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Improving OCR for Kwakwala Texts

e OCR for legacy data in Kwakwala
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Kwakwaka’'wakw communities, Kwakwala language reclamation

e \Wakashan language indigenous to North
Vancouver Island and opposing mainland in
British Columbia (Canada)

e 18 distinct Nations, 5 dialects

* Robust learner community; multiple
revitalization efforts.

* >3 orthographies, 2 most common

e Strong tradition of documentation, both
internal and external

* Impacted by colonial occupation, forced
relocation, removal from land, residential PACHTe
school system




Kwakwaka’'wakw communities, Kwakwala language reclamation
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“Data xan's taxwa'yasan's Kwalskwal'yakw
- Carry on with the spirit of our old “Nusansaxw - It belongs to us”
people”

“Wiga'xan's 'wi'la yakantala san's
yakandas - Let us all speak our language”




Value to Language Revitalization

* Manual re-transcription is the norm

e |[f OCR works well, it can:

 Reduce manual effort
e Allow search, increase community access

* Machine-translation enable NLP applications
(language modeling, ASR, transliteration...)

’

Elder Speakers’ Gathering, Gwa’sala-’Nakwaxda’xw EIers
Centre, November 12,2009

e Allow learners and speakers to spend more
time together doing their most important work

Jaymyn LaVallee, Michayla King
Gwa’sala-Nakwaxda’xw Language Revitalization Program



Machine-readable text has many benefits
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Digitizing these
texts to machine-
readable formats

"
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Support communities that speak these languages
Make native texts digitally m . -
accessible and searchable —
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Automatic orthography conversion

Aid language researchers, educatators, libraries...

Enable NLP for endangered languages

Annotate datasets for O O O
downstream NLP tasks = = =

Build NLP systems to support language
revitalization efforts



Input data
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Initial Challenges

In'mé ‘niaxwarm hé gweéx i
naagrmé lexa‘ya. Wi, ¢ilf

lixa tselxwé la k-ladzilitaxa
klwage-alil lax heétk:-'odrnwalil

Existing OCR systems don't
work very well on many
under-resourced languages

Even pretrained OCR
systems that support 30+
scripts do not support the
early 20th c ethnographic
writing systems

More difficult on old books
and low-quality scans

Difficult to train a good
model without datal



Text Selection: Community-determined
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I. INDUSTRIES
The Making of Dishes. — The dish-maker takes | along his ax

when he goes into the woods, When he | reaches o pateh of alder
trees, he picks out a good one | that has no knots and that is not
twisted, for he is | careful that it is straight when it is split in
two. After he has found | a good one, he chops it down. It must
be six spans | around at the bottom. When it falls down, he chops
off | one fathom length from the tough part at the butt, | and he
measures off four spans in length and || chops it off there. After it
has been cut off, he splits it in two | straight through the heart of
the wood, After it has been split in two, he chops off | the heart of
the wood, so that the block is one span thick. | He chops it off
carefully, so that it is level and that it has no twist, | for the heart
of the tree will be the bottom of the dish. When this is done, | he
chops out the sides so that they are wide in the middle. The dish
is one span wide | at each end, and it is one span and four | fingers
wide in the middle, for it bulges out. | The hottom part of the end
is one short span long, | and the height is one hand-width, | including
the thumb. | The bottom is one short span | wide and three spans

The Making of Dishes (Loqwélixe log!we) Wii, héem daax®sa
logwelaénoxwaxn loqhwés sobayowaxs Iaé lixa an'e. Wi, gil-
tmeseé ligan lixa vlsmadzexekilaxs laé doglixtidxa ck-ételaxa

klefisé vLlenika. Wi, hé‘meéséxs k'lésaé k'flpela qa's héfmaé

doqwasdséda  niqleqé lax kixsentsefwé. Wi, wilfmésé qlixa 5

tkaxs laé soplrxodxa qlen!eplenxesétsta lixens q!wigwaxets li-
na‘yéx, yix wagit'exvaasas Wi, gilmésé tlax-fidexs laé tem-
k'adxa ‘nemplenk-¢ lixens bivax qa lawiyés t!lemgilis’exa
Wi, li balidxa moplenk'as wisgemas lixens q!wiq!waxtslina-
fyixs lné temx"sendeq. Wi, gil‘mésé lixsexs laé kixsendeq
niq'eqax domaqas. Wa, gil'mése kiuxsaakixs laé  sopilax

