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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
e 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
e 27 individuals
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University + Community Partners + Participants



Partnership: Participants — Languages /
Communities

Uralic

Saami languages = UiT — Arctic University of Norway

Algonquian

Plains Cree (Maskwacis Education Schools Commission) B UAlberta, First Nations
University, Cree Literacy Network

Woods Cree - FNUC; UAlberta - Lac La Ronge Indian Band
Blackfoot = Lethbridge

Arapaho = Boulder (Colorado, US)
Algonquian Dictionaries Infrastructure: Odawa, Northern East Cree —> Carleton

Dene

Tsuut’ina (Tsuut’ina Gunaha Institute, Tsuut’ina Language Commissioner) = Carleton
Upper Tanana = USaskatchewan

— Dene Suline UAlberta / USaskatchewan (Tlicho Yatii)
Other
— Haida = UAlberta

— Nakoda (Siouan) = UAlberta
— Mohawk (Iroquoian) = National Research Council



Partnership: Participants — Universities

Alberta (Arppe, Lachler, Thunder)
— Plains Cree (Maskwacis 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 B extended functionalities through updated technology
— Tsuut’ina (Tsuut’ina Gundha 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 (lroquoian) 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, cellohone, blackberry,
nokia



® () Home : Oxford English Dictionar X

& G QO 8 https://www.oed.com

ABOUT COMMUNITY BLOG

Oxford English Dictionary :
5
O E The definitive record of the English language Subscribe

More about the OED »

Discover the story of English

More than 600,000 words, over a thousand years

Welcome to OED Online. If you or your library subscribes, dive straight in to the riches of the English language. If not, click
on the images below to learn more about the OED, see What's new, or take a look at Aspects of English, our language
feature section.

Why do we call a moment

of sudden realization or




o0 O collaborate, v. : Oxford English [ X aF

= C @ O E] https://www-oed-com.login.ezproxy.library.ualbert: T 0 B+

ABOUT COMMUNITY BLOG Access: University of Albe

OE D Oxford English Dictionary auick search: ([} |} }QBjsfffppiiii -

The definitive record of the English language

Lost for Words? | Advanced search | Help

View full results for ‘collaborate’ Help on Dictionary Entry | Print | Save | Email | Cite

COll aborate ’ V. Textsize: A A This entry has not

yet been fully
View as: Outline | Full entry Quotations: Show all | Hide all Keywords: On | Off updated (first
published 1891;
. most recently
Pronunciation: * Brit. ([JJ/ka'labarert/, U.S. [J/ke'leeba rext/ modified version
Frequency (in current use): *** oo published online

March 2022).
Etymology: < modern French collaborer, or its original, Latin collaborare ( < col- )

together + laborare to work, LABOUR v.): see -ATE suffix3. (Show Less) Entry history
Entry profile
1. intransitive. To work in conjunction with another Thesaurus» Previous version:

or others, to co-operate; esp. in a literary or artistic QED2 (1989)

production, or the like.

In this entrv:




() procrastinate, v. : Oxford Englis/ X +

C @ O B https://www-oed-com.login.ezproxy.library.ualbert: ¥ ©® O

View full results for 'procrastinate’ Help on Dictionary Entry | Print | Save | Email | Cite

procrastinate, v. Textsizs: A A | This entry has

been updated
View as: Outline | Full entry Quotations: Show all | Hide all Keywords: On | Off (OEI_) Third
Edition, June
.. : 2007; most
Pronunciation: * Brit. ([(JJ/pro(u)krastinert/, U.S. (J)/prokraesta nert/, recently modified
. i lished
rou'kraesta nert version pub
o/p ey . o . online March
Forms: 1500s procrastinate (past participle), 1500s— procrastinate. 2022).
1 : XX J
Frequency (in current use): * Entry history
Origin: A borrowing from Latin. Etymons: Latin procrastinat-, procrastinare. Entry profile
Etymology: < classical Latin procrastinat-, past participial stem (see -ATE suffixs) of
procrastinare to put off till the next day, to defer, delay < pro- PRO- prefix: + crastinus Previous version:

2 : ; OED2 (1989
belonging to tomorrow (see CRASTIN n.). Compare Middle French procrastiner =~ = = (iga3)
PROCRASTINE v., Italian procrastinare (c1300). Compare PROCRASTINATION 71., PROCRASTINE

In this entry:

U. (Show Less)
pro'crastinated

1. intransitive. To defer action, delay; to be dilatory. L

Often with the sense of deferring through indecision, when early action
would have been preferable.




