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Overview

• Background: 21C / ALTLab
• General desiderata in dictionary search
• Endangered/Indigenous languages in focus
• Dictionaries for endangered vs. endangered languages
• Vector-space search
• Qualitative + Quantitative results
• Next steps
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Goals

• This Partnership project aims at
• supporting the revitalization and sustained daily use
• of multiple Indigenous languages in Canada
• in all spheres of life
• by developing modern language technology
• in partnership with their communities

• Partnership of
• 10 institutions
• 27 individuals
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University + Community Partners + Participants



Partnership: Participants – Languages / 
Communities

• Uralic
– Saami languages à UiT – Arctic University of Norway

• Algonquian
– Plains Cree (Maskwacîs Education Schools Commission) � UAlberta, First Nations 

University, Cree Literacy Network
– Woods Cree à FNUC; UAlberta → Lac La Ronge Indian Band
– Blackfoot à Lethbridge

– Arapaho à Boulder (Colorado, US)
– Algonquian Dictionaries Infrastructure: Odawa, Northern East Cree à Carleton

• Dene
– Tsuut’ina (Tsuut’ina Gunáhà Institute, Tsuut’ina Language Commissioner) à Carleton

– Upper Tanana à USaskatchewan
– Dene Suline UAlberta / USaskatchewan (Tlicho Yatíi)

• Other
– Haida à UAlberta

– Nakoda (Siouan) à UAlberta
– Mohawk (Iroquoian) à National Research Council



Partnership: Participants – Universities
• Alberta (Arppe, Lachler, Thunder)

– Plains Cree (Maskwacîs Education Schools Commission, MESC: Eileen Marthiensen, Rose Makinaw)
– Haida (Haida Guu.suu Society: Lucy Bell)
– Community-instructor training (expanding CILLDI)

• Carleton (Junker, Cox)
– Algonquian Dictionaries Infrastructure � extended functionalities through updated technology
– Tsuut’ina (Tsuut’ina Gunáhà Institute, Office of the Tsuut’ina Language Commissioner: Bruce Starlight)

• Colorado, Boulder (Hulden, Cowell, Palmer)
– Computational Workshops for Indigenous languages (CWILs)
– Arapaho (Algonquian), Siouan

• First Nations University of Canada  (Wolvengrey, Ratt) & University of Saskatchewan (Lovick)
– Extensive documentation work on Plains Cree, Woods Cree, Upper Tanana

• UiT – Arctic University of Norway (Trosterud, Moshagen, Antonsen)
– Saami languages (Giellatekno, Divvun)
– Original Giella development infrastructure

• Language-independent application solutions (on-line dictionaries, spell-checkers, grammar-checkers)

• Wisconsin, Madison (Valentine) & Sudbury (Corbiere)
– Ojibwe/Odawa (Odawa communities: Mary Ann Corbiere, Alan Corbiere)

• Cree Literacy Network (Ogg)
• National Research Council (Kazantseva, Kuhn)

– Support for Canadian infrastructure development
– Mohawk (Iroquoian) school-board connections



Software resources and applications – “low-
hanging fruit” 
• (1) intelligent electronic dictionaries (I-DICT)
• (2) easily searchable, linguistically analyzed databases of spoken 

recordings and written texts
• (3) 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





Useful (on-line) dictionary:

Finding results for all types of words and phrases, 
including fancier and/or rarer or newer words

E.g.
collaborate, procrastinate, cellphone, blackberry, 

nokia

















Useful (on-line) dictionary:

Finding results for compound phrases

E.g.
work together















Useful (on-line) bi-lingual dictionary:

Finding results for all types of words and phrases, 

E.g.
collaborate, procrastinate, cellphone,

work together











Indigenous languages in focus ß North 
America
• Plains Cree (ISO: crk)

• Algonquian
• several thousands of speakers in Alberta, Saskatchewan, and the Canadian Western 

Plains
• Arapaho (ISO: arp)

• Algonquian
• several hundred speakers in Colorado and Wyoming (U.S.)

• Tsuut’ina (ISO: srs)
• Dene
• ~20 speakers in Southern Alberta

• Northern Haida (ISO: hdn)
• Isolate
• <10 speakers in the Haida Gwaii Islands off the coast of British Columbia



Indigenous languages in focus ß North 
America
• Plains Cree (ISO: crk)
• https://itwewina.altlab.app

• Arapaho (ISO: arp)
• https://nihiitono.altlab.dev

• Tsuut’ina (ISO: srs)
• https://gunaha.altlab.dev

• Northern Haida (ISO: hdn)
• https://guusaaw.altlab.dev

https://itwewina.altlab.app/
https://nihiitono.altlab.dev/
https://gunaha.altlab.dev/
https://guusaaw.altlab.dev/