domaqas qa ‘nemdenés liwoyds hiyiqaxa domage. Wa, li
adk 'a sopilag qa neqelés. Wi, héfmis qu k-lesés selgwasnokwa
qaxs hé‘maé dwibewésa 1oq!wis domaqé. Wi, g'ilFmésé gwilexs
laé sosebenddzendreq qa léxoyowes yixs ‘nemdenae wiadzexgiwa-
sasa oba‘yasa log!'wé. Wi, ln modenbaléda ‘nemplenké lixens
x yix ‘widzegoyiiwasa lixés kak-ilx:

qlwiqg!waxtslana‘y ladnatve.
Wi, li Oxsgiwa‘yas

q!wiiq!wax-tslina’yéx. Wi, laemxvia laxs ‘wilagn q!wiq!waxtsli-

nemplenk-ostd lixens ts!lexVtslina’yaxsens

na‘yex LE‘wens qomax yix fwilagikilasas. Wi, la ‘nempleng-apa 2

f#wabiyaséxens ts!ex“tslina‘yasens qlwiqlwax-tslina‘yéx yix *wi-
dzegabasas. Wi, I moden  lixens q!wiq!wax'tslina‘yés yix




First Phase

Post-correction OCR model

CER improved from 30% > 4%
Automated conversion from Boas >
U'mista

1401 separate txt tiles (66.txt, 67.txt...)

Compiled first draft PDF for distribution

[. INDUSTRIES

The Making of Dishes. The dish-maker takes | along his ax when he goes into the woods. When he
| reaches a patch of alder- trees, he picks out a good one that has no knots and that is not twisted,
for he is || careful that it is straight when it is split in two. After he has found a good one, he chops
it down. It must be six spans around at the bottom. When it falls down, he chops off one fathom
length from the tough part at the butt, | and he measures off four spans in length and || chops it off
there. After it has been cut off, he splits it in two | straight through the heart of the wood. After it
has been split in two, he chops off the heart of the wood, so that the block is one span thick. He
chops it off carefully, so that it is level and that it has no twist, | for the heart of the tree will be the
bottom of the dish. When this is done, || he chops out the sides so that they are wide in the middle.
The dish is one span wide | at each end, and it is one span and four | fingers wide in the middle, for
it bulges out. | The bottom part of the end is one short span long, | and the height is one hand-width,
|| including the thumb. The bottom is one short span wide and three spans

Theée Mak-ing oo Dihg.). W&, héeem daax“sa logwélaénoéwaxa log!weés sobayowaxs laé laxa ale.
Wa, g-il- *mésé lag-aa laxa rasmadzexekilaxs laé doqux-‘idxa ék-etelaxa k-ledsé rlenak-a. Wa,
héméséxs k-'ésaé k-!ipela ga‘s hé‘'maé dogwasoséda naqleqé lax kixsentse‘wé., Wa, g-il‘meéseé
q!axa ek-axs laé sop!exodxa q!ev'ep!enx-se'sta laxens q!wagq!wax-ts!a- na‘yéx, yix wag-it!exLaasas.
Wa, g-il‘mésé tlax-“idexs laé tem- k-16dxa ‘nemp!enk-é laxens barax ga lawdyés tlemgults!exra‘yas.
Wa, la balidxa mopl!enk-as ‘wasgemas laxens q!waq!wax-tslana- ‘yéxs lae temx“sendeq. W3,
g-il‘'mésé lax-sexs laé kuxsendeq naqleqax-domaqgas. W4, g-ilfmésé k!uxsaakixs laé sopalax do-
magas qa ‘nemdenés lawoyas hayaqaxa domagée. Wa, la aék-'a sopalaq gqa neqelés. Wa, hé*mis
ga k-lésés selgwasnokwa gaxs hé‘maé awabe‘wesa logq!wés domagé. W&, g-il'mésé gwalexs laé
sosebenddzendeq ga léxoyowes yixs ‘nemdenaé “wadzexg-iwa- sasa oba‘yasa log!wé. Wa, la moden-
baléda *nemp!enk-é laxens q!waq!wax-ts!ana‘yéx yix ‘wadzegoyuwasa laxés k-ak-ilxalaéna‘yé. Wa,
14 6xsg-iwa‘yas ‘nemp!enk-ostd laxens ts!lex“ts!ana‘yaxsens q!waq!wax-ts!ana‘yéx. Wa, laemxra
laxs *wa’laem q!waq!wax-Ls!a- na‘yéx rLe‘wins qomax yix ‘walagak-ilasas. Wa, la ‘nempleng-apa
awaba‘yaséxens ts!ex‘ts!ana‘yasens q!waq!wax-tslana‘yéx yix ‘wa- dzegabasas. Wa, 1& moden
laxens q!waq!wax-ts!ana‘yés yix