(O cell phone, n. : Oxford English [ X +

C @ OA°B&

View full results for 'cellphone’ Help on Dictionary Entry | Print | Save | Email | Cite

cell phone, n.” Textsize: A A This entry has

been updated
View as: Outline | Full entry Quotations: Show all | Hide all Keywords: On | Off (OED Third
Edition,
e b September 2017;
Pronunciation: * Brit. °/ 'sel faun/, U.S. °/ 'sel foun/ most recently
Forms: 1900s— cell phone, 1900s- cellphone. modified version
. published online
Frequency (in current use): ***oe December =051,

Origin: Formed within English, by compounding. Etymons: CELLULAR adj., PHONE n.2

Entry history
Etymology: < cell- (in CELLULAR adj.) + PHONE n.2 Entry profile
Compare CELLNET n. and later CELL n.s
) ) In this entry:
Chiefly North American. .
cell phone bill
. . Il ph I
A portable wireless telephone that transmits and ERGSEI Ty Sl
. onals vi Il di Categories » cell phone charger
receives signals .wa a cellular (CIj:LLULAR adj. 6) el phonecompany
network; a mobile phone; esp. (in later use) a cell phone network

smartp

o

hone. Cf. CELL n.” 1. cell phone number

S iy Sooageiiigiieiis o gioegi e it Anll nhAanAa ranAantian




o0 O Quick search results : Oxford Er X +

= C @ O E] https://www-oed-com.login.ezproxy.library.ualbert: T 0 B+

ABOUT COMMUNITY BLOG Access: University of Albe

OE Oxford English Dictionary auick search: (||| | |} @}ij fyfffil <

The definitive record of the English language

Lost for Words? | Advanced search | Help

Help on Search Results | Print | Email

Quick search results R

(entries):
Showing 1-2 of 2 results in 2 entries blackberry

Save search
Refine search

Widen search? Find ‘blackberry’ in: » phrases (9) » definitions (39) » etymologies
(10) » quotations (240) » full text (173)

View as: List | Timeline Sort by: Entry | Frequency | Date

Refine your search
1. blackberry, n. View full entry OE

» Subject

...The edible berry-like fruit of the bramble, Rubus fruticosus,

: s s ad % : 57 3 » Language of Origin
and its cultivated varieties (see sense 1b), which is an aggregate fruit consisting

of a cluster of soft, sweet,... » Region




(O blackberry, n. : Oxford English [ X

C @ O 8 nty

3. Usually in form BlackBerry. A proprietary name
for: a type of pager or smartphone capable of sending
and receiving email messages.

1999 Daily News (N.Y.) 19 Jan. 20/2 Canadian tech company Research In
Motion hopes to send an alert to the industry with a snazzy new pager

messages and faxes, and send voice-mail.
2000 N.Y. Times 9 Nov. B9/1 [She] sent the vice president a message at 1:20

2004 Daily Tel. 8 Dec. 6/1 If you thought that mobile telephones had made it
impossible to hide from the boss,..just wait until you have tried a

2009 Atlantic Monthly Apr. 81/1 I put my BlackBerry in my cargo pocket, not

trusting it to the mild chaos of the cloak stand.

(Hide quotations)

PHRASES




o0 {0 No Search Results : Oxford Eng’ X +

= C @ O E] https://www-oed-com.login.ezproxy.library.ualbert: T 0 B+

ABOUT COMMUNITY BLOG Access: University of Albe

OE D Oxford English Dictionary auick search: ([} |} }QBjsfffppiiii -

The definitive record of the English language

Lost for Words? | Advanced search | Help

Help on Search Results | Print | Email

Quick search results R

(entries):

No dictionary entries found for ‘nokia’. nokia

Save search

Did you mean: Refine search

e Noia
e noria s
3 Search within results for:
e NoVia
¢ anomia in
e anoxia

Full Text v m

Check your search and try again. nokia m

wave ¥ L BN 1 ¢ L BN I 1 y A\ LB, R ) £ . 1 . L2 8




Useful (on-line) dictionary:

Finding results for compound phrases

E.g.
work together



o0 {0 No Search Results : Oxford Eng' X +

= C @ O E] https://www-oed-com.login.ezproxy.library.ualbert: T 0 B+

ABOUT COMMUNITY BLOG Access: University of Albe

OE Oxford English Dictionary auick search: (||| | |} @}ij fyfffil <

The definitive record of the English language

Lost for Words? | Advanced search | Help

Help on Search Results | Print | Email

Quick search results Your curant search

No dictionary entries found for ‘work together’. work together

Save search
Check your search and try again. work together m Refine search

Widen search? Find ‘work together’ in: » phrases (0) » definitions (21) »

etymologies (5) » quotations (80) » full text (95) Search within results for:

in

Full Text v m




o0 O Advanced Search : Oxford Engli X +

<« o> C @ O E] https://www-oed-com.login.ezproxy.library.ualbert: T 0 B+

OE

Advanced search

Search in: Entries Senses Quotations

Search the text of OED entries:

Term

work in | Definition

Additional Term

Near v | together in  Definition

+ Add row

Oxford English Dictionary auick search: (||| |} }d}jj jzjl: I <o

The definitive record of the English language

Lost for Words? | Advanced search | Help

Help on Advanced Search

Options for NEAR/NOT
NEAR
v
Five Words v
(7] Ordered

v Remove row




® O Advanced search results : Oxfor X +

= C @ O E] https://www-oed-com.login.ezproxy.library.ualbert: T 0 B+

ABOUT COMMUNITY BLOG Access: University of Albe

OE D Oxford English Dictionary auick search: ([} |} }QBjsfffppiiii -

The definitive record of the English language

Lost for Words? | Advanced search | Help

Help on Search Results | Print | Email

Advanced SearCh results Your current search

(entries):
Showing 1-20 of 24 results in 24 entries
Search term X
View as: List | Timeline  Jump to alphabetical point: m'ntry | Frequency | Date work in Definition
Search term X
1._agree, v. View full entry ai413 . .
. . together in Definition
..., behaviour, etc.; to live or work together cscdoee

without conflict. A... .
Options for X

NEAR/NOT NEAR:

Distance: Five Words
2. bayanihan, n. View full entry 1958

...ich the members of a community work togetherto  **

arcomnlich a Aif

Save search
Refine search




{0 Advanced search results : Oxfor X

C @ OA°B&

6._co-operate, v. View full entry
...erari to work. intransitive. To work together,

act in conjunction...

