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This article presents the research, design, and development
of Dnigi, a serious game to facilitate learning Alaska

Native heritage, focusing on Dena’ina language and
history. We envision Dnigi as a learning aid, targeting an
undergraduate audience as developers and users.

everal Indigenous languages and cultures
are critically endangered due to more influ-
ential settler communities and majority cul-
tures occupying their land and the subsequent
centuries-long destruction of identity for the Native
communities. Indigenous knowledge sharing can be
challenging due to generational trauma and systematic
oppression that has left the community with minimal
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resources to learn and appreciate their languages and
traditions. Language revitalization and maintenance
efforts are carried out by the respective Native elders
and Indigenous scholars across the globe to counter the
threatoftheirlanguagesand culturesdisintegratingand
eventually disappearing.! Indigenous scholars have led
theresearchtoprotecttheirlanguage, heritage, cultures,
traditions, and identity through innovative approaches.
Commonly, educators propose serious games as an
active learning strategy, using games to assist pedagogy,
deviating from the usual entertainment purposes of the
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games and traditional lecture-style
classrooms where the students are
passive learners.? Similarly, Indige-
nous researchers seek approaches to
effectively leverage serious games in
teaching Indigenous languages® and
heritage.* Many recent innovations in
serious games and game-based learn-
ing are yet to be fully leveraged and
used appropriately in reviving Indige-
nous cultures and heritage.

Place-based learning provides ave-
nues for a sense of place in education,
preserving cultural identity and tra-
ditions.” Indigenous cultures value
theirlandsand their attachment to the
land. As such, educational efforts that
incorporate the essence of the land
yield better learning outcomes. Many
universities have introduced courses
on Native heritage as part of the cur-
riculum. The University of Alaska
Anchorage offers Alaska Native lan-
guage courses and Alaska Native
perspectives for all undergraduates
as part of the undergraduate degree
requirements. Subsequently, over the
years, computer science undergradu-
ates have developed capstone projects
in collaboration between the Depart-
ments of Computer Science and Alaska
Native Studies. These initiatives have
created new synergies in Indige-
nous research, allowing undergrad-
uates to understand and appreciate
the cultural identity of the land and
enriching the sense of belonging of the
Indigenous students.® One synergetic
approach was the development of seri-
ous games, which allowed computer
science undergraduates to develop the
game. At the same time, the students
of Alaska Native studies can then use
those games as learning aids.

This article proposes an extensible
serious game framework that can be
adapted tosupportdifferentlanguages

and heritage content, with content
added over time to expand on the fea-
tures and data presented in the game.
Our overarching goal is to develop a
serious game for Indigenous heritage
and knowledge sharing. We devised a
modular architecture that allows the
game to be incrementally expanded to
include additional features and con-
tent to increase the player’s curiosity
with time. While the approach and
architecture are generalizable, con-
sidering our own resources toward
developing the content on places and
languages, we limited our focus to
Alaskain the implementation.
Following our devised architec-
ture, we developed Dnigi, a map-based
serious game framework for knowl-
edge sharing of Indigenous history,
focusing on Alaska Native heritage.
Dnigi means “moose” in the Dena’ina
language. Moose roam the streets
of Anchorage and the lands of the
Dena’ina people. As an animal that
plays a vital role in the Alaskan eco-
system, moose is part of the lives of
Alaska Natives. Dnigi facilitates an
active learning approach to learning
Alaska Native history and heritage by
exploring the regions of Alaska and
understanding its rich, diverse Native
history by playing this serious game.
Developing serious games for cultural
revitalization requires collaborations
across generations and diverse edu-
cational backgrounds. In the context
of Alaska, we posit that cooperation
among the computer science students
and faculty in developing such seri-
ous games and the students using the
serious game as a learning aid in their
Alaska Native studies courses will
provide a sense of place to the Native
youth.” The University of Alaska
Anchorage is on Dena'ina Elnena (the
land of the Dena’'ina people). Dena'ina

is the critically endangered language
originally spoken in the areas cur-
rently encompassing Anchorage and
its surrounding lands in south-central
Alaska. Dnigi focuses more specifically
on Dena’ina language and heritage,
encouraging the players to seek the
Dena'inaland on the map of Alaskaand
explore its sites when they play Dnigi.
The “Literature Review” section pro-
vides a brief literature review depicting
the context and motivation behind our
research strategy. The “Methods” sec-
tion illustrates our approach in devel-
oping Dnigi in the context of Alaska
Native heritage and the Dena’'ina lan-
guage. The “Dnigi User Experience”
section highlights the features and the
game. The “Discussion” section pres-
ents an overall discussion on related
work, summarizes our contribution,
provides our reflections and narratives
in working on this project, and con-
cludes the article with future work.