The Making o‘o Dihg.). We, he'am da'axwsa lukwila'ino’iwaxa luk'wis subayuwaxs la‘i laxa ali. We,
gil- ‘misi laga‘a laxa tlesmadzaxakulaxs la‘i dukux'idxa ekitalaxa ke'osi t'fanaka. We, he’misixs kisa'i
kipala ka’s he'ma’i dukwasusida nakaki lax kuxsantsa’wi. We, gil’'misi kaxa ekaxs la‘i supaxudxa
Kat'lapanxsa’sta laxans k'wak’waxt'sa- na'yix, yix wagitaxdia‘asas. We, gil'misi tax'idaxs la‘i tam-
kudxa ‘nampanki laxans batlax ka laweyis tamgult'saxdia’yas. We, le bal'idxa mupankas 'wasga-
mas laxans k'wak'waxt'sana- 'vixs la’i tamxwsandak. We, gil’'misi laxsaxs la‘i kuxsandak nakakax-
dumakas. We, gil'misi kluxsa’akuxs la’i supolax dumakas ka ‘namdanis lawuyos hayakaxa dumaki.
We, le a’eka supolak ka nakalis. We, he’mis ka kisis salgwasnukwa kaxs he’ma’i awoba‘wisa luk’wis
dumaki. We, gil’'misi gwalaxs la'i susabanudzandak ka lixuyuwis yixs ‘namdana’i ‘wadzaxgiwa- sasa
uba’yasa luk‘wi. We, la miidanbalida ‘nampanki laxans k'wak'waxt'sana’yix yix ‘wadzaguyuwasa
laxis kakilxala'ina’yi. We, le uxsgiwa’yas ‘nampankusto laxans t'saxwt’sana’yaxsans k'wak'wax-
t'sana’yix. We, la’amxdia laxs ‘wa’la‘am k'wak'waxt’sa- na'yix dia'wins kumayx yix ‘walagakilasas.
We, la ‘nampangapa awabo’vasixans L'saxwt’sana‘yasans k'wak’waxt'sana’yix yix ‘wa- dzagabasas.
We, le mudan laxans k'wak'waxt’sana’yis yix .



Communities and Consultations

Draft OCR Transcription of Ethnology of the Kwakiutl (Boas & Hunt 1. https://docs. google.com/forms/u/ 1/d/1 SCGINraz-0jf 1e499icEiude Vmh

First draft of text distributed widely to ~50

Draft OCR Transcription of Ethnology of

COmmunity eXpertS and area‘ knOW‘edge the Kwakiut/ (Boas & Hunt 1921,
" . Smith ' S
specialists/researchers for feedback mithsonian) Survey

1. Do you like seeing both orthographies, Boas-Hunt and U'mista, on the same *

* GN Language Program e

Mark only one oval.

e Staff of the Kwala adult immersion language :
program T ——
e L anguage teachers in the GNN Elementary
School e
* Heritage language learners and teachers at 6 ey o pencios s i At 3

UBC
* Elders working with the language

* Academic researchers, linguists



Secondary Challenges

* Revising 1921

O Restore line numbers

O Restore missing titles

How to make this model transferable 1
other texts/?
Essential:

o0 How to handle diverse formatting,
layouts & arrangement of English an
Kwalk’wala?’