7..co-work, v. View full entry
...Iks co- 1 + work intransitive. To work together; to

co-operate.1613 S....

8. get, v. View full entry
...ansitive. To cause (a crew) to work
together.1843 W. F. MacMichae...

9. happy, adj. and n. View full entry
... ships a ship on which the crew work together

harmoniously; figur...

10. knead, v. View full entry

...ver, and pressing or squeezing together ; esp. to

1604
IXX XX ]

1613

c1175
LI XX X

a1387
XXX X}

c950
s

Full Text




® {0 Advanced Search : Oxford Engli X +

<« o> C @ O E] https://www-oed-com.login.ezproxy.library.ualbert: ¥ 0 B»

OE Oxford English Dictionary quick search: (||| | |} dQ}¥f 8 I

The definitive record of the English language

Lost for Words? | Advanced search | Help

Help on Advanced Search

Advanced search

Search in: Entries Senses Quotations
Search the text of OED entries: m
Term Options for NEAR/NOT
— NEAR
; efinition v
work in Five Words v
(] Ordered

Additional Term

Near v with in  Definition v Remove row

Additional Term

Near v | another] in  Full Text v Remove row




® O Advanced search results : Oxfor X +

= C @ O E] https://www-oed-com.login.ezproxy.library.ualbert: T 0 B+

ABOUT COMMUNITY BLOG Access: University of Albe|

OE Oxford English Dictionary auick search: ([} |} d@Bfj ff;z;zFGFGFpéFppp <

The definitive record of the English language

Lost for Words? | Advanced search | Help

Help on Search Results | Print | Email

Advanced SearCh results Your current search

(entries):
Showing 1-10 of 10 results in 10 entries

Search term X

View as: List | Timeline Sort by: Entry | Frequency | Date work in Definition
2 Search term X

1. bevel, adj. and n.. View full entry 1562 o .
. y : : with in Definition
... frustum of a cone, is oblique with the axis, see e

used to work in co...
Search term X

another in Full Text

2. collaborate, v. View full entry 1871 Options (or x
...ur): see -ate. intransitive. To work in cecoe NEAR/NOT NEAR:
conjunction with another ... Distance: Five Words




Useful (on-line) bi-lingual dictionary:

Finding results for all types of words and phrases,

E.g.
collaborate, procrastinate, cellphone,
work together



{D) No Search Results : Oxford Eng! X ‘ﬂ! collaborate | translate English tc X +

@ A O 8 nt ictionary.cambridge.org/c B % O & * =

'l:- B?J{}E;‘S,%e Dictionary Translate & Login/Sign up Qv R Search

collaborate % = English-French e
L J

image quizzes

collaborate

verb

/ka'laebareit/

to work together (with someone) on a piece of
work

Try a quiz no
collaborer

* He and his brother collaborated on a book
about aeroplanes/airplanes.

Image credits

— Contents




{D) No Search Results : Oxford Eng! X ‘ﬂ! procrastinate | translate English X +

C @ O 8 ht ictionary.cambridge.org/c B o O & * =

'l:- B?J{}E;‘S,%e Dictionary Translate & Login/Sign up Qv R Search

procrastinate % = English-French % e

procrastinate

verb [intransitive ]

/prou'kraesta neit, pro-/

to delay doing sth because you do not want to
do it

Try a quiz now
atermoyer

* | have to stop procrastinating and write my

paper.
Je dois arréter d’atermoyer et écrire mon article.

Image credits

— Contents




{D) No Search Results : Oxford Eng! X !ﬂ! cellphone | translate English to ' X +

C @ O B https://dictionary.cambridge.org/dictionary B o 0O & * =

-:- 8?;{}2;‘;’3‘* Dictionary Translate & Login/Sign up Qv R Search

cell phone % = English-French % e

cellphone
noun [ countable ] Learn more with

/'sel foon/

Dictionary +Plus

Create word lists and quizzes for free

a small phone without wires m or .
Login

téléphone [ masculine ] cellulaire

* her cellphone number

son numéro de téléphone cellulaire

(Translation of cellphone from the GLOBAL English-French Dictionary ©

— Contents




{D) No Search Results : Oxford Eng! X 'a! work together - Did you spell it - X +

@& A O 8 ni ry.cambridge.org/: 3¢ 0 & * =
3 S?J{}ZE;’};E Dictionary  Translate & Login/Sign up Qv % Search

work together % = English-French $ e
Search suggestions for work Test your vocabulary with our fun
together image quizzes
We have these words with similar spellings or
pronunciations:

go together

alone together

band together

club together °

Image credits




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

e Algonquian

. s?veral thousands of speakers in Alberta, Saskatchewan, and the Canadian Western
Plains

e Arapaho (ISO: arp)

e Algonquian

* several hundred speakers in Colorado and Wyoming (U.S.)
e Tsuut’ina (ISO: srs)