LITERATURE REVIEW
Developing and using serious games
can be an effective active learning
strategy for Indigenous cultural heri-
tage,8 filling a gap in intergenerational
knowledge sharing.’ Building serious
games to preserve local languages can
be an effective place-based education'®
approach for programming classes of
computer science curriculum.'! These
serious games also enable further dis-
semination of Indigenous knowledge
among the players when used in Indig-
enous heritage and language classes.'?
Incorporating Indigenous educa-
tion into the university curriculum is
essential in reconciling the long his-
tory of the land and its people.
Computer science researchers and
Indigenous scholars have collaborated
to develop serious games for several
Indigenous languages and cultures.
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Serious games are used with virtual
reality (VR) and simulations for educa-
tion.' Such recent innovations are also
incorporated into learning and teach-
ing Indigenous language and culture.
Culturally responsive teaching prac-
tices are leveraged to promote educa-
tion and revitalize Indigenous cultures
worldwide. Serious game genres help
teach Indigenous languages to a wide
range of students by leveraging second
language acquisition theories.'* Such
efforts help revive critically endan-
gered Indigenous languages by pro-
moting their use as a second language
among Native students and others.

Project-based learning based on
Indigenous culture hasenhanced learn-
ing outcomes in computer science edu-
cation.”® Specifically, the Aboriginal
Computer Education Through Story-
telling (ANCESTOR) program explores
computer science as a career option
through digital storytelling to address
cultural literacy and computer science
education with Indigenous youth in
British Columbia, Canada.” Edutain-
ment refers to the entertainment ele-
ments, such as video games, used in
education to aid active learning meth-
odologies.® When used in teams, such
edutainment frameworks can provide a
peer-learning environment that is more
accessible for minority and Indigenous
students compared with traditional lec-
tures. These inspiring success stories
highlight the potential of Indigenous
research in computer science.

By incorporating social elements
and allowing the students to compare
their progress in a nontraditional for-
mat, such as through scores in lead-
erboards, gamification in educational
applications motivates the users to
learn the content effectively with min-
imal supervision from the instruc-
tor. One notable example in language
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acquisition is Duolingo,'” which also
includes language sessions in Indig-
enous languages such as Navajo and
Hawaiian (Olelo Hawai‘i).

Research cautions us of the adverse
learning outcomes of game-based
learning’® and gamification in educa-
tion, including loss of performance,
undesired behaviors due to bad plan-
ning of the game, indifference to the
game due to lack of personal connec-
tion,and declining effect due to gradual
loss of interest in the game.'® There-
fore, we incorporate the game-based
learning approaches in Dnigi with more
focus on the content with a moderate
amount of game aspects to increase the
curiosity among the students, consid-
ering the best practices in developing
such educational serious games.

METHODS

We developed Dnigi for Alaska Native
heritage as a Python-based open source
application. Its source code can be found
at https://github.com/XinyueZhang-Ada/
Dnigi. Our development strategy aims
for eventual adoption and contributions
(both on content and software) from the
user and developer community in and
outside Alaska.

Alaskaisavastland with many dis-
tinct Native languages and Indigenous
peoples. Dnigi is a map-based game
that directs the player to the Dena'ina
land on its map of Alaska. We define
Dena’ina Elnena asthe “treasure place”
in Dnigi, where the players have to use
their avatar to find the Dena'ina land
and then move around and learn about
places, language, and culture. Explor-
ing Dena’ina allows the players to score
points. Dnigi contains detailed insights
into the Dena'ina language and land
while providing a global overview of
the diverse Alaskan culture and her-
itage. Using the location of an avatar

that a player can move around on the
map of Alaska in the game, Dnigi chal-
lenges the player to locate and learn
about the sites with specific details
added while providing a summary of
the different tribal lands and linguistic
communities of Alaska. Dnigi presents
the user with a chatbox powered by
machine learning to facilitate learning
about the places in Alaska of signifi-
cant importance to the Alaska Native
people. It evaluates the user’s prog-
ress with quizzes and their successful
exploration of the Dena’ina land. Dnigi
thus applies the edutainment research
findings in designing and developing
a serious game for the Dena’ina lan-
guage and heritage.