Nice to have:
O Images & Figures

46

Geographical Names of the Kwakiutl Indians

20.99; o' gwiwirés (0-g'vu-Lé®) forehead on water; bay in front
of X' mdasbés, Hope Island — M 370, 391; o'gwitemes (0-g-ut-
[g/Em-€) head of body of round thin =~ °% =% - 7% *7 7 -

22.135; o'gquitEmess no'mas (0-g'it-g
body of Old Man 7.112; &' gwiteméss
gag-€was 6.30; 0’ gwitemalis (0-git-g
ofbody 8.15; 8a.70; &' gwitEmeres (0-g'
on water 10.59; ok/u'nes (0-k'!in-é°),
Deserter’s Island 6.47— CXXV1220;
beach body, sand bar in river 13.50
CXXVI104;06 gumatlis (0-gem-a-l=is)
(6-gem-l-la ) front rock 3.47 —R 1221,
is) beach at river mouth 7.59; ox*s7’
river 8.109; 22.136; 0" x¥sidze" (0-x"s18=
22.67;0 z sidzatlaa’ (0-2sis=a-l-/a ) roc
(0-zts!e( ? )-l-!a ) front of long, steep 1
o’ xvs8d (0-xsd ) passage through 11.32;
through 10.74; 14.4; 6’ x¥sdlesela (0-xs
through 14.115; ox@’we® (6-/xo0-€¢) nec
— III 149.22; o6xsdé’® (6-xsd-¢¢) hind
14.9; 18.103; 20.27; oxsdetlas (0-xsd-
inside CXXVI 95; oxsdesli's (G-xsd-
8.3, 18; 21.4; 22.134; o' wsdéré® (o0-xs
10.119; oxsderess no'mas (6-xsd-e-Lés-s
0f Old Man 7.108; o' z*Ld top of head 2
head beach 3.107; 18.7; 20.43 —
(0-/zra-ato-a-l=is) beach at hind end
20.89; oxra'tlaa (6-/zra-l-'a) rock :
16.50; 17, between 15 and 16; oxra’
hind end 3.6; 6.93; 8.10, 19; 10.28,

o'yaa (oya-a) (6ya Naklwax-datz*; gwe

rock 7.51; 10.69; o'yaélbé® (oya-él-b
10.215; o'yabaa’ (oya-b-'a) outside r
(oya-b-¢¢ ) outward point 18.9; 0'yage
outward rock 4.7; 15.61; 17, between
0 ya-xstatlis (oya-dxst-a-l=is) beach ¢

o'bek* (0p-ku?) whispered (?) 15.143

(0'manis), Nootka name; 4.63 — M 32¢

o'maxsdelis (om-exsd-el-is) 13.36, 43
omaxsela 13.25
0’'s°eq* (D 104 osé-ka ) said to mean ‘‘grey

trees 11.6 — M 677.17; X 229.18;
1388.62; ad’'saagim (D 105 a-ows-a-
14.128; 0'sagiimlis 16.3

ITL. 473

5'ts la’xa g-i'ldasé yix la g-itsle-

evalln. . -
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the speaker of the house said, “ Come here, Mouse, and go again to see. Now
go really, and try to see what affects us, and what is the reason that this death-
bringer does not act in the right way.” :

Then the Mouse went out of the “winter-dance house of the mountain-goats.
She went at once to the hiding-place of Tewi'x iflak®, and said, “ O friend! take
care. When they sing again, you must enter. They will name you at once
Da’bend.! When you jump in at the door of the house, you must take hold of
that feather, and say while you are holding it, ‘I am Da’bend.” Then the large
man will let go of it, but you must hold the feather. That is (what I want to
say).” Then the Mouse went back into the house, and said, “O friends! I
have been all round our world.” Thus said the Mouse.

a’emxat! q!we'teda. Wi, la”lae e'tled ya'qlegateda ya'yaq!Entefme'taseda g o'kwe.
only again they stopped.  Well, thenit is’ again speaker of the house of the house.
' said . Y
Wi, 1a®lae ®ne’k-a: “ Ge'lag-a, Ha*la®malag, qa’s la'os é'tled do'x*wida. Weé'ga
Well, thenitis hesaid: ‘‘Come here, Mouse (woman), that yougo again to see. Go on
said you ' .

a'lax*id do'qwax hd'ti g-a’xens; la'g-itasik- k-les he'te’lagra’da hala'yuk®.”

really look for ~ what us; the reason for not being right this  death-bringer

affects this this.”

