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Abstract

This paper presents (i) UD-CHILDES-BG, a
manually corrected Universal Dependencies
treebank of Bulgarian child and child-directed
speech, (ii) a quantitative and phenomenon-
based evaluation of inter-annotator agreement
on developmental data, and (iii) a systematic
analysis of parser errors in this underrepres-
ented domain. We manually correct 4,338 de-
pendency parses (10% of the CHILDES-BG
corpus), of which 14% are double-annotated.
Inter-annotator agreement on UAS/LAS is
91.71/86.12 for child-directed speech (CDS)
and 88.14/81.40 for child speech (CS). Parser
performance on the manually corrected portion
is 92.70/85.54 for CDS and 90.97/81.52 for
CS, compared to a reported 93.37/90.21 on the
test set of adult written language. Our analyses
reveal that CDS and CS pose challenges for de-
pendency annotation and parsing, particularly
in discourse-related structures, which are less
common in adult written language.

1 Introduction

Linguistically annotated corpora are central to su-
pervised NLP, evaluation of LLMs, and theory-
building in linguistics. Most syntactic treebanks
are based on adult written language, while de-
velopmental data remains comparatively under-
represented, despite growing interest in the role
of syntactic structure for language model robust-
ness (Giiven et al., 2025). Furthermore, first lan-
guage acquisition (FLA) research relies on child-
directed speech (CDS) and child speech (CS) with
high quality annotations to make extrapolations
about the development of language (Bosch, 2025).
Providing linguistically annotated CS and CDS,
along with scalable guidelines, for resource-poor
languages is thus a useful area of expansion to fur-
ther FLA and NLP research.

The challenge of parsing CDS and/or CS was
first addressed by Sagae et al. (2001), and has

since been explored primarily for English (Pearl
and Sprouse, 2013; Liu and Prud’hommeaux, 2023;
Yang et al., 2025), with only a small number of stud-
ies on other languages, including Hebrew (Szubert
et al., 2024), Japanese (Butler et al., 2022), and
Dutch (Odijk et al., 2018). Universal Dependen-
cies (UD; de Marneffe et al., 2021) provides a
cross-linguistically consistent framework for syn-
tactic annotation, which has been applied to over
one hundred languages. While treebanks for CS
and CDS are scarce, they are mainly within the
UD framework. For Slavic and Balkan languages,
no manually corrected treebank for developmental
data currently exists.

In this paper, we present UD-CHILDES-BG, a
treebank of manually corrected UD parses for Bul-
garian. UD-CHILDES-BG and the accompanying
analysis scripts are available on GitHub.! The an-
notation scheme is supplied in Appendix B. We
manually correct 4,338 dependency parses, cor-
responding to 10% of the CHILDES-BG corpus
(Popova and Popov, 2020), with a breakdown of
2,481 CDS and 1,857 CS utterances. Starting from
automatically produced UD parses, we perform
targeted manual correction of core layers: lemma,
UPOS, morphological features, dependency arc,
and dependency relation.

We assess annotation reliability through double
annotation of 14% of the data: inter-annotator
agreement on UAS/LAS is 91.71/86.12 for CDS
and 88.14/81.40 for CS. By treating annotation dis-
agreement as linguistically informative, we provide
annotation guidance and linguistic background for
a selected set of language phenomena, including
clitic doubling, vocative case, and reflexive pro-
noun, which are prominent in CDS and CS, but
less frequent in adult written language.

We further evaluate the parser on the manually

1ht’cps: //github.com/milamarcheva/
UD-CHILDES-BG
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corrected parses: UAS/LAS is 92.70/85.54 for
CDS and 90.97/81.52 for CS, compared to a re-
ported? 93.37/90.21 on a test set of adult written
language. A per-relation analysis shows that the de-
creased parser performance on CS and CDS is due
to discourse-specific structures frequent in conver-
sational and developmental data, but less common
in adult written language on which the parser has
been trained.

2 Background

Bulgarian is a South Slavic language that exhibits
both core Slavic properties, such as diminutives
in CDS (Kempe and Brooks, 2001), and charac-
teristic Balkan Sprachbund features, including an
atrophied nominal case system and clitic doubling
(Tomi¢, 2011). Bulgarian is pro-drop and displays
relatively flexible word order, with agreement mor-
phology on the verb marking person and number.
These properties interact with discourse structure
and clitic placement, making attachment decisions
surrounding the phenomena less straightforward
in dependency annotation. In CS and CDS such
phenomena are further amplified by fragmentary
utterances, vocative forms, and discourse particles.

