review item. A SRS level

ideally measures how much a user memorized a review item
— A user to delete a review item
— A user to delete their entire review queue item list
¢ A prompt for the user to translate a review item that:
— Checks the user’s response against an artificial intelligent capable
of comparing a user’s translation to the the actual translation

— Provides the ability to both type and speak the answer
¢ A conversation context panel to:

— Show up after a user has attempted to translate the prompt
— Provide whether or not the answer is incorrect

- Provide the differences that were made in the answer they made
compared to the artificial intelligent agent’s translation it graded
against

— Provide the option for the user to assert that they were correct or
incorrect in their translation

— Provide the option for a user to undo their translated answer with
an undo button

- Have an option to toggle showing the corrections made by the

artificial intelligent agent

- Provide a continue to next prompt button

2. Create the chat page which allows a user to converse with an artificial

intelligent agent, which has various features including:
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* Asserting that a user must speak in their target language

* Sending a message in the user’s target language that generates a re-

sponse in the user’s target language

* Generating audio via CoquiTTS’s Kokoro model that is trained on the
Kokoro dataset3> and storing the audio locally in IndexedDB to save

sever resources

¢ Ability to send audio messages to the backend that Whisper converts
into text and the functionality for IndexedDB to save the audio locally

to preserve server resources
¢ The ability to translate the messages on the interface
¢ POS high-lighting which includes:

— Dictionary lookup of words or POS

— Color coding to make it easier to understand what the purpose of

the item is for

— The ability to add the item to the reviews as a word

3. A dashboard page which shows a high-level overview of the information of

a user

1.4 Limitations

Due to time, linguistic skills, hardware, and monetary constraints, this project has

the following limitations:

35https:/ /www.kaggle.com/datasets/kaiida /kokoro-speech-dataset-vi1-small
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* The quality of the the audio generated by CoquiTTS, a deep learning toolkit
for Text-to-Speech (TTS) synthesis3®, is limited by the default model which is
trained on the Kokoro Speech Dataset3”. Additionally, the CoquiTTS toolkit
may have limitations in itself or its dependencies such as Cutlet3®. Cutlet is a
tool to convert Japanese text into romanized text called Romaji. CoquiTTS
uses romanized text produced from Cutlet in order for its Kokoro model to
synthesize Japanese words into audio. Because the romanized counterparts
of Japanese may not fully represent the native Japanese pronunciation, the

audio generated by CoquiTTS may not speak with a native Japanese accent.

* There was only one native Japanese speaker who evaluated Immersio. There-
fore, he evaluated all the Japanese grammar, translation, pronunciation,

generation, and correction.

* Because we did not have anyone on our immediate team to validate the
accuracy of a grammar or translation model in Japanese we used community
translation models and grammar models from Hugging Face and did not of

train them further.

1.5 Delimitations

This project is delimited in the following ways:

¢ We did not train a conversational language model as many options already

exist to execute this functionality with high precision such as OpenAl’s GPT

30https:/ / github.com/coqui-ai/TTS
37https:/ /www.kaggle.com/datasets/kaiida /kokoro-speech-dataset-vi1-small
Bhttps:/ /github.com/polm/cutlet
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models3? and LangChain#°.

¢ We did not train a Speech-to-Text (STT) model as Whisper+* was sufficient for
our needs. Speech-to-Text (STT) is the process of converting human speech
into human readable text. Whisper leads Speech-to-Text technology on the

market.

* Because spaCy has out-of-the-box support for POS parsing of various lan-

guages — including Japanese — we did not train spaCy’s predefined models.

* The Hugging Face models, opus-mt-ja-en and coedit-large, was not mod-

ified or trained in any way as these models were sufficient for the project.

1.6 Overview

This document is organized as follows:

* Chapter 2 provides the theoretical framework and state of the art

Chapter 3 outlines the methodology for the construction of Immersio

Chapter 4 delineates the procedures that were involved in the evaluation of

Immersio

Chapter 5 presents the finalized application and the evaluation results

Chapter 6 summarizes the project outcomes and the future work

3%https:/ / platform.openai.com/docs/models
#https:/ /python.langchain.com/docs/get_started /introduction
#https:/ /github.com/openai/whisper


https://platform.openai.com/docs/models
https://python.langchain.com/docs/get_started/introduction
https://github.com/openai/whisper
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Chapter 2

Background

This chapter presents the theoretical framework and state of the art. First, the
theoretical framework section delves into concepts and paradigms used in the
creation of a language learning application. Then the state of the art examines the

tools that have applied the concepts shown in the theoretical framework.

2.1 Theoretical Framework

This section explores the techniques used in language learning applications as well
as inspects the brief history in contriving such techniques. It covers a range of
topics such as algorithms, machine learning, linguistic procedures, and data used
in language learning tools. Figure 2.1 summarizes these topics into what makes a

language learning application.

2.1.1 Pedagogy

Pedagogy is the method and practice of teaching a particular subject. In Immersio’s

case, pedagogy refers to methods and techniques that involve efficient memoriza-
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Figure 2.1: Concept map of topics explored in the theoretical framework

tion and language learning techniques. One concept that is pertinent to language
learning applications is the concept known as the forgetting curve. The forgetting
curve is an observation of human retention of information plotted over time as seen
in Figure 2.2. The curve at the beginning of learning a specific piece of information
is where time can be expressed as t = 0. At t = 0, the user has retained all of the
information he or she already has. Thought of another way, the user has not lost
or forgotten any information that they had just learned. However, as time goes
on the amount of information retained is reduced logarithmically — in which a
steep drop of loss of information is expected to occur before the curve smooths
out into a gradual decline. This means that the slope of |t = n| > |t = n + 1| can
100k

be formulated into a logarithmic function such that b = —————. Where k and
(logt)c+k
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c are constants and can be represented as k = 1.84, ¢ = 1.25.

The forgetting curve and its logarithmic function is credited to German psy-
chologist Hermann Ebbinghaus who had observed the phenomenon in 1880 [3].
Despite the time period of creation, Ebbinghaus” work has continued to reinforce
the spaced repetition methodology as well as conceived replicated studies which

exhibit similar results [3].

Retention

Time

Figure 2.2: Ebbinghaus’ Forgetting Curve [1]

Without the work of Ebbinghaus, works in spaced repetition may not have
been possible. Spaced repetition is defined as a method of reviewing information
at systematic intervals [4]. C.A. Mace was a British psychologist who expanded
upon the works of Ebbinghaus. Specifically, he proposed whenever learning new
information, “there is grinding work to do [... through] concentrated effort” and
"[after] every mnemonic device has been exploited there remains much that can be
acquired only by drudgery and systematic repetition” [5]. Mace provides a method
for “learning a foreign language” by “parceling the material to be memorized into
units which can be tabulated on postcards” and then memorized and “spaced in
gradually increasing intervals, roughly intervals of one day, two days, four days,

eight days, and so on” [5].
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When overlaying a spaced repetition system over Ebbinghaus’ forgetting curve
a given user is shown to forget less information over time compared to without
using a spaced repetition system as seen in Figure 2.3. For example, if a user
decides to review information after some time, Ebbinghaus’ forgetting curve tends
to flatten or the logarithmic curve becomes less steep. Furthermore, if a user
reviews a second time, the curve continues to become less steep as well as when
the user does sequential reviews of the given information.

/?@ l//@ '?@ V. ,?@l// /?G '?@l,/
7w

77
Q Q (S) (S)
2 Wt gt s

Retention

v

Time

Figure 2.3: Ebbinghaus’ Forgetting Curve with Spaced Repetition [1]

C.A. Mace explains that reviewing information can take place in two formes.
The first of which is known as passive repetition which can constitute a user re-
reading a list of items when reviewing. The second is known as active repetition or
active recall in which a user may recall an “alternate” but synonymous meaning
of the information being reviewed [5]. This information is vital to a language
learning application. However, many language learning applications only use
flashcards which do not enforce active recall effectively. This is especially an
issue in applications that do not harness the power of artificial intelligence, which

possesses the ability to detect whether a prompt is at least roughly equivalent



19

to the answer stored — typically stored in the backend in a database. Instead
many solutions may fall into the fallacy of comparing a user’s answer in a spaced
repetition software directly to the stored answer in a database. If this occurs, the
user’s answer, despite being correct may be flagged as incorrect by the software.
For instance, if a user types in, “Hello Earth” but the database has stored the correct
answer as “Hello World” the user may be marked incorrect even if “World” and
“Earth” can be used in the same context synonymously and still portray the same
meaning. This pitfall can be mitigated by employing artificial intelligence which
can interpret the meaning of words in context to check if they are synonymous
and deem a user’s answer to be correct if they are synonymous and incorrect if it
is not.

A concept that extends from spaced repetition is known as the Leitner System
which was developed by Sebastian Leitner [6]. Leitner proposed an implementation
for a spaced repetition system by including three elements: flashcards, boxes, and
review intervals. The boxes in his proposed implementation were mapped to a
particular review interval, or the time a flashcard was supposed to stay in the box
until the next review. Flashcards that have never been reviewed before would be
placed in the first box, which would have the shortest review interval. At this
point in time, the review interval lasts until a particular point in time in which the
flashcards would be taken out to be reviewed. The flashcards may be in the form of
questions with their associated answers. In such case, a review prompts a user to
associate the answer of the flashcard to the question of a particular flashcard. This
determines if the flashcard advances to a new box with a longer review interval,
remains in its current box with the same review interval, or if it is placed in a
previous box with a shorter review interval. Figure 2.4 provides an illustrated

example of an implementation using the Leitner System. This figure shows that
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new flashcards enter the box with the lowest review interval, designated in this

”_r
1

tigure as “1”. After some time these flashcards are reviewed. Specifically, they may
either be moved to the next box (”2” in this case) with a slightly higher review
interval or remain in the first box to await another review. If the user associates
the correct answer of a flashcard to the flashcard’s question, the card will either be
moved to a box with a slightly higher review interval, remain in the same box, or
be removed from the system entirely — depending on the algorithm and whether
or not the flashcard’s current box has the highest review interval. If the user does
not associate the answer of a flashcard to the flashcard’s question, the flashcard
will either be moved to the first box with the lowest review interval so that it is
encountered quickly as per Leitner’s implementation, moved back to a box with
a slightly lower review interval as implementations seen in traditional language

learning applications, or remain in its current box — depending on the algorithm

and whether or not flashcard’s current box has the lowest review interval.

Review Review Review
Passed Passed Passed

agliNsRvg

Review Review Review
Review Failed Review Failed Review Failed Review
Interval 1 Interval 2 Interval 3 Interval n

Figure 2.4: An example of the Leitner System [1]

The Leitner System has given rise to multiple algorithms designed to work

in conjunction with the system as well as sparked research studies in fields of
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psychology and medical sciences. One such study aimed to enhance human
learning via spaced repetition by utilizing dynamic parameters rather than hard-
coded constants in rule-based heuristic algorithms [7]. It is in research such as this
that the Leitner system is valued for its exponential spacing which may be explicitly
cast using arbitrary formulae. In fact, the Leitner System not only implements
spaced repetition but it also accounts for Ebbinghaus’ forgetting curve by mapping
flashcards or review items to a particular review interval.

The Leitner System has also influenced the creation of multiple commercial
flashcard and language learning software, which have implemented their own
spaced repetition algorithms. For instance, SuperMemo has utilized spaced rep-
etition algorithms such as SM-o, SM-2, SM-8 and SM-18. The creation of these
algorithms is credited to Polish computer scientist Piotr A. Wozniak as proposed
in his master’s thesis [8]. Specifically, he presented the “problem of forgetting”

and proposed his SuperMemo solution which consists of two restraints:

1. Intervals should be as long as possible to obtain the minimum frequency of

repetitions
2. Intervals must be short enough that knowledge is still remembered

The SM-2 algorithm was developed, was modified slightly, and utilized by the
Anki software [9]. As research in the field of spaced repetition and the Leitner
System had progressed, open-source algorithms such as the Free Spaced Repetition
Scheduler (FSRS) algorithm were made publicly available [10], [11]. The FSRS
algorithm can be installed as an add-on with the Anki' software.

One method that integrates spaced repetition and the forgetting curve into

a language learning technique is known as the Pimsleur method. The Pimsleur

*https:/ /apps.ankiweb.net/
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method was created by Paul Pimsleur, Ph.D. His work was instrumental for
theories of language learning as well as the creation of the language learning
application. Pimsleur is known for publishing books and papers based on learning
a foreign language [12] and psychological experiments on second language learning
[13]. Also, Pimsleur had taken interest in spaced repetition and Ebbinghaus’
forgetting curve which he applied the forgetting curve to short-term memory
[14]. He illustrates this with a language student who is taught the meaning of
a modern Greek word and its pronunciation. The student is then instructed to
recall the information a second later. At this point in time, Pimsleur claims that
the probability that the student will remember the word is “approximately 100%.”
As time increases, in a matter of seconds, the probability of recalling the correct
response decreases drastically. For instance, if the student waits six seconds to
recall the meaning of the word that was taught, the student is more likely to forget
the meaning of the word at this point in time compared to if the student had only
waited one second to recall the word. Pimsleur expresses this concept in detail
by supposing that at six seconds the probability of recalling the correct response
is 35% — which is not likely to be recalled when prompted. Pimsleur claims that
when a student is prompted to recall the word at a point in time with a decent
probability of 60%, the teacher will remind the student of the correct answer. By
reminding the student of the correct answer, the probability of recalling the word
rises back to 100%. This point Pimsleur makes also relates to Pior Wozinak’s
SuperMemo solution in which, “Intervals should be as long as possible to obtain
the minimum frequency of repetitions” [8]. By not relying on perfect probability of
remembering an item an efficient spaced repetition algorithm can be formulated.

