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Abstract
We present Ho‘oi Ao, a browser-based platform designed to streamline the teaching workflow and enhance
the learning experience for students in Hawaiian language classes. Built with modern technologies including
FastAPI, React, and MongoDB, the platform provides an intuitive and specialized environment for both instructors
and students of ‘Olelo Hawaii. Our platform enables instructors to add content, create or import quizzes in
multiple formats, view and analyze common student mistakes, and ultimately save time through automatic grading.
Students can access chapters, lessons, assignments, and quizzes all in one place, with automatically graded
quizzes for instant feedback and unlimited randomly-generated practice questions created using an innovative
synchronous context-free grammar approach, allowing students to obtain extra language practice outside of
class. Currently, the platform supports content from Book 1 of N& Kai ‘Ewalu, a popular Hawaiian textbook. Ho‘oi
A’o not only makes language practice more accessible for a language with few existing learning resources, but
also represents a step toward a more modern and effective digital ecosystem for teaching and learning ‘Olelo Hawaii.

Keywords: language education, Hawaiian language, indigenous language, context-free grammars, learning

platform

1. Introduction

Language teachers often spend a significant
amount of time manually grading coursework.
This process is time-consuming and often
monotonous, especially for questions that have
clear-cut answers. At the University of Hawaii
at Hilo, a wide range of Hawaiian language
courses are taught, from beginner-level courses
for those without any knowledge of the language,
to advanced courses for fluent speakers geared
towards developing the next generation of lan-
guage educators Instructors of these courses
often spend several hours a week manually
grading quizzes and assignments, including even
time during the weekend. Such activities have
been shown to decrease teachers’ quality of life,
physical and mental health, and relationships
with their families (Moos and Wiener, 2025). This
time could instead be devoted to developing new
instructional materials or offering personalized
support to students.

The primary efforts to revitalize the Hawaiian lan-
guage have been conducted in a classroom set-
ting, from language immersion schools for young
children, K-12 schools, and at the university level.
These approaches traditionally have not employed
much technology. Only recently have there been
some efforts to apply technology to Hawaiian lan-
guage learning. For example, ‘Aha Planana Leo,
the organization that runs Hawaiian language im-
mersion schools across the state of Hawai‘i, has
developed an app for parents and students to
review common vocabulary words and phrases.
Besides the usual course management systems
(CMS), however, there are no systems designed

specifically to help teachers teach Hawaiian.

With these considerations, this paper presents
Ho'oi Ao, a browser-based learning platform
specifically for instruction of Hawaiian. For stu-
dents, this platform provides a central location for
course materials and assignments contained in Na
Kai ‘Ewalu, the leading Hawaiian language text-
book. Students can practice reading and writing
the language via built-in exercises, as well as exer-
cises randomly generated from context-free gram-
mars, which are beyond the textbook’s limited ex-
amples. For teachers, this platform features auto-
mated grading for quizzes, which reduces teacher
workload and provides students with immediate
feedback. Quiz scores and answers are stored
so that the teacher can see a summary of com-
mon student mistakes, which can be addressed
during in-person class sessions. Integrating these
features into a single environment allows our plat-
form to streamline the instructional workflow and
enhance the learning experience for both instruc-
tors and students of ‘Olelo Hawai'i.

2. Related Work

The use of technology to aid language learning
is well-studied in the field of Computer-Aided Lan-
guage Learning (CALL). For an overview of CALL,
we direct the reader to surveys such as Golonka
et al. (2014) or Farr and Murray (2016). Sev-
eral studies have shown a need for CALL systems
to have personalized feedback (Dodigovic, 2005;
Heift and Schulze, 2007), which is one component
of our work.

A similar initiative to ours is the OpenLang Net-
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work, an online platform designed to teach various
European languages to Europeans, with the pur-
pose of breaking language barriers when cross-
ing into different countries within the EU (Mikroy-
annidis et al., 2023). Our platform focuses on
Hawaiian, a critically endangered language spo-
ken mainly in Hawai‘i, USA, and aims to address
pain points of both teachers and students of the
language.