Several syntactic resources exist for Bulgarian.
BulTreeBank (BTB; Simov et al., 2002b,a; Simov
and Osenova, 2003; Simov et al., 2004; Osenova
and Simov, 2004; Simov et al., 2005) is a con-
stituency treebank based on head-driven phrase
structure grammar (HPSG; Pollard and Sag, 1994).
UD-BTB (Osenova and Simov, 2017) is the manu-
ally corrected dependency resource based on BTB.
The Bulgarian CHILDES corpus (CHILDES-BG)
provides longitudinal developmental data but does
not come with syntactic annotation (Popova and
Popov, 2020). Parsing tools for Bulgarian include a
Berkeley constituency parser trained on BTB (Pet-
rov et al., 2006), as well as dependency parsers
such as Stanza (Qi et al., 2020) and CLASSLA-
Stanza (Tercon and Ljubesi¢, 2023) trained on UD-
BTB. With regards to resources focusing on child
Bulgarian, the existing literature covers a version
of the MacArthur—Bates Communicative Develop-
ment Inventory for Bulgarian (Andonova, 2015),
as well as studies on the development of grammar
in Bulgarian (Popova and Filipov, 2022; Popova,
2023).

UD resources for CS and CDS remain limited

2https://stanfordnlp.github.io/stanza/
performance.html

cross-linguistically, starting with the foundational
dependency treebank for only CDS by Sagae et al.
(2001, 2010). More recently, dependency tree-
banks covering both CS and CDS have been de-
veloped for English (Liu and Prud’hommeaux,
2023; Yang et al., 2025), Japanese (Butler et al.,
2022), and Hebrew (Gretz et al., 2013; Szubert
et al., 2024), with some cross-linguistic work on
English—Hebrew corpora (Szubert et al., 2024).
Constituency resources are even scarcer, includ-
ing the English CHILDES-TB (Pearl and Sprouse,
2013) only for CDS and the Dutch AnnCor Tree-
bank (Odijk et al., 2018) for both CS and CDS. Fi-
nally, there are efforts for providing automatic UD
annotation to all available CHILDES transcripts
(MacWhinney, 2012; Liu, 2024) via batchalign.?
However, at the time of release of batchalign, the
Bulgarian CHILDES corpus was published only
with Latin transcription, and the UD parsing tools
require Cyrillic input. The authors of the Bulgarian
CHILDES corpus have since uploaded a Cyrillic
transcription, and we independently transliterated
the utterances for this project. Still, no manually
corrected treebank currently exists for Bulgarian
CS or CDS, or any other Balkan or Slavic language.

We adopt the UD framework for three reasons.
First, UD provides cross-linguistically consistent
guidelines that enable direct comparison with ex-
isting CS and CDS resources. Second, the primary
constituency resource for Bulgarian, BTB, employs
relatively flat phrase-structure representations (Os-
enova and Simov, 2004), making UD’s dependency
representation comparable in structural granularity
while avoiding commitments to language-specific
phrase-structural conventions. Third, UD annota-
tion is directly compatible with widely used pars-
ing toolkits facilitating error analysis and automatic
pre-annotation. In choosing UD, we prioritise re-
producibility and alignment with existing develop-
mental treebanks.

Beyond resource creation, recent work in an-
notation research has emphasized the importance
of distinguishing between annotator disagreement
and objectively incorrect annotation (Klie et al.,
2023; Weber-Genzel et al., 2024). However, sys-
tematic analyses of annotation error in develop-
mental and non-canonical spoken data remain rare.
Our work contributes to this line of research by
examining parser error and annotation contention
specifically in Bulgarian CS and CDS, a typolo-

Shttps://github.com/TalkBank/batchalign2
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gically and discourse-rich setting that challenges
standard UD assumptions.

3 Data and procedure

3.1 Source Data

We use the longitudinal section of the CHILDES-
BG corpus (Popova and Popov, 2020), which fol-
lows five children between the ages of one and three
years and covers both the child-directed speech and
the first productions of the target children. In total
there are 45,000 utterances, but after removing ut-
terances with empty transcription, 43,915 remain,
see Table 1 for a breakdown by child.