Additionally, Pimsleur explored his philosophy of recognizing a good teacher.

He accomplished this by comparing two teachers who teach Japanese and Swahili
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[12]. The Japanese teacher, on the first day, had only described the sounds of
Japanese, the theory, and the possible syllables. However, on the first day for the
Swahili teacher, the teacher prompted the students to stand and sit in Swahili. The
Swahili teacher emphasized practice over theory and understood that repetition is
key to learning a language. Pimsleur declared that ”[g]rammar is best learned by
using, not by talking about it.” Pimsleur therefore encouraged language learning
to be interactive, provide the students to think about responses to questions, and
to capitalize on repeated instructions by limiting usage to the target language. This

tenet is a driving force in this project.

2.1.2 Linguistics

Linguistics is the study of human languages and its structure, including mor-
phology, syntax, phonetics, and semantics. Linguistics is important to Immersio
because it determines how artificial intelligent models and other technologies can
produce and understand Japanese. In the context of linguistics, Part-of-Speech or
POS refers to a word, grammar point, or piece of text that has a particular function
in a sentence. Specifically, POS may be a noun, pronoun, verb, adjective, adverb,
conjunction, interjection, preposition or determiner. Because POS determines a
function in a sentence or phrase, it becomes useful for both Al tools such as natural
language processing or machine learning and humans to be able to understand its
purpose in a sentence. POS is valuable for language learning tools and applications
as shown in Indonesian POS tagging systems [15]. POS is also used in some dictio-
naries such as JMDict?. It is therefore vital to utilize tools and standards that take
advantage of POS parsing. With such tools it is possible to create on-demand POS

parsing on dynamically generated text from a conversational agent. This method

https:/ /www.edrdg.org/jmdict/j_jmdict.html
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is expected to become superior than traditional usage of POS where POS data is
stored statically in a dictionary, such as the Contemporary Chinese Dictionary
(Xian Dai Han Yu Ci Dian) [16] [17] or a database such as JMDict [18]. Even when
stored statically in a database, it is typical for language learning applications to
not display POS in a concise or efficient manner. For instance, many applications
may only allow an end-user to look up words in a dictionary and provide whether
a word is a noun, verb, or a few other common POS types. However, POS types
can be broken up into subtypes. For instance, a noun can be broken up into a
person, place, thing, animal, quality, ideology, or an action. Additionally, a verb
can be split into an auxiliary or linking verb. This phenomenon is known as POS
subtypes. However, traditional or current language learning applications do not
appear to take advantage of on-demand POS generation or POS subtypes.

Like POS, translation has been considered heavily in the field of linguistics [19].
Translation can vary depending on the source and target language. Additionally,
translation can resolve to different meanings depending on the context. Parallel to

translation, grammar is regarded as a vital component in linguistics.

2.1.3 Data

In terms of data, one project has taken on the form of a refined dictionary known
as JMDict3. JMDict3 is an online electronic dictionary and project overseen by Jim
Breen [20] and managed by the Electronic Dictionary Research and Development
Group [21]. The main objective of JMDict3 project was to provide a multilingual
dictionary in the form of a lexical database [22]. JMdictDB3 contains various tables
which can be used to query words regarding their definitions, the sense or tense

of the word — such as if a word is used in passive or causative style, the POS if

3https:/ /www.edrdg.org/jmdict/j;mdict.html
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applicable, the word itself, and the Kana reading (Chinese characters, or Kanji, can
be mapped to a particular script such as Hiragana and Katakana where Hiragana
and Katakana make up what is known as Kana).

An exceptional language learning application would not be complete without
textual and audio data of both source and target languages*. On one hand, textual
data from both source and target languages are used to teach typing and reading
skills. On the other hand, audio data is used to teach speaking and listening skills
in a language learning application. For these reasons, it is important to store both
textual and audio data in a database.

There are two types of databases which are used in Immersio: PostgreSQL> and
IndexedDB®. PostgreSQLS5 was used to store textual data for a user and IndexedDB®
was used to store large audio files recorded by a user. PostgreSQL? is a reputable,
open-source, SQL relational database. It is significant because it can be used with
Django’s” object relational mapper (ORM). An ORM is a tool that abstracts user
interactions of a database by representing database relations as an object. This is
typically done through a class in a programming language such as Python. Using
this configuration allows easy interactions with PostgreSQL5>. However, if a user
needs to store large files, such as audio data, PostgreSQL5 can quickly grow in
size and cause multiple problems. One problem is that accessing the database
can become slow. Another problem is that it can be expensive to contain large
tiles in a database. For these reasons, a solution that can be used in conjunction
with PostgreSQL needs to be used. This solution needs the ability to store large

tiles, also known as blob data. There are multiple solutions for this problem but

4A source language refers to a language that a language learner is learning from while a target
language refers to a language that a language learner is trying to learn.

Shttps:/ /www.postgresql.org/

®https:/ /developer.mozilla.org/en-US/docs/Web/ API/IndexedDB 4 P1/ Usingndexed DB

7https:/ /www.djangoproject.com/


https://www.postgresql.org/
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the one that was considered is IndexedDB®. IndexedDB® is a database that stores
data in a client’s browser. By using IndexedDB° to store audio data in a client’s
browser, privacy issues are eliminated as the audio data is not maintained on
a machine that the user does not own. Because the audio is stored in a client’s
browser, a user can delete their own recordings without having to make a REST
API request to the backend server which would otherwise incur network expenses
when attempting to access a large file. However, one potential issue that may
occur when using IndexedDB is that a user may accidentally delete their data.
This can occur if a user clears their browser cache which also removes IndexedDB
databases. Because audio data can be regenerated on Immersio, via CoquiTTS?,
it is not critical to ensure that audio data is preserved. However, this means that
important textual data that cannot easily be regenerated needs to be stored with
some perpetual solution. For this reason, all textual data is stored in PostgreSQL5>
to retain efficiency and not incur data access expenses that would otherwise be

caused by storing large blob data.

2.1.4 Technology Used in Immersio

There are several Al models available both publicly and open source that yield
interest for a language learning application. Because GPT-3.5-Turbo? is easily
accessible with an API and it can be configured with LangChain'® to act as a
conversational agent it was selected as the conversational agent in this project.
Also, we used two pre-trained Hugging Face models for translation and grammar

correction. For POS tagging capabilities spaCy"'" was explored. For language de-

8h’ctps: / /github.com/coqui-ai/TTS

https:/ /platform.openai.com/docs/models
https:/ /www.langchain.com/
TThttps://spacy.io/


https://github.com/coqui-ai/TTS
https://platform.openai.com/docs/models
https://www.langchain.com/
https://spacy.io/
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tection CLD2"'? was used. For STT and TTS models capable of speech transcription
and speech generation we used Whisper'3 and CoquiTTS"4 respectively.

In order to support dynamic POS generation and POS subtypes various tools
and standards were created. One such standard is the Universal Dependencies
project, [23] which provides a set of Universal POS tags [24]. The standards
provided by the Universal Dependencies extend and categorize POS into seventeen
different categories. These categories can express POS in many if not most human
languages. Although the Universal Dependencies POS tags cannot cover all lexical
and grammatical properties of every language and therefore an additional standard
called Universal features [25] was utilized. The Universal features may account for
POS that represent numbers, have a particular tense or mood, or much more.

With standards such as the Universal POS tags and the Universal features
defined, various tools utilizing this format, such as the Natural Language Toolkit
(NLTK)*> and spaCy'®, have emerged. Such tools have been traditionally used to
parse large amounts of corpora but appear to find little usage in language learning
applications. However, both of these tools are utilized in Python and are equipped
to provide an array of applications for research and industrial usage.

spaCy'7 is a modern NLP tool that is capable of tokenization and tagging
text into POS. spaCy"7, compared to NLTK'®, is a newer tool with early versions
released as early as 2015". spaCy'7 offers high-level management, training of

models, and provides the most highly efficient NLP algorithm. spaCy'7 also

https://github.com/CLD20wners/cld2
https://github.com/openai/whisper
Mhttps://docs.coqui.ai/en/latest/implementing_a_new_language_frontend.html
Shttps:/ /www.nltk.org/

Ohttps:/ /spacy.io/

7https:/ /spacy.io/

18h’ctps: / /www.nltk.org/howto.html

https:/ /explosion.ai/blog/introducing-spacy
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utilizes the Universal POS tags and Universal features defined by the Universal
Dependencies.

In order to accommodate linguistical principles concerning translation and
grammar correction, two Hugging Face pretrained models were considered. One
suitable Japanese-to-English translation model from Hugging Face that was consid-
ered is Opus-MT-JA-EN*° by Helsinki-NLP. An English grammar correction model
that was used is Coedit-Large*' by Grammarly.

Text-To-Speech (TTS) is the process of sending textual data through a TTS
pipeline and generating humanlike speech — either through creating an audio file
or through an audio stream. TTS typically works through a large language model
(LLM), which are AI models trained on vast amounts of data such as publicly
available online text or corpora. TTS LLMs typically consist of a voice synthesizer,
such as eSpeak®?, which is responsible for generating the speech with a given
set of linguistic sequences [26]. Additionally, a TTS LLM typically consists of a
phonemizer — especially with support for various human languages. A phonemizer
takes the text of a certain language as input and returns phonemes and graphemes
as output®>. A phoneme represents a distinct sound in a human language or
human alphabet. A grapheme is the smallest meaningful contrastive unit in a
writing system. An English phonemizer can take English text and return a phonetic
representation. One phonetic representation that a phonemizer can output is the
IPA format by the International Phonetic Association.

Another tool that is utilized in TTS LLMs is called a morphological analyzer.

"Morphological analysis may be defined as the process of obtaining grammatical

*https:/ /huggingface.co/Helsinki-NLP/opus-mt-ja-en

21https:/ /huggingface.co/grammarly /coedit-large

22https:/ /espeak.sourceforge.net/

23https:/ /docs.coqui.ai/en/latest/implementing_a new_language_frontend.html
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information from tokens, given their suffix information.”?4. One such tool that
does this is MeCab?>. MeCab?> is a POS and morphological analyzer which is
capable of parsing Japanese text into POS. For instance, MeCab?®> can determine
nouns, auxiliary verbs, punctuation, and much more2°.

Another tool that is utilized in TTS LLMs are Romanizers. The job of a
Romanizer is to convert non-Roman or non-Latin characters into a form that can
be read and written in Roman or Latin characters. For example, Nepali, Chinese,
Japanese, and Korean words (and to some degree characters) can be represented
with Roman characters used in languages such as English ("a”, ”b”, ”...”, up to
”z”). One such Japanese Romanizer used by TTS LLMs is called Cutlet*” which
converts Japanese text to a romanized form known as Romaji.

All of these tools are typically used within a TTS LLM or TTS library such as
CoquiTTS?®. CoquiTTS? is a TTS library which offers various tools, pretrained
models, and "utilities for dataset analysis and curation” under the MPL-2.0 li-
cense. Like most machine learning tools CoquiTTS?® is written and developed in
Python3°. CoquiTTS? offers fine-grain control to engineers by providing tools to
help models understand various human languages.

CoquiTTS?® does an excellent job at producing Japanese speech from provided
Japanese text. However, Immersio also needs to support converting Japanese
speech to Japanese text. This is done through what is known as Speech-To-Text

(STT). STT is the procedure of transforming human speech, usually in the form of

an audio file or audio stream, into human readable text. Like TTS, STT typically

24https:/ /www.oreilly.com/library/view /natural-language-processing /9781787285101 /ch22s05.html

*Shttps:/ / github.com/takug10/mecab
bhttps:/ /takugio.github.io/mecab/
*7https:/ / github.com/polm/cutlet
28h’c’fps: //github.com/coqui-ai/TTS
*https:/ /github.com/coqui-ai/TTS
3%https:/ /www.python.org/
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consists of an LLM and a pipeline of data transformation where Python data
libraries such as pandas3' and or NumPy3? are used to handle various datatypes
— especially those concerning audio. These underlying tools provide the ability
to take an audio clip and convert it into a mel spectrogram, pass it through a
convolutional neural network, a transformer pipeline consisting of encoding and
decoding, and token prediction. This type of model is known as a sequence-to-
sequence (seqz2seq) model [27]. There are various open-source tools to create a
STT LLM such as CoquiSTT33 and Whisper34. However, CoquiSTT33 is no longer
actively maintained in favor of more popular and potentially more robust STT
models such as Whisper34.

Whisper34 is a STT tool and Python35 library developed and maintained from
OpenAI3®, which is registered under the MIT license34. Whisper34 is capable of
transforming many human languages recorded in the form of audio files into text
of a desired language. For instance, the audio file could be a sentence spoken in
Spanish but the output could be set to return English text [27]. This is because
Whisper is trained on at least 680,000 hours via multitask training. This effectively
has made Whisper34 multi-lingual and is very appealing for language learning
applications and tools. Additionally, background noise and interference should
not generate garbled textual data and instead will return nothing [27].