In terms of technology specifically for Hawaiian,
there are few existing tools. Kuene (Walker et al.,
2025) is a web-based dictionary editing and pub-
lishing platform designed to facilitate the creation
of new Hawaiian words by the Hawaiian Lexicon
Committee. Other recent work has developed ma-
chine learning approaches to convert between two
Hawaiian orthography systems: an older one de-
veloped in the 1800s when Hawaiian first gained a
writing system, and a more recent one containing
the ‘okina and kahako letters (Kapali et al., 2025).
Our system follows in the same vein as these sys-
tems, which were developed to meet the estab-
lished needs of the Hawaiian community, but tar-
gets a different user base.

On the commercial side, Duolingo, a popular
gamified language learning app, supports Hawai-
jan, but at a very introductory level. Recent
changes to the app have introduced a system
that limits the amount of exercises that can be
completed without paying for the app or watching
advertisements, which is prohibitive for language
learners. Other commercial apps like Drops focus
on vocabulary words, and apps like Kipaepae and
Hakalama, created by the ‘Aha Plinana Leo Hawai-
ian immersion schools, support common phrases
and sentences, but are geared towards younger
students and their parents. Our learning platform
aims to aid both teaching and learning, with one of
the main innovations being the use of context-free
grammars to generate new, grammatically correct
practice sentences for the student to translate.

3. System Overview

Our learning platform, Ho‘oi A‘o, is accessible
through a web browser and was designed for ease
of use by both students and teachers of ‘Olelo
Hawaii. In consultation with Hawaiian language
instructors at the University of Hawai‘i at Hilo, we
prioritized specific features on our platform to ad-
dress current pain points in both students’ learning
and teachers’ instruction of the language.

3.1. Lessons and Vocabulary Lists

Our platform supports content organized by chap-
ter, following the chapters of the Na Kai ‘Ewalu
textbook. Within a chapter, students are able to

browse lessons, which contain vocabulary lists, ex-
ercises, explanations, example sentences, gram-
mar charts, and other additional material the in-
structor chooses to add. An example for Mokuna
(Chapter) 3 is shown in Figure 1. Each chap-
ter contains a vocabulary list, which includes new
words, phrases, and example sentences used in
the chapter. This vocabulary list is shown in a tab-
ular format similar to how it is presented in the pa-
per textbook, as seen in Figure 2.

3.2. Exercises

Gaining proficiency in a language requires con-
stant practice, and exercises are the primary in-
teractive method for students to practice using the
language through our platform. We implement the
translation-based exercises taken directly from the
Na Kai ‘Ewalu textbook. Currently, there are exer-
cises to translate Hawaiian to English, or translate
English to Hawaiian, with plans to add other types
of exercises (like multiple choice, fill in the blank) in
the future. One recurring feedback from students
about the textbook is that it does not include the an-
swers to the exercises. Our platform contains the
answers to these exercises and remedies the stu-
dents’ feedback: if the student answers incorrectly,
a notification is displayed with the mistake under-
lined in red, providing immediate feedback to the
student, as shown in Figure 3. The students can
repeatedly complete the exercises as many times
as they wish, as the students’ responses are not
scored or saved .

3.3. Quizzes

Quizzes are similar to exercises, with a key dif-
ference being that instructors can manually add
questions, and the platform automatically stores
and grades responses for each student. In the
introductory Hawaiian classes, students typically
complete a weekly vocabulary quiz on paper be-
fore reading the assigned chapter. This ensures
that students have mastered the essential vocabu-
lary required to understand the chapter’s content.
These vocabulary quizzes have a strict set of ac-
ceptable responses, so although they are straight-
forward to manually grade, instructors find this pro-
cess tedious and provide little value in improving
teacher-student interactions. Automatic grading
was one of the instructors’ most desired features
for this platform.

Students are allowed to retake quizzes as many
times as needed until they are satisfied with their
score. After completing a quiz, students receive a
summary of their correct and incorrect responses,
and they can immediately retake the quiz when
they are ready. When a student finishes a quiz, the
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Mokuna 3

Papa ‘dlelo Na Pahuhopu ‘ + ‘ Kuisa CFG Chapter Stats
Pahuhopu 1. Ka Pepeke Painu a me Kona Kino Hé'ole
Ha'awina 3.1.1
Ha'awina 3.1.2
Ha‘awina 3.1.3
Ha'awina 3.14
Pahuhopu 2. Ke Kahulu Meme'a
Pahuhopu 3. Ka Hua‘dlelo "Mea™

Pahuhopu 4. Ka Ho'omoea ‘ana

Extra Review

Add Assignment

Add Assignment | +
Add Assignment | +
Add Assignment | +

Add Assignment

Figure 1: User interface display for chapter 3 content.