CS CDS
Child M T M T %
ALE 379 3682 430 4144 103
BOG 97 961 148 1465 10.1
ELI 121 1208 706 6825 10.3
SIM 924 9540 805 8347 9.7
TEF 336 3586 392 4157 94
Total 1857 18977 2481 24938 99

Table 1: Breakdown of valid (non-empty) sentences
in the CHILDES-BG corpus by target child. Columns
show the number of manually corrected sentences (M)
and the total number of valid sentences (T) for child
speech (CS) and child-directed speech (CDS). % de-
notes what fraction of total (CS+CDS) sentences for a
given child were manually corrected.

A stratified sampling strategy was adopted
across children and speech types, CS and CDS.
Sampling was stratified by child and by age, and
sentences were drawn from across the full set of
available utterances, in order to ensure broad cov-
erage of speakers and developmental stages. The
primary annotator corrected slices across all chil-
dren and both registers, while five additional annot-
ators were each assigned specific non-overlapping
subsets (see Appendix A for further detail). To
ensure quality control, portions of the data were
deliberately double-annotated. The exact numbers
of sentences annotated for each target child are
presented in Table 1. In total, 1,857 CS utterances
and 2,481 CDS utterances were manually correc-
ted, corresponding to 10% of all valid CS and CDS
utterances in the corpus. Double annotation was
performed on 14% of these.

3.2 Preprocessing of CHILDES annotation

CHILDES corpora are transcribed and annot-
ated following the CHAT guidelines* (MacWhin-
ney, 1992). The CHAT guidelines cover child-
language-specific cases such as phonological vari-
ation, e.g. popo [: hippopotamus |, where the brack-
eted expression is the standard form of the child
form preceding it, or special coding for unintelli-
gible words, which is standardly xxx. Sentences
consisting entirely of xxx are dropped and do not
appear in the final dataset. However, when xxx is
part of a sentence, we retain such sentences and
annotate them following Odijk et al. (2018). Be-
cause we are using automatic parses for the initial
preprocessing of the utterances, we perform norm-
alisation where phonological variation annotation
is provided: we replace the child form with the
adult form in order to allow for better automatic
parsing.

The CHILDES annotation is not always con-
sistently applied, which poses a challenge to auto-
matic cleaning of the annotation. The main focus
of the manual data normalisation is the phonolo-
gical variation annotation. Sometimes it is applied
consistently as in Figure 1 (a), where automatic
normalisation is sufficient.

Hyrara [: apyrara| ana [: crpaHal
dugata [: drugata] ana [: strana]
other.DEF side

‘the other side’

Normalised: drugata strana

(a) Consistent use of CHAT annotation.

nkaM [: uckam| rast [: ga urpasi|
ikam [: iskam] gaja [: da igraja]
want.1SG play.1SG

‘I want to play’

Problem: inserted da

(b) Inconsistent use of CHAT annotation.

Figure 1: Use of CHILDES correction brackets: (a)
consistent phonological normalisation; (b) inconsistent
annotation introducing additional syntactic material

However, in other cases the bracketed notation
is only applied to correct one of several repeated
forms, or maps one surface form to several adult
forms, as is the case in Figure 1 (b), where the
notation is used inappropriately to introduce the
functional token da. Although da is implied in the
meaning, it should not be added to the child utter-
ance as this utterance is representative of a specific

*https://talkbank.org/@info/manuals/CHAT . html
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stage in FLA development, where function words
are omitted. During the manual normalisation of
the data we ensure that child utterances are correc-
ted where possible with the word forms to facilitate
automatic parsing, but we do not allow for extra
syntactic material to be added.

3.3 Anneotation procedure

We use a custom-made project on the INCEpTION
platform (Klie et al., 2018). INCEpTION has built-
in support for data in CoNLL format, which is the
standard UD format. The annotation correction
includes: correction of lemma, UPOS, morpholo-
gical features, dependency arcs, and dependency
relations. The UD-BTB also has a very fine-grained
POS tag, XPOS, with encoded morphological in-
formation (Simov et al., 2004). For UD-CHILDES-
BG, the XPOS tag is not corrected or retained,
as the UPOS and morphological features overlap
with it. The valid (non-empty) sentences from
Table 1 were all parsed using the Stanza parser (Qi
et al., 2020) trained on UD-BTB. The parses of
the sentences selected via stratified sampling were
uploaded to INCEpTION for annotation.