Containerization is the process of breaking an application into smaller pieces
which are decoupled but can still communicate with each other [28]. Historically,

an application’s architecture would be monolithic and would not be able to scale

3thttps:/ /pandas.pydata.org/

32https:/ /numpy.org/

33https:/ /github.com/coqui-ai/STT
34https:/ / github.com/openai/whisper
35https:/ /www.python.org/

3%https:/ /openai.com/


https://pandas.pydata.org/
https://numpy.org/
https://github.com/coqui-ai/STT
https://github.com/openai/whisper
https://www.python.org/
https://openai.com/

31

efficiently as the application updated its requirements. This traditional architecture
has often led to the rigidity of an application where it is difficult to make changes
without breaking another piece of dependent code. However, as time progressed,
the concept of micro-services has mitigated the effects of a traditional monolithic
architecture by reducing coupling, allowing developers to more safely deprecate
functionality, and improving scalability. This new micro-service architecture has
led to the advent of containerization software such as Docker3” and Podman3®.
While both of these technologies utilize containerization, Docker37 appears to have
a lot of popularity and has been on the market longer than Podman3® [29].

With volatile changes in code and the fast-paced advances in Al technology, it
may be favorable to contain functionality or Al models as a service. By placing code
or Al models in a container a piece of depreciating technology can be removed
without too much rework so long as there is a clear interface or API that all
the services are to follow. For instance, before Microsoft’'s GODEL3% model - a
conversational agent — was DialoGPT#° which preceded it. However, DialoGPT#°
was superseded by GODEL#® as GODEL3° had become more performant than
DialoGPT [30]. In a situation where a developer decided, first, to utilize the
DialoGPT4° model but found that it would be better to replace it with GODEL3?
then the developer could remove the container containing DialoGPT4° and replace
it with a container containing GODEL3°. The developer may have to update or
create new lines of code but the process may not be as arduous as updating this
functionality in a traditional monolithic application.

A message broker is a tool that allows services or micro-services to commu-

37https:/ /www.docker.com/

Bhttps://podman.io/

3%https:/ /huggingface.co/microsoft/ GODELv1_1largeseq2seq
4°https:/ / github.com/microsoft/DialoGPT
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nicate information with each other [31]. Typically a message broker consists of
at least two pieces: a consumer (or subscriber) and a producer (or publisher).
This paradigm is what is known as the publish-subscribe (pub-sub) pattern. A
producer (or publisher) would send a message to an exchange (or topic) in which
the message gets sent to a particular queue (or directly to the publisher in some
architectures) in which is consumed by a consumer. What makes communication of
a message broker unique is that messages of data can be handled asynchronously.
This is to say that clients do not have to wait for a response from a server. More-
over, a message broker allows undelivered messages to be stored on disk when
the message broker or a service goes offline. A message broker may have its
protocol such as AMPQ#' or it may implement its own such as gRPC. When paired
with containerization tools such as Docker37, message brokers can decouple a
tightly-coupled architecture.

One of the most popular message brokers on the market is RabbitMQ#* which
employs the publish-subscribe pattern. RabbitM(Q#* has what is known as a
publisher which sends a message to an exchange within an AMQP broker. The
exchange looks at the message label and determines which queue the message
should be sent to. Finally, a consumer observes a queue with a particular label and
consumes messages from it until the queue is empty or until the consumer goes

offline.

2.2 State of the Art

This section discusses the current implementations on the language learning

application market. Within this section we explore the usage of the Leitner

4Thttps:/ /www.amqp.org/
4*https:/ /www.rabbitmgq.com/
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system and other SRS tools. Additionally, the utilization of artificial intelligence in
language learning applications are investigated. Furthermore, common techniques
used by these applications are explained. Finally, we reveal the limitations of these

applications and what could be improved.

2.2.1 Anki

Anki#3 is a free and open-source flashcard system that integrates spaced repetition
and the Leitner system. Anki employs a derivative algorithm based on the SM-2
algorithm [32]. However, other algorithms can be utilized instead such as the FSRS
algorithm. Anki comes from the Japanese word for memorization ("I32”). The
way Anki works is that a user can create a deck in which they place cards in. Cards
can be made within the Anki software or simply imported from another source —
typically as file in the SQLite format. A card usually contains a front and a back
side in which information such as text, images, and even audio can be placed on
both sides. Once a deck full of cards is created a user may review the deck in
which a review session starts. During the review session, a user is presented with
one card at a time which only shows one side of the card. The user must attempt
to actively recall how the information on the side they are presented relates to the
information of the side not presented. This is purely a manual cognitive process.
The user may choose to flip the card over revealing both sides of the card (so long
as the setting to show both sides is enabled). Additionally, the user is prompted
to declare how well they recalled the item with several options: ”Again”, “Hard”,
”"Good”, and “Easy”. Each option determines when the item will be reviewed
again where choosing ”Again” shows the card to the user sooner than if they chose

“Easy”. The interface for this is illustrated in Figure 2.5. Once an option is selected

43https:/ /apps.ankiweb.net/
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the user repeats the process until all items in the deck are reviewed and the items
that need to be reviewed again are reviewed until the user selects an option to
review it at a later time. This process can be summarized by the diagram of the
Leitner system in Figure 2.4.

& User1- Anki - O

File Edit Tools Help

Decks Add Browse Stats Sync

(72&5)

valid; proper; right; appropriate; reasonable

Figure 2.5: The interface as seen in Anki

Anki is a very versatile tool however it comes with several limitations and
disadvantages in terms of a language learning application. As Anki is not explicitly
a language learning application, Anki does not have native support for dictionary
lookup with dictionaries such as JMDict. This can slow the process of both creating
and reviewing flashcards. For instance, a user must manually look up words in
a reputable dictionary to map their source and target language, then they may
manually place their source and target language on the front and back of an Anki
card respectively, and finally, they would review the items. Although, if a user
would like to look up a definition of a particular word of sentence in the review
item then they must look it up manually. A feature to hover or click on a word

of the sentence would be very beneficial and efficient for a user during reviews.
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Another limitation of Anki is that by default Anki utilizes the SM-2 algorithm
although there are algorithms that improve the efficiency of spaced repetition such
as the the SM-18 algorithm utilized by SuperMemo. Yet another disadvantage of
Anki is that there is no native feature for a conversational agent, any Al tool, or
machine learning to assist in making review information dynamic. Such a tool can
be quite valuable for organic encounters found when engaging in a foreign target
language. Finally, Anki does not have POS highlighting, POS subtypes, or POS
lookup for individual words unless a user “hardcodes” the information into the

flashcards via HTML and CSS.

2.2.2 HouHouSRS

HouHouSRS* is a free and open source Japanese dictionary that integrates spaced
repetition with the JMDict dictionary. It is programmed in C# using Windows Pre-
sentation Foundation (WPF) for the user interface with a Model-View-ViewModel
(MVVM) architectural pattern. HouHouSRS allows the user to search for a vocab-
ulary item or a Chinese character — known as kanji — formulated by radicals, or
pieces of a Chinese character. After searching for a particular word, a user can
see the vocabulary meaning, its rarity, its rating on the JLPT#5, its reading, and
its definition. The user can also choose to add the search item or items to their
reviews which shows up as an item in the SRS tab. The dictionary interface of
HouHouSRS can be seen in Figure 2.6.

Once an item is added to a user’s reviews a user may click the SRS tab in
which the user can iterate over all of the reviews via a Leitner system just as

with Anki. Different from Anki, however, HouHouSRS prompts the user to user

4thttps:/ /github.com/Doublevil /Houhou-SRS
Shttps:/ /www.jlptjp/e/
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Figure 2.6: The dictionary lookup as seen in HouHouSRS

to type both the meaning and the reading of an item. This is a more powerful
form of active recall in that a user must physically and actively type an answer
rather than conceptually visualize one. Once the user answers the question one
of two interfaces will be shown to the user depending on whether the user was
correct or not. The first interface shows the typed answer highlighted in green
if the user was correct. Additionally, two other options exist on this interface
such as “Ignore answer” and ”“Edit this item”. Selecting ”“Ignore answer” skips
the card and shuffles it back into the deck. Pressing “Edit this item” allows the
user to manually adjust review item criteria such as the SRS level, add notes,
and much more. The second interface appears when a user answers the question
incorrectly and displays the user’s typed answer highlighted in red. This second
interface will include the “Ignore answer” and ”Edit this item” buttons with the
same functionality as the first interface but also adds an additional option which
is either, “Add to readings” or “Add to meanings”. The “Add to readings” option,

which only appears if the review item prompted the user for the item reading,
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when selected, adds whatever the user typed as an accepted answer, marks their
answer as correct, and goes to the next review item in the queue. The “Add to
meanings” option provides a similar function with the only difference being that
the review item to be answered prompted the user for a meaning instead. The
interface in which a user answers a reading item incorrectly can be seen in Figure
2.7.

HouHouSRS is an incredible software inspired by Anki and WaniKani (a tool
we explored later) which allows a user to look up an item in a dictionary, review the
item via a spaced repetition system, and understand both readings and meaning
of a word through a powerful form of active recall. However, HouHouSRS is not
without its limitations. One such limitation is that HouHouSRS is not a cross-
platform tool as it is programmed in WPF which is only supported on Windows
machines. Another limitation is that HouHouSRS does not employ artifically

intelligent tools such as a conversational agent.

= a

SETTINGS

( Wrap up [ x]

Enter the vocab reading.

Accepted answers: 117

J

Reading notes:

[ Ignore answer | Add to readings | | Edit this item |

Figure 2.7: The spaced repetition feature as seen in HouHouSRS
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2.2.3 WaniKani

WaniKani4® is a spaced repetition tool inspired by Anki and developed by Tofugu
LLC which allows a user to review the most common characters, character radicals,
and vocabulary in Japanese. WaniKani utilizes the Leitner system by having
various SRS levels. There are 5 “boxes” in WaniKani'’s Leitner system which include
” Apprentice”, “Guru”, "Master”, "Enlightened”, and "Burned”. ”Apprentice” is
the first box a review item will enter and “Burned” is the box a review item can
enter. A review item is said to be “"Burned” when a user understands a review item
and no longer needs to review the item. Each of these boxes or SRS levels each
have their review intervals calculated by a formula 47. Whenever a user answers
an item correctly the user may advance to the next SRS level. However, if the
user answers incorrectly a formula is used to determine how many SRS levels to
decrement a review item. The formula can be expressed as: n = ¢ — (a * p) Where
n represents the new SRS level, ¢ denotes the current SRS level, a holds the value of
the incorrect adjustment count, and a constant, p, which is the SRS penalty factor.
The penalty factor, p, is 2 if the SRS level is at 5 or above — otherwise, it is 1.
With a provided SRS algorithm to determine what SRS level a review item
is on, another component is needed to determine the review interval, or the
time spent waiting for the next time the review item is reviewed. In addition to
the five boxes discussed previously, there are sub-boxes which allow fine grain
control over review intervals. For instance, ” Apprentice” is sub-categorized into
” Apprentice 1”7, ” Apprentice 2”, ” Apprentice 3”, and ”Apprentice 4” while "Guru”
is sub-categorized into “Guru 1” and “Guru 2”. The rest of the boxes are not

sub-categorized. With this system in place, a review item at ”Apprentice 17,

46https: / /www.wanikani.com/
47https:/ /knowledge. wanikani.com /wanikani/srs-stages/
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for example, would wait 4 hours until the next review, and a review item at
” Apprentice 2” would wait 8 hours, and so on. This algorithm is implemented in
what is known as “Reviews” in WaniKani. During reviews, a user is prompted
to provide the meaning and reading of a review item. Figure 2.8 shows what the

reviews interface looks like.

Figure 2.8: The user interface of “Reviews” within the WaniKani web application

WaniKani is a useful application which provides a directed approach to learning
Japanese although it is not without limitations. One of WaniKani’s limitations
is that there is no flexibility to add custom review items. This is to say that it is
impossible to add items a user wants to add willingly. Additionally this also means
that a dictionary cannot be used to look up an item and add it to a user’s reviews.
One other limitation of WaniKani is that it does not utilize artificial intelligent tools
such as a conversational agent. Additionally, definitions or meanings of review
items are hardcoded which means that determining whether a review item was
answered correctly or not would mean that a user would have to remember the
exact meaning or synonyms associated with the review item — even if the answer

they provided is a synonym or is a valid alternative.
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2.2.4 Bunpro

Bunpro*® is a Japanese language learning software which is based in Osaka, Japan.
Also like WaniKani, it is based on spaced repetition and the Leitner system. It also
contains five boxes which include “Beginner”, ”"Adept”, “Seasoned”, "Expert”,
and "Master”. It also has the concept of “Ghosts” which contains all review items
that are missed most frequently. One advantage Bunpro has over WaniKani is
that Bunpro adds the flexibility to add custom review items but still allows a user
to follow a curriculum. For instance, a user may choose to learn review items
that are rated at a higher difficulty or frequency before they learn an item of a
lower difficulty or frequency and vice-versa. We can therefore say that Bunpro
is difficulty agnostic and not opinionated on a particular curriculum. Another
difference from WaniKani is that it is designed to assist a Japanese learner with
grammar points — not vocabulary meanings or readings (although recently it has
some functionality to achieve this).

Reviews are done by prompting an answer from a user for a fill-in-the-blank
question. If the answer to the grammar point is correct, the user can continue
to the next item in the review queue or undo their answer and try again (such a
functionality does not exist in WaniKani). If the answer is correct and the item is
not a "Ghost”, the item will not be reshuffled in the review queue. A “Ghost” is
a review item that is commonly answered incorrectly during a review session. If
the user’s answer was incorrect, they do not choose to undo, and continues, the
user will be reshuffled in the review queue to be reviewed again during the same
review session. Figure 2.9 encapsulates the functionality of the Bunrpo reviews

interface.