* Dene
e ~20 speakers in Southern Alberta

* Northern Haida (ISO: hdn)

* |solate
e <10 speakers in the Haida Gwaii Islands off the coast of British Columbia



Indigenous languages in focus € North
America

* Plains Cree (ISO: crk)
e https://itwewina.altlab.app

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

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

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



https://itwewina.altlab.app/
https://nihiitono.altlab.dev/
https://gunaha.altlab.dev/
https://guusaaw.altlab.dev/
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Bilingual dictionaries for Indigenous
languages (to English)

* Plains Cree / néhiyawéwin < Arok Wolvengrey (First Nations U)
* Cree : Words / néhiyawéwin : itwéwina (CW)
e 23k+ entries
 additional content from Maskwacis Cree Dictionary (9k entries)

* Arapaho < Andy Cowell (Colorado, Boulder)
* Arapaho Dictionary
e ~25k entries
* Northern Haida €< Jordan Lachler (UAlberta)
* Dictionary of Alaskan Haida
e ~5.5k entries (mostly verbs)
* Tsuut’ina < Elder Bruce Starlight (Chris Cox) < Johnny Onespot

* Onespot-Sapir Glossary (OS)
e ~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: rajal256; ISO: mwr)



Ball-park vocabulary sizes for majority
language dictionaries

* All-encompassing dictionaries of any word in any register at any time

* 500k+ entries
e 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, cellohone, blackberry,
nokia



O No Search Results : Oxford E X . Plains Cree: online dictionary:

C @ OAB8 atlas-ling.ca

kwe

> . waachiyaa boozhoo Tan-akahk? =

<M"Y Lwei boozoo
kuei tanisv;f!el oniour oki? Taanshi?

nehiyawewin
Plains Cree dictionary
1)

a é 1 6 y collaborate

English to Cree ~ Cree to English =~ Advanced Options

iZ Results O Credits O Help’ Browse

collaborate not found




O No Search Results : Oxford E X . Plains Cree: online dictionary:

C @ OAB8 atlas-ling.ca

kwe’ . waachiyaa boozhoo Tan-akahk? s

<M"Y Lkwel boozoo
kuei tanis\T!e oniour oki? Taanshi?

nehiyawewin
Plains Cree dictionary
1)

a é& 1 o6 y procrastinate

[ English to Cree | Cree to English =~ Advanced Options

iZ Results O Credits O Help’ Browse

procrastinate not found




O No Search Results : Oxford E X . Plains Cree: online dictionary:

C @ OAB8 atlas-ling.ca

kwe

> . waachiyaa boozhoo Tan-akahk? =

<M"Y Lwei boozoo
kuei tanisv;f!el oniour oki? Taanshi?

nehiyawewin
Plains Cree dictionary

a é& 1 o6 y work together]

English to Cree ~ Cree to English =~ Advanced Options

iZ Results O Credits O Help’ Browse

work together not found




O No Search Results : Oxford Eng' X lﬂ Plains Cree: online dictionary: |

C @ OAB8 atlas-ling.ca

[V}
o

English to Cree  Cree to English =~ Advanced Options

= Results

Keywords

blackberry enc @)

il BON Y, blackberry

O Credits O Help’ Browse

I dIM amiskomin NA-1

black currant; yellow blackberry; literally: "beaver-berry"

AM"dlra.a"N® amiskominanahtik NI-3

yellow blackberry tree; literally: "beaver-berry bush"

b"PUI™ kaskitémin NI-1

blackberry




O No Search Results : Oxford E X . Plains Cree: online dictionary:

C @ OAB8 atlas-ling.ca

kwe

> . waachiyaa boozhoo Tan-akahk? =

<M"Y Lkwel boozoo
kuei tanis\T!e oniour oki? Taanshi?

nehiyawewin
Plains Cree dictionary

Al el Bl HON B nokia

English to Cree ~ Cree to English =~ Advanced Options

iZ Results O Credits O Help’ Browse

nokia not found




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

Top Plains Northern
Lemmata Cree Arapaho  Haida  Tsuut'ina
100 99 100 93 91
200 194 198 174 145
300 287 295 249 197
400 374 393 315 237
500 462 486 378 280
600 554 578 441 325
700 639 6638 494 348
800 719 759 543 385
900 809 853 598 418
1000 880 939 641 447

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
e 206 310 national
» 288 406 policy
* 299 417 data
* 368 494 thanks
e 481 616 international
e 538 680 author
595 744 administration
* 632 784 Sir
* 644 796 career
* 678 830 candidate
* 696 850 meeting
e 724 882 network
e 727 885 district
« 737 896 theory
e 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 € 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

. !Cangua(g,;e may not have a specific term for the concept the user is searching
or; an

* 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

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




(Some) previous solutions

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

e 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 < 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
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giraffe
kaelkirjak

eals grass

eats fish

kass
cat




mamawohkamatowak @
B LJ like:nipaw. LU

1. they do things together, they cooperate cw
2. they work (at it/him) together as a group

mihcétohkamawéwak @
BLI® like: nitonawew. LU

1. they work together to help s.o. w

wicihitowak @
B L like: nipaw. LU

1. they help one another, they cooperate with one another «w

mamawéyatiwak @

1. they go together, they proceed together cw
2. they are assembled, they are together as a group, they are together in
numbers cw