The data is annotated by six annotators, who are
all native speakers of Bulgarian. A1l is the main
annotator who created the annotation schemes, and
annotated a total of 2,500 of the 4338 annotated
sentences. The annotation agreement scores are
calculated between Al and the other annotators.
A1 has a background in computational linguistics
including a completed undergraduate course on
Formal Models of Language and graduate courses
Natural Language Processing (NLP), Introduction
to Computational Semantics, Introduction to Nat-
ural Language Syntax and Parsing, as well as teach-
ing Formal Models of Language to undergraduate
students. A2-A6 all have bachelor degrees in vari-
ous philologies, and are currently enrolled in a
Computational Linguistics Master’s programme.
All annotators were previously familiar with the
UD framework, and received a 2-hour training and
overview of UD examples specific for this project,
additional to previous experience.

The annotators first annotated 5% of the sen-
tences, 1,204 CDS and 907 CS, with 238 CDS
and 185 CS double annotated (all by Al, and non-
overlapping subsets by the other annotators). After-
wards the annotations were analysed to identify the
most common sources of error in annotation, and a
2-hour discussion was held among the annotators
to decide on a unified approach for the edge cases.

Following the conclusions of the discussion, the
annotation scheme was refined, and the annotators
revised their initial annotations and annotated a fur-
ther 5% of the data following the unified principles.
The precise breakdown of sentences by annotator
can be found in Appendix A.

4 Annotator agreement

Below we present the annotator agreement with
standard quantitative metrics and further discuss
specific phenomena worth mentioning due to their
pertinence in CS and CDS. Sentences that devi-
ate from written adult language, due to exhibiting
features of spoken or developmental language, are
not fully captured by the existing gold standard,
UD-BTB. We provide further detail on some prom-
inent examples below, while a more comprehens-
ive list of challenging phenomena is covered in
Appendix B.

4.1 Quantitative evaluation

We use several metrics to quantify inter-annotator
agreement: UPOS and lemma accuracy measure ex-
act agreement between annotators on universal part-
of-speech tags and lemma assignment respectively;
Cohen’s x measures agreement beyond chance for
UPOS annotation; Unlabelled Attachment Score
(UAS) measures agreement on dependency head
attachment regardless of relation label; and La-
belled Attachment Score (LAS) measures agree-
ment on both dependency head attachment and
dependency relation labels. In the context of inter-
annotator agreement, “accuracy’ refers to pairwise
agreement between annotators and does not im-
ply comparison against an external gold-standard
annotation.

Table 2 displays inter-annotator agreement on
the double-annotated subsets of CDS and CS. Over-
all agreement is high across domains. For CDS,
UPOS accuracy reaches 92.48 (x = .9143), while
CS yields slightly lower but comparable values
90.57 (v = .8899). Lemma agreement is lower
in both domains (86.50 for CDS; 79.25 for CS),
reflecting increased ambiguity in lemmatisation of
non-canonical and morphologically reduced forms.
Syntactic attachment agreement remains strong in
both domains, with UAS/LAS of 91.71/86.12 for
CDS and 88.14/81.40 for CS. The similarity of
LAS across CDS and CS suggests that, despite
structural irregularities in child speech, annotators
converge on dependency labels at comparable rates
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once head attachment is established. An additional
explanation of the convergence of UAS/LAS scores
for CS and CDS is that CS is naturally comprised
of shorter utterances, hence, there are fewer arcs
and relations the annotators can disagree on.

UPOS, UPOS. Lemma UAS LAS
CDS 92.48 0.9143 86.50 91.71 86.12
CS 90.57 0.8899 79.25 88.14 81.40

Table 2: Combined inter-annotator agreement: UPOS
(accuracy and Cohen’s x); Lemma (accuracy); Unla-
belled Attachment Score (UAS) and Labelled Attach-
ment Score (LAS).