Plains Cree
Tsuut’ina

Arapaho

Northern
Haida



Bilingual dictionaries for Indigenous 
languages (to English)
• Plains Cree / nêhiyawêwin ß Arok Wolvengrey (First Nations U)

• Cree : Words / nêhiyawêwin : itwêwina (CW)
• 23k+ entries
• additional content from Maskwacîs Cree Dictionary (9k entries)

• Arapaho ß Andy Cowell (Colorado, Boulder)
• Arapaho Dictionary
• ~25k entries

• Northern Haida ß Jordan Lachler (UAlberta)
• Dictionary of Alaskan Haida
• ~5.5k entries (mostly verbs)

• Tsuut’ina ß Elder Bruce Starlight (Chris Cox) ß Johnny Onespot
• Onespot-Sapir Glossary (OS)
• ~12.5k entries (many inflected wordforms)



Survey of 284 published dictionaries and 
lexical databases (Hieber, 2021)
• mean number of entries per dictionary/language: 5,772
• median number of entries: 4,321
• only 39 sources contain more than 10,000 entries
• only 5 have more than 20,000
• Only 2 sources reach 50 000

entries
• Mundari (Glottocode: mund1320; ISO: unr)
• Marwari (Glottocode: raja1256; ISO: mwr)



Ball-park vocabulary sizes for majority 
language dictionaries
• All-encompassing dictionaries of any word in any register at any time
• 500k+ entries
• Oxford English Dictionary, Svenska Akademiens Ordbok

• Comprehensive dictionaries of essential vocabulary
• 100-200k entries
• Svenska Akademiens Ordlista, Kielitoimiston sanakirja

• Learner’s dictionaries
• 35k+ entries
• Cambridge Learner’s Dictionary of English



Less-resourced/endangered languages

Finding results for rarer or more specialized terms 
is more challenging

E.g.
collaborate, procrastinate, cellphone, blackberry, 

nokia













Even the most frequent English lemmata are not 
always found in the definitions

Any wordforms corresponding to the top lemmata in Corpus of Contemporary American English (COCA)



Missing high frequency English words (all 4 dicts)
Rk(all) Rk(n/v/j/r) WORD

• 168 265 percent
• 206 310 national
• 288 406 policy
• 299 417 data
• 368 494 thanks
• 481 616 international
• 538 680 author
• 595 744 administration
• 632 784 sir
• 644 796 career
• 678 830 candidate
• 696 850 meeting
• 724 882 network
• 727 885 district
• 737 896 theory
• 792 956 reality

R(all) Rk(n/v/j/r) WORD
• 807 971 detail
• 853 1020 Democratic
• 891 1059 politics
• 912 1081 user
• 931 1102 attorney
• 934 1107 budget
• 967 1144 senator
• 977 1155 Senate
• 978 1156 violence
• 991 1171 civil
• 1009 1190 institution
• 1666 1872 review
• 2442 2674 professional
• 4280 4559 left
• 4636 4925 campaign

“Missing” words: Government, legislature, and finance + modern technology + abstract concepts
More specific words such as collaborate or procrastinate are much further down in terms of frequency



Reasons for smaller dictionary sizes

• many documentary projects are limited by time and money
• many indigenous languages also suffer from lexical

attrition ß remaining speakers may simply not
remember as many words as their predecessors once did
• number of lexemes may in fact be smaller than

speakers of major Indo-European languages are used to
• Words may cover a broader semantic field
• Productive derivation based on a smaller number of roots



Challenges for vocabulary/dictionary search

Language-wise
• language may not have a specific term for the concept the user is searching 

for; and
• language has a term for the search query, but no definition exactly matches 

that query.
Lexicography/dictionary-wise
• definitions do not encompass the entirety of the semantic breadth of a 

term
• focus on basic level terms to the exclusion of others
• intentional rather than extensional definitions
• idiomatic meanings might not be explicitly included



(Some) previous solutions

• expanding the search target space words with synonyms
• and possibly with other lexical relations

• restricted to finding a match with the search word(s) and the target 
words (in definitions) via the synonyms
• categorical in nature
• either there is a match or there is not – there are no partial/gradient matches 

when comparing search and target words



Our solution for English-to-X search – pre-
trained embeddings
• make use of pre-trained 300-dimensional word vectors (“embeddings”) 

for English
• word2vec (Mikolov et al. 2011) + Google News corpus ß 100? billion word 

tokens
• 3 million word vectors
• covers many orders of magnitude more central English vocabulary than the set 

of word tokens in the English definitions in any of the dictionaries

• create vectors for all English definitions by averaging the individual 
vectors of all the content words
• create a vector for English search terms similarly
• rank similarity of dictionary entries with search terms based on the 

cosine distance of the associated (aggregate) vectors







Advantages
• works even if there are no shared words between the search terms and the 

definitions
• vectors are compared, not individual words
• requires that at least one search term and at least one word in the definitions must 

be among the GNews vectors
• (almost) “everything” can be compared on a gradient scale
• works with any bilingual dictionary where a less-resourced 

endangered/Indigenous language is paired with a majority language
• for which vector embeddings already exist, or
• can be trained due to available extensive corpora

