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21st Century Tools for Indigenous 
Languages Partnership Project

• http://altlab.ualberta.ca
• https://21c.tools/  

– MESC is one of the two spearhead language community partners

• Developing “low-hanging fruit” software for Indigenous languages 
– (1) intelligent electronic dictionaries (I-DICT)
– (2) intelligent databases of spoken recordings and written texts (easily 

searchable, linguistically analyzed)
– (3) intelligent keyboards and spell-checkers (+ grammar-checkers), and
– (4) intelligent computer-aided language learning applications (ICALL)

• Intelligent → 
– make use of language technology
– to deal with the complex word structure

http://altlab.ualberta.ca/
https://21c.tools/
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Morphological intelligence – rich word structure 
(English vs. Plains Cree)

• see
– sees
– saw
– seen
– seeing

– I see Ø🡪 I see it 🡪 I see him/her

• wâpiw ‘s/he sees Ø’
• wâpahtam ‘s/he sees it’
• wâpamêw ‘s/he see him/her’

– kiwâpamin ‘You [one] see me’
– ê-wâpamiyan ‘You [one] see me’
– kiwâpaminân ‘You [one] see us’
– ê-wâpamiyâhk ‘You [one] see us’
– kiwâpaminâwâw ‘You all see me’
– ê-wâpamiyêk ‘You all see me’
– kiwâpaminân ‘You all see us’
– ê-wâpamiyâhk ‘You all see us

…

– and up to 500 other core forms
– plus thousands more complex forms (with 1-N 

preverbs)

• pê-wâpamêw ‘s/he comes and sees him/her
• nikî-nitawi-wâpamâw ‘I went and saw him/her

…



Morphological intelligence – rich word structure 
(Plains Cree)

ispîhk kâ-kî-awâsisîwiyân nikî-nitawi-kiskinwahamâkosin ohpimê 
nitiskonikanihk ohci. kistapinânihk mâna kâ-kî-nitawi-kiskinwahamâkosiyân, 
êkota Residential School ê-kî-itohtahikawiyân. mistahi mâna 
nikî-kitimâkihikawinân, mâka namôya êwako niwî-âtotên, niwî-âcimâwak 
nîci-kitimâkisak, nîci-okiskinwahamâkanak.

ᐃᐢᐲᕽ   ᑳ ᑮ ᐊᐚᓯᓰᐏᔮᐣ   ᓂᑮ ᓂᑕᐏ  
ᑭᐢᑭᓌᐦᐊᒫᑯᓯᐣ   ᐅᐦᐱᒣ   ᓂᑎᐢᑯᓂᑲᓂᕽ   ᐅᐦᒋ᙮  ᑭᐢᑕᐱᓈᓂᕽ   ᒫᓇ ᑳ ᑮ 
ᓂᑕᐏ  ᑭᐢᑭᓌᐦᐊᒫᑯᓯᔮᐣ ,  ᐃᑯᑕ  Residential School ᐁ ᑮ ᐃᑐᐦᑕᐦᐃᑲᐏᔮᐣ᙮    ᒥᐢᑕᐦᐃ  ᒫᓇ 
ᓂᑮ ᑭᑎᒫᑭᐦᐃᑲᐏᓈᐣ ,  ᒫᑲ  ᓇᒨᔭ  ᐁᐘᑯ  ᓂᐑ ᐋᑐᑌᐣ ,  ᓂᐑ ᐋᒋᒫᐘᐠ   ᓃᒋ 
ᑭᑎᒫᑭᓴᐠ ,  ᓃᒋ ᐅᑭᐢᑭᓌᐦᐊᒫᑲᓇᐠ ᙮

● Entries (particles/base-forms) in known Cree dictionaries: 10/21 (47.6%)
● Inflected word-forms in cells in extended paradigms: 9/21 (42.8%)
● Inflected word-forms not in extended paradigms: 2/21 (9.5%)
● Without a computational model, 11/21 (52.3%) word-forms would not be 

recognized.