Table 3 breaks down agreement by dependency
relation. /A A (inter-annotator agreement) is cal-
culated using the F1 formula. Structural relations
such as case, root, and aux exhibit consistently
high 1AA in both domains, indicating stable an-
notation of core grammatical structure. In contrast,
discourse-sensitive relations show greater variab-
ility. In CDS, discourse (1 AA=84.82) and iobj
(I AA=80.43) show reduced agreement, reflecting
ambiguity in clitic doubling and particle attach-
ment. In CS, agreement for discourse drops sub-
stantially (/ A A=55.56), alongside lower scores for
conj and obj, suggesting that developmental con-
structions and fragmentary utterances increase an-
notation difficulty.

These patterns indicate that disagreement is con-
centrated not in core syntactic relations but in con-
structions that interact with discourse structure,
clitic systems, and child-specific production phe-
nomena. Rather than treating such disagreement
as annotation noise, we interpret it as evidence of
structural tension between standard UD guidelines
and non-canonical spoken Bulgarian.

4.2 Phenomenon-based evaluation

Below we discuss annotators’ interpretations of
several phenomena illustrative of CDS and CS in
Bulgarian, using linguistic background to justify
the final annotation decision. For all cases we fol-
low the logic of annotation of UD-BTB (Osenova
and Simov, 2017). In the interest of space we limit
the discussion to the annotation of dependency arcs
and relations; see the annotation scheme in Ap-
pendix B for comments on lemma, UPOS, and
morphological features.

CDS CS
Relation [TAA Relation I1AA
root 93.66 root 95.88
obj 91.03 obj 70.83
advmod  93.77 conj 62.22
nsubj 86.19 advmod 85.71
discourse 84.82 discourse  55.56
case 99.42 nsubj 75.00
aux 91.76 case 94.74
cop 97.14 nmod 77.78
vocative  90.38 aux 94.12
iobj 80.43 det 76.92
expl 78.95 vocative  50.00
cc 90.41 cc 100.00
conj 82.35 amod 85.71
obl 75.86 expl 33.33

Table 3: I AA (F1 calculations used as an inter-annotator
agreement metric) for selected high-frequency relations,
sorted by frequency separately for CDS and for CS;
punctuation excluded.

4.2.1 Clitic doubling

Clitic doubling is exhibited by several languages in
the Balkan Sprachbund (Tomi¢, 2011). It is the phe-
nomenon where a clitic pronoun and a full nominal
argument co-occur, which makes it a contentious
case for UD annotation, as there are two forms
with the same function (e.g. obj). There are lim-
ited examples of clitic doubling in UD-BTB, while
the phenomenon is a lot more common in spoken
Bulgarian, and therefore in CHILDES-BG. In UD-
BTB the annotation of clitic doubling is resolved
with the full nominal argument tagged with relation
obj and the clitic pronominal with relation expl,
sharing the same head.

ETo ro paamoTo
eto go radioto
here it.35G.ACC radio.DEF

‘Here it is, the radio’
Figure 2: Clitic doubling: the adopted annotation ap-

proach. The dashed arc shows an annotation which was
decided against.

The guidance all annotators agreed on is in com-
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pliance® with UD-BTB, and is as follows: the
clitic should be attached to the root of the verb (or
clause), i.e. to the same head as the nominal argu-
ment and be tagged with relation expl, see Figure 2.
An alternative analysis was proposed (dashed line
in Figure 2) where the clitic would have as head the
nominal argument itself, because the clitic refers
to the nominal argument. This suggestion was ul-
timately rejected as the nominal argument and the
clitic do not always form a constituent.

4.2.2 Vocative case

The case system in Bulgarian has been replaced
mostly with prepositions, however the vocative
case is still active. The vocative case is used to ad-
dress someone directly, which makes it especially
common in spoken language, and less so in written
form, as it requires direct speech between inter-
locutors. UD has a relation vocative especially
for this case and this is what we use for annotation
(see Figure 3). Sometimes the vocative noun also
has the semantic role of a subject. Following a
discussion of whether the vocative noun should be
introduced via nsubj or vocative in such cases,
it was agreed upon that vocative has precedence.
This is justified, as Bulgarian is pro-drop, so the
more likely role of the vocative noun is the vocative
role.

vocative

case
advmod
[
Came , Ha KOJIKO cn POIUHKH
Sashe , na kolko si godinki
Sasho.VOC  of how.many be.2SG.PRES year.DIM.PL

‘Sasho, how old are you?’

Figure 3: Vocative case.