• semantically similar or related matches are presented alongside more exact 
matches



Results - examples

• osâwastotin: yellow hat
• nîpâmâyâtastotin: purple hat
• astotin: hat, cap, headgear
• osâwêkin: yellow material, yellow cloth
• osâwasâkay: yellow dress, coat

















Results – qualitative à quantitative evaluation

• 26 high-frequency English lemmata not found in any of the 
dictionaries
• top 10 cosine-vector-distance ranked dictionary entries

• Qualitative scales
• high-quality result
• moderate-quality result
• poor result



168 265 percent

nisto-sôniyâs nîso-sôniyâs pêyak-sôniyâs mitâtahto-pîwâpiskos mâmâsîs sôniyâs mihkokwaniy âpihcawês kêkâc kosikwan
206 310 national

pîkaniwiyinînâhk nâtakâm pêyakôskân okimânâhk nâtakâsi- nêhiyawîhtwâwin nahkawiyinînâhk nêhiyawîhtwâw kihci-okimânâhk isiwêpan
288 406 policy

wiyasiwêwin kakêskwêwin oyasiwêwin kwayaskowêwin oyikâpawiwin kwêskasiwêwin kwêskasiwêw manâcimâkan ostêsimâwasinahikan ostêsimâwasinahikan
299 417 data kiskêyihtâsowin kwayaskomiwêwin âcimostâkêwin kiskimanihkêwin itâcimowin tipahaskêw oyakihcikêwin tâsaham kiskiwêhikêmakan mâwasakopêham
481 616 international opîtatowêw nêhiyawi- nêhiyawi- pîtosi- pisiskiw pîtatowêw iyiniw môniyâw nêhiyawi-wîhowin môniyâs
538 680 author

masinahikan nîkânitwêwin kihci-masinahikan nêhiyawasinahikan nêhiyawi-masinahikan otâcimow masinahikêw atâwêsinahikan naspasinahikêw masinahikêwin
595 744 administration kihci-okimâw okimâwiwin maskominânâhtik okimâwikamik cahkâskwêyâw okimânâhk nâtakâsi- nâtakâm kaskitêminâhtik okimâhkâniwiw
644 796 career ispîhtaskîwin kîsatoskêw pimâtisîtotam itâcihow nâtamâkêw pimâtisiwin kakâyawâcihow kiskêyihtam nikamoham kwêskâtisiw
678 830 candidate omawinêhikêw pimipahtâwin nawasônikêwin omawinêskâkêw onawasônikêw nôtinâkan okimâw nawasônikêw nawasôniwêw otâpapîstamâkêw
724 882 network

pamîstâkêwin kosâpahcikan tahkoskêwin têhtahokan âpacihcikan waskawîwin âniskômohcikan pamihiwêwin môniyâw-âpacihcikan ayamâkanis
727 885 district

kihci-ôtênaw ôtênaw kiskinwahamâtowin ôtênâhk ôcênâs
kiskinwahamâkêwikam
ik

kiskinwahamâtôtâpân
âsk âwatawâsiswâkan askiy

kiskinwahamâtowikam
ik

737 896 theory

itêyihtâkan tâpwêhtamowin
kwayaskwêyihtamowi
n manitowêyihtamowin omâyipayihcikêw nâspici-wiyasiwêwin mistakêyimisowin cîsihowin nahêyihtawêyihtam nihtâwêyihtamowin

792 956 reality

tâh-tâpwê tâpwêwin tâpwê tâpwê_êsa kosâpahcikan pawâtaskiw pawâtamowin tâpwêmêw maci-pawâmiw tâpwêmakan
853 1020 Democratic

nawasônikêwin pimipahtâwin owiyasiwêwikimâw onawasônikêw môcikihtâwin mistikomin mistiko-pakân omawinêhikêw tahkiskikêw maskominânâhtik
891 1059 politics

tahkiskikêw mâmiskôtamâkêwin ayamihâwin isîhcikêwin pimâcihowin mâmawinitowin mitêwiwin âhtisîhcikêwin pimipahtâwin nawasônikêwin
912 1081 user

mamâhtâwiyiniw owâpahcikêw onitawâpênikêw sêhkê-atoskêmakan otayamihcikêw sêhkêpayiw masinatahikêwin napopayiw apisîsisiw kâsîpayiw
931 1102 attorney

owiyasiwêw oyasiwêwiyiniw opîkiskwêstamâkêw kakêskihkêmowin owiyasiwêwiw opaminikêw masinahikêsîs onîkânapiw kakêskwêwin okimâsis
934 1107 budget