Dog Biscuits (Plains Cree / Y-dialect), by Solomon Ratt
Cree Literacy Network: https://creeliteracy.org/2014/01/20/dog-biscuits-y-dialect-with-audio/ 

https://creeliteracy.org/2014/01/20/dog-biscuits-y-dialect-with-audio/


itwêwina – Intelligent on-line Plains Cree 
dictionary – key features

• Ready to use on-line ← continued feedback needed from 
instructors, learners, and others
– URL: http://itwewina.altlab.app/
– intended to replace the current on-line Cree Dictionary: 

creedictionary.com 

• Computational model of Cree
– comprehensive treatment of the complex structure of Cree words

• recognizing any Cree word forms
• generating inflectional paradigms for Cree entries

– based on Wolvengrey’s Cree : Words / nêhiyawêwin : itwêwina 
(CW)

• Multiple dictionary and audio sources
– Maskwacîs Cree Dictionary (9k entries)
– Cree : Words / nêhiyawêwin : itwêwina (Wolvengrey: 31k+ entries)
– Alberta Elders' Dictionary of Cree (10k entries)

• Multiple spoken Cree dialects (gradual expansion)
– Maskwacîs ← Spoken Dictionary of Maskwacîs Cree (20+k entries)
– môswacîhk ← Jean Okimâsis (Great Bear FN, SK) (1+k entries)

http://itwewina.altlab.app/


Identifying expectations – Part 0

← Language instructors, feedback sessions, CILLDI 
courses delivered in 2020, feedback emails
→ simple, but extendible app

• Automatic handling of both Cree and English as 
search language

• Showing only most essential core information first
– But full lexicographical and other details easily accessible

• Plain (English) terminology as primary
– But linguistic terminology/analysis easily accessible



Identifying expectations – Part 1

• Facebook: nêhiyawêwin word of the day – what 
linguistic help do people ask for?
– Cree naming

• What is the Cree word for X (English concept)?

– Cree phrases
• How does one say X (English phrase) in Cree?

– Cree syllabics
• How does one write X (Cree word) in Cree syllabics?

– Cree pronunciation
• How does one say X (Cree word) in Cree?

– Cree-to-English translation
• What does X (Cree word) mean in English?



Identifying expectations – Part 2

• On-line dictionary as a language 
learning/instruction tool
– Cree word building

• What are little Cree words made up of?

• Meeting the needs and expectations of multiple 
user communities

– Spoken examples through spoken paradigms

– Supporting community identity

– Configurability → Enabling different features for 
different user groups



What is the Cree word for X?
Part 1

• multi-word searches

• “missing” rare words

• synonyms



itwêwina landing page, for initiating searches with Cree/English words 



Searching with a multi-word expression: work together



Searching with the corresponding single word: co-operate



Searching with a rarer/synonymous word not in the English definitions: collaborate



Searching with a rarer/synonymous word not in the English definitions: collaborate



What is behind these search results?

• Using multiple criteria to rank the relevance of the Cree 
dictionary entries in the search results
– edit-distance

– occurrence in glossaries of introductory Cree textbooks

– corpus-based frequency in Cree corpora

– morpheme frequency in Cree dictionaries

– user survey of relevance ranking of search results

• English search: semantic vectors (trained on huge English 
corpora with billions of words ← Google News Corpus)
– applied to English search words, and

– English definitions



What is the Cree word for X?
Part 2

Search within English sense 
networks



Choosing English sense search in the settings



Results show all entries that have been classified under the WordNet sense: 
collaborate, cooperate



This WordNet entry – collaborate, cooperate – has only one single sense.



English sense search is more useful when an English word has many senses, e.g.: see



English sense search is more useful when an English word has many senses, e.g.: see



English sense search is more useful when an English word has many senses, e.g.: see



English sense search is more useful when an English word has many senses, e.g.: see



Opening up the tenth and last sense: see, examine ~ observe, check out, and look 
over carefully or inspect



WordNet (WN) is a lexical database of English with the entries organized by senses 
(meanings) into synonym sets (synsets) and a network of their hypernyms (more general 
senses) and hyponyms (more specific senses). WordNet contains 117,000 synsets.



Looking up an English word see and its senses in ALTLab's copy of WordNet (WN) 
– available at: https://wordnet.altlab.dev/.

https://wordnet.altlab.dev/


Going back to the first sense: see
The English sense groupings are organized by English corpus frequency
Within the English senses, the Cree entries are ranked by Cree corpus frequency.
For each English  sense, its definition from WordNet is shown, as well as part-of-speech.