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

e works with any bilingual dictionary where a less-resourced
endangered/Indigenous language is paired with a majority language
e for which vector embeddings already exist, or
e can be trained due to available extensive corpora

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



Results - examples

* osdwastotin: yellow hat
e nipamayatastotin: purple hat
e astotin: hat, cap, headgear
e osaweékin: yellow material, yellow cloth
e osawasakay: yellow dress, coat
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napihkwan @

0 like: ciman, astotin LI

1. Ship w
2. large boat ew

asiwacikanis @ @)

0 like: ciman, astotin LI

1. pouch, pocket, little pocket cw
2. envelope w
3. small vessel «w

posihtasowin @

O like: ciman, astotin LLI

1. cargo

Settings @ '
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mamawohkamatowak @
@) like: nipaw LU

1. they do things together, they cooperate «w
2. they work (at it/him) together as a group

mihcétohkamawéwak @
BLID like w LU

1. they work together to help s.0. cw

wicihitowak @
@LI like: nipaw LU

1. they help one another, they cooperate with one another cw

mamawéyatiwak @
ME Lo s L
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%/, Warning A\ This is a preview dictionary, and may have wildly incorrect content 7/
\ Glusaaw Settings ©
Northern Haida Dictionary
_ procrastinate Q.

gud xulaang @

None LU

1. for S to dilly-dally, take their time (with X), be
slow (with X), be poky (with X) o

K'u jahlii @

‘None LU
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mamawi-atoskéwak @
@) like: nipaw LU

1. they work all together cw

mihcétohkamwak @
BLI0 like:natam LU

1. they work together on s.t. «w

mihcétohkamawéwak @

1. they work together to help s.o. cw

mamawohkamatowak @

BCJ Jike: nipaw LU
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kaskitémin @

0 like: ciman, astotin L

1. blackberry cw

ayamakanis @
1. cellphone, mobile phone

form of ayamakan

ayamakan

O like: ciman, astotin_ LLI

1. phone, telephone cw

séweépicikanis @

1. cellphone, mobile phone

Settings @
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séwépitamawéw @
BEID like: nitonawew LU

1. s/he phones s.o., s/he calls s.o. by phone
2. s/he makes (it) ring our for s.o. «w
3. He phones him. o

séwépitam @
@®EI0 like:natam LU

1.s/hejingles s.t., s/he rings s.t. cw
2. s/he phones w

wasaskwécowas @
@ like: pahkwésikan, asikan LI

1. apple «w
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méstan @ ¢
@ like: pahkwésikan, asikan. LI

1. sap, tree sap, edible gummy sap of a tree «w
2. inner bark, poplar-bast ew
3. Sap (juice of a tree). mo

ayamakanis @
1. cellphone, mobile phone e

form of ayamakan

ayamakan

O like; ciman, astotin. LU

1. phone, telephone ow

séwépitam @
BEI 0 like:natam LU

1. s/he jingles s.t., s/he rings s.t. cw
2. s/he phones e

wasaskwécos @

™ like: pahkwésikan. asikan LLI




Results — qualitative =2 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
e poor result
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206 310 national

288 406 policy

299 417 data
481 616 international
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644 796 career

678 830 candidate

724 882 network

727 885 district

737 896 theory

792 956 reality

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

4636 4925 campaign
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gi’ulda
k’ujgw_kaanda