We started the implementation by
testing different technical stacks. The
map of Alaskaisa crucial part of Dnigi,
as a place-based serious game. Among
the potential alternatives, Unity based
on C# does not work well with the Leaf-
let-based maps and the large language
model (LLM) application program-
ming interfaces (APIs), which Dnigi
leverages to respond to user queries as
part of the game. Therefore, we chose
Python/Flask combined with Leaflet
and Baidu LLM APIs to extract text from
different Alaska sources online. We
use HTMLS5, JavaScript,and CSS as core
technologies in user interaction. Leaf-
letand Bootstrap framework make our
map display and graphical interface
more friendly to diverse users. We use
JavaScript Ajax to process and trans-
fer the user's interactive information
from the web page. We use Baidu's
Qianfan Model API asthe LLM to inter-
act with users by responding to the
questions they enter through a chat-
like feature incorporated into Dnigi.

The player can press the keyboard
arrows to move the agentup and down,
left and right. The treasure place is in
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the lower middle of the entire plate,
as it is in south-central Alaska, with
the whole map of Alaska covering the
total display area. The players can
also click the LLM agent display in
the game to ask questions, which can
quickly give the player the answers.
The player can also double-click the
search box to view sample questions,
as Figure 1 illustrates. Since this is an
LLM trained by Internet sources, the
answers can be inaccurate or contain
outdated language or discontinued
words for places and communities.
Choosing a question from the drop-
down box will ensure a more accurate
answer as those questions are verified
for accuracy and sensitivity. The mod-
ular nature of the Dnigi architecture
allows its components to be seamlessly
replaced by other alternatives. We will
replace the current LLM feature with
more accurate LLMs when available.
Audio and video elementsarea cru-
cial part of the game narratives. We
curate datasets of publicly available
audio and video materials as part of
Dnigi data. Dena’ina language learning
materials are presented as flashcards
as the player progresses. We incorpo-
rate a local data store (rather than a
cloud or remote repository) into the
application to store the Dena'ina her-
itage and language lessons in audio,
video, and text formats to minimize
the latency caused by retrieving these
materials from remote online sources.

DNIGI USER EXPERIENCE

Entering Dnigi, the first thing that
comes to the player’s attention is a nav-
igation card containing the introduc-
tion, aim, how to play Dnigi, and other
game navigation tips. The Dnigi game
begins when the user clicks the “Start”
button. If the player wants to view
the navigation card again during the

game, they can click an orange round
button prominently and consistently
displayed in the upper left corner, as
Figure 2 illustrates. These buttons
and flashcards are customizable. The
flashcards are available in the local
file system as images and are retrieved
and displayed by the program. We host
minimal data in GitHub due to data
volume. However, locally, the content
can be richer in diverse multimedia
formats. In addition to the local stor-
age functioning as the knowledge
base, Dnigi also fetches content from
freely available online sources.

The main body of Dnigi is a map
of Alaska that can be zoomed in and
out. The blue borders divide differ-
ent Alaska Native areas, each with its
unique Indigenous language and cul-
ture. The player can click on any area
within the light blue area on the map
to see brief Indigenous information for
that area, including language, region,
and cultural family. Figure 3(a) shows

L s

X
‘ Jnput your question...
|
What is the adverse impact of alcoholi...
1 What is the meaning of "Dena'ina Etin... .

What is the Alaska Native Claims Settl...
= What are some traditions of Alaska Na...
What are the epidemic diseases intro...
| How do Alaska Natives hunt bowhead ..

e\ mcai

re Claims Settlement Act (ANCSA)?

~

(b)

some examples of introductions to vari-
ous Alaska Native regions, separated by
the Native language of the area. As Fig-
ure 3(b) depicts, Dnigi will prompt the
player to find the treasure place when
the agent is moved to the Dena’ina
area. We primarily used publicly avail-
able data on Dena’ina heritage and
language, including the names of the
places in the Dena'ina language. How-
ever, this location-based discovery can
be expanded with more custom data.