otinamâsowin mêstinikêwin manisam kwayaskowêwin nâtasinahikanêwin kiskinwahamâtowin kîskisam masinahamâkêwin kaskihkotêw kaskihkocikêw
967 1144 senator

owiyasiwêwikimâw okimâwikamik nimanâcimâkan ayamihêwiyinîwiw iskwêw-atoskêyâkan kihcapiwin apiwin omasinahikêsîsiwiw nôtiskwêwêw ayamihêwiyinîwiwin
977 1155 Senate

owiyasiwêwikimâw mâmawapiwin kwêskasiwêwin maskominânâhtik okimâwikamik
ostêsimâwasinahikêwi
n kihcapiwin ostêsimâwasinahikan apiwin kwêskasiwêw

978 1156 violence

nipahtâkêw misi-maci-tôtamowin otihtinikêw otihtiniwêw ayiwâkêyimowin misiwanâcihcikêwin macâtisiwin otihtinikêwin nipahtâkêskiw macitêhêwin
991 1171 civil

nôtinitowin nôtinikêwin mihkowi- paskêwihitowak manâcimâkan askiy kîspin mâyêyihcikêwin kihci-wîkihtowin oyasiwêwin
1009 1190 institution

ayamihêwihkân kiskinwahamâtowin miscikos okiskinwahamâkan kiskinwahamâkosiwin môniyâwi-ayamihâwin otipêyimisow mâmawinitowin kiskinwahamâkêwin kihcêyiniw
1666 1872 review

oyakihcikêwin itasiwêwin kakwêcihkêmowin oyakihcikêw kanawâpamisowin naspasinahikêwin masinahikan nisitohtamôhiwêwin wiyîhcikêw oyakihtamawêw
2442 2674 professional

nahtâ- pamihiwêwin nihtâ- nôhkom kihcêyihtâkosiw tipiyawê nimosôm kêhtê- nitôskinîkîmis nakacihtamohiwêwin
4636 4925 campaign nawasônikêwin pimipahtâwin âhkamêyimowin pikîhkêkâtam nakasitowak pimohtêskanaw tahkiskikêw konica konita pikonita



168 265 percent
nónou3ó.o cébeenííhi' cébe'einí.ii'óó- bébenéh koh'u- béeséis kóúh'usí- 3eecei'iinoo- 3eecei'iinéíhi- 3eecéí'iinííhi'

206 310 national

ciiskóóhu- wóóhoneníteeno' wóóhoncé'eséítiihíího' wóóhoníitee- céeciisikoohúútooni' bo'óóbe' hííteen níhi'ikoohúuhuu nó'otéíhi- tenéeteexóo3eit
288 406 policy

hóóxuwúut ooxuwuut hiinooxuwu- neyóóxo'éé- héí'tówo.o cííno'onitóot nooxúwuh- bóó'einéécee
béí'icí3einí.ini_héí'itow
óot níi3ooxúwutíí-

299 417 data

níitówo.o héí'itowóot he'íyo.o 3óóko3onkúutii- bíí'eenéet- héí'tóbee- heenéí'towóotííni- cíh'o'wúuse3ó.o 3é.i.íyo.o héí'tówo.o
481 616 international

wóóhoncé'eséítiihíího' wóóhoneníteeno' ni'óeenen kóóxo'uusíínoo'oo' kóóxo'óókuu'óó' hee3éi'o'obee' hotéisóó héneesi- heenéí'o'owúse' nenebnih'oo3oo
538 680 author

hoo3íte.íhii beise'íyei.it beehíiníisitiit wo3ónohéíhiinóó- wo3onohu- woxusenini- wo3ónohé.ihi- ko3éíno3onohó.e wo3onohó.e wóóno3onohó.e
595 744 administration

niinooxuwut nooh'úwunibíis ko'éíno'ó.owu' honíí'onibíis yonóó3onó.uuyoo' hóówoo' biinonoo'óé bóó'einéécee bíis cóó'oo'ee'
644 796 career

heenéecxooyéi'oo' béetóu3e.i- cécinib híwo3onohóéni- húúne'etíit hííne'etíit kó.u3óó- recordyih- cowoxú.uní- béénii'owúúni'
678 830 candidate

bíh'ihóox beseyóótiini- nii3kóóhu- beséyeini- see'etéét niinooxuwut cíito3onohoenee- héénetííhii neecéései níitobéíhii
724 882 network

béí'icí3eiséénook céi3wó.oo
céi3wó.onóooxunééno
'ó.owu' wótotó.ooy woohnóócei.íse' nonooxeihit nooxéíhi' nonoo'oeníh'ohúúnoo'wó3onikúu3o.o béíh'einooko3onohó.e