Wi, hé'xfidaemfla'wise Hai*la®ma’laga la qa's’ed qa’s la la'wels la‘xa

Well, at once it is said that went togo out at the
she

ts!z’i’gats!é’séda t.mé®melxLowe. Wi, la®lae héfna’kulaem  lax fwu’ndzasas

spoke the

the Mouse (woman) then  walked,

ts!é'ts!é%a house of mountain-goats. Well, thenitis she went at once to  the hiding-place

the said : of

Tewi'xiflakwe. Wi, la*lae ®ne’k-a: “fya, qast, wé'ga ya'Llax, lag’'ms laL
TEwi'x i%lak®, Well, thenitis shesaid: “0 friend ! go on take care, then you will

said go
lag’LoL qa®xo é'tler de'nxféro. Hé®maa’qo laL ré'x%eLxeés L&'gemosé Da’bende,

you will  when will will sing. At once they will name your your name Da'bend,
enter, again ) will
wid, la’Les deEwi'L la’xwa tléx+ilixsa g-o'’kwex. Wi4, la'Les da'xfiLxwa
well, then you jumpin at the door of the house. Well, you will will take the
will
tsle'ltslelk-eéx; la’Les ®né’x'LoL: ‘No'‘gwaem Da’bend,’ qa’so laL da'laLkqg.
feather here ; then you you will ‘Iam Da'bend,’ when  then hold it.
will say : you will

Wi, hé'xfidaemlwisoxda fwa’lasex begwa’nEm °*mex®¢’LEq'. Wi, laraLks

10

Well, at once will this large this man will let go of it. Well, then however
you will
da'lax'siemratxa tsle'ltslelk-e. Hé®meq.” W4, la®lae qa'sfede Hala*malaga
will but only hold the feather. That is it.” Well, thenitis  walked the Mouse (woman) -

. said
qa’s le lag'L la’xa gro'kwe.” Wi, 1a®lae ®ne’k-a: “fya *nefnEmokwi’i, lae’'mx'dEn

that went to  in the house. Well, thenitis she said: “0 friends ! I have
she enter said
le’tstali’sela la’xwa awi®stixseEns ®na’lax,” ®né’x*®lae Ha*la®ma'laga.
i
gone around the at this around of our world,”  said it is said the Mouse (woman).

world

¥ That means ‘* to take hold of end.”



First-Pass OCR

stretched rom the bow right through | la’e do’x*wartlodayu lix o’giwa’yas la

to the stern; but when the little ____ hé’bendala lax o’xrafyas, 1a’La-

canoe is uprighy it 1s this way.) Dl | qéxs hé’nalaéda xwa’xwagumrLe
i o'a gwi'lega).

Google Cloud Vision OCR - Text Detection Module

Stretched rom therow right through laid oxwalelodayu lax ogiwa la
To the stern but when the little he benda la lax o xlayas lala -
Canoe is upright it is this way )) gexs henaleda xwaxwagle

ga gwa lega).

14



First-Pass O
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to get cockles at hali-tide

o
| H0xwa pettle
- to chop out bloc
Emx- to bud to sprout

P O press agains stead o %
£'gekila a small bird (not tég-dgila)

eh-dla to fit tight (not fenk-dia); stem tgh-
zgilgxs to pull out of cance (instead of

tegilgxs)
- hang (instead of ¢
0 w Do ) of ! 0
§ghoya)
0
fpg- mud (= /ng-)
tzge’s mud on beach
£ x'mas bile, gall (not {gx*mas)
gxg'm cedar withes
Elp- to go to meet girl in woods; heart bea

’ i iwitei

nstead ©

of dak-ints'ésgla)

“ints/Esgla fish jumps down beach (i

'ewdna liver (not dewdna)
k% dolphin (Newettee) (instead

distgnd)

stem dik*- long extended line
‘istend to cut into a fluid (instead
dsdgk/wa Rubus macropetalus Dougl.,
| ~nrsinns (= strung out on rock)
to be long extended, as a line, a vind

digwil spinal column of porpoise
dig*dxgwis Menyanthes trifoliata (=

strung out on beach, meadow)

emak’ to lash up (not ¢'zm(a))
/ems* wart (instead of £'Emsa®)
/gms- to pick Unifolium dilatatum (Woods,
Rydb.)