#Bhttps:/ /bunpro.jp/
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Figure 2.9: The user interface of Bunpro reviews where the user had answered
incorrectly

Bunpro is an exciting grammar language learning application for Japanese with
several advantages over the previous examples explored in Section 2.2. However,
Bunpro also has limitations. One of these limitations is that Bunpro, like WaniKani,
has hardcoded examples and POS for each of its grammar points. This means
that an administrator would have to add these items manually. A solution to this
problem is to add generated examples and POS on demand with tools such as
a conversational agent and spaCy. One other disadvantage of Bunpro is that it
is designed specifically for grammar that is added manually. One final pitfall
that is found within Bunpro is the lack of artificial intelligent tools such as a

conversational agent or tools to assist with grading reviews.

2.2.5 Pimsleur

Pimsleur#’ is a language learning application that employs Paul Pimsleur’s mem-
ory schedule technique, spaced repetition and active recall, and audio lessons.

This application is available as a mobile application as well as a web application®°.

®https:/ /www.pimsleur.com/
5%https:/ /www.pimsleur.com/
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Pimsleur lessons are designed to be done every day, not skipped, and where
the language learner is actively repeating what is spoken to them (shadowing).
A narrator guides the language learner through scenarios and prompts them to
repeat after the native actor of a target language. For this reason, Pimsleur transfers
memory from short-term memory to long term memory. Unlike other language
learning applications, which typically assist a user with typing and reading, Pim-
sleur emphasizes language learning skills such as speaking and listening (although
there are also readings lessons).

Pimsleur is a brilliant language learning application that allows a user to rapidly
learn a language through consistent practice and spaced repetition. However, there
are some limitations to Pimsleur. In essence, the Pimsleur method spaces its
lessons into small 30 minute audio clips, which are designed to be completed once
per day. There are various challenges that come with how this method is currently

implemented in the official Pimsleur application:
¢ The application must have a team create each audio lesson manually
* An audio lesson must have a hired voice actor to narrate the lesson

* Each audio lesson must be reviewed by an expert in the the end-user’s target

language
¢ It is expensive to manage such a large team to generate the lessons

* The application is limited mainly to speaking and listening with few excep-

tions

However many of these challenges may be resolved by incorporating modern

artificial intelligent tools such as Whisper from OpenAl which can transcribe
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human speech-to-text (STT). Conversely, CoquiTTS provides the ability to tran-
scribe text-to-speech (TTS). Through the utilization of these tools, it is possible to
eliminate the need for hired voice actors, manual labor for review creation, and
possibly large expenses incurred from managing a large team. Both of these tools

are explained in section 2.1.

2.2.6 Univerbal (Quazel)

Quazel>" was the name of a multi-language learning application that is now known
as Univerbal>?. It is a relatively new application for both web and mobile devices.
Univerbal utilizes Al by including a conversational agent a user can interact with
through a messaging interface. In order to access the messaging interface a user
must select one of many lessons which each come with a conversation topic. Each
topic is generated on-demand by purportedly using ChatGPT.

Once a user selects a lesson from the lessons page (see Figure 2.10), an Al tool
will generate a conversation relating to the lesson topic. The user is then greeted
with the messaging interface which allows a user to both type and speak to the
conversational agent — ostensibly with STT technology. The user may also translate
the messages and play the audio of the message with what appears to be TTS
technology. In fact, the user may translate each word individually in context. The
user may also choose to do tasks which are suggested topics a user can choose
to message the conversational agent about during the conversation. The user
may optionally speak about these tasks but it is not required to complete the
lesson. The user can also over over words to get a translation of a word in context.

Finally, when a user exchanges a few messages with the conversational agent, the

5thttps:/ /www.quazel.com/
52https:/ /www.univerbal.app/
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user may ask the conversational agent to act as a tutor to summarize in detail
the conversation as well as provide suggestions on how to use certain grammar
points and words. At this point, a user may choose to go over the words from
their conversations by reviewing them. However, Univerbal’s review feature is not
based on spaced repetition but it does prompt the user to answer fill-in-the-blank

questions. The messaging interface can be seen in Figure 2.11.

2]

Quazel

Figure 2.10: The lessons page as seen in Quazel (now Univerbal)

Meeting a New Friend
Need some help?
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Figure 2.11: The messaging interface for a particular lesson on Quazel (now
Univerbal)

Univerbal is a useful language learning tool that utilizes a conversational agent

and Al However, the tool is not without its limitations as a language learning
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application. Perhaps the greatest limitation of Univerbal is that reviews do not
implement spaced repetition. Instead, reviews are done arbitrarily by the user and
how well a user understands or remembers a review item is not implemented well.
Another limitation of Univerbal is that it allows a user to speak in any language
the user wants — even if the language is not the target language. Such a pitfall
inhibits language learning as discussed by Paul Pimsleur in his examples of what

make a good language teacher [12].

2.2.7 SuperMemo

SuperMemo?3 is by far the most comprehensive language learning software. Su-
perMemo is a powerful language learning tool which employs Al tools and
conversational agents, power algorithms, such as the SM-18 algorithm, and spaced
repetition. Additionally, SuperMemo has years of experience by adding features
such as translation and a dictionary. Based on the work of Piotr A. Wozniak, Super-
Memo utilizes a flashcard system to learn a language. Furthermore, flashcards are
automatically generated for the user to review after a conversation with a conver-
sational agent. Aside from the flashcard feature and spaced repetition integration,
SuperMemo shares many of the features Univerbal has such as the ability to both
speak and type when responding to the conversational agent, translation, and
listening to audio. One difference from Univerbal is that SuperMemo allows the
user to manually select words from the conversation that they would like to add to
their reviews. Univerbal, on the other hand, picks words for the user automatically.
The messaging interface is shown in Figure 2.12.

In order to review words selected in a conversation, the user selects a deck

of cards in which a review session would start. During the review session, a

53https:/ /www.supermemo.com/en
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Figure 2.12: The conversation interface on SuperMemo

user encounters the words they had added from a previous conversation with the
context of the word provided below. The user is prompted to pronounce the word
in their target language in which they may grade manually based on how they
think they did. The grading system is similar to Anki’s except that it contains a
green smiling face, a yellow indifferent face, and a red frowning face. Each option
determines when the next review occurs. A user may also add notes to each of
the flash cards if necessary. Additionally, the user may utilize a built in dictionary
and request aid from an Al assistant which, like Univerbal, appears to be utilizing
ChatGPT. SuperMemo’s flash card reviews can be seen in Figure 2.13.
SuperMemo utilizes both spaced repetition, Al, and dictionaries. One of the
greatest limitations of SuperMemo is that there is no POS highlighting when
conversing with the conversational agent. A lack of such a feature inhibits a user
from determining the usage of the word in the sentence. Additionally, SuperMemo
does not break up difficult sentences until after a conversation is completed, which

is inefficient. Another limitation of SuperMemo is that during a conversation
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Figure 2.13: SuperMemo "MemoCards” review which provide context for the
word seen in a previous conversation

the user can freely message in a language other than the language he or she has

intended to learn.

2.2.8 Discussion

One of the most common limitations of the tools presented in this section is the
lack of artificial intelligence — specifically conversational agents. Without such
functionality, a language learning application can quickly become rigid and only
allow what is added by a systems administrator to be learned. However, by
providing a dictionary and a conversational agent, a user can have more flexibility
on what to learn. One of the greatest limitations that all of the implementations
presented in this section has is a lack of POS highlighting with dictionary lookup.
Even tools such as Univerbal and SuperMemo — which utilize a conversational
agent — fail to provide an easy POS lookup for words with a reputable dictionary.

Instead, applications such as these use a translator for words in context, which
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relies on the accuracy of the Al tool rather than user intuition. Such intuition
is critical to a user’s understanding of their target language. However, the most
critical limitation in the explored applications is that spaced repetition is not

utilized.
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Chapter 3

Methodology

In order to resolve the limitations of current language learning tools, an immersive
language learning application, Immersio, was created. This tool is composed of
three different pages to encapsulate spaced repetition functionality, a conversa-
tional agent, and a dictionary. It also contains a review section, a chat page, and a

dashboard page.

3.1 Create the Review Page

The review section is the core of the spaced repetition system which has the role
of keeping track of all of the user review items. A review item may be a sentence,
a word, or a POS. The user is also able to create and review a custom review list
consisting of unique items they choose to add. A user may also choose to review
all of the user’s sentence review items, all of a user’s word review items, or all of
the review items in general. This functionality can be selected on the landing page
of the review page as seen in the Figma mockup in Figure 3.1.

Once a user chooses one of these options the user is greeted with a review item
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® usernamE Reviews

Bpinr=sio REVIEW ALL REVIEW SENTENCES REVIEW WORDS

MY REVIEW LIST
Review sentences,

Figure 3.1: The landing page for the reviews

confirmation page which allows them to individually select what items will be
placed in their review queue. The review queue is a priority queue that orders
items first by the earliest due date and with a lower SRS level. A SRS level is a
property of a review item that determines the review frequency and ultimately the
next due date. The user also has the option to delete the review item, reset its SRS
level, and delete all of their review items. Additionally, the amount of reviews that
are due are displayed on this page as well as to the left on the navigation drawer.
The end results are similar to the Figma mock-up in Figure 3.2.

Once the user starts the review session, the user is prompted to translate the
tirst item that is popped from the review queue. The user then submits their
translation in which CLD2" compares a user’s translation to its own translation.
The mockup for this description is seen in Figure 3.3.

Once the backend compares the user’s translation with its own translation, the
conversation context is displayed. This conversation context shows whether or

not the user was correct in their translation. Specifically, the conversation context

thttps:/ /github.com/CLD20wners/cld2
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Figure 3.2: The confirmation page for selecting reviews via a table
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Figure 3.3: The translation prompt a user sees when doing one item of their
reviews

holds the purpose of showing the user’s message they added in context to the
conversation they had with a conversational agent. In case of suspicion of an
artificial grading failure, the user may also choose to assert that their translation
was correct or incorrect. The user also has the option to toggle showing the
corrections made by the artificial intelligent agent. Finally, the user can press a

button to continue to the next prompt (see Figure 3.4).
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Figure 3.4: The conversation context that is shown to a user

Finally, after several interactions between translation prompts and conversation
contexts, the user lands on the report page which shows what review items they
had answered correctly or incorrectly. This iterative process can be summarized in
the illustration of a finite state diagram in Figure 1.1. On this report page, the user
sees the percentage of questions answered incorrectly over the total amount of
questions. The user is also able to select individual review items that were either
correct or incorrect. The user can also return to the dashboard by clicking on the
home icon. The diagram for the reports is shown in Figure 3.5.

The frontend of Immersio was constructed utilizing React* and TailWindCSS3
for rapidly designing Ul elements. The React frontend communicates with the
Django backend via authenticated REST API. Listing 3.1 provides an example
of the REST API JavaScript code for retrieving a user’s review items by review
item type, via a path parameter, denoted by the reviewVariant variable. Once
the backend server responds with a JSON response of the user review items, the

items get set to a React state that is defined as reviewItems. React state allows the

https:/ /react.dev/
3https:/ /tailwindcss.com/


https://react.dev/
https://tailwindcss.com/

1

2

N . ~ W

10
11
12
13
14

53

® usernamE Reviews

=i Immersio

sentencereview (R

@ Home
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Figure 3.5: The report that is displayed once a user completes all of the reviews for
their review session

HTML document object model (DOM) to change reactively if the state changes.
This is to say that the user interface changes and re-renders in the browser. In this

case, the reviewItems state was updated with setReviewItems.

// Retrieve the data from the server

const getReviewItems = async (reviewVariant: ReviewVariantType) => {
const reviewVariantString: string = reviewVariant.toString()
// Get reviews

const getReviewsResponse = await fetch(‘${__VITE_SERVER_URL__}/

api/vl/review/${reviewVariantStringl}/‘,

{
method: ’GET’,
headers: {
>Content -Type’: ’application/json’,
>Authorization’: ‘Bearer ${user.accessl}
}
b
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const getReviewsJsonResponse = await getReviewsResponse.json ()
setReviewItems (getReviewsJsonResponse)

// Primarily for selection boxes
setReviewItemsSelected (new Array(getReviewsJsonResponse.length).
fill(true))

3

Listing 3.1: JavaScript code that utilizes REST API to retrieve user review items

3.2 Create the Chat Page

The chat page implements a conversational agent with both TTS and STT tech-
nology, POS parsing, and translation capabilities with grammar correction. In
order to do this, we created an information hierarchy where a user can have many
conversations and a conversation can have many messages. This hierarchy is
described in PostgreSQL tables. Unlike language learning applications, which do
not enforce conversing in the user’s target language, we prevented the urge for
the user to use another language. We accomplished this by having an Al tool, that
resides in the Django backend#, to check the language of the user and determine
if they had been speaking in their target language. The Al tool that was used is
Compact Language Detector 2 (CLD2)>. If the user is found to not speak in their
target language, no message will appear and the frontend displays a toast message
that tells the user that they must speak in their target language. At the chat page’s

most basic level, the user is to send messages (in the user’s target language) to

+https:/ /www.djangoproject.com/
Shttps:/ /github.com/CLD20wners/cld2
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the Django backend where OpenAl’s GPT-3.5-Turbo model® generates a response
message in the user’s target language and is then returned to the client. The
interface for this can be seen in Figure 3.6. Communication with GPT-3.5-Turbo
is possible via a generated API key which is provided as a service by OpenAl.
However, GPT-3.5-Turbo alone is not capable of acting as a conversational agent
because the model does not retain information by default. For instance, if a user
attempts to ask the conversational agent to recall their name later in a conversation,
GPT-3.5-Turbo responds by stating that they do not know or forgot. For this reason,
we used LangChain” to provide memory for the conversational agent. This is
accomplished through a ConversationBufferMemory, as provided by LangChain?,
and PostgreSQL®. The database has a dedicated table which stores the session_id,
a unique identifier of a conversation, and the message text, and time. We also
generated audio via CoquiTTS? and stored the audio locally in IndexedDB™ to
save server resources. The audio resembles an elderly Japanese man who speaks a
Japanese sentence whenever the user presses the audio button near a message (see
Figure 3.6).