Other information shown for every entry: (A) the linguistic features of the entry.
Multiple labeling alternatives can be chosen from: 1) plain English, 2) plain Cree 
(nêhiyawêwin), and 3) linguistic.



Other information shown for every entry: (B) the semantic classes of the entry
Two semantic networks are used: 1) RapidWords and 2) WordNet.



Other information shown for every entry: (C) the major argument class of the entry.
Possibilities are: Animate/Inanimate nouns (NA  / NI 💧), Dependent 
Animate/Inanimate nouns (NDA 👤/ NDI 👤💧), Inanimate/Animate Intransitive Verbs 
(VII 💧➡ / VAI ➡), and Transitive Inanimate/Animate Verbs (VTI ➡💧/VTA 
➡), and Particles (IPC ⚡).



Other information shown for every entry: (D) the inflectional class of the entry
Three wordings are provided: 1-2) Example word (Cree/English) and 3) Linguistic code.



Other information shown for every entry: (E) the stem(s) of the entry.
For verbs, only one stem is shown.



Other information shown for every entry: (E) the stem(s) of the entry
For nouns, two stems can be shown: 1) Non-possessed and 2) Possessed.



How do I say X in Cree? – Part 1

• Matching simple English phrases 
directly with most frequent/central 
Cree word-forms



Searching with an English multi-word phrase: I see you / I saw you all

Click 
headword 
for 
paradigms 
and other 
information
.



Searching with an English multi-word phrase: I see you / I saw you all



Searching with an English multi-word phrase: I see you



Changing the paradigm labeling to nêhiyawêwin (Cree)



Searching with an English multi-word phrase: I see you

Click a Cree 
word in a 
paradigm 
cell for its 
rough 
English 
translation.



Looking up an inflected word-form in the paradigm (choosing Show more forms):
see + Past + I + you (all) → I saw you all

Using the 
headings 
and row 
and column 
labels to 
find the 
correct 
form in the 
paradigms..



How do I say X in Cree? – Part 2

• What is the Cree word-form that 
corresponds to a simple English phrase?

• Is there a better solution than paradigm 
lookup?



Looking up a simple English phrase: I saw you → kikî-wâpamitin 



Looking up another simple English phrase: when I see you all → wâpamitako 



Looking up another simple English phrase: for me to see them → ka-wâpamakik 



Looking up another simple English phrase:
let you and us to see them (now) → wâpamâtânik 



How is this achieved?

• A computational model for the analysis of 
simple English phrases

• These are matched with the Cree word-forms 
in the full paradigms



How is this functionality selected? → Settings





Simple English phrase translation (coverage)

● Verb phrases
○ Subject

■ first/second/third person singular/plural/obviative, 
unspecified

○ Object
■ first/second/third person singular/plural/obviative, 

unspecified
○ Tense/aspect

■ Present, Past (kî-)
■ Future Definite (ka-)
■ Future Intentional (wî-)
■ Future Conditional, Infinitive/Irrealis (ka-/ta- + Conjunct),
■ Imperative (Immediate)
■ Imperative (Delayed)



Simple English phrase translation (coverage)

● Verb phrases
○ Actor

■ I, you, he, she, it, we, you and we, you all, they, 
another/others, someone/people

○ Goal
■ me, you, him, her, it, us, you and us, you all, them, 

another/others, someone/people
○ Time/completion

■ something happens now / someone does something now
■ s.t. happened / s.o. did s.t. earlier (kî-)
■ s.t. will certainly happen / s.o. will certainly do s.t. (ka-)
■ s.t. is going to happen / s.o. is going to do s.t. (wî-)
■ when s.t. happens / when s.o. does s.t.
■ for s.t. to happen / for s.o. to do s.t. (ka-/ta- + Conjunct),
■ let s.o. do s.t. now
■ let s.o. do s.t. later



Simple English phrase translation (coverage)

● Noun phrases
○ Non-possessed

■ singular, plural, obviative, locative

○ Possessed
■ Possessor: first/second/third person 

singular/plural/obviative, unspecified
■ singular, plural, obviative, locative, (distributive)



Simple English phrase translation (coverage)

● Noun phrases
○ Non-possessed

■ one (a/an), many, further, in/on/to

○ Possessed
■ "Owner": my, your, his, her, its, our, your and our, 

your, their, someone's/people's
■ one (a/an), many, further, in/on/to, (among)



How do I write X in Cree 
syllabics?