727 885 district

howóh'ó.owu'
neyéi3e.icebkóóhuu3éi
hii neyéi3e.íno'ó.owu' neyéi3e.iníitobéíhii

niiníitowóoto'_neyei3éí
no'ó.owu' hécesneyéi3éíhii co'ó.uutóu3eibéíhii wóteenííhi' neyéi3e.ínotii neyéi3e.ísei

737 896 theory

yohowóh
hécesneyéi3einíitobéíhi
i heetéetoo hóóxuwúut héí'tówo.o nihíit hééteenííhi' híí3einoonései cenéetéénii'éíhii ciiyó.ootí-

792 956 reality
wó3onikúu3o.o néenéé'owóbee- hiixoohóo3í3e.i- hí3oobéé- héé3neenéé- woxukónee- noní3e'éexu- bébeeyóot kónee- héé3neenóó-

853 1020 Democratic
see'etéét bíh'ihóox beseyóótiini- notíkoníit nii3kóóhu- hixoceib nooh'úwunibíis béesineníteeno' beséyeini- ko'éíno'ó.owu'

891 1059 politics
niicésiskúu3ei.it cííno'onitóot heesííne'etii- neenéisííne'étii- notíkoníit beseyóótiini- béesineníteeno' bíh'ihóox hííne'etíit hóóko'óé-

912 1081 user
hotóonééhii hotóoneehííni- notíi3íye.íhii heeneetoh- bex ce'íbes neyéi3éíhii hookú.u iitee inenitee

931 1102 attorney

nénebe'eebííhii hooxúwuunén hóóxuwúúsei hóóxuwúúhuu tó.ukú3e.íhii wo'ótóu3e.íhii heenéiseinééw- cebkó.ohúú3e.íhii cee'íye.íhii héé3neetóukú3e.íhii
934 1107 budget

hooxúún- yóó3oyó.usíne- neníixó.u'úsi' ciiyó.o hooxúúye.i- yéíno.úh'u- yóó3oyo.úh'u- iixooxuun- néeso.úh'u- kooxésoot_séénookuu
967 1144 senator

bíh'ihóox see'etéét niinooxuwut beníiinései hóówoo' biinonoo'óé béteenih'oo3ó.uni- nééceeniibóoot béteenih'óó3oo ciihóúyeinéétii-
977 1155 Senate

see'etéét bíh'ihóox ciihóúyeinéétii- ko'éíno'ó.owu' yóó3oyó.usíne- neníixó.u'úsi' béí'is beseyóótiini- cé'esbenenííhiiho' bée3eenetíitóóni-
978 1156 violence

wóowóxuh nonóxoo3íhetíit nóxowútoo- 3óo3owó.uyóot hooxonooni- nóxoni- nóó'ooh- hí3kúu3e.íhii nóó'oohéíhii nóónisoo'
991 1171 civil

hooxúwuunén béexóó3etíit tokóokeih'ínee- notíkoníit be'ei'eenini- be'ííni- bóó'einéécee ní'onéébetíit bóó3etiinííhi' bóó3etíit
1009 1190 institution

ko3éínciiyó.ono_níitón
onihéíhiinóú'u tesco'ó.uutóu3éíhii

wo3onohóecé'exó.owu
' wóóhono3ónohú- bénení.iit bení.iinén niinooxuwut tesco'ó.uutóu3eihííni-

cebico'ó.uto.u3éíno'ó.
owu' tesio'ó.uutóu3eibéíhii

1666 1872 review
kokouh'uh- tééceenów- kókoh'óéni- nehyóhonííhi' cooxúwutii- kokóúh'ouh- kokóúh'outíí- kókoh'ó.uhú- kokóúh'o.úhetíit kókoh'óúti-

2442 2674 professional

híwo3onohóéni- nóonoo3itoo-
kóokúnoo'oo-
_(koo'kookunoo'oo?) koto'u- he'éíhi- héeteenebé.ihiinóó- heenéeteenebéíhiinóó-niihéyoo he'íye.íhii notónihe.ísei

4636 4925 campaign
nii3kóóhu- nééhiiw- beseyóótiini- hiicoo'owon- notíkoníit bóó3etíit nonóúhetí- nonóúhetihíhi- nonóúh- nonóúhu-



168 265 percent
kwáadägaa bíid_inuyáa k̲a_dluwíi tʼánsgad_hlgahl ináasdlayaa gu_kúnjuu gud_g̲aadʼagaa hatʼán_ináa súlunang sdahhunáng

206 310 national
nántʼas gyáa_sahl_náa kʼán_gudáng g̲a_g̲asgadáa chalagúng dángyaang tláasalaa ináa_tʼasdliyáa k̲̓ wáalsdliyaa hláalgaa