hunggangaang

sgalangda
hlk’awdng
sgdnhlahldayaa
kinyaaw

sgdanuwaa

xawtl’ddangaa

dalaa
k’ah_xangisdlang
jiidaal

dlat’ayda

gyda_sgdw

st’ii_kéeng_’la’daygaa

biidgaa

ja_kil_guddng
k’awad
is_dants’ayaa
ja_daanggaa
ja_kil_guddng
kinggwgang

tla_miits’angaa

gin_sdaldang

indasdlayaa

chalagung

sdagaa_tiiyda
xaa_kaanda

k’aadaa

tawk’aa_’la’daygaa
xu_hlkilgangaang
tla_kwiigda
gijgad_k’éwaang

xawii

’ldanaa_awyaa

hlkéak’aa
k’dangahlt’as
kihl_gaajuwaa

sdagaa_tiiyda

iihliyaa
ta_ging_kilisdlaang_’la
’daygaa

gii’adiigaa

kihl_gaajuwaa
ja_kil_guddng
jdaguugaa
ja_kil_gudang
k’dudangaa
gu_kunjuu

kil_dlaagaa

xu_hlkilgangaang

gu_kunjuu

dangyaang

xaad_k’alda
gangda

skdanst’ayaa

stl’'uwii
sgaast’ayda
nats’d_xildayaa
ta_gindng

dabwii

siinda

kil_miits’angaa

gyaahlanda_sgaanuwa

a

dang_xanhlahldayaa

inda

tl’ast’d_kdahliyaa

lableedgda

gii’adaa

xid
gu_hlga’dangwaa
k’ahlsgad
kihl_yaagahl
tidasalaa
k’daaw_king

kehsgadaa

sgawii

gud_gaad’agaa

tldasalaa

xdnjuu
keh_k’wiidayaa

hldalgaa

kihl_gdajuwaa
gi’ulda
ndang_gulgda
dlasdla_'laa

k’ad_kingaang

k’ad_kingdangwaa

gu_miits’angaa
kdast’ayaa

giiwaa

kihlddang_k’iisgadaa

‘ydadgaa

ja_daang

biid_inuyaa

tawk’aa_’la’daygaa

sgaadiisdliyda
kayuugaa
kayuugaa
hlk’émalaa
kil_xdngisdlang

kil_k’adangaa

kinyaaw

hat’an_inda

inda_t’asdliyda

ki_tl'agdng
hldiingda

lamduwda

dagwdang
gii‘adiigaa
stl’a_skdaawnang
sku_k’awaang

tldasalaa

ndnt’as

kéeng_hlangaa

xaad_dldnsunaa

sulunang

k’'wdalsdliyaa

ddng’ulaa
xi_k’wiidayaa

kaanda

lableedgda
gyda_sahl_nda
kunhliyaa
gyda_sahl_nda

na_sk’iilaa

tlI'ahlalaa

kyuu_tlaayangaa

yahk’iyaa

k’ihld_tl'awdansdlayaa k’ihld_tlI’'aawda

k’aadaa

iit’ajaa

K’iijguwaa

k’idahlgwaday

git’iyda

gangda
gawdgahl
iinaa_saldayaa
gu_ga_k’dawgaa
king_guddng

gu_gat’agangaa

gwda

hlkwiidayda

xaad_k’alda

higawdyaa

k’i_hihldayda

gaayhldda_’la’daygaa

kihl_gaajuwaa
xa_tldagang
gagad
Kk’lijguwaa
higawdyaa

gaaging

’|danaa_’la’aaygaa

sdahhundng

hldalgaa

giihlagahl
sgwdagaanaa

‘wdahlayaa

k’aa_’la’daygaa
gii‘adaa
giihldayaa
k’i_k’édwaang

sgihl’adda

gin_sk’at’adda_’la’day
gaa

kihlju

k’ut’ahl

kéeng_hlangaa

hlgdwyaang

gyuuwad

ja_duu

tlaadaa

suljuusgaa
sgaawndng
gyda_k'wii
siik’aadiyaa
xdngyaang
gydajuug_suu

k’adangaa

ka_gudundng



Results — qualitative evaluation

* 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’ = wiyasiwéwin (”law, rule, decision, council, band council, office”)
* ‘attorney’ > oyasiwéwiyiniw (”band councillor, court judge, lawyer”)
* ‘administration = okimdwiwin (”chieftancy, social status, government”)
» 'pdf = masinahikan (”book, letter, mail, written document, ...”)

* 18/26 — Plains Cree
e 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 = opitatowéw (”Ukrainian, European”)

* asemantically related, but decidedly distinct and non-
synonymous term

* 3/26 — Plains Cree
* 3/26 — Arapaho
 11/26 — Northern Haida



Results — qualitative evaluation

e poor result

* top match is either entirely semantically unrelated, or sufficiently irrelevant to
be of no use

* ‘percent’ = nisto-s6niyds ("three quarters, seventy-five cents”)
 ‘career -2 ispihtaskiwin ("season”

e 5/26 — Plains Cree
* 5/26 — Arapaho
 10/26 — Northern Haida



Language

Cree

Cree
Cree

Cree
Cree

Arapaho
Arapaho

Arapaho

Arapaho

Arapaho
Haida

Haida

Haida

Haida

Haida

SearchTerm

percent

percent
percent

percent
percent

percent
percent

percent

percent

percent
percent

percent

percent

percent

percent

Headword
nisto-soéniyads
niso-séniyads

péyak-séniyds

mitdtahto-piwdpiskos

mdamasis
nonou30.o

cébeeniihi’

cébe'eini.ii'oo-

bébenéh
koh'u-

kwdaddgaa

biid_inuyda

ka_dluwii

t’dnsgad_hlgahl

indasdlayaa

CvD

o o o O

0.
0.

.4470613599
.466712296

477778852
.4820271134

4874179363
4391120672

0.4647704363

0.

5305850506

.5589234233
.5904055238

.5391592383

.5666357577

.6392741799

.6478499472

.6545500457

Quality Definition

O O T

o

three quarters, seventy-five cents

two quarters, fifty cents

one quarter, twenty-five cents
ten cents

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

million, countless, endless, infinite

quarter (coin), quarterback, in football, quarter (fraction),
step- or half- (relative)

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

approximately, about, about, approximately, roughly
half

for S to cost twenty-five cents, cost a quarter

for S to cost five cents; to be worth five cents

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

for S to shrink Cin the wash [said of clothes only]

for S to have grown, have increased in size



Cree

Cree

Cree
Cree

Cree

Arapaho

Arapaho
Arapaho
Arapaho
Arapaho

Haida

Haida
Haida

Haida

Haida

national

national

national
national

national

national

national

national

national

national

national

national

national

national

national

pikaniwiyininahk

ndtakdm
péyakoskan

okimanahk

ndatakasi-

ciiskoohu-

woohoneniteeno'

woohoncé'eséitiihiiho'

wodhoniitee-

céeciisikoohuutooni'

ndnt’as
gyda_sahl_nada

k’an_guddng

ga_gasgadda

chalagtng

.5617200136

.5834629536

0.5854004025

.5908145607

.5924300253

.6113572121

.6266040206

.6266040206

.6420043409

.6457337737

.6768269539

.6994960606

.7059308887

.710419625

. 7137462795

H

P
H

H

Piegan country, in the Piegan country

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

one family, one tribe, one nation

government, federal or provincial government, Band Council, Band authorities

into the bush country, wading to shore

drive a long ways, run a long ways, run cross-country, do cross-country (the sport)