The user, additionally, has the ability to translate messages on the interface by
hovering over a translate button as seen in Figure 3.7. The translation shows up as
a tool-tip in this case. If the user desires to continually display the translation on
the screen without hovering, the user may press the translation button as seen in
Figure 3.8. Pressing the translation button toggles displaying the translation below
the actual message. This translation feature is implemented with the conjoined

work of pre-trained hugging face models. Whenever a user presses the translation

®https:/ / platform.openai.com/docs/models/overview

7https:/ /www.langchain.com/

8https:/ /www.postgresql.org/

9https:/ / github.com/coqui-ai/TTS

Thttps:/ /developer.mozilla.org/en-US/docs/Web/API/Indexed DB_API
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Figure 3.6: The chat interface a user is able to use to communicate with a conversa-
tional agent
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Figure 3.7: Translation occurs when a user hovers over the translation button of a
message

button a REST APl is invoked in which the Japanese message gets passed to Django.
Once Django receives the translation API request, it sends it to a Docker container
via a RabbitMQ Remote Procedure Call (RPC) that contains Opus-Mt-JA-EN which

translates the Japanese text into English. Once the text is translated, it is pipelined
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On @ Click:
@® usernamE Chat

=L Immersio .
Conversation

@ WWTFR! BAERELLTIN? ?

Figure 3.8: Translation may also be continually displayed on the window when a
user presses the translation button

into another model to fix any grammar mistakes. This model is Coedit-Large by
Grammarly. Once the text has gone through this grammar correction phase it is
sent back to the Django Backend via a constructed RabbitMQ RPC. Finally, the
translated and grammatical text is returned to the React frontend where it can be
displayed and styled using TailwindCSS.

spaCy is utilized to provide dynamic POS tagging of generated words by
GPT-3.5-Turbo. Like the other pre-trained models in Immersio, spaCy is placed in
Docker. Communication happens through RabbitMQ RPC. With this configuration,
generated Japanese text is highlightable by individual POS. For example, a gener-
ated GPT-3.5-Turbo Japanese message is split up into verbs, nouns, determiners,
and punctuation to name a few. By hovering over these highlighted POS terms,
the text is enlarged to draw focus on that particular POS. Additionally, the user is
able to click on a POS item in which a modal, or popup, is displayed. This modal
shows the user the type of POS the item is along with providing definitions from

the JMDict dictionary using JMDictDB. In order to communicate with the spaced
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repetition ability of the reviews page, a button on the modal can be pressed in
order to add the POS item as a review item. This review item shows up in the
reviews page whenever its due date has passed.

Another feature on the chat page is the ability to send audio messages to
the backend which Whisper is to convert audio into text. IndexedDB saves the
audio locally to preserve server resources. So long as the user enables microphone
access for Immersio, the interface starts the recording state. This functionality is

illustrated in Figure 3.9.

On Click:
® usernamE Chat

=L Immersio 0
Conversation

@ WWTThR! BAERELLTIN? ? @

Figure 3.9: The audio interface when the audio button is pressed

When the stop button and the send button is pressed, the resulting audio is
represented by a base64 string which is designed to be sent over REST API to where
it is handled by Django, pipelined through a RabbitMQ RPC, and transcribed with
Whisper. The transcribed text, which is in Japanese, then goes back to Django
where it is used by GPT-3.5-Turbo for Japanese text generation. After GPT-3.5-
Turbo generates its Al response, Django creates two messages in a PostgreSQL

table: one for the user’s message and one for the Al’s response. Then, Django
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publishes to two different RabbitMQ queues to handle POS parsing and translation.
However, unlike the previous RabbitMQ RPC, Django does not wait for a response
from the translation and POS service but instead packages a response to send to
the React frontend. The React frontend then renders the messages once Django
responds — regardless of whether or not the POS or translation data has been
created. The user audio is also saved locally in IndexedDB so that the user does
not need to record again so long as the user does not clear their IndexedDB data.
The audio button is designed to record the audio in the case that the user would
like to re-record their message.

The audio overlay that is displayed when the stop button is pressed is illustrated
in the Figma diagram in Figure 3.10. At this point, the audio data is recorded
and the user can choose either to re-record, close the audio overlay, or press the
send button which sends their audio to the backend in which two messages are
generated. If the user presses the microphone button, the user can re-record their
audio. If the user presses the ”X” button at the bottom left of the audio overlay,
the audio overlay will close. If the user presses the send button at the bottom right
of the audio overlay, the user’s audio data will be sent to the backend to generate
two messages and the audio overlay will eventually close. If either the ”X” or send
button is pressed the audio overlay will close as seen in Figure 3.11.

In order to make rapid progress in development working with IndexedDB,
Dexie.js'!, a high-level IndexedDB API wrapper, was used. Dexie.js is available
as a yarn'> or npm"3 package and therefore can be imported as shown in line 1
in Listing 3.2. In order to create an IndexedDB datastore, we create a class that

extends from Dexie and created a constructor in which we call super () with the

Thttps://dexie.org/
"https:/ /yarnpkg.com/
Bhttps:/ /www.npmjs.com/
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Figure 3.10: The audio interface when the audio button is stopped

On X OR = Click:
® usernamME Chat

=il Immersio "
Conversation

@ Home
SEADHER!

I am studying Japanese
@ wuwernEsmrELuTIn? P words now.

B

8 Exportto Anki Deck

Figure 3.11: Whenever the cancel or send button is pressed the user will return to
their chat

name of the database passed ("UserData’ in this case). Finally, we created a version
of the datastore along with fields or columns. A datastore acts similarly to a table
in traditional relational databases. Because the datastore stores audio data, the
AudioData datastore contains the associated messageID and base64Audio along

with an auto-incrementing id. Because accessing IndexedDB is an asynchronous
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operation it is necessary to use JavaScript await and async syntax when adding
new base64 audio data. Otherwise, adding data to a IndexedDB datastore is as
simple as calling IndexedDB.AudioData.add() where data store field values are

passed as a JSON object.

import Dexie, { Table } from ’dexie’

interface IAudioData {
id?: number
messagelD: number

messageAudio: string

/ * %

* Add audio data to IndexedDB

*/

export const addAudioData = async (messageID: number, messageAudio:
string) => {

let successfullyAddedToIndexedDB = false

try {
// Add the new audio data
const id = await IndexedDB.AudioData.add ({
messagelD,

messageAudio

1))

successfullyAddedToIndexedDB = true

console.log("added audio. . . ")
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catch (error) {
successfullyAddedToIndexedDB = false
console.log(‘Error: ${errorl}‘)

}

return successfullyAddedToIndexedDB

// Create a database
class DexieIndexedDB extends Dexie {
// Tell the typing system to use our interface for declaring our
store

AudioData!: Table<IAudioData>

constructor () {
// Create a datastore called UserData
super (’UserData’)
this.version (1) .stores ({
// Primary key and indexed props
AudioData: ’++id, messageID, base64Audio’

b

const IndexedDB = new DexieIndexedDB ()

export default IndexedDB

Listing 3.2: Example of creating a datastore in IndexedDB using Dexie.js



3.3 Create the Dashboard Page

The dashboard page is a page that provides quick links to the reviews and chat
page. The dashboard also shows high-level information of the user’s progress, a
heat map, and recent messages. The mock-up for the dashboard can be seen in

Figure 3.12.

® usernAME Home

i Immersio REVIEWS & LESSONS ]
e

rying from different JLPT levels!

LESSON PROGRESSION
87/100

REVIEWS DONE PER DAY RECENT CHATS

] @©  Helio Woria!

Hello Moon!

Figure 3.12: The dashboard page






Chapter 4

Testing/Evaluation Plan

Immersio was tested with automated and manual testing to ensure optimal quality
assurance. Immersio’s automated testing consisted of using frontend testing tools
that can be used in React. Immersio’s manual testing consisted of a Japanese
evaluator who navigated through the application with guided instructions and

filled out an evaluation form.

4.1 Automated Testing

In order to perform automated testing on Immersio, we utilized integration testing
and end-to-end testing. Testing was done primarily on the frontend as testing user
experience is what we have determined to be most important. However, backend
tests were also employed. We used testing tools such as PyTest', Mock Service

Worker?, Django’s tools for automated testing3, Vitestt, React Testing Library?>,

Thttps:/ /docs.pytest.org/en/7.4.x/

*https:/ /mswijs.io/

3https:/ /docs.djangoproject.com/en/5.0/topics/ testing /
+https:/ /vitest.dev/

Shttps:/ /testing-library.com/docs/react-testing-library/intro/
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and Cypress®. We performed black-box testing where we intended to test only
what the user can see or interact with. The majority of our automated tests did not

comprise of unit testing but integration and end-to-end testing.

4.2 Manual Testing

In order to test the accuracy of Japanese used by the AI models, Immersio was
tested by an evaluator who is fluent in Japanese via a three part evaluation
plan including reading an instruction document, interacting with the application,
and filling out an evaluation form. The instruction document was created via
Google Docs” as it makes distributing a read-only document online feasible. The
application was accessed during the evaluation period for interaction at a publicly
available link. Finally, the evaluation form was a survey publicly available on
Typeform® designed to be used in conjunction to Google Docs?.

The instructions document that was created on Google Docs was intended to
explain the basic functionality of Immersio, to provide evaluators of expectations of
how to evaluate the project, and most importantly, instructions on how to navigate
throughout the application. The instruction document also made references to
the evaluation form and made suggestions to the evaluator on what to look for
during the interaction with Immersio. The instruction document was organized
into various sections including: a description of what Immersio is and what it is
supposed to do, an overview detailing what to expect in the instruction document

as well as suggestions for the evaluator, a "Getting Started” section to inform the

®https:/ /www.cypress.io/

7https:/ /www.google.com/docs/about/

8https:/ /www.typeform.com/

https://docs.google.com/document/d/ 151 Ycqet] ZwPkRpsekWY7ywi6 KSBSOfzPVTz4wKNG6 s / edit?usp =
sharing
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evaluator how to navigate to Immersio and how to sign up, a section to inform the
evaluator how to evaluate the chat page, a section to inform the evaluator how to
evaluate the review page, and finally a “Wrapping Up” section to ensure that the
evaluation form was completed and to thank the user for evaluating Immersio.

Immersio is publicly available on Railway'® for the evaluator to interact with
the Japanese spoken by the Al models. The evaluator had read and typed Japanese
text, spoke Japanese, and listened to Japanese audio. The application was deployed
with the intention that the evaluator signs up to learn Japanese as an English
speaker. By doing so, the evaluator was expected to only speak Japanese when
conversing with the Al models on the chat page and expected to translate in
English during a review session on the review page. By navigating throughout
the application, the evaluator had been expected to take the translation accuracy,
grammatical correctness, and proper register or tone of the Japanese used by the
Al models into account in order to complete the evaluation form.

There were four main sections on the evaluation form. The first section only
consisted of a single question that asks the evaluator how well they understand
Japanese on a scale from one to five and can be seen in Table 4.1. One being
the most fluent and five being a beginner or a new Japanese learner. The scale
is based on the Japanese Language Proficiency Test (JLPT)'" metrics that rank
Japanese language proficiency from levels N1 to N5. The second section asked
the evaluator to evaluate Immersio’s chat page by asking questions in Table 4.2.
The third section contains questions concerning how the reviews page performed
in terms of Japanese accuracy and can be seen in Table 4.3. The fourth section

asks open-ended questions that allow the evaluator to provide feedback on the

Thttps:/ /immersio.up.railway.app/
Thttps:/ /www.jlpt.jp/e/about/levelsummary.html
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application’s abilities as noted in Table 4.4.

Question in English Question in Japanese Scale

How well do you speak Japanese? | HAGEZ EOEEHREL TE T | 15
7
Table 4.1: The evaluation form’s first section’s question

Question in English Question in Japanese Scale
How accurate/natural was the | 77 VD F vy k X=UDAIDOH | 1-5
application’s chat page’s Al's | KFHILEFIT EN < S W IEAE/ HIA
Japanese response? TLZm?
How well has the Al adhered to | Alpsit/] e L ¥ A% —. b —2 . 1-5

the proper register, tone, or mood?
(Did the Al respond casually or for-
mally; For example: Did the Al use
T3 or X9 when appropriate?)

FlrEL—RICENRLSHWIHG
LTwXLEr»? (ALIHZY =7
VICERIE 7 r—<LICIEEL X
L7=h2 6l @ ANt 7% 5 m e
[T FE [T =HHL
L)

continues on next page




How accurate was the Al’s transla-

tion?