288 406 policy

k̲éeng_hlangaa da_k̲ʼasdliyáa dáng_xá̲nhlahldayaa giʼuláa sáagaa_tiiyáa x̲aad_k̲ʼaláa x̲ánjuu ki_tlʼagáng dángʼulaa gíihlagahl
299 417 data

kʼwíidayaa stla_kʼwíidayaa kíng_gudáng kʼujgw_k̲aanáa x̲aa_k̲aanáa gangáa ke̲h_kʼwíidayaa hldiingáa xi_kʼwíidayaa sg̲wáagaanaa
481 616 international

X̲aatʼáa Jáabäniigaa Gitʼáwyaadaa húnggangaang kʼáadaa sk̲áanstʼayaa hláalgaa lamduwáa k̲aanáa ʼwáahlayaa
538 680 author ta_k̲ʼáalaang_ʼlaʼáayga

a ta_k̲ʼáalang stʼíi_ké̲eng_ʼlaʼáaygaa sg̲alangáa táwkʼaa_ʼlaʼáaygaa stlʼuwíi kihl_g̲áajuwaa dagwáang lableedgáa kʼaa_ʼlaʼáaygaa
595 744 administration

kʼáadaa ʼláanaa_ʼlaʼáaygaa tajúu hlk̲ʼawáng xu_hlk̲ílgangaang sgaastʼayáa giʼuláa gíiʼadiigaa gyáa_sahl_náa gíiʼadaa
644 796 career

xidid ja_dúu xijuuláang sg̲ánhlahldayaa tla_kw̲iigáa natsʼä_xíldayaa náang_gulgáa stlʼa_skáawnang kúnhliyaa g̲íihldayaa
678 830 candidate

dáalaa_ʼlaʼáaygaa kihl_g̲áajuwaa ʼláanaa_ʼlaʼáaygaa k̲ínyaaw gijgad_k̲ʼáwaang ta_gináng dlasdlä_ʼláa sk̲u_k̲ʼáwaang gyáa_sahl_náa k̲ʼi_k̲ʼáwaang
724 882 network

g̲íihl tla_híldang k̲ʼíiwii sg̲áanuwaa xawíi dabwíi kʼad_kingáang tláasalaa na_sk̲ʼíilaa sgihlʼadáa
727 885 district

ʼláanaa_ʼlaʼáaygaa g̲úngahlgwaay tláasalaa x̲áwtlʼädangaa ʼláanaa_awyáa siináa kʼad_kingáangwaa nántʼas tlʼahlaláa
gin_sk̲ʼatʼadáa_ʼlaʼáay
gaa

737 896 theory
k̲ʼíigangaa x̲aad_dlánsunaa tla_míitsʼangaa áalaa hlkáakʼaa kíl_míitsʼangaa gu_míitsʼangaa k̲éeng_hlangaa kyúu_tláayangaa kihljúu

792 956 reality

kílsiid xa̲_xá̲ngisälang k̲̓ íigangaa kʼah_xá̲ngisälang k̲̓ áangahltʼas
gyaahlándä_sg̲áanuwa
a k̲áastʼayaa x̲aad_dlánsunaa yahkʼiyáa kʼutʼahl

853 1020 Democratic

g̲áwtʼunaa ʼláanaa_ʼlaʼáaygaa k̲aygudʼáang jíidaal kihl_g̲áajuwaa dáng_xá̲nhlahldayaa gíiwaa kʼihlä_tlʼawáansdlayaa kʼihlä_tlʼaawáa k̲éeng_hlangaa
891 1059 politics

x̲aad_k̲ʼaláa kíl_x̲ángisälang k̲éeng_hlangaa dlatʼayáa sáagaa_tiiyáa ináa kihldáang_k̲ʼíisgadaa kʼáadaa hlkwiidayáa hlgáwyaang
912 1081 user

dah níijang x̲áwlaʼiihl gyáa_sg̲áw íihliyaa tlʼastʼä_k̲áahliyaa ʼyáadgaa íitʼajaa x̲aad_k̲ʼaláa gyúuwad
931 1102 attorney

láayaagaa dáalaa_ʼlaʼáaygaa ʼláanaa_ʼlaʼáaygaa stʼíi_k̲éeng_ʼlaʼáaygaa
ta_gíng_kílisälaang_ʼla
ʼáaygaa lableedgáa ja_dáang k̲̓ íijguwaa hlg̲awäyáa ja_dúu

934 1107 budget
sálda_k̲̓ íisdlaahl ʼláanaa_ʼlaʼáaygaa gyáa_sg̲áw bíidgaa gíiʼadiigaa gíiʼadaa bíid_inuyáa k̲ʼidahlgwáay k̲ʼi_hihldayáa tlaadáa