Entggé to marry in one's own fami
t/gnsdla to give to one's own relati
/gmx* knot in wood (not {/gmx’)

500

1000

1500 2000 2500

Google Cloud Vision OCR - Text Detection Module

- Advantages
- Free to use, up to 1000 pages per month
- Access through Google Cloud API services
- Quick and easy setup, and rich metadata where available

- Disadvantage:
- Does not allow finetuning
- Language ID labels are often missing
- Bounding boxes may not be structurally coherent




LanglD

16

Stretched rom therow right through laid oxwalelodayu lax ogiwa la
To the stern but when the little he benda la lax o xlayas lala -
Canoe is upright it is this way )) gexs henaleda xwaxwagle

ga gwa lega).

English-language detector (fastText)
VY

Stretched rom therow right through laid oxwalelodayu lax ogiwa la
To the stern but when the little he benda la lax o xlayas lala -
Canoe is upright it is this way )) gexs henaleda xwaxwagle

ga gwa lega).



LanglD

fastText custom language identitication training

- bilingual first-pass texts from Boas collection used for training

- 1000 sentences for each language (Kwak'wala and English)

- Trained using default fastText parameterizations

- Achieves 99+% accuracy on held-out test set

- We apply this to the first-pass text to potentially use language as a
proxy for structure

17



Masking

Stretched rom therow right through laid oxwalelodayu lax ogiwa la
To the stern but when the little he benda la lax o xlayas lala -
Canoe is upright it is this way )) gexs henaleda xwaxwagle

ga gwa lega).

High-likelihood English spans are temporarily masked

|

laid oxwalelodayu lax ogiwa la
benda la lax o xlayas lala -
)) gexs henaleda xwaxwagle

ga gwa lega).

18



Masking

- Texts are diversely formatted with illustrations, figures, page numbers,
line numbers etc.

- The post-correction model requires only Kwak'wala text and doesn’t
handle non-Kwak'wala text very well

- We apply a masking layer that temporarily hides:

- line numbers (that provide cross-reference information to other
collections (very important for readers)

- page numbers
- punctuation

- Done with a simple deterministic Python script

19



Post-Correction

laid oxwalelodayu lax ogiwa la
benda la lax o xlayas lala -
)) gexs henaleda xwaxwagle

ga gwa lega).

Remaining Kwak’'wala text is sent for post-correction,
as per Rijhwani et al. (2020)

|

la'e do'x3wal.Elodayu lax o'g'iwadyas la
hé'bendala lax 0'xLa3yas, lala-

géxs hé'nataéda xwa'xwagumlLe

ga gwalega).

20
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reference sentences

Post-Correction

. Can automatically correct errors in very low-resource OCR settings
rain a very small correction model on a sample of first-pass and gold

Multi-source neural architecture (based on Rijhwani et al. 2020) which
was shown to reduce OCR character-level errors by 30-60%

We use t

ne model as is, with the

turned o

T as it was shown not to

exically-aware decoding setting

oenefit Kwak'wala

We train the model from scratch, replicate the CER results from the
original paper, and then apply the model to our dataset
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Reconstruction

la'e do'x3walElodayu lax o'g'iwadyas la
hé'bendala lax 0'xLa3yas, lala-

géxs hé'nataéda xwa'xwagumlLe

ga gwalega).

English text and other masked tokens are reintroduced at the
appropriate indices. Orthographies can be converted

(U'mista or SD-72)

|

Stretched rom therow right through
To the stern but when the little

Canoe is upright it is this way

la'e do'x3wal.Elodayu lax o'g'iwadyas la
hé'bendala lax 0'xLa3yas, lala-

géxs hé'nataéda xwa'xwagumlLe

ga gwalega).



Evaluation

la'e do'x3walElodayu lax o'g'iwadyas la
hé'bendala lax 0'xLa3yas, lala-

géxs hé'nataéda xwa'xwagumlLe

ga gwalega).

