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Background



Fieldwork, software, and the community

 Navigate researcher-community collaboration ethically
« Community members as collaborators, not research subjects
+ Give community members maximum agency
+ Engaging the community is complicated by current software and
practices
« Technical barrier to use existing software
« Need for linguistic training for e.g. applying morphological labels



Current standard annotation practices

cat-s  would="ve chase-d mice
cat-PL  COND=PERF chase-PST PL\mouse

Diminished usefulness for understudied languages

 Theoretical issues
« Early commitment to an analysis

« Assumption of segmental patterns

» Practical issues
+ Suboptimal use of human time

* Requires linguistic training



Existing software for annotation

« Requires non-trivial technological ability

+ Low integration with other software prevents linguists from making
use of rapid advances in NLP and CL



Doing better

« Word-and-Paradigm Morphology
« A more intuitive annotation process and software interface

« Computational methods and machine learning
- Automating the initial steps of analysis
» Suggesting most informative data points to analyse next

« Automatically extending the annotation and analysis to new data



Word and Paradigm morphology

« Establishing parallel relationships of form and meaning between

words
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Word and Paradigm morphology

« Establishing parallel relationships of form and meaning between

words
. Base « The word is the smallest unit
e « Defined by its place in a system of
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WP-inspired annotation

The annotator’s task: decide whether two items in context share a
property or not

1. Do two words belong to the same lexeme?
2. Are pairs of words belonging to different lexemes in an analogous
relationship?
sink ~ sunk
ring ~ rung
wink ~ winked
This allows us to identify the cells that define the system



A machine-aided workflow for morphological analysis

Goal: paradigmatic morphological analysis from documentary corpora

« Computational automation of the initial steps of the analysis

« The annotator corrects the initial analysis
« Simple task: same or different?

« Active learning
« Updates the analysis after each annotator correction
+ Directs the annotator’s attention to the most informative data points



The workflow




Step 1: Automated paradigm discovery

« List of lemmas
+ corpus
+ machine-learning method (Jin et al. 2020)
= initial unlabeled paradigms

« System searches a documentary corpus to identify related forms for
each lexeme and group surface forms into paradigms

Cell
Lexeme 1 2 3 4 5 6
HEAR hear heard - hearing heart -
HELP help - helped helping - helps



Step 2: Same or different? (Lexemes)

« Automatically extract examples of each form in context from the
corpus

File

« The annotator marks items that don’t belong with the others

Lexicon Analogies Paradigms Texts

Lexemes Senses Concordances
DANCE HEAR-Y you're still going to hear them.
DRIVE HEARING-N She thought she could hear Gomez laughing.
LIVE ’ ..signalling of problems of hearing and understanding.
HEAR _ -
WORK .

..gray marble mausoleum at the heart of the city.
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Step 2: Same or different? (Lexemes)

« Over time, the system uses annotator corrections to improve its
suggestions via active learning

File

Lexicon Analogies Paradigms Texts

Lexemes Senses

Concordances
DANCE HEARY B kept on hearing about this guy named Mario
DRIVE HEARING-N (7 We heard the children shouting
LIVE : @ you're stil going to hear them.
V';/{g;i <] She thought she could Fear Gomez laughing.

« |tems are reordered in real time to make efficient use of annotator
time
« The software gradually learns which items belong together and which

to exclude with minimal user input 1



Step 3: Same or different? (Analogies)

« Pairwise analogy to group forms instantiating the same paradigm
cell.

File

Lexicon Analogies Paradigms Texts

Analogies Concordances
X Xing
X~ Xment
X~ Xer & We publish these & Time for publishing
X~ xing i h dl
X~ Xed @  Ifwelearn how @ Second language learning is
X=X @ We goregularly o She's not going to like

« The annotator’s task is the same: mark words that don't belong, and
confirm those that do

« Annotation order is determined using active learning, as before 12



ult: Unlabeled paradigms

File
LEXICON ANALOGIES PARADIGMS TEXTS
Lexemes Senses Paradigm
View, edit and create
Q search word senses... v Q search
Show all words.. ~
look
how looking working offering playing following
focus
involving look work offer play follow
it
describes
looked worked offered played followed
focusing
focused
works looks works offers plays follows

13



Case Study: Wao Terero




Case Study: Wao Terero

Wao Terero provides a demonstration of this workflow in the field.