967 1144 senator

lableedgáa dáalaa_ʼlaʼáaygaa ʼláanaa_ʼlaʼáaygaa ja_kíl_gudáng kihl_g̲áajuwaa xid táwkʼaa_ʼlaʼáaygaa gitʼiyáa g̲aayhldáa_ʼlaʼáaygaa súljuusgaa
977 1155 Senate

sgalagúng sgawíi kúnadiiyaa k̲ʼawad ja_kíl_gudáng g̲u_hlgaʼáangwaa sgaadiisdliyáa gangáa kihl_g̲áajuwaa sgaawnáng
978 1156 violence

kihl_kú̲unangaa tláng_ántsʼayaa ʼláanuu_sk̲̓ íilaa is_ántsʼayaa jáaguugaa k̲ʼahlsgad ka̲yúugaa gáwägahl x̲a_tláagang gyáa_kʼwíi
991 1171 civil

ja_dáang dáng_k̲ʼíijuu dáang ja_dáanggaa ja_kíl_gudáng kihl_yaagahl k̲ayúugaa íinaa_sáldayaa g̲agad síikʼaadiyaa
1009 1190 institution

dáalaa_ʼlaʼáaygaa gyáa_sahl_náa k̲ehsgadáa ja_kíl_gudáng k̲ʼúudangaa tláasalaa hlk̲ʼámalaa gu_ga_k̲ʼáawgaa k̲ʼíijguwaa x̲ángyaang
1666 1872 review

k̲íngusganang k̲eewsganáng kíndä_g̲ad kínggwgang gu_kúnjuu k̲̓ áaw_kí̲ng kíl_x̲ángisälang kíng_gudáng hlg̲awäyáa gyáajuug_súu
2442 2674 professional

tláajuu_ʼláa kíl_míitsʼangaa gu_míitsʼangaa tla_míitsʼangaa kíl_dlaagáa ke̲hsgadáa kíl_kʼadangáa g̲u_g̲atʼagangáa g̲aagúng kʼadangáa
4636 4925 campaign

ka̲yúugaa kihlgáng tʼánsgad_skúnagalaa gín_sdaláang xu_hlk̲ílgangaang sgawíi k̲ínyaaw gwáa ʼláanaa_ʼlaʼáaygaa k̲a_g̲udunáng



Results – qualitaUve evaluaUon

• high-quality result
• top search result for a missing word is either synonymous with, or highly 

semantically related to, the query word in question
• ’policy’ à wiyasiwêwin (”law, rule, decision, council, band council, office”)
• ’attorney’ à oyasiwêwiyiniw (”band councillor, court judge, lawyer”)
• ’administration à okimâwiwin (”chieftancy, social status, government”)
• ’pdf àmasinahikan (”book, letter, mail, written document, ...”)

• 18/26 – Plains Cree
• 18/26 – Arapaho
• 5/26 – Northern Haida 



Results – qualitative evaluation

• moderate-quality result
• top match is broadly, but not precisely, semantically related to the query 

word;
• ’international à opîtatowêw (”Ukrainian, European”)

• a semantically related, but decidedly distinct and non-
synonymous term

• 3/26 – Plains Cree
• 3/26 – Arapaho
• 11/26 – Northern Haida



Results – qualitative evaluation

• poor result
• top match is either entirely semantically unrelated, or sufficiently irrelevant to 

be of no use
• ’percent’ à nisto-sôniyâs (”three quarters, seventy-five cents”)
• ’career à ispîhtaskîwin (”season”)

• 5/26 – Plains Cree
• 5/26 – Arapaho
• 10/26 – Northern Haida 



Language SearchTerm Headword CVD Quality Definition
Cree percent

nisto-sôniyâs 0.4470613599 P three quarters, seventy-five cents
Cree percent nîso-sôniyâs 0.466712296 P two quarters, fifty cents
Cree percent pêyak-sôniyâs 0.477778852 P one quarter, twenty-five cents
Cree percent mitâtahto-pîwâpiskos 0.4820271134 P ten cents
Cree percent

mâmâsîs 0.4874179363 P
poorly done, hurriedly done, low quality work, 
quickly, roughly, without care, sparingly, delicately

Arapaho percent nónou3ó.o 0.4391120672 P million, countless, endless, infinite
Arapaho percent

cébeenííhi' 0.4647704363 P
quarter (coin), quarterback, in football, quarter (fraction), 
step- or half- (relative)

Arapaho percent

cébe'einí.ii'óó- 0.5305850506 P

grow better, better than average or than before, grow more, 
more than average or more than before, grow past or 
beyond a certain point

Arapaho percent
bébenéh 0.5589234233 P approximately, about, about, approximately, roughly

Arapaho percent koh'u- 0.5904055238 M half
Haida percent

kwáadägaa 0.5391592383 P for S to cost twenty-five cents, cost a quarter
Haida percent

bíid_inuyáa 0.5666357577 P for S to cost five cents; to be worth five cents
Haida percent

k̲a_dluwíi 0.6392741799 P
for S to decrease in size a bit from previous years 
[said of salmon]