AIDFERO IFES X E D EE T
L=m?

1-5

How accurate was the Al’s trans-
lation at being grammatically cor-

rect?

AT FHER D3 SCE RN IR T -
el EORETLEN?

1-5

How accurate were the dictionary
definition(s) for a given word?
(The dictionary is activated by

clicking on a word in a message)

FFEDHEDFFNERIL. &P
BEILEHETLEL? (Ayte—Y
WOHEEZ 7)) v 7 L THEEZR
~LET)

1-5

How accurate was the Al gen-
erated audio when speaking

Japanese?

AWK L 7= H AR GBS 7 o I fif
Il EoRETLEN?

When speaking Japanese using the
microphone button, how well did
the Al transcribe the text into

Japanese?

7 AR ML THARET
FELBE AINTEFANEED
P IEMEIC HAGEICE L £ L 7=
n°?

1-5

When speaking Japanese using the
microphone button, how grammat-
ically correct was the Al as it tran-

scribed the text into Japanese?

VAR H ML THARGET
LB G. Al TX AN ZHAE
BICHEE T 5o CHEOIE S 13
EORETLEN?

1-5

continues on next page
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How well has the Al remembered

AT LIRIO 256 TE KRS NZH | 15
information previously mentioned | % EOEEH 2 TWE L 20 ?
in a conversation?
How well did the Al prevent talk- | AllL. #EETOELSC A v+ —| 15
ing/messaging in English and only | ¥ DRk % EDFERE S £ <11\,
allowed conversing in Japanese? | HAGE THOLGED AZaFa] L £ L
=7
Table 4.2: The evaluation form'’s second section’s ques-
tions for the chat page
Question in English Question in Japanese Scale
During a review session, how well | L &= —+ v > 3 > Al | 15
was the Al able to grade the user’s | = — ¥ — D FIFR I N /7= LFE = &F
translated sentence? g 2nIc PR S £ LHHIEL
XL7zm?
During a review session, how well | L &= —+ v > 3 > Alh*| 1-5

was the Al able to grade the user’s

translated word?

22— =R L =HE T
FTLDICEDOFES 2L IEL £
L7zm?

continues on next page
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During a review session, how accu-
rate was the Al able to generate the

translation of a sentence/message?

LEea—tvi 3 AL
LAy b—COBERZEKRT HHE
ebsnwTen< SWWIEETL 7=
e

During a review session, how ac-
curate was the Al able to generate

the translation of a word?

Leza—btwvs g, AlhH
BOBRZ=ERT ZEE/TICH W T
ENLKSBSWIEfETL =D

How well did the Al prevent trans-
lating the Japanese text into a lan-
guage other than English? For in-
stance, the Al should ideally not
allow the usage of Japanese when
translating and should only allow
English text during the translation

of a review item.

Al HARZED T X 2 b & %l
P 558ICBIERT 20z & hn
KoLWRHIEL EL 22
13X, ANIL 2 =2—7 1 7 LHlER
FFIC HARGE O ZEra] 29, &
BOTFXANDARZHTRET
ER

1-5

continues on next page
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During a review session, how well
was the corrected answer anno-

tated?

La—tvyarm ELEIN
7= EIE s FERAT I 2w
e, EOEETLEN?

How correct was the accuracy re-
port after the reviews were fin-
ished? Ideally, the accuracy report
should mark a message as incor-
rect if a review item was marked
incorrect at least once and the accu-
racy report should count a message
as correct if it a review item was

marked correct the first time.

L &a—hi T Lk IEfENE
LR—=bhIZEnREEIEETL 2
p 2 FARMIC L. IEREMEL R —
X, A ediploL va—7
AT L#E- T = 3INHE
I2 Ay =" ARIEMEE LT
ShL. LEa2—7 AT L0
ICIEL K v—2 3N
=y ZIEEEL T b TR
T,

&l Ay

1-5

Table 4.3: The evaluation form’s third section’s ques-

tions for the reviews page
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Question in English

Question in Japanese

Scale

How well did the chat page per-
form? What did you like or dis-

like about the chat page?

F v b= koMb
TEPBETLEN?2 Fry
A R—=2I2OoWTH RS
RIS AD T h o AL T
h°?

Open-Ended

What do you think could be im-

proved on the chat page?

Froh_X=UZNET S
DICIT. D XD mEb I E
INsRagEERWET N

Open-Ended

How well did the review page
perform? What did you like or

dislike about the review page?

L B2 —~X—= 2R MEEl
CoRETLEP?LE 2 —
N=VICOWVWTH E LA
U AS K- F2/rUd M TT
e

Open-Ended

What do you think could be im-

proved on the review page?

LE2—X—2ZWET L/
DI, DX HAndE
INENZRERNVETHN?

Open-Ended

How you think this application

could be improved?

DT TNV =L 3 ED
XolclETE L ERWET
h

Open-Ended

Table 4.4: The evaluation form’s fourth section’s ques-

tions for open-ended responses on the application as a

whole
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Chapter 5

Results

This chapter discusses the finalized application, Immersio, and the evaluation
results of a Japanese speaking person who evaluated the tool. Section 5.1 explains
the process of navigating Immersio from the login and registration page to the chat
and review page which are the core components of the application. Sequential
instructions are provided as well as explanations to events that occur due to
user input. Additionally, the evaluator’s evaluation form responses are shown in

Section 5.2.

5.1 Description of Immersio

Figure 5.1 shows the architecture of Immersio. The frontend is comprised of a
Single Page Application (SPA), built upon React, which contains static HTML, CSS,
and JavaScript files. IndexedDB is also present on the frontend to store audio
data. The frontend communicates with the Django backend through REST API
in which JSON requests and responses are sent and received. Django acts as the

intermediary between the frontend and the rest of the backend services. Django
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Queues & RPC

Django ORM

OpenAl
. LangChain
[

dj

Queues

Queues & RPC

£9coqui TTS

Figure 5.1: The architecture of Immersio

is also responsible for handling access to user data in PostgreSQL and Redis.
Django communicates with the backend Al services through RabbitMQ queues
and RabbitMQ RPCs. In the case that RabbitMQ RPCs are not used as a means for
communication between the services and Django, Django uses Python threads to

handle consuming from the various services. The main Django thread only needs
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to publish to RabbitMQ queues. In terms of user data, Django communicates with
PostgreSQL through its ORM. Django’s ORM performs high-level Create, Read,
Update, and Delete (CRUD) actions on user data without writing raw SQL queries.
Django also uses its ORM to retrieve dictionary data from JMDictDB which resides
in the PostgreSQL database. In order to hold temporary information that does
not need to be perpetually stored, such as a user’s review session, Redis and
Django’s cache framework is employed. Anything else requested by the frontend,
such as the text generation from OpenAl’s GPT-3.5-Turbo model and access to
conversation memory by LangChain, is handled by Django directly

When a given user first attempts to use Immersio they are greeted with a
landing page as seen in Figure 5.2 followed by a registration page, by clicking on
the "Try Immersio” button, in the top right corner, in which they can choose a
source language. The source language is the language the user chooses to learn a
target language from. In Immersio’s case, English is to be selected for the source
language as seen in Figure 5.3.

After selecting a source language, the user is able to select a target language.
The target language is the language the user intends to learn. Because Immersio is
designed to cultivate Japanese language learning among English speakers, Japanese

is the language a user will select as a target language as seen in Figure 5.4.
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Figure 5.2: The landing page of Immersio

Sign Up!
=]

Choose Your Source Language

This is the language that you are already
fluent, native, or already Speak

&

Figure 5.3: During registration of Immersio, the user is prompted to select a source
language
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After the user has selected both source and target language, the user is
prompted to enter a username, email, password, and to retype their password
as seen in Figure 5.5. If a user has previously registered for Immersio, the user
simply has to login as seen in Figure 5.6.

Upon logging into Immersio, the user is greeted with a dashboard page that
is intended to provide a high-level overview of the application. The dashboard
consists of a heat map of a user’s review’s done per day as well as the recent con-
versations that a user has engaged in with the conversational agent. Additionally,
the user can quickly go to their reviews or start a chat conversation by clicking on
the link blocks. Link blocks contain a title and a short description of what the user
can expect when pressing the link. Additionally, a user’s review goal is displayed,
along with its associated progress bar, which is defaulted at fifty review items per

day (i.e., a user must review fifty review items every day). The dashboard can be

Sign Up!
=}

Choose Your Target Language

This is the language that you are trying to
leam

Figure 5.4: After selecting a source language a user selects a target language —
Japanese in Immersio’s case
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Sign Up!
g2

Your Info

Usemame Emall

¥ Accept the Terms of Service ¥ Accept the Privacy Policy

Dive Int

b Choose Target Language

Or..

Figure 5.5: During the final stages of registration, a user is prompted to enter
username, email, password, and to retype their password

Welcome Back!

Glad to see you again!

Figure 5.6: A user can login if they have previously registered before
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seen in Figure 5.7 which contains the heat map, the recent conversations, and the
link blocks.

The user can click on the chat link block to go directly to the chat page where
conversation creation is possible. The user can also navigate there using the side
navigation panel on the left hand side of the screen. A user can create a new
conversation by typing in an input box an pressing the “enter” key on the keyboard.
The user can alternatively click on the send button to the right of the input box. If
the user types in a language other than their target language, Japanese, the user
will receive an error message back from the server in the form of a toast message.
The error message automatically disappears after a few seconds but can manually
be closed via its close button. A summary of these features can be seen in Figure
5.8.

If the user sends a message in their target language, in this case, Japanese,

O D = localhost

Dashboard

w Immersio

REVIEWS CHAT SETTINGS

Review conversations that need work! Chat with an artificially intelligent friend! Adjust how you see the app

TODAYS GOAL: 43/ 50

REVIEWS DONE PER DAY A RECENT CONVERSATION

BRESTENE

Figure 5.7: The dashboard page complete with a reviews heat map, a recent
conversation block, and link blocks to the reviews and chat page



O D = localhost

Chat

CONVERSATION @ select r start typing below to start a new one ®

Hello worid

Figure 5.8: The chat page where a user is attempting to speak in English when the
langauge expected was in Japanese

the server will respond with a response from the conversational agent produced
by LangChain® and GPT-3.5-Turbo®. During this time, RabbitMQ also receives
the Al's response as well as the user’s response in which two additional actions
are performed. First, RabbitMQ pipelines the response to a service in a Docker
container which handles POS parsing which is where spaCy resides. Second,
RabbitMQ sends the data to another Docker container which contains the Hug-
ging Face translation model, opus-mt-ja-en3, which translates the message from
Japanese to English. opus-mt-ja-en also sends its translated output to Gram-
marly’s Hugging Face model, coedit-large4, in its own Docker container. Both
the POS and translation data is sent back to Django over RabbitMQ and stored in

a Message table in a PostgreSQL database. Because the POS and translation data

*https:/ /www.langchain.com/

https:/ /platform.openai.com/docs/models

3https:/ /huggingface.co/Helsinki-NLP/opus-mt-ja-en
+https:/ /huggingface.co/grammarly/coedit-large


https://www.langchain.com/
https://platform.openai.com/docs/models
https://huggingface.co/Helsinki-NLP/opus-mt-ja-en
https://huggingface.co/grammarly/coedit-large
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is generated asynchronously, that is without slowing the response time from the
server to back to the client, the user does not have to wait a long time to view the
generated messages. This allows the messages to be rendered nearly immediately
after the data is given to the client. After a few seconds on the frontend, the
POS and translation data are automatically requested via a REST API request in
a React useEffect hook to retrieve the data. The POS items are highlighted and
color-coded according to POS type and the translation button shows the English
translation on hover and continuously shows the English translation below the
message if the button is pressed. Messages also include time and date creation
stamps. A visual representation of this description can be seen in Figure 5.9.

A user may also use their microphone to record audio so that it may be sent

to the backend where it is transcribed to Japanese text using WhisperTTS5. This

Shttps:/ /github.com/openai/whisper

Chat

CONVERSATION  8EB&5Z80&d

Al

Figure 5.9: A Japanese conversation between a user and a conversational agent
where POS items are highlighted and the translation button is being used


https://github.com/openai/whisper

84

occurs whenever a user presses the record audio button on the bottom right of the
chat page and chooses to allow microphone access to the browser. At this point,
the audio overlay appears and allows recording audio by pressing the microphone
button and can be stopped by pressing the stop button where the stop button can
be seen in Figure 5.10. Afterwords the user can choose to send the audio message,
to the backend so Japanese text gets transcribed, by pressing the send audio button
as seen in Figure 5.11.

Upon hovering over a POS item in a message the POS item’s text size increases
slightly as seen in Figure 5.12. If the user clicks on the POS item, a modal will
appear. A modal is a term for a popup that allows the user to see that they are still
on the same page while allowing the user to perform other actions. The modal
displays POS information using a dictionary stored in a PostgreSQL database. The

dictionary in question is the JMDict database, which is an English-to-Japanese

O D =20 K

Chat

w Immersio CONVERSATION @ selecta conversation or start typing below to start a new one ®

Figure 5.10: The stop button on the audio overlay that a user will see while
recording audio



X +

0D =2 ol

Chat

CONVERSATION @ selecta conversation or start typing below to start a new one #

Figure 5.11: The audio overlay that shows the record button as well as a cancel
and send audio button

dictionary. The modal displays JMDict’s definitions depending on the type of
word. The user can also add the word to their reviews by pressing the review
button. An illustrated example can be seen in Figure 5.13. Once the user presses
the review button, the review button is replaced with a manage review button
item as seen in Figure 5.14. Similar to when a user presses the review item for a
word, a user may also review a complete sentence by pressing the review sentence
button on a message bubble. By doing this, the review sentence button updates its
appearance as seen in Figure 5.15.