A prominent blue button is avail-
able for the player to click, displaying
five buttons as Figure 3(b) illustrates.
Clicking the first four of these five
buttons will present detailed infor-
mation on the Dena’ina language
and heritage in various formats, as
Figure 4 shows. The last of the five
buttons is the “Test” button, which
provides the quiz functionality when
clicked. Thus, Dnigi quizzes the
player to evaluate how much Dena’ina
knowledge they have acquired.

My Answer: The Alaska Native Claims Settlement Act
(ANCSA) is a United States federal law that was passed
in 1971. This act was designed to resolve the long-
standing land claims issue between the United States
government and Alaska's indigenous people (i.e., Alaska
Natives), known as Alaska Native Corporation
shareholders or just Native Corporations.

The ANCSA addressed the land ownership and
compensation issues between the two parties, allowing
Alaska Natives to become beneficiaries of certain
economic and social development projects in Alaska. It
also established a mechanism for the transfer of land
ownership rights to Alaska Natives, through the creation
of a special class of corporations called "Native
Corporations" or "Alaska Regional Corporation".

These Native Corporations were set up to represent and
benefit the interests of Alaska's native communities.
They were authorized to hold title to a specific area of
land and could manage, develop, and benefit from that
land's resources. The ANCSA also provided a process
for compensation for Alaska Natives who had been
dispossessed of their land through past government
policies.

In summary, the Alaska Native Claims Settlement Act
was a comprehensive piece of legislation that addressed
land ownership and compensation issues between the
United States government and Alaska's indigenous
people, and established a mechanism for the transfer of
land ownership rights through the creation of Native

Corporations. \
-l

FIGURE 1. Ask the LLM agent questions. (a) Sample questions shown in the dropdown
box. (b) Choose a guestion. (c) Get the answers.
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Figure 4(a) shows the introduction.
This gives the player a brief intro-
duction to Dena'ina, inspiring the
user to continue playing. Figure 4(b)
displays some interesting videos about
the Dena’ina language and the rich
Dena’ina heritage. Figure 4(c) con-
tains several audios in the Dena’ina
language or about the Dena’ina heri-
tage, including details about Indige-
nous place namesin the Dena’'inaland.
The player can pause and loop these
audios according to their preferences.
Figure 4(d) shows flashcards as learn-
ing aids for the Dena’ina language.

The representative flashcard shown in
Figure 4(d) is the Dena’'ina alphabet. It
contains sample words for each letter
in Dena'ina, along with their English
translations and pictures for the word,
making it easier for the player to
remember. The flashcards are stored
inthelocal data store. More flashcards
can be added to expand on the game
content as we find, create, digitize,
record, and curate the language and
heritage materials.
Aclickonthelast(thatis, rightmost)
button, “Test,” as shown in Figure 3(b),
brings a small quiz for the player to

¥ Welcome to Dnigi &

@ Introduction

« Drigi, meaning "moose® ‘¥ in Dena'ina, refers to a key animal in Alaska. The moose is a
cultural symbol for Indigenous peoples and plays an important role in the ecosystem.

i Aim

« We are a game of sharing knowledge about indigenous heritage. Let's find the Denafina

area and unlock the treasure of Dena'inal

# Guide

« You can press the arrows to move the agent. (The Denatina area is in the lower middle of

the entire plate)

« You can click the agent to ask your questions. (If you don't know the specific questions,
double-click the search box to view sample questions.)

« There is a small test after the learning process.

. Tips

« You can click on any of the blue areas on the map to view the language information of

different sections.

START

C ompos

7

Welcome! You can press the arrows to move
met And click me if you want to ask questions.

st =

victoria
Isfand

o

= Leafiet| © OpensStrestiiep

FIGURE 2. The navigation card and a first look at the Dnigi prototype.
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evaluate what they have learned about
the Dena’ina language and heritage
from the flashcards, videos, and audio
recordings. The quiz opensup a display
with questions, as Figure 5 illustrates.
The test process is straightforward.
As shown in Figure 5(a), the game will
prompt a warning message when the
player does not choose any answers.
Figure 5(b) shows how the answer is
selected. After the player selects all
the answers, Dnigi gives a result card
with green font indicating the correct
answer and red font indicating that the
answer chosen by the player is wrong
and shows the number of correct
answers and the total number of ques-
tions, as shown in Figure 5(c). The quiz-
zes and scores encourage the players to
collect higher points.