Choosing (5) Western Cree syllabics as the display orthography for the Cree content.
Other major alternatives: (1-2) Standard Roman Orthography (SRO) with circumflexes for 
long vowels <â,ê,î,ô> vs. (3-4) SRO with macrons for long vowels <ā,ē,ī,ō>
Other minor alternatives: (2/4) SRO with <ý> for Plains Cree /j/ (<y>) sound corresponding to 
Woods Cree /ð/ (<th>) vs. (1/3) for SRO without such a distinction.



Choosing Western Cree syllabics as the display orthography for the Cree content.
With any selection of display orthography, Cree search words written in any of 
the other orthographies will continue to work.



Choosing Western Cree syllabics as the display orthography for the Cree content.
Then, syllabics are also used in the paradigms.



Choosing Western Cree syllabics as the display orthography for the Cree content.
If one changes the paradigm labels to Cree, those are also shown in syllabics.



How do I SAY X in Cree?



Minimal pairs 
– one can 
check this by 
listening to the 
audio 
accessible via 
the speaker 
icon:



Selecting among speakers for their recordings. One can click the link to learn 
more about the selected speaker.



Looking up the speaker page for Jerry Roasting (Maskwacîs)



Looking up the speaker page for Jerry Roasting (Maskwacîs)





How is Cree spoken?

More audio:
Spoken Paradigms



Related 
word-forms for 
sâkahikan with 
recordings 
(marked with 
speaker icon).

Related 
word-forms for 
sâkahikan 
which have 
been observed 
in texts in 
boldface.



Where to all these recordings come 
from? ← Spoken Dictionary of 
Maskwacîs Cree:
https://speech-db.altlab.app 

https://speech-db.altlab.app/


What does X (Cree) mean (in 
English)?

• Providing a simple English phrase 
as a translation, rather than a 
linguistic analysis



Looking up the relatively common Cree word-form: nikî-wâpamâw
The English definitions are manipulated to match the Cree word 
form: nikî-wâpamâw → I saw him/her, …



Swapping the presentation of linguistic features to: linguistic labels



Swapping the presentation of linguistic features to: plain 
nêhiyawêwin (Cree) labels



For more complex Cree word-forms: nikî-nitawi-wâpamâw → only pop-up analysis available



How is this achieved?

• Linguistic analyses for Cree word-forms are 
used to computationally generate 
corresponding simple English phrases



What parts are Cree words made 
up of?

Morphemes and their boundaries











Configurability → Settings
Can I choose the dictionary source or 

speech community?





Configurability → Settings
Can I choose my preferred format for 

how information is shown?











Questions?
Comments!
Feedback?

Application: https://itwewina.altlab.app/
New features: https://itwewina.altlab.dev/

Instructions: https://altlab.ualberta.ca/itwewina/ 
Feedback: https://itwewina.altlab.dev/feedback

Source code: 
https://github.com/UAlbertaALTLab/morphodict/ 

https://itwewina.altlab.app/
https://itwewina.altlab.app/
https://altlab.ualberta.ca/itwewina/
https://docs.google.com/forms/d/e/1FAIpQLSdsBPVPoadoRQEV9ZRKAHbHgolFtmvjWnfpZZYCvX-n2EFwZg/viewform
https://github.com/UAlbertaALTLab/morphodict


Speech-DB
Spoken Dictionary of Maskwacîs 

Cree

speech-db.altlab.app

speech-db.altlab.app/maskwacis/entries

https://speech-db.altlab.app
https://speech-db.altlab.app/maskwacis/entries


Speech-DB has data from multiple languages and dialects. Here, we choose 
Plains Cree as spoken in Maskwacîs, Alberta.



The semantic class selection field allows for selecting sets of words/phrases 
organized according the the RapidWords (RW) semantic domains.



The first number indicates how many entries have been classified under this (terminal) RW 
category (1.1.3.4 Snow, ice: 56). For a more general categories, the second number indicates 
how many entries have been classified in all the subordinate classes (1.3.3 Weather: 199).



Selecting 1.1.3.4 Snow, ice gives us 56 entries (which may be individual words, 
short phrases or example sentences) related to this RW semantic domain.



The 56 entries for 1.1.3.4 Snow, ice: 56 are grouped into 12 pages, with upto 5 
entries per each page.