Special case: address inversion is a case of
nominal address, where the speaker (addresser)
uses their role in the dyad to address the ad-
dressee (Beyrer and Kostov, 1978; Braun, 1988;
Pavlova, 2015). Most commonly in CHILDES-BG
this is exhibited with the vocative of mum: ma-
Mo (mamo mum.VOC), however it is also possible
with other kinship terms and names. In such cases,

5One reviewer suggested that the dislocated relation
might be appropriate to use here, however, it is not used at all
for Bulgarian. UD-BTB has existing albeit few examples of
clitic doubling, hence we stick with the convention.

the consensus among the annotators is to use the
vocative relation (see Figure 4).

vocative
Hait ro ,  MaMo
dai go mamo

give.IMP.2SG it.3SG.ACC mum.VOC
‘Give it [to me], child’

Figure 4: Address inversion.

4.2.3 Reflexive pronoun ce/cu (se/si refl)

In Bulgarian the form ce/cu (se/si refl) can mani-
fest as three types of reflexive pronoun:® dative
reflexive, accusative reflexive, and possessive re-
flexive. Below are examples of these three cases
and the appropriate use of the UD relations to an-
notate each case. Refer to Pencev (1996) for a
detailed grammatical account of these forms and
to Slavcheva (2003) for the implications of these
forms on morphosyntactic annotation.

Dative reflexive clitic When cu (si refl. DAT) is
a reflexive dative clitic (dativus ethicus), it is intro-
duced with expl relation and headed by the verb it
relates to (see Figure 5). A dativus ethicus is an op-
tional use of the clitic which contributes emotional
context (in this context, comfort or indulgence).

Hrpae cu JIeTeTo
igrae si deteto
play.3SG.PRES DAT.REFL child.DEF

‘The child is playing.’
Figure 5: Dative reflexive clitic.

Accusative reflexive clitic When cu (si refl) is
an accusative reflexive clitic (true reflexive), it is
introduced with expl relation and headed by the
verb it is part of (see Figure 6). The role of the
accusative reflexive clitic is to refer to the object,
when it is identical to the subject. Verbs which
permit or require the use of a true reflexive have that
information encoded in their lemmas (not pictured).
While the accusative reflexive refers to the semantic

® Additionally, it is also the 2SG.PRES form of the verb ‘be’
as in Figure 3.

118



object of the sentence predicate, the convention of

UD-BTB is to use the expl relation rather than obj.

Using expl for reflexive pronouns is an established
UD practice for Slavic languages.’

aux
expl
IIle ce MU
shte se miya

FUT REFL wash.1SG.PRES

I will wash (myself).

Figure 6: Accusative reflexive clitic.

Short form of possessive pronoun If cu (si) can
be replaced with a full form possessive pronoun,
its relation is det with head the nominal which
it specifies (see Figure 7), following the case of
non-contracted possessive forms.® These cases can
be ambiguous as the use of cu (si) can resemble
a dativus ethicus. The annotator agreement is to
deterministically apply the rule above when annot-
ating to ensure consistency. Note that this may
result in a non-projective parse.

1'00[

T

Vrapu KpadgeTo
udaril kracheto
hit.PTCP.PST REFL POSS be. 3SG PRES leg.DIM.DEF

‘He has hit his leg.’

Figure 7: Possessive reflexive clitic.

5 Evaluation of the automatic UD parses
of CS and CDS

We evaluate the performance of the Stanza
parser (Qi et al., 2020) on the manually correc-
ted portion of UD-CHILDES-BG and present key
metrics in Table 4. Additionally, we provide ex-
isting benchmarks for Bulgarian UD parsing, all
based on the test set of UD-BTB: the state-of-the-
art Bulgarian UD parser results are from Hromei
et al. (2024) and the Stanza results are from the

7https://universaldependencies.org/u/dep/expl.
html

8https://universaldependencies.org/bg/dep/det.
html

StanfordNLP website.” For further review of UD
parsers for Bulgarian see Atanasov (2024). As the
existing Stanza parser is trained on adult written
Bulgarian, UD-BTB (Osenova and Simov, 2017),
we expect that it will underperform on relations
more prominent in developmental Bulgarian.