If the player wants to repeat the
quiz, they can click the blue “Restart
Quiz” button below or click the “Close”
button in the upper right corner to
return. The displayed questions are
chosen from a collection, and the order
of the questions is randomized. This
randomization ensures the quiz mea-
sures the player's level of knowledge
rather than their ability to memorize
and remember the position/letter of
the correct answer.

DISCUSSION

Serious games have been leveraged
in culture revitalization and preser-
vation research across languages and
communities. Taiwanese Indigenous
heritage has been shared through
Papakwaqa, a serious game that pres-
ents the language and culture of the
Atayal tribe.* Papakwaqa has a data
tier, a logic tier, and a presentation
tier. How Dnigi curates and presents its
content is comparable to Papakwaqa.
Taiwan also has the greatest diver-
sity among Oceanic language groups,
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similar to the diversity of Alaska.
Papakwaqa contains a rich set of con-
tent with 2D and 3D visuals, aiming to
be a learning aid for school students.
WhiteStone,> an interactive projection
device designed based on Qiang epics,
uses and evaluates serious games for
the Qianglanguage and culture. Qiang
does not have a written format. As a
language and culture passed through
generations orally, a serious game may
not be able to adopt all the features of
knowledge transfer available to lan-
guages with written text. WhiteStone
has to cater to these additional chal-
lenges that did not apply to Dnigi.

Alaska Native communities con-
tinue to display courage and resil-
ience, which are also reflected in the
applications developed by Alaska
Natives. Never Alone is an Alaska
Native game that highlights the resil-
ience of the Alaska Native commu-
nities.?® Never Alone uses Ifdupiaq
storytellers to share the story of the
main character and her pet fox as they
go on an adventure consisting of bliz-
zards, an adversary, and supporting
spirits from nature. Through an inter-
active and engaging game visual and
flow, Never Alone aims to educate the
players about the Alaska Native her-
itage and perspectives without over-
whelming them with content. These
previous works have inspired us in the
development of Dnigi as a serious game
on Alaska Native history and heritage,
with a focus on the Dena’ina language
and community.

We built Dnigi as a proof of con-
cept with coauthors from diverse
communities. Slawson is a Dena'ina
from Tyonek, AK, USA. Williams is a
Tlingit from Tikahtnu, AK, USA. Slaw-
son teaches the Dena’ina language to
undergraduate students at the Univer-
sity of Alaska Anchorage. Her original

Dena’ina content provided flashcards
to test the game locally. Williams is
the chair of the Department of Alaska
Native Studies. Zhang is a Manchu
from Tangshan, China. Manchu is a
critically endangered language, a state
it shares with Alaskan Native lan-
guages such as Dena’ina and Tlingit.
We bring our perspectives and living
experiences into implementing Dnigi
based on research by the Indigenous
education community and wisdom
shared by Alaska Native elders.

Dnigi can be used in Alaska Native
heritage introductory courses. Effi-
ciency in using the program as a learn-
ing aid in classrooms needs further
evaluation based on student engage-
ment, satisfaction (which can be mea-
sured through semester-end faculty
evaluation surveys), and success (mea-
sured by comparing the student grades
across the years, before and after using
Dnigi as a learning aid). Due to its mod-
ular architecture, Dnigi can also be used
in similar courses across different cul-
tures and languages when the program

source code is modified for various
places and languages and incorporat-
ing the appropriate local content onlan-
guage and heritage after verifying the
content accuracy with the respective
Native elders. Such heritage awareness
can include artistic/archaeological and
architectural/natural heritages. Thus,
the knowledge base can continue to
expand to cater to such vast and diverse
knowledge bases.