« Linguistic isolate spoken in Ecuadorian Amazon
+ Estimated 1,200-3,000 speakers
» No standard orthography

+ Collaboration with native speakers (Spanish-Wao bilinguals)

14



Case Study: Wao Terero

 Two native speaker consultants from the Wao community of
Geyepade served as annotators.

» Neither consultant had taken a course in linguistics

+ 10 minutes of training, with Spanish verbal paradigms

+ annotate as many items (lexemes and paradigm cells) as possible
within 1 hour

 Annotators found the task understandable and interesting, with
high inter-annotator agreement across annotated examples

15



Proof of concept

s

Feeg AT

Copot et. al (2021)

Proposed workflow has high potential to increase community
engagement
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Future Work




Future work: Annotator input

File

LEXICON ANALOGIES PARADIGMS

Lexemes Senses Paradigm

Soarch View,editand create -
@ seer word senses. Qe

Show all words. ~
look
how looking hearing working offering playing
focus
involving look hear work describe offer play
it
describes

looked worked offered played

focusing
focused
works looks works describes offers plays

« Currently, annotators can only confirm or reject examples

« Future versions of the software will allow direct user input to

correct incomplete paradigms
17



Conclusion




Benefits of the Workflow for Linguistic Fieldwork

Word-and-Paradigm annotation makes direct comparisons in context

« Intuitive for untrained consultants
* Increases community participation

« Defers difficult decisions about segmentation and labeling

+ Paradigmatic analysis of morphological system as a whole

« Modular architecture:
+ Future improvements in state of the art machine learning can
immediately benefit annotator

« Annotation output may be used for linguistic analysis as well as
community resource development

18



Many thanks to our consultants,
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Concordance Workflow
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Edit Trees (Jin et al., 2020)

Split(3. 6)

Replace(naj, €) Split(5, 0)

Replace(iejsz, )  Replacele, €)

Figure 2: Visualization of the EDIT TREE constructed
from najtrudniejszy to trudny (Chrupata, 2008).

Split(0. 0) Split(0, 0)
Replace(s, €}  Replace(e, ed) Replace(e, £)  Replace(e, d)
(a) (b)

Figure 3: Visualization of the EDIT TREES representing
(a) work — worked and (b) continue — continued.



UD Treebanks

# sent_id = GUM_academic_art-22
# s_ty ecl

# text - Inportantly, studying eye movements offers an insight that does not depend on the participants’ beliefs, memories or subjective impressions of the artwork.
1 Importantly importantly ~ ADV  RB Degree=Pos 6 advmod  6:advmod Discoursesevaluation:41->39:1| Spacehfter=No

2 . , uner , 1 punct  Lipusct _

3 studying study Ve VG verbrom-Ger Gsubj  6:csubj _

1 eye  eye NoUN NN Number=Sing cwmpaul\d 5 :compound ity v ab inact-1-coref)

H movements novement. NOUN . NNS  Runberspiar 3 obj 3:0bj  Entity=92)

6 offers offer VERB  VBZ  Mood=Ind ng| Person=3| in 0 zoot  O:root

7 an a bEr DT Definite=Ind|PronType=Art s det 8:det Entity=(abstract-102-ne

8 insight insight NOUN NN Number=Sing 5 abj 6:0bj|12:nsubj _

s that  that  PRON  WDI  PronTypesRel 1z nsubj  8iref Discourseselaboration:d2->41:0

10 does  do AUX  UBZ  Mood=Ind ng| Person=3| in 12 aux 12:aux

1u not  mot 3 B Polarity=Neg 1z advmod  12:advmod _

12 depend depend VERR VB vezbrozmIn @ aclirelcl 8:aclirelcl

13 on on a0P ™ _ 17 ase  17:case _

1 the the bET DT Botinitombot |Prontyperhrt Is det 15:det Bridge=92<104 |Entitys(abstract-103-neu-4-sgl(person-104-ace:inf-2-sgl
15-16  participants’ _ _ _ _ _ _