Haida percent
tʼánsgad_hlgahl 0.6478499472 P for S to shrink C in the wash [said of clothes only]

Haida percent
ináasdlayaa 0.6545500457 P for S to have grown, have increased in size



Cree national
pîkaniwiyinînâhk 0.5617200136 H Piegan country, in the Piegan country

Cree national

nâtakâm 0.5834629536 P
across the water, across the water, in the bush country, in the north, to the north, Towards 
land (), Shore.()

Cree national pêyakôskân 0.5854004025 H one family, one tribe, one nation
Cree national

okimânâhk 0.5908145607 H government, federal or provincial government, Band Council, Band authorities
Cree national

nâtakâsi- 0.5924300253 P into the bush country, wading to shore
Arapaho national

ciiskóóhu- 0.6113572121 P drive a long ways, run a long ways, run cross-country, do cross-country (the sport)
Arapaho national

wóóhoneníteeno' 0.6266040206 H United Nations (the global organization)
Arapaho national

wóóhoncé'eséítiihíího' 0.6266040206 H United Nations (the global organization)
Arapaho national

wóóhoníitee- 0.6420043409 M joined as one, in a unity
Arapaho national

céeciisikoohúútooni' 0.6457337737 P cross-country running, the sport of cross-country
Haida national

nántʼas 0.6768269539 P
for S to continue, go on, keep on [said of a story, road, day, etc. or a nominal 
referring to an event or state]

Haida national
gyáa_sahl_náa 0.6994960606 P for S to inherit someoneʼs social position after that personʼs death

Haida national
kʼán_gudáng 0.7059308887 P for S to hope to regain their health

Haida national
g̲a_g̲asgadáa 0.710419625 P for S to have become stirred up [said of a group of people or a town]

Haida national
chalagúng 0.7137462795 P for S (pl) {cha} to fall through the air



Cree author

masinahikan 0.459487021 H
book, letter, mail, written document, report, paper, magazine, will, A 
book, (), A letter, (), Paper (), Magazine. ()

Cree author
nîkânitwêwin 0.4895590544 H preface, foreword (of a book)

Cree author

kihci-masinahikan 0.569383353 M Bible, good book, important book, The Bible. ()
Cree author

nêhiyawasinahikan 0.5842410922 M Cree book, Cree bible
Cree author

nêhiyawi-masinahikan 0.5842410922 M Cree book
Arapaho author

hoo3íte.íhii 0.5516592264 H narrator, storyteller
Arapaho author

beise'íyei.it 0.5632634461 P scientist
Arapaho author

beehíiníisitiit 0.5799974203 P Creator
Arapaho author wo3ónohéíhiinóó- 0.589972645 M written
Arapaho author wo3onohu- 0.589972645 M written, printed, drawn, decorated, painted, written
Haida author

ta_k̲ʼáalaang_ʼlaʼáaygaa 0.7519901246 H for S to be a writer, secretary
Haida author

ta_k̲ʼáalang 0.7873809636 H for S to write letter(s), do some writing
Haida author

stʼíi_ké̲eng_ʼlaʼáaygaa 0.793408975 M for S to be a doctor, physician
Haida author

sg̲alangáa 0.7974267751 M for S to be a composer
Haida author

táwkʼaa_ʼlaʼáaygaa 0.8096348643 P for S to be a gardener, farmer



Mean counts of qualitative classes among top-10 ranked 
matches for 26 “missing” words

Median rank position of semantically most relevant result 
among top-10 candidates
• #2 for Plains Cree
• #3 for Arapaho, and
• #4.5 for Haida



Metaphorical meanings







(Goodness of) results depends on contexts 
evident in the corpus





Multi-word expressions











Exploring semantic domains











LimitaUons à Further soluUons

• if there is no semantically related or close definition at all in the dictionary, 
the semantic vector-distance ranking cannot fix that
• Up to the lexicographers

• if the meaning of a multi-word phrase is not compositional, such a meaning 
will not be matched with semantically similar single word
• blow up <-> explode, see eye to eye <-> understand
• sentence-based language model such as BERT (Bidirectional Encoder 

Representations from Transformers)
• can increase the rate at which words acquire connotations by analogy with 

English
• computational similarity ranking no replacement for human understanding of 

appropriateness  



Conclusion

• Using vector-space distance can turn search results in the majority 
language of the definitions more relevant and better ranked
• semantically relevant matches in ways not achievable with classic information 

retrieval techniques
• users can perform successful searches for words that do not occur at all in the 

dictionary

• These techniques are directly applicable to any bilingual dictionary 
providing translations between a high and low-resource language.