As future work, we envision a
more extensive collaboration with
the Alaska Native elders, bringing
their firsthand opinions as an elders’
council. We will curate and incorpo-
rate additional sites and flashcards
in future versions of Dnigi as we learn
and understand the heritage more
from the culture bearers. The elders’
council will ensure that the cultural
sensitivity and heritage are accurately
illustrated in Dnigi before releasing
the complete application with its data
for public use or use in classrooms. We
currently limit the “treasure place”
to the Dena’ina land. While we could

1 V\_\,\ I

Language: Koyukon

Language: Tanana < X

Language: Inupiaq

Country: Alaska Country: Alaska
= Country: Alaska Famay
Family: Athabascan H
L f Famiy:Ahabascal \ Family: Inuit-Yupik-Aleut
- e Wy o Gl N

T ANCSR

S .

L)

o

Finding the treasure about Dena’ina!

Click

(b)

Alphabet

FIGURE 3. The Dnigi experience: (a) Examples of Alaska Native area introduction. (b)

Exploring Alaska with Dnigi.
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Videos of Dena'ina X

Introduction of Dena'ina X

Dena'ina (Tanaina), the Athabascan language of the Cook Inlet
area, has four dialects -- on the Kenai Peninsula, in Upper Inlet
area above Anchorage, and in coastal and inland areas on the
west side of Cook Inlet. Dena'ina is the only Alaska Athabascan
language to be spoken in a coastal environment, and it is the
only Alaska Athabascan language spoken on both sides of the
Alaska Range.

@ Lo

Audios of Dena'ina X

Alphabet of Dena'ina X

Dena’ina Sound System
by Donita L Slawson 6.2023

Ch= Chick'ish = Hat | C'< matin= Cub | 0= Datla'a =8 eage | D1 = Do = Mause | D= Doigi = Monse | 2= Duabn = 50cems

AN

[

“ u.souM

(2 share

£~ Lna = Mommy

K= n | XK .

u
5 =S =Star | Sl = Sham = Sum
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Q= Qelun = 10

10

hsagad : E oy T g oo | T = e =
@ Dena'ina Language Institute - Goodbye - Q'u ugha » 203
(@)ena'ina Language Institute - Hello - Idahdi » 209
Teramaane | 2
P

FIGURE 4. The first four parts of the Dena’ina treasure: (a) introduction, (b) videos, (c) audios, and (d) flashcards.

A small test Acsiall taat «| expand the treasure place to cover
the entirety of Alaska, that would be a
Q1: What does the Dena'ina word 'chin'an' mean? Si nificant undertakin (on curatin
A Thank you Review Your Answers gl 1 A § ton e &
OB. Hello Q1: What does the Dena'ina word 'chin'an' mean? Cl_l tural content and materials Irom
OC. Goodbye A. Thank you diverse languages rather than the pro-
Please select an answer. #B. Hello . ,
& B gramming challenges) due to Alaska’s
(a) m Q2: What does the Dena'ina word 'Nuch'en' mean? I‘lCh CUItural and hnguwtlc leGI‘Slty.
A. Water We leave it as a vision for the future.
*B. Bear .
A small test C. sky We consider the current LLM fea-
Q3: Which of the following is a Dena'ina greeting? ture to show the potential for an LLM
Q1: What does the Dena'ina word 'chin‘an' mean? »A. Tsin'aen : : . s
5 o 1ntegrat.1on in D1.ugl rather than. as
OA Th:“"”” C. Igalyuu authentic or precise source material,
OB. Hello . .
@C. Goodbye Your Score: 1/3 given the nature of LLMs to provide
inaccurate and incomplete responses
(b) (C) based on the data they are trained on.

In future iterations, we propose to use
specific datasets curated locally and
train our own LLM for accurate and

FIGURE 5. A small quiz to evaluate student learning. (a) A question. (b) The player selects
an answer. (c) The quiz is graded, indicating the right (green) and wrong (red) answers.
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more culturally sensitive responses
from the LLM agent.

e propose incorporating aug-

mented reality to identify

the player's current loca-
tion and include those location-spe-
cific details in the map as the player
moves. In this first version, we built
Dnigi as a web-based serious game
application. We propose to extend
it to a mobile game application that
can be deployed on smartphones and
VR headsets, which could then better
utilize the user's real-time location,

in addition to the current approach
of moving an avatar to simulate their
location in a virtual exploration style.
Such expansion would then provide
players with an immersive experience
in exploring their surroundings in an
augmented reality style. Additional lay-
ers of rewards and levels can be incor-
porated, although the current version
is minimal, focusing on the content
and extensible architecture rather
than arich gaming experience.
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