Papa ‘olelo Na Pahuhopu Kuisa CFG Chapter Stats

I e A [

i/ia ‘ami kuhilana

iafi ‘ami lauka
I na maka painu - [
e maka painu kauoha ho'ocia

mai maka painu kauoha ho'ole

e “to” introduces a new painu and pepeke

later in a hopuna'élelo

N naroakuhane [INEEG———

a famous kupua who tried to pull the
Hawaiian islands together, and who

‘o Maui

lassoed the sun
‘o Mauiakalana full name of the famous kupua Maui

‘o Hina mother of Maui

I e ino [

ka ipuleo microphone

ka hau ice

ka haupia he ‘ano monamona niu

ka halau 1. canoe house; 2. hula school
ka hale ha’uki gym for sports

ka he’e lo‘au squid la'au

ke kalapu small band (as for Hawaiian music, rock
music)

ke kaleka card

ke kamano lomi lomi salmon

ke kika guitar

ke kika cigar

ke kalolo he ‘ano monamona kalo

ke kupua a being that can change form or powers

ka mea‘ono cake

Figure 2: Vocabulary section from chapter 3

platform records a timestamp and stores their an-
swers in a database. Submission data can then be
downloaded by the instructors to discover where
students are struggling, allowing the instructors to
more effectively make use of in-person class time
to tailor their instruction to the students’ needs.

3.4. Context-Free Grammars

One innovation of our platform is the ability to gen-
erate additional practice sentences. Both students
and teachers often remarked that the exercises
from the textbook are not enough. Thus, teach-
ers routinely create new practice questions for stu-
dents to review, which takes up a lot of time. In ad-
dition, different teachers of the same section might
have their own set of practice questions, which
could lead to differences in students’ learning.

Our platform generates additional translation ex-
ercises using synchronous context-free grammars
(SCFGs). A context free grammar (CFG) con-
tains a set of production rules of the form A — «,
where the left hand side is a non-terminal symbol
that can be expanded into the right hand side. A
synchronous SCFG is a CFG where each rule is
paired with its translation. This allows the SCFG
to specify lexical translations for terminal sym-
bols, and capture reordering between the two lan-
guages for non-terminal symbols. For example,
consider the SCFG below (in NLP, the S symbol
traditionally denotes the entire sentence):

S — Verb Subj Obj = Subj Verb Obj
Verb — ‘ai = eat

Subj — au =1

Obj — i ka manako = the mango
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Papa ‘alelo Na Pahuhopu B Kuisa CFG Chapter Stats
Ha’awina 3.1.1

Translate the Hawaiian into English using unuhi haiki and unuhi laula.

Translate this phrase: "Hau’oli ‘o Kawehi me ia ma 6 e ke kumu.”

kawehi is happy witn him over their teacher.

-]

e Anuanu kéia ua e ka wahine
¢ Kahiko kona hale i kéia manawa
¢ Hau'oli ‘o Kawehi me ia ma ‘0 e ke kumu

Incorrect — try again!

Your answer is happy witn him over their teacher.

Correct: Kawehi is happy with him over there, teacher.

Figure 3: Feedback on a ha‘awina (exercise) when
a user answers the exercise incorrectly. The per-
sonalized feedback takes into account minor er-
rors like capitalization, which are marked in yellow,
while misspellings are errors marked in red.

This SCFG defines a typical Hawaiian sentence
in VSO order (‘ai au i ka manakoé) and its En-
glish translation / eat the mango. We see that the
VSO is reordered as SVO in English. This type
of formal grammar has been used in the past in
syntax-based machine translation (Wu, 1997; Chi-
ang, 2005), but its applications to language learn-
ing have not been thoroughly explored.

We use a standard recursive depth-first traver-
sal algorithm to expand the non-terminal S to all
possible sentences with their translations, with a
small modification to handle cases where multiple
non-terminals of the same part of pseech exist in
a sentence. For example, consider the grammar
below for a noun phrase consisting of two nouns
with a conjunction:

NP->N_1ameN 2=N_1andN_2
N -> ka i‘a = the fish
N -> ke kaka = the duck

The generation algorithm considers the two nouns
as N_1 and N_2 as different nouns and will not
generate the translation pair ka i‘a a me ke kaka /
the duck and the fish, which swaps the positions
of N_1 and N_2 in the translation.