United Nations (the global organization)

United Nations (the global organization)

joined as one, in a unity

cross-country running, the sport of cross-country

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

for S to inherit someone’s social position after that person’s death

for S to hope to regain their health

for S to have become stirred up [said of a group of people or a town]

for S (pl) {cha} to fall through the air



Cree author
book, letter, mail, written document, report, paper, magazine, will, A

masinahikan 0.459487021 H ook, (), A letter, (), Paper (), Magazine. ()
Cree author o
nikanitwéwin 0.4895590544 H |preface, foreword (of a book)
Cree author
kihci-masinahikan 0.569383353 M [Bible, good book, important book, The Bible. ()
Cree author o o _
néhiyawasinahikan 0.5842410922 M Cree book, Cree bible
Cree author o o
néhiyawi-masinahikan  0.5842410922 M Cree book
Arapaho  author L
hoo3ite.ihii 0.5516592264 H |narrator, storyteller
Arapaho  author o _
beise'iyei.it 0.5632634461 P scientist
Arapaho  author o
beehiiniisitiit 0.5799974203 P Creator
Arapaho author wo306nohéihiindo- 0.589972645 M written
Arapaho author wo3onohu- 0.589972645 M Mritten, printed, drawn, decorated, painted, written
Haida author ) e _
ta_k’dalaang ’'la’aaygaa @ 0.7519901246 H for S to be a writer, secretary
Haida author
ta_k’dalang 0.7873809636 H f[for S to write letter(s), do some writing
Haida author
st’ii_kéeng ’'la’daygaa  0.793408975 M for S to be a doctor, physician
Haida author )
sgalangaa 0.7974267751 M for S to be a composer
Haida author ) )
tdwk’aa_’la’daygaa 0.8096348643 P f[for S to be a gardener, farmer




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

High Moderate Poor

Plains Cree 3.08 3.23 3.08
Arapaho 3.65 3.15 3.19
Northern Haida 0.54 3.23 6.23

Median rank position of semantically most relevant result
among top-10 candidates
e #2 for Plains Cree

* #3 for Arapaho, and
e #4.5 for Haida



Metaphorical meanings
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itwéwina . Settings (
Plains Cree Dictionary ( soa pbox CVd-Z Q) I

kakéskihkémowinahtik @

1. pulpit ew
2. lecturn cw

kihkawitaskiw @

1. s/he likes to scold, s/he is always cross and scolding in a loud voice e

kihcihtwawihkasow @
@EI like: nipaw LU

1. s/he pretends to be holy, s/he pretends to be pious «w
2. s/he is sanctimonious o

kihkawitam @
@®EI O like:natam LU

1. s/heis cross and scolding in a loud voice e
2. He is cross and scolding. wo

wisakowéw @
M Lo ningwe L0
A




[ NON ) No Search Results : Oxforc X @ work together - Did you sp X ‘ é itwéwina Plains Cree dictic X ’ +

v © 0 @ v

<« - C @ O B8 https://itwewina.altlab.app/search?q=: E 50%
::.:’ cé,e‘:.',.ic:::,,y [snowballing cvd:2 Q)

yikwawanipayiw

1. there is a fog rolling in, there is a sudden fog cw

itahkamikan @
08 . (H]

1.itis an event, a happening cw

2. itis done thus e

3. it happens thus

4. it goes on that way, it works thus cw
5. A happening. wo

6. What is happening. wo

asascikéwin @

O like: ciman, astotin. LLJ

1. piling things together e

ohpikiwin @

ciman, astotin. LU

1. growing up e

Settings | l




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




@ ® [8] No Search Results : Oxforc X B work together - Did you'sp X £ nihiitono Arapaho dictionar X | =+
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%/, Warning A\ This is a preview dictionary, and may have wildly incorrect content 7/

_ .
é nihiitono reality cvd:2 Q =SS

Arapaho Dictionary

wo3oniktiu3o0.0

ni « wo3on-i-kQu-t-yoon « L32133

1. movie, television show aw
2. picture, photograph aw

néenéé'owdbee-

vai.redup * née-nee'ow-obee- *+ L25914

1. confused in one's vision, seeing things, seeing mirages aw

hiixoohd6o3i3e.i-
vai.o * iix-ooh-dot-i-t-yei- « L13035 L25439

1. show people things, make spectacle of self aw
2. show or teach people things aw




Multi-word expressions



@ ® m No Search Results : Oxforc X ﬁ work together - Did you sp X é Guusaaw Northern Haida ¢ X -+

&« C @ QO B https://guusaaw.altlab.dev/search?g=simmer+ B ¢ © @ @ ¥ =

%/, Warning A\ This is a preview dictionary, and may have wildly incorrect content %/