In order to review added review items the user may navigate to the reviews
page by clicking on “Reviews” on the navigation panel. The user should see three
UI elements that are shaped like blocks which are links. This interface is called the
reviews landing page. Assuming that the user has already added review items

previously, the total amount of due review items, counting all words and sentences,
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52 O localhost;

Chat

W Immersio CONVERSATION ~ 8E&5220Ey

% W o

Figure 5.12: A POS item englargening as a user is hovering over it

x o+

O D & ¢ locahost

Figure 5.13: The POS modal that displays the definitions of a POS item as well as
the POS type and a way to add the POS item to the reviews
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Manage Review ftem

Figure 5.14: After the Review button has been pressed

X +

Chat

W Immersio CONVERSATION B> @0Es

BEESTENE

Mana

Figure 5.15: After pressing on the review sentence button on a message bubble
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is displayed on this page under the "REVIEW ALL” link block. Additionally,
the amount of due review items can also be seen on the left-hand side on the
navigation panel. If the user presses the "REVIEW ALL” link block, a confirmation
window shows up listing all the review items a user will review during a review
session. Similarly, if the user presses the "REVIEW SENTENCES” or "REVIEW
WORDS” link block a confirmation window will show up but only for review
items of those review types. A diagram for this description can be seen in Figure
5.16.

Regardless of the type of link blocks a user had pressed on the reviews landing
page, the user is greeted with a review confirmation page which provides detailed
information of the review items that a user chooses to review. The review confir-
mation page organizes review items in a tabular format with information of each

review item including the content, the translation, the SRS level, the SRS name, the

Reviews

REVIEW ALL REVIEW SENTENCES REVIEW WORDS

Review sentences, words, and everything in between Review sentences across your conversations Review words across your conversations

Figure 5.16: The reviews landing page with various options to review information
via link blocks after the user navigates to the reviews
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review frequency, the last review date, and the next review date. All due review
items by default will say "Now” for the next review date whereas the last review
date depends on when the item reviewed during a review session. The SRS level
and SRS name are Immersio’s implementation of Leitner system boxes. The SRS
level determines the SRS name and review frequency. The SRS level, SRS name,
and review frequency are color-coded and will change color depending on the SRS
level. The user also has the ability to edit a review item by pressing the edit button
denoted by the pencil icon. These details can be seen in Figure 5.17.

If the user clicks on the edit button of a review item, a modal is displayed in
which the user can choose to edit a review item. Within this modal, a user has
the ability to delete a review item by pressing the delete button which can be
seen in Figure 5.18. Once this button is pressed, another modal, which acts as a

confirmation window, displays. This modal is responsible for confirming with a

Reviews

REVIEW ALL

ID:7
BRESTIVET | TRTIN?

Figure 5.17: The review confirmation page where a user can see details of the
review items they will review
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user if they would like to delete a review item. The modal informs the user that
deleting the review item is irreversible and cannot be undone if they proceed. This
confirmation modal can be seen in Figure 5.19. If a user does delete a review item,
the due reviews count is updated accordingly as seen in Figure 5.20.

By default, all review items will be reviewed when the user presses the start
review session button on the top right. However, the user can choose to select
or unselect certain review items by clicking on the review item’s check box or by
clicking on the review item in the table. If a review item’s checkbox is unchecked
it will not show up during the review session. Otherwise, it will be added to the
review session. The user can toggle all review items at once by clicking on the
checkbox at the top left of the reviews confirmation page. If the user does not have
any review items selected, the start review session button cannot be pressed as no

button will be displayed. Similarly, when there are no review items currently due

Edit Review ltem

item Content

Figure 5.18: The edit review item modal which is necessary to open in order to
delete a review item
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Are you sure you want to delete this review item?

W Delete Review Item

Figure 5.19: The delete review item confirmation modal which informs a users
that deleting a review item is irreversible

x +

O D ¢ localhost
Reviews

W Immersio REVIEW ALL

iy good morning 2/31/1196:
Blrkd e < oo

Figure 5.20: Deleting a review item results in decrementing the review item count
and the review item will no longer be available for review
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the start review session button will not display. This can be seen in Figure 5.21.

Once a review session has been created by pressing the start review session
button in the top right corner of the review confirmation page, a review queue is
generated that contains all selected due review items. A review session consists of
three states: the translation state, the conversation context state, and the review
report state. During the translation state the user is prompted to translate a word
or sentence. Words are highlighted to denote what word to translate. Whenever
the user presses the check answer button or presses the enter key on the keyboard,
the backend evaluates whether or not the user’s translation was correct. A loading
animation will be displayed and input is disabled to prevent multiple REST API
requests from being sent. An illustrated example can be seen in Figure 5.22.

The backend evaluates a user’s answer by generating a translation of the

original message itself and comparing the similarity of the generated translation

Reviews

REVIEW ALL

Figure 5.21: A review confirmation page that does not display the start review
session button on the top right due to not containing selected review items



Reviews

REVIEW ALL

Translate this word

w BRESTINEY

Figure 5.22: A word that a user is prompted to translate along with the loading
animation

against a user’s translation. If the similarity rating is above a certain threshold, the
user’s translation is marked as correct otherwise it is marked as incorrect. The
information that gets sent back to the user includes a boolean value of whether
the answer was correct or not along with the generated translation. Once this
data is received by the client, the conversation context state starts and displays
whether or not the answer is correct. The user also receives the conversation
context that the word or sentence was in by performing another REST API request
to the backend. During the conversation context state, a user has the ability to
undo a submitted translation, the ability to toggle the corrected translation, and
the ability to continue to the next sentence. This can be seen in Figure 5.23.

If the user presses the continue button a REST API PATCH request is made.
This does not happen if a user presses the undo button. If a user presses the

undo button on the bottom right during the conversation context state, the review
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REVIEW ALL

Conversation Context

w BRESTINEY

) BEESTINET LRTIN 2 O

Al

¥ Your Answer il

Figure 5.23: The conversation context that is displayed once the backend finishes
evaluating a user’s translation

item’s SRS information is not modified. When the undo button is pressed, the user
returns to the translation state to attempt to re-translate the word or sentence. The
effects of clicking the undo button can be seen in Figure 5.24.

If the user translates a word or sentence and the backend evaluates that it is
incorrect, the user’s translation will be annotated with the correct answer. This is
done by making words of the user’s translated text, that are not in the generated
translation, red and contain a strike-through. Words that are in the generated
translation but not in the user’s translation are green. Finally, words that are both
in the user’s translation and in the generated translation are white. This can be
seen in Figure 5.25. If the user would like to see their original translation they may
press the hide answer button to show show their original translation. This button
can be toggled on and off to show the user’s original translation along with the

annotations. The result of pressing the hide answer button can be seen in Figure
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REVIEW ALL

Translate this word

w BRESTINEY

o BEESTENET | TR CIN ?
Al

Figure 5.24: After pressing the undo button during the conversation context state
the state changes to the translation state

5.26.

In the event that a user has a sentence review item in their review queue, during
the translation state an arrow points to the message to be translated. Unlike a
word review item that is highlighted during the translation state, no part of the
sentence is highlighted. Both word and sentence review items will iterate between
the translation state and conversation context state until the review items in the
review queue are empty. If a review item is marked as incorrect it gets reshuffled
in the review queue to be encountered during the same review session. A sentence
review item can be seen in Figure 5.27.

Even if the generated translation and the user’s translation are not completely
the same, the user can still get a translation correct. The idea is that the user gets
the idea of what the translation means but does not have to provide a word-for-

word or literal translation to the item. In cases such as these, the review item can
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Figure 5.25: A user’s translation that was deemed incorrect and annotated accord-
ing to the generated translation

Reviews

w Immersio REVIEW ALL

Conversation Context

w BRESTINEYT

) BEIOTENET L ETIN?

Al

> Your Answer i

Hello world

Figure 5.26: The result of pressing the hide answer button
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Al

Yes, it's a beautiful day isn'tt? | look forward to going out. Do you have any plans?

Figure 5.27: A sentence review item as seen during a review session

be marked as correct but have some words that are annotated to show that it was
not the literal translation. This can be seen in Figure 5.28.

In some rare cases, a user may wish to assert that they were correct or incorrect
regardless of the evaluation from the backend or when pressing the undo button
does not seem reasonable or is time consuming. For this reason, a user may also
press on the exclamation icon near the "Your Answer” title to assert whether or
not the user was correct or incorrect. If the evaluation from the backend claims
that a user was correct a user may assert that they were incorrect as seen in Figure
5.29. Similarly, if a user was incorrect, he or she may assert that they were correct
as seen in Figure 5.30.

The review queue becomes empty when a user answers all review items in
the review queue correct at least once. Once the review queue is empty, a user is
transitioned to the review report state in which a report of the review session will

be generated. The review report consists of an accordion to display user messages
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Reviews
\w Immersio REVIEW ALL

Conversation Context
WOBRE T

[E WWRGRTIH, IHCTHBONZELH *
O ErEaETEERDES? 'ﬁ

Al

¥ Your Answer !

Yes, itsa day | isn'tit? | look forward to going out. Do you have any plans?

Figure 5.28: A user translation marked as correct even though not every word was
the same as the generated translation

Something wrong?

1 am incorrect

Figure 5.29: The ability to assert that the user was incorrect
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Something wrong?

I'am correct

Figure 5.30: The ability to assert that the user was correct

that appeared in the review session. An accordion is a type of Ul component that
can show a drop down of information when a header is pressed. An accordion can
have several drop downs with its associated header. The review report’s accordion
along with an accuracy of the number of correct review items over the total review
items can be displayed in Figure 5.31. What is deemed a correct review item
according to the translation accuracy is whether or not a review item has been
ever been marked as incorrect. If a user gets a review item correct on the first try
of translating a review item, or asserts that they were correct the first time they
encounter the review item, the answer will be marked as correct in the review
report. Figure 5.32 shows a review report with both correct and incorrect review
items. The user may finally choose navigate to the dashboard by clicking on the
home button provided on the review report state.

During the translation state, a user must translate a review item in their own

source language. If the user does not translate in their source language, say English,



100

Reviews

\W Immersio REVIEW ALL

REVIEW REPORT
0% Accuracy

Figure 5.31: The review report state that shows an accordion of correct and
incorrect items as well as the translation accuracy

Reviews

\W Immersio REVIEW ALL

REVIEW REPORT
50% Accuracy

Figure 5.32: The review report page which displays both a correct and incorrect
review item with a 50% accuracy
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he or she will be prompted with a toast message stating that they must translate in
the source language. This is done to prevent a user from accidentally retyping the
sentence or word they are to translate and accidentally getting the word incorrect.
This is similar to the message that is displayed when a user attempts to converse
with a chat agent on the chat page in a language that is not their target language.

This toast message can be seen in Figure 5.33.

Reviews

REVIEW ALL

O SHild. TRTIN'? )| « E

Translate this sentence

SHhlE. TETIN ?

Figure 5.33: The toast message that is displayed when a user attempts to converse
with a chat agent on the chat page in a language that is not their target language
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5.2 Testing Results

The Japanese efficacy of Immersio’s AI models was evaluated by having a native
Japanese speaker evaluate the tool. The Japanese evaluator performed the role of a
user who is learning Japanese as their target language and their source language
as English. For this reason, the evaluator was fluent in both English and Japanese.
On average, the evaluator rated the tool 3.24 out of 5. This average is calculated
from the seventeen opinion scale questions which are rated one to five.

The evaluator began the evaluation process by accessing an instructions docu-
ment® in order to understand the purpose, capabilities, and necessary evaluation
metrics of Immersio. The instructions document provided links to the Immersio
web application” as well as to the Typeform evaluation form®. After adhering to
the information in the instruction document and interacting with Immersio, the
evaluator was asked to fill out the evaluation form.

The evaluation form consists of twenty-three questions including one question
asking the evaluator of their Japanese language proficiency, seventeen opinion
scale questions, and five open-ended questions. Both the Japanese proficiency
question and the fourteen opinion scale questions are rated from one to five.
The Japanese proficiency question asked the evaluator, "How well do you speak
Japanese?”, and is scored based on the JLPT proficiency levels where a selection
of “1” denotes an N5 proficiency or a basic understanding of Japanese up to a

-

5” which resembles an N1 proficiency or a native proficiency. The opinion scale
7 _r i

questions are rated from one to five where “1” entails poor quality while a "5

entails excellent quality. The five remaining open-ended questions concerned the

®https:/ /docs.google.com /document/d/
7https:/ /immersio.up.railway.app/
8h’ctps: / /evaluation-form.typeform.com/report/


https://docs.google.com/document/d/1SI1Yc4etJZwPkRpsekWY7ywi6KSBSOfzPVTz4wKN6_M/edit?usp=sharing
https://immersio.up.railway.app/
https://m73moyim9ok.typeform.com/report/nMU823dw/CdK57Ixe8N1bIKCt
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overall quality of a particular page or the application as a whole as well as the
suggestions for improvements of the application.