The platform comes preloaded with several
SCFGs corresponding to the grammar and vocab-
ulary of relevant chapters from Na Kai ‘Ewalu.

A slightly more complex SCFG is shown in
the screenshot in Figure 4. This example uses
the Hawaiian grammar system taught in Na Kai
‘Ewalu, sometimes called pepeke grammar, where
the po‘o ‘head’ is the linguistic head of the sen-
tence, the piko ‘navel’ is the main subject, and the

‘awe ‘tentacle’ is a phrase attached to head; this
phrase is usually the direct object or a preposi-
tional phrase.

Synchronous CFGs provide almost limitless
possibilities for generating grammatically-correct
practice sentences for students, so long as the
grammar itself is correct. In this way, hundreds of
sentences and their translations can be made with
just a handful of SCFG rules, giving students am-
ple opportunities to practice translating sentences
not found in the textbook. These practice sen-
tences are treated as an extra exercise that are au-
tomatically checked by our platform, and the plat-
form has a page for instructors to modify the gram-
mar rules.

Context free grammars for translation genera-
tion do have some limitations. Although in practice
there can be many valid translations of a sentence,
these exercises only allow a single admissible
translation. This is fine for beginner-level Hawaiian
language courses, where the goal of these exer-
cises is to enable students to practice a limited set
of grammar and vocabulary that were just learned
in class. However, for more advanced students, a
more flexible approach might be needed. In addi-
tion, SCFGs can generate sentences that are not
semantically meaningful. For example, the gram-
mar in Figure 4 can generate akamai ka ua ‘the
rain is smart’. The Hawaiian instructors actually
found this phenomenon to be a feature rather than
a bug: as the sentence is grammatically correct,
it forces the students to think more carefully when
practicing these exercises.

3.5. Additional Content

The platform supports slightly different interfaces
for students and teachers depending on who is log-
ging in. Teachers can add additional assignments,
exercises, quizzes, and modify the context-free
grammars for each chapter, which will be saved
to the database. This gives faculty flexibility to add
additional content that they see fit.

4. System Architecture

We implement Ho‘oi A‘o using the FARM stack
(FastAPI, React, MongoDB), a popular and flexi-
ble approach that allowed us to quickly iterate on
our platform after receiving feedback from Hawai-
ian language professors.

4.0.1. Front-End

Since many Hawaiian teachers are of an older
generation who may not be very tech-savvy, we
strove to develop a user interface that was friendly
and easy to navigate. The front-end was de-
veloped using React, a well-documented open-
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Mokuna 3

Papa ‘olelo CFG | + | Chapter Stats

CFG

Na Pahuhopu Kuisa

# 3.1 Pepeke Painu Sentences

S -> PO‘0 PIKO fAWE = PIKO <BE> P00 AWE
S -» PO‘O PIKO = PIKO <BE> PO‘O

S -> PO‘O PIKOZ2 = PIKO2 is PO‘O

# Chapter 3.2 Ha‘awina
# S -> DET ADJ N -> DET N AD]
# S -> DET N who V -> DET N V

PIKO -> au = T
PIKO -> ‘oe = you
PIKO -> ‘o ia = he
PIKO -> ‘o ia = she

KA -> ka = the
KE -> ke = the

PIKOZ -> KA ua = KA rain

PIKO2 -> KA Hawai‘i = KA Hawaiian ¥

Generate

Output
akamai au i kéia la
akamai au ma ‘ane’i
akamai ‘oe i kaia la
akamai ‘oe ma ‘ane'i
akamai ‘o ia i k&ia 13
akamai ‘o ia ma ‘ane’i
akamai ‘o ia i kéia 13
akamai ‘o ia ma ‘ane’i
anuanu au i keia la
anuanu au ma ‘ane’i
anuanu ‘oe i kéia la
anuanu ‘oe ma ‘ane’i
anuanu ‘o ia i kéia la
anuanu ‘o ia ma ‘ane’i
anuanu ‘o ia i keia la
anuanu ‘o ia ma ‘ane’i
ola auikéia la

ola au ma ‘ane’i

I am intelligent today

I am intelligent here
you are intelligent today
you are intelligent here
he is intelligent today
he is intelligent here
she is intelligent today
she is intelligent here