Guusaaw Settings ©

Northern Haida Dictionary

[simmer down cvd:2 Q]

sahl ts'asalang @

‘None L

1. for S to let C boil without stirring it [said of fish
only] wo

ta gaandlang @

‘None L




[ NON No Search Results : Oxforc X 8 work together - Did you sy X ‘ /N 5 see eye to eye cvd:2 — X ’ +

< > C @ O B nhttpsy//itwewina.altlab.app/search?q=: E 50% ¥ 0O @ v =

itwéwina . Settings (
Plains Cree Dictionary (See eye to eye CVd-z Q)

miskisikos

1. eye w
2. small eye, little eye o

miskisik <)

1. eye w

niskisik «)

None
1. my eye ow
napatéyapiw @

1. s/he looks with one eye «w
2.s/he has only one eye

niskisikos




« > C @ O & https://itwewina.altlab.app/search?q=t &

No Search Results : Oxforc X @ work together - Did you sp X ‘ é itwéwina Plains Cree dictic X ’ +

50%

v © 0 @ v

itwéwina

Plains Cree Dictionary

[blow up cvd:2

Q

potatam (1] 1*))

1. s/he blows at s.t., s/he blows upon s.t., s/he blows into s.t. ew
2. s/he blows s.t. up «w
3. He blows on it. mo

matwetahlkew (i )

1. s/he strikes blow e
2. s/he raps audibly ew

kécikwéistan (i )

1. it blows off cw
2. it is blown down by wind

1. glancing off, by glancing blow or shot e

nthtistan A

Settings | l




[ NON ) No Search Results : Oxforc X a work together - Did you sp X ‘ é itwéwina Plains Cree dictic X ’ +

< > C @ QO B https:/fitwewina.altlab.app/search?g=c B 50% ¥ 0O @ v =

Plains Cree Dictionary

iwéwina [cabin fever cvd:2 Q] Setines |

k|5|sowm 6 -l»>)

1. fever, being feverish cw
2. body heat ew
3. Fever. mo

s"kwaspmewm (i )

1. spring fever e

kisisow o 4»)

1. s/he is warm, s/he is hot «w

2. s/he is feverish, s/he has a fever, s/he is febrile «w
3. Heis hot mo

4. He has a fever. wo

n‘kis

1. my small home
2. my cabin




Exploring semantic domains



[ NON ) No Search Results : Oxforc X a work together - Did you sp X ‘ é itwéwina Plains Cree dictic X ’ +

« > C @ QO B https:/fitwewina.altlab.app/search?q=f B 50% ¥ 0O @ v =

itwéwina . Settings (
Plains Cree Dictionary [ fa rmi ng CVd :2 Q] l

okistikéwiyiniwiwin

1. farming, farmwork cw
2. agriculture ow

1. farming o

e~ .

okistikéwiyiniwiw
@E3 ike: nipaw LU

1. s/he is a farmer, s/he is engaged in agriculture cw

kistikdn @ ¢»

O like: ciman, astotin. LLI

1. field, arable land
2. farm ew
3. garden o

nihtawikihcikéwin

I tiva: Aensn actatin Ll




« > C @ O & https://itwewina.altlab.app/search?q=1

B
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itwéwina

Plains Cree Dictionary

( furniture cvd:2

Q

apacihcikan @ )

O like: ciman, astotin. LLI

1. tool, implement, utensil o

2. useful item cw

3. appliance «w

4. machine cw

5. equipment, furnishing, furniture cw
6. [slang:] penis cw

apacihtawin @

O like: ciman, astotin. LLI

1. tool, useful object ew
2. (piece of) furniture

pah-pawahikéw @
20 . iy

1. s/he knocks things clean, s/he beats things clean e

2. s/he dusts (e.g. furniture) cw

anaskéwin @

Settings | |
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anaskéwin @

1. flooring, linoleum ow
2. something used as matting

oyakanikamikohkéwin
O like: ciman, astotin. LLI

.........................................................

1. cabinetwork, making cabinetry cw

aspisimowin @

iman, astotin. LU

1. mattress cw

anaskasimon @

O like: ciman, astotin, LLI

1. mattress «w

aspisimon @

O like: ciman, astotin. LLJ

1. mattress

ayiwin @

A
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ayiwin @

0O like: ciman, astotin. LLJ

1. article of clothing cw
2. [plural:] clothing, apparel ew

ayiwinisékin @
O like: pahkékin(w), askékin(w). LLI

1. cloth, cloth for making clothing ew
2. cloth bag «w

waskahikanahtik @

MRE TSI AT MRATIATILIRIVY), dSKITIKIVY).

1. house timber w

pahkwastéwinikan @

0 like: ciman, astotin. LLI

1. clothes dryer cw

anaskéw @
20 . aw. LU

1. s/he puts flooring down, s/he lays carpet, s/he puts down linoleum

2. s/he lays mats, s/he has a mat ew

3. s/he spreads a blanket e

4. s/he uses s.t. as a covering cw
s




Limitations =2 Further solutions

* 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

e sentence-based language model such as BERT (Bidirectional Encoder
Representations from Transformers)

e can increase the rate at which words acquire connotations by analogy with
English
e 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.