The evaluator scored a “5” on the Japanese proficiency question with a native
proficiency. Ten of the opinion scale questions concerned the chat page by asking
the user to rate the Japanese accuracy of the Al models behind speech and text
generation and comprehension of user text and user speech. Additionally, the
evaluator evaluated the dictionary, how well the Al remembered information, how
well the Al had prevented the user from speaking in a language that was not their
target language, grammar accuracy, mood, and register of the Japanese generated
by the AI models. The other six remaining opinion scale questions concerned the
review page in which the evaluator evaluated the translation accuracy of the Al, the
ability to generate both words and sentences, how well the corrected answer was
annotated, and how well the Al prevented translating Japanese text in a language
other than the source language English.

Immersio had performed well in Japanese in some aspects while failed in
others. On the chat page, Immersio performed the worst in its ability to generate
accurate dictionary definitions and was unable to transcribe audio from the user
into Japanese text. However, Immersio performed best in its ability to generate
textual Japanese and prevention of using English when it should have only allowed
Japanese. On the review page, Immersio performed only slightly better than poorly
in its ability to generate a translation of a word. On the other hand, Immersio
performed best when the evaluator asked the Al to generate a translation of a
sentence or message as well as its capacity to prevent translating Japanese in a
language other than the source language, English.

The main issues with Immersio’s evaluation performance can be expressed

in the evaluator’s comments to the open-ended section of the evaluation form.
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The evaluator was unable to access the Part-of-Speech so the dictionary could
not be opened. This problem is more than likely the result of the Part-of-Speech
data entering the database asynchronously while the main message data is being
sent back to the client. The Part-of-Speech data is intended to load around ten
seconds after the REST API response for the client was returned because RabbitMQ
may not have consumed or published quick enough between spaCy and Django.
Perhaps for a similar reason, the evaluator had seen that the translations for the
chat messages were blank. When the evaluator attempted to record audio, the
page did not load — more than likely due to the Whisper STT service failing due
to dependency, environment, or FFmpeg compatibility issues. The evaluator also
reported minor grammar issues with the Al’s text generation on the chat page. In
terms of the reviews page, the evaluator had asserted that unless the answer is
exactly the same as what is expected, it will be annotated erroneously by the Al
In terms of the spaced repetition abilities of Immersio, the evaluator claimed that
it would be best to have the review items be available to retake after the review
session. Overall, the evaluator had desired for the application to include all of the
features described in the instruction document. A complete summary of all of the

evaluator’s responses, their associated questions, and ratings can be seen in Table

5.1.
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Question in English

Question in Japanese

Rating

How well do you speak

Japanese?

AAR# % £ ORI 157
LTEETH?

How accurate/natural
was the application’s
chat page’s Al’s Japanese

response?

TTIDF vy b=
DAID HARGEILEFIT &
n<oWIkEhE/HIRTL
=2

How well has the Al ad-
hered to the proper regis-
ter, tone, or mood? (Did
the AI respond casually
or formally; For example:
Did the AT use T3 or

% 9 when appropriate?)

Alps @ t) % L » A
y—. =2 Xz
FLa—Ricen<ow
WELTWELE®?
(ALIZ 7> =271 X
727 A —=7ICIEEL
ELzm? M AL
tlzym<T [T £z
X TE9] 2HHL XL
7=h7?)

How accurate was the

Al’s translation?

AIOBROIERES 1T &
DEETLE?

How accurate was the
Al’s translation at being

grammatically correct?

ATOFNER bR IC 1IE
METh-T=EH. &
DEETL=?

continues on next page
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How accurate were the
dictionary definition(s)
for a given word? (The
dictionary is activated by
clicking on a word in a

message)

FFE D HEE D FFE O E
L. COREIEMETL
= (Fyte—=UHo
WERZ 7 ) v 7 L
ZFRORLET)

How accurate was the
Al generated audio when

speaking Japanese?

AR L 7= H AN EE S
FOIEMES I DR T
Lizm?

When speaking Japanese
using the microphone
button, how well did the
Al transcribe the text into

Japanese?

A4 IRy EHH
L THARGETEEL =%
. AITX AT X
PDREFEIEfEIC HAGEIC i
HELXLEN?

When speaking Japanese
using the microphone
button, how grammati-
cally correct was the Al
as it transcribed the text

into Japanese?

AR M
L THAGHETIHL 2%
a. AT X A N%&H
KEHICHRG T B RO E
DIEMES I e DREETL
7=h?

continues on next page
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How well has the Al
remembered information
previously mentioned in

a conversation?

AP 25T E &
INERE CORBERE
ZCWELEP?

How well did the AI
prevent talking /messag-
ing in English and only
allowed conversing in

Japanese?

AL, HEETOEL X
Ay =2t %R &P
FERE D & <Ay HARER
TOLHFED AT L X
L7zh?

During a review session,
how well was the Al able
to grade the user’s trans-

lated sentence?

LE=a2—®v> 3 r
o AllZ = — % = fll
SN EZT 5
DIC EDFEE D F I
LEL=N?

During a review session,
how well was the Al able
to grade the user’s trans-

lated word?

LE=2—%tvs 3>

Fo Al —F — o Fl
ARL - HEEZEH T 50
ICEDRERE D £ HIEL
xL7Em?

continues on next page
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During a review session,

how accurate was the Al

LEe=a—kvs a3y

oA e Ay b —

able to generate the trans- | 2 D §liR Z £k 9 % AE
lation of a sentence/mes- | /JIC W TEN K HWE
sage? fECTLz 0?2

During a review session, | L & = —+t v > 3 »
how accurate was the Al | 1 Alhv# GEORIIER %=

able to generate the trans-

lation of a word?

AT BRETIIC B W T
ENLKHWIERETL 72
7

During a review ses-
sion, how well was the
corrected answer anno-

tated?

LE=2—+v 3>
o BIEE N 2l F e
NS FERMA T Tn
e, EDRET
L7zh?

continues on next page
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How well did the AI
prevent translating the
Japanese text in a lan-
guage other than En-
glish? For instance,
the AI should ideally
not allow the usage of
Japanese when translat-
ing and should only al-
low English text during
translation of a review

item.

AP HARFED T % A b
Z gk Do S35 12 8l
MNFzoznH0n
PHIbL Z L7222
. ALIIL B = —7 A
T LOBNERIFFIC HAGE D
A ZFF 9. 5EEo
TXARDBEIATA
2T

continues on next page
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How correct was the ac-
curacy report after the re-
views were finished? Ide-
ally the accuracy report
should mark a message
as incorrect if a review
item was marked incor-
rect at least once and the
accuracy report should
count a message as cor-
rect if it a review item
was marked correct the

first time.

Lea—hik | Lk
DIEFEMEL K=l &n
FEREIERET L /= 2 FiAE
113, EREMEL R—k
X, A eyiEloL
Ea—74TL0#H-7T
Y= 3INHEIC A Y
== ANEEE LT
ML, LE=2—=TA
TLanANCIEL < v —
7 INTHEIC Ay b —
CZIEfEE LT b
FTRETT,

continues on next page




111

How well did the chat
page perform? What did
you like or dislike about

the chat page?

Fry b X=2LkD
MREIZ o TL 12
WP F vy hN=2ICD
W E L RICKAICAS
Lhr o R T ?

”I was unable to access
part-of-speech, so could
not open a dictionary.
Also translations for the
chat was blank. I was
able to record my audio,
but could not upload so
could not use it in the
chat. Iy just continues to
load forever. In the
review page I think it is
better make a line break
when there is another
answer. otherwise it can
be confusing, if the
answer is correct or not.
overall I think it went
successful with the chat,
because grammer was
correct and choose of
words were natural.
There were some
grammer mistakes, but it
is Al so I think it can be

fixed within time. ”

continues on next page
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What do you think could

be improved on the chat

page?

FryhX=—relH
FTHEEDICIE. DLk
ZRDUGEE I NS RE
ERWETN?

”Part-of-speech should
be accessable to know
each words. If the
answer is correct but
there is a another way to
answer there sholud be
line break between the
phrase. Audio should be
ready to upload after
recording. Also I could
not hear most audio

voice from the Al chat. ”

continues on next page
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How well did the review
page perform? What did
you like or dislike about

the review page?

L B a—xX=2Lkn
MEEILEDEETL 2
P2l E=2—xX=21CD
WTTHF E RIS AS
Lo 2RUIE T2

"page itself and its
performance was perfect
but the visuality I think
it can be better. At first
look it is difficukt to
know if my answer is
correct or not because
green check and red x is
small. Also it is hard to
recoznize my answer is
correct because unless
each word is perfectly
same it will be retyped

by AL ”

What do you think could

be improved on the re-

L Ea—_=2%lE
FTEHEDICIE. LDk

“The past review page

and its resluts should be

view page? ZRNUEEINSHNE 2| visable, so they would
W EFH? be able retake the test
afterwards. ”
How do you think this | 27 7 ) 7 —3 3 2 | "It needs all the features
application could be im-| Z XD L HICHETE S introduced in the
proved? EEWET»? instruction. ”

Table 5.1: The results from the Japanese evaluator
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Chapter 6

Conclusions and Future Work

Language learning applications have advanced in the last two decades, especially
because of the modern capabilities of artificial intelligence and large language mod-
els. However, many language learning applications that use artificial intelligence
tail to integrate POS highlighting, dictionary lookup, and an easy-to-use spaced
repetition system. For these reasons, we proposed a wholistic Japanese learning
application called Immersio. Specifically, Immersio integrates the following ele-
ments: spaced-repetition, active recall, and an artificial intelligent conversational
chat agent both in voice and in text. Immersio achieves this through its easy-to-use
chat interface that supports Speech-to-Text, Text-to-Speech, dictionary lookup,
artificial intelligent memory, Japanese-to-English translation and English grammar
correction abilities, and Part-of-Speech technologies. The chat page additionally
keeps track of previous conversations and the individual messages associated with
them for access at later a later time. Immersio also implements spaced repetition
through the Leitner system through its efficient review page that allows a user
to have flexibility in translating Japanese text into English, which is graded via

artificial intelligence and annotated. Moreover, an arbitrary selection of review
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items on the review page can be added to a review session manually and reviewed
review items will re-emerge to be reviewed depending on their SRS review fre-
quency. The dashboard page keeps track of the amount of review items done per
day as well as the most recent conversation.

As future work, we intend to improve automated testing so that the review and
chat page work optimally and can easily be monitored if new changes are added,
which could potentially break some functionality. For this reason, we will use more
automated end-to-end testing using Cypress and more integration testing with
Vitest. Also, we plan to implement performance testing to ensure that the client
does not wait long times to receive responses from the backend as experienced by
the evaluator. For instance, the evaluator was able to record their audio but did not
receive a response back from the backend. This is particularly problematic when
using RabbitMQ RPCs to retrieve information from the translation and grammar
services. It is particularly vital for Immersio to handle high loads and traffic when
multiple users are using the site at once. Furthermore, we will experiment with
making the POS items more readily available to the user so they do not have to
wait a long time to see their messages highlighted. The evaluator had mentioned
that they were unable to access the dictionary because there was no POS. This
is likely because spaCy had not returned a response fast enough for Django to
update the database. If there is no POS information in the database and Django
responds to the frontend with an empty POS JSON object, React will simply
render the text of the message and not construct a message with POS items. One
area of research that will be explored to handle this is the JavaScript WebSocket

API'. We will also research using Celery? with Django and RabbitMQ in order to

Thttps:/ /developer.mozilla.org/en-US/docs/Web/ AP1/WebSockets 4 P1
https:/ /docs.celeryq.dev/en/v5.3.6/getting-started /introduction.html


https://developer.mozilla.org/en-US/docs/Web/API/WebSockets_API
https://docs.celeryq.dev/en/v5.3.6/getting-started/introduction.html
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efficiently communicate with one another. Moreover, we will look into upgrading
the conversational agent by replacing GPT-3.5-Turbo with GPT-4 in order to handle
some grammatical errors mentioned by the evaluator.

Also, more native Japanese speakers will be asked to evaluate the tool. Evalua-
tors should encompass multiple regions of Japan that cover multiple dialects such
as the Kansai and Tokyo dialects. For this reason, the evaluation form will have to
be updated with new questions to reflect greater diversity for Japanese evaluation.

Additionally, we intend for Immersio to become more secure and therefore
will need to be properly modified for production. One security flaw is that the
registration page allows any password to be used such as "1234”. We intend to
allow only reputable passwords of a specific length and with certain characters
instead of allowing simple passwords. Additionally, we will look into encrypting
the user messages so that user messages are kept private in the database.

Furthermore, we will improve the user interface so that it is more consistent
across all devices and screens. For instance, during development, there were
instances where the screen would show white blocks at the bottom due to how
styling was done. On mobile browsers, there are issues with how the chat page
renders. Because of this, Immersio cannot be used on mobile devices. Additionally,
we will look for better ways to improve the review page so that it is more intuitive.
For instance, we will experiment with adding a line break, increasing the size of
the green check-mark, and increasing the size of the red "X” on the reviews page
as per the evaluator’s comments. Additionally, we will experiment with ways of
being able to review previous items listed on the review page so that a user can
re-review necessary information.

In order to make development easier over time, we intend to more effectively

implement continuous integration and continuous deployment. This work would
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entail incorporating GitHub actions to work effectively with automated tests.
GitHub would also need to automatically deploy the new services to our given
hosting provider depending on the branch. For instance, we will need to create

branches specifically for production and staging.
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