I am cold today

I am ceold here

you are cold today

you are cold here

he is cold today

he is cold here

she is cold today

she is cold here

| am healthy today

I am healthy here

ola ‘oei kéia la you are healthy today

ola ‘'oe ma ‘ane’i you are healthy here

Figure 4: Screenshot of our platform, with the synchronous CFG on the left, and sentences generated
using this grammar on the right. Our plaform can then randomly select from the generated sentences to

create new exercises for students.

source JavaScript library for building user inter-
faces. React’s component-based architecture en-
ables developers to design modular, reusable
building blocks that can be integrated throughout
the platform’s structure. This type of architecture
allowed for better maintainability and expansion;
components could be changed or updated without
affecting other unrelated parts of the system.

Several key Ul design decisions shaped the user
experience of the platform. Rather than navigat-
ing to separate pages for each action, the platform
utilizes modal dialogs for inputting questions and
configuring settings. This approach keeps users in
context, reducing the friction associated with page
transitions and maintaining their focus on the cur-
rent task. When users want to add a new question
or modify parameters, a dialog overlay appears
over the existing content, allowing them to com-
plete the action and immediately see the results
without losing their place in the workflow.

The quiz display interface was designed with
clarity and engagement in mind. Questions are
presented one at a time in a clean format that
helps students concentrate on each item individu-
ally, rather than having all questions on one page,
since the professors felt that seeing all the ques-
tions could give the students extra hints. Progress
indicators show students how far the students ad-
vanced through the quiz, while immediate visual
feedback confirms their selections. After submis-
sion, results are displayed with clear color coding.
Correct answers are highlighted in green and in-
correct ones in red, making it easy for students to

review their performance and understand areas re-
quiring improvement.

4.0.2. Back-End

We used the web framework FastAPI to develop
the back-end, due to its high performance and sup-
port for asynchronous operations (Tiangolo, n.d.).
This framework provides a RESTful API that allows
for communication between the React front-end
and the server. The back-end structure consists
of modular python files, each holding specific com-
ponent of the FastAPI application. Core files con-
sist of MongoDB connections, data schema, routs,
and endpoints for defining API logic.

For our database, we use MongoDB, which was
chosen for its familiarity and flexible document
model, which can store various types of language
content such as chapters, quizzes, and user infor-
mation. MongoDB supports a dynamic schema
which is ideal for class content such as lesson
quizzes, assignments, practice work, and vocab-
ulary, where different objects have different struc-
ture. Indices were created for each collection in
the database, allowing for efficient lookups that in-
volve multiple collections.

5. Discussion

Ho6'oi A'o is designed to support both instructors
and students at the University of Hawai‘i at Hilo in
the teaching and learning of ‘Olelo Hawai‘i. Stu-
dents can access their course materials online, al-
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lowing them to read and review chapters, com-
plete practice exercises, and strengthen their un-
derstanding of the language at their own pace.
Teachers, in turn, can add content to facilitate stu-
dents’ learning, view assignment submissions, col-
lect and analyze grading data across their courses,
and identify areas where students are struggling.
These insights enable instructors to refine their ma-
terials and develop more effective, targeted con-
tent for classroom instruction.

We are planning to integrate HG'oi A‘o into intro-
ductory Hawaiian classes starting Summer 2026.
We will conduct training sessions for students and
teachers to get acquainted with the platform. Ad-
ditionally, we plan to train teachers to write their
own context-free grammars. Once integrated, we
plan to listen closely to any feedback students
and teachers may have, and implement features
that they deem helpful. Some other features that
are under discussion for implementation include
flashcards and a personalized scheduling algo-
rithm to optimize students’ learning. We believe
that our platform can revolutionize language learn-
ing in the classroom, especially for indigenous lan-
guages with few existing learning resources. Rule-
based approaches like context-free grammars can
quickly provide practice materials when textbook
exercises are not enough. We would also be in-
terested in deploying our platform to other schools
across Hawai‘i, and potentially developing a gen-
eralized version to support the revitalization and
learning of other indigenous languages.
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