The Advanced Search button takes to a page where one can search the contents 
according to multiple criteria.



Vocabulary Explorer
for Plains Cree

vocabulary.altlab.dev

https://vocabulary.altlab.dev


Clicking on the
network icon
opens a pop-up with 
the semantic 
classes/domains 
(RapidWords [RW] 
and WordNet [WN]) 
linked to an entry.

Clicking on an RW or 
WN link transfers to 
the Vocabulary 
Explorer.



Clicking on the
network icon
opens a pop-up with 
the semantic 
classes/domains 
(RapidWords [RW] 
and WordNet [WN]) 
linked to an entry.

Clicking on an RW or 
WN link transfers to 
the Vocabulary 
Explorer.



Clicking on a Cree entry 
transfers back to 
itwêwina.

Navigating down the 
semantic network.

For every RW domain, its sibling, aunt, and daughter domains are provided, 
when applicable.



Navigating further 
down the semantic 
network.

Clicking on a Cree entry 
transfers back to 
itwêwina.



Navigating even 
further down the 
semantic network.

Clicking on a Cree entry 
transfers back to 
itwêwina.



RapidWords (RW): a hierarchical network for close to 1800 semantic domains.



RapidWords (RW): semantic domains related to "lake".



RapidWords (RW): English prompt words and elicitation questions for RW 
category 1.3.1.1 Ocean, Lake.



RapidWords (RW) topics for school subjects – astronomy: 1.1.1 Sun.



RapidWords (RW) topics for school subjects – biology: 1.5 Plant, 1.6 Animal, 
2.1 Body.



RapidWords (RW) topics for school subjects – geography: 1.3 Water.



RapidWords (RW) topics for school subjects – chemistry/physics: 1.2.3 Solid, 
liquid, gas, 1.2.2 Substance, matter.



RapidWords (RW) topics for school subjects – social sciences: 4.5 Authority, 4.6 
Government, 4.7 Law.



RapidWords (RW) topics for school subjects – literature: 3.5.4 Story.



Korp: text collection
for Cree

korp.altlab.app (Production)

korp.altlab.dev (Development)

https://korp.altlab.app
https://korp.altlab.dev


Clicking on the
book stack icon transfers 
to the Korp Text 
Collection.

Clicking on the 
word-form gives the 
occurrences of the 
word-form in question.

Clicking on the
main entry (lemma) gives 
the occurrences of 
word-forms related to the 
lemma.



For Cree, Korp includes three 
subcollections, of which we 

choose two.



By default, Korp shows the search results with Key Word in Context (KWIC) format.



The searched word is shown with 
context. Each word is provided 
with a linguistic analysis, lemma, 
and translation of the lemma.

A translation 
for the entire 
sentence is 
provided, if 
available.



The searched word is shown with 
context. Each word is provided 
with a linguistic analysis, lemma, 
and translation of the lemma.

Audio for the 
entire sentence 
context can be 
played, if 
available.
Clicking on the 
audio takes to 
Speech-DB.



Speech-DB 
provides 

recordings by 
more speakers, 
when available.



Thank you – ay hay – kiitos!

Questions? Comments! Feedback?

itwêwina (production): https://itwewina.altlab.app/
itwêwina (development version with new features): https://itwewina.altlab.dev/

itwêwina (instructions): https://altlab.ualberta.ca/itwewina/ 

Feedback: https://itwewina.altlab.dev/feedback

Vocabulary explorer: https://vocabulary.altlab.dev

Speech-DB: https://speech-db.altlab.app 

Korp text collection: https://korp.altlab.app (prod),  https://korp.altab.dev (dev)

Source code: https://github.com/UAlbertaALTLab/morphodict/

ALTLab: https://altlab.ualberta.ca/  

https://itwewina.altlab.app/
https://itwewina.altlab.app/
https://altlab.ualberta.ca/itwewina/
https://docs.google.com/forms/d/e/1FAIpQLSdsBPVPoadoRQEV9ZRKAHbHgolFtmvjWnfpZZYCvX-n2EFwZg/viewform
https://vocabulary.altlab.dev
https://speech-db.altlab.app
https://korp.altlab.app
https://korp.altab.dev
https://github.com/UAlbertaALTLab/morphodict
https://altlab.ualberta.ca/