15 participants  particigane  fom s HasbersTor nmod :poss 17:nmod:poss

16 PART  POS  _ 15 case  15:case }:ntxty-]ol)

17 beliets boliet Tom  mm  Wmkarerlne 12 obl 12:0bl:on Entity=103)|SpaceAftor=No

18 . , T _ 19 punct  19:punct _

19 menories memcry NOUN  NNS  Number=plur 17 conj  12:oblion|17:conjior  Entity=(abstract-105-new-1-sgl)

20 ccons  cc _ 22 cc 22:cc _

21 !ub]e:t)ve subjective w1 Degree=Pos 22 amod  22:amod Entity=(abstract-106-new-2-sgl

22 impressions impression o we msbererlur 17 conj  12:oblion|i7:conjror  _

23 of of e T ase  25:case _

24 the the pET DT Deflnxte-an\PrunTypn-Mt 25 det: 25:det Entity=(object-87-giv:inact-2-coref

25 artuork artuork NOUN N Number=Sing mmod  22:nmod:of Entity=87)106)102) | SpaceAfter=No

26 . . puNeT . _ 6 punct Erpunct



Analogy-based Annotation Workflow

Analogies

View existing analogies.

INDEX  NAME PROVENANCE
0 accord_1~according 1 )
1 add_1~add_1 jin_etal
2 add_1~added_1 jin_etal
3 add_1~adds_1 jin_etal
4 base_1~bas_1 jin_etal

8 records selected.

Create new analogy.

(select aword and sense...) ~ (select a word and sense...)

Search ] ch

Show all words. v Showall words

[ | SELECT WORD SENSES...

MEMBERS

Lexicon browser

Search
Show all words.
look
how

focus

Viewing lexical split: look_1

# Relative
0 looking_1
1 looked_1
2 looks_1

Name

look_1

Dist

(#positive)
62

11of1

Relation
accord_1~according_1
add_1~added_1
add_1~adds_1

1303



Experiments and results




Experiments: English & Croatian

 Universal Dependencies datasets for English and Croatian provide
a gold standard for evaluation
« Annotators: 4 linguists (2 per language), fluent English speakers
« English: upper estimate of model + annotator performance

« Croatian: unfamiliar language

« Formalized annotation guidelines provide instructions and
guidance for dealing with ambiguity

« Annotators had 30 minutes to annotate lexeme data and 30 minutes
for cell data



English & Croatian Results

Lexeme Cell

Acc. Marked  Corr. Acc. Marked  Corr.
English English
Base 81% - - Base = 67% - -
Al 84% 58 50 Al 97% 129 120
A2 83% 43 33 A2 94% 119 108
Croatian Croatian
Base = 66% - - Base 90% - -
A3 67% 19 19 A3 90% 8 -1
A4 66% 12 12 A4 90% 28 16



Experiments: Wao Terero

Wao Terero provides a demonstration of this workflow in the field.

« Linguistic isolate spoken in Ecuadorian Amazon
+ Estimated 1,200-3,000 speakers
» No standard orthography

« Part of ongoing fieldwork and language documentation project
+ Collaboration with native speakers (Spanish-Wao bilinguals)



Experiments: Wao Terero

« Model input:
+ Wao Terero New Testament
» Multi-syllabic target lemmas
« Two native speaker consultants from the Wao community of
Geyepade serve as annotators.
» Neither consultant has taken a course in linguistics

« Annotators given 10 minutes of training on task using Spanish verbal
paradigms

« A non-native linguistics Ph.D. student also completed the
annotation experiment.



Results: Wao Terero

+ No gold annotations. We instead measure annotation speed and
collect qualitative feedback.

67 tokens/h  Wao consultants (each)
776 tokens/h  Fieldworker

« Differences in speed reflect different annotation strategies:
* Meaning in context vs. orthographic similarity

» Annotators found the task understandable and valuable, but the
data was challenging
* More natural texts and better heuristics for dealing with ambiguous
lexeme categories may improve future performance
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