Compare final corrected outputs to original gold
labels, at the character level to obtain CER

la’e do’x*warklodayu lax o’griwa’yas la
hé’beEndala lax o'xra®yas, 13’La-
) .
e
_J geéxs hé’nataéda xw‘e‘l’zgwagumLé
oa ogwi'tégra).

23



Mixed-Methods Pipeline

24

under the knot. And at once it comes
off, and the block falls on its back.
Now the whole branch-side of the
cedar is off. Then a cedar-bark rope
is taken by the canoe-builder, for he
wants to measure the middle of

na’k-e. Wi, lé hé’x*idaem 4’Em na’*na-
k!waxra, neLeLE’lé tE‘mkwafyas.

Wi, la®mé °®wi'lAweé LlE'nk:!Gt!Ena
yisa wi'lkwe. Wi, hé”mis 1a ax®&'tsosa
L&'qlénoxwés °‘mr‘nyayuwé dEe’nskEn

denke'ma, qaxs hé”®ma& *me’nsk-

the bow of the canoe he is @ lasexa *nE’gExsLasa 6'giwa’yasés
\

building and the middle of the

.....

so that vou can see how the rope is
stretched *om the bow right through
to the stern; but when the little
canoe is uprighu it is this way.)

Then he marks the place where the
rope is stretched from tha bow to the
stern. As soon as he has finished
marking it, he takes off the measuring-
rope. Then he measures, beginnirg at

L& qase'wé 10° ‘nEgEXsLasa O'Xx-
wa’raaxs g-ae la gwi'teda wi'l-
kwega, (yixs qo'qwalsg--1-latek: qa’s
do’qwaladsax gwi'taasasa dEnE‘maxs
la’e do’x*warelodayu lax o’griwa’yas la
hé’bendala lax o'xra‘yas, la'La-
qexs hé’natagda xwa’xwagumire
ga gwi'leg-a).

Wi, lé xu’ltledex x-i‘mataasasa dE-
nE‘'mé la’xa o'giiwa’® LE'wa 0'xra’c.
Wi, gil'mése gwate ma’mattlek-la-
‘yaséxs la’e la’wiyodx€s °*me’nyayowe
dene'ma. Wi, lé ba'tfidxa gd’g-iLela

10
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1) First-Pass OCR

4) Post-Correction

5) Reconstruction
and Output

D>

-<—

>

2) LanglD Labeling

3) Masking/Isolation

6) Evaluation with

Gold data



Results

Community-oriented prioritization of texts for
digitization

« With our mixed-methods pipeline, including
language identification, masking, and automatic
post-correction, we achieve for our Kwak’'wala

texts:
e ~50% decrease in character error rate
e ~87.5% reduction in structural error

m insertion, deletion, and maximal move
operations required across the output page
to make it identical with the reference text
(Kanai et al, 1995)

25

Jesup 5.1, 1902 Kwakiutl, 1909
CER SER CER SER

First Pass 0.43 25 0.33 18
Corrected 0.18 2 0.15 3

Table 1: For both books, we find that using our pipeline
greatly reduces not only textual errors (CER) but also
greatly improves the layout and structure (SER)



Next Steps

e Stable OCR Packages for Kwak'wala:
1. Developer friendly (repeatable & transferable)
2. End-user triendly
* [nvestigation of multiple langlD modeling approaches for
Kwak'wala (other than fastText)
* Create more gold reference texts for better evaluation
e More extensive benchmarking across more books/collections
e \With consent of the language community, share digitized texts
with the data hosting institutions, such as the American
Philosophy Society and Columbia University Rare Books and
Special Collections

26



Developing a Mixed-Methods Pipeline for Community-Oriented Digitization of
Kwak'wala Legacy Texts

Milind Agarwal, Daisy Rosenblum, Antonios Anastasopoulos

GitHub Repository

Contains code for all stages of the
pipeline, as applied on Kwak'wala

UBC




Next Steps

* Text extraction from two volumes (Boas and Hunt, 1921)

* Transliteration into two community-preferred orthographies
(U’'mista, Lig'wala)

* Apply model to other languages written in same typeface

* Develop/improve OCR model for unpublished typescript

* Create dataset for developing other NLP tools
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