System UPOS Lemma UAS LAS
Benchmark results on UD-BTB from the literature
U-DepPLLaMA - - 96.37 93.77
UDPipe 2.0++ - - 95.34  92.62
Stanza 98.68 97.29 93.37 90.21
Evaluation of Stanza on Bulgarian CS and CDS
CDS 92.26 89.52 9270  85.54
CS 85.60 83.54 90.97 81.52
Overall 89.93 87.43 92.10 84.14

Table 4: Dependency parsing performance for Bulgarian.
Benchmark scores are based on training on the UD-BTB:
UDPipe 2.0++ and U-DepPLLaMA are from Hromei
et al. (2024) and the Stanza scores are from the Stan-
fordNLP website. In this work we evaluate the Stanza

parser against manually annotated Bulgarian CDS and
CS.

A per-relation breakdown of the Stanza parser
is reported in Table 5. As expected, the parser
performs worse on child speech for the majority
of the relations. Core syntactic relations such as
case, aux, and cop achieve very reliable F1. Re-
lations more common in spoken language such as
discourse and vocative are relatively frequent
in the corpus (5.9% and 3.3% of all dependencies
respectively), yet they exhibit the lowest parsing
accuracy, which highlights that CS and CDS ex-
hibit phenomena less prominent in written adult
language, of which UD-BTB is comprised.

5.1 Inability to handle vocative case

Although the use of the vocative case is a relatively
frequent phenomenon across both CS and CDS
(3.3% of all dependencies), the Stanza parser has
lowest UAS and LAS on the vocative relation.
A case study based on the most common vocat-
ive in CHILDES-BG, mamo (mamo mum.VOC),
shows that only 7/1,848 of its occurrences in the
CDS part of CHILDES-BG are correctly labelled
with relation vocative. The rest of the time ma-
Mo (mamo mum.VOC) is tagged as an interjection
(INTJ) and introduced with relation discourse in-
stead. Most surprisingly, 598 times mamo (mamo

9ht’cps: //stanfordnlp.github.io/stanza/
performance.html
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Relation % of total CDSF1 CSF1 Overall F1
case 4.03% 99.50 94.01 97.89
aux 5.16% 97.20 92.15 96.19
root 30.22% 94.07 94.33 94.19
cop 3.32% 95.24 94.79 95.14
cc 2.18% 94.62 85.29 91.78
advmod 7.34% 95.03 87.85 93.10
Stanza UD-BTB mean LAS=90.21
obj 9.68% 89.07 80.04 86.22
amod 1.18% 89.12 86.79 88.07
ccomp 1.98% 81.48 73.76 79.67
nsubj 7.20% 85.83 78.25 83.47
det 1.91% 85.71 83.24 84.87
conj 5.45% 76.90 83.52 81.19
expl 2.16% 78.73 76.47 78.10
iobj 2.38% 75.89 73.08 75.23
discourse 6.08% 78.80 54.83 73.02
xcomp 0.71% 71.95 39.02 65.37
obl 1.86% 65.02 55.17 61.68
advcl 0.67% 69.57 44.83 63.01
nmod 1.15% 64.42 49.16 57.36
vocative 3.16% 28.09 24.88 26.93

Table 5: Dependency relation performance (F1) for Bul-
garian child-directed speech (CDS), child speech (CS),
and the combined dataset. Relations are grouped into
high- and low-performing categories based on overall
F1. Percentages indicate the proportion of all gold de-
pendency relations across the CS and CDS annotated
dataset.

mum.VOC), which is not a homonymic form, is
mistakenly labelled as a verb with lemma mawm-(ce)
(mam-(se)), which cannot be found in dictionar-
ies for Bulgarian or in the UD-BTB corpus. In-
terpreting mamo (mamo mum.VOC) as a verb is
ungrounded linguistically.

5.2 Reflexive pronoun cu (si refl)

The clitic cu (si refl) poses a challenge to the parser
as it can manifest as various types of reflexive pro-
nouns. The relevant dependency relations to cu (si
refl) are expl used for the accusative and dative re-
flexive pronoun, and det used for the short form of
the possessive reflexive (see subsubsection 4.2.3).

In order to correctly establish the dependency
relation, the parser first needs to predict the mor-
phological information of cu (si). Although the
parser often successfully distinguishes between the
accusative/dative and the possessive (which can be
discerned by the correct assignment of the lemma
as the long form possessive pronoun), in the pos-
sessive case it does not correctly attach it to the
object with the det relation, despite having the
capability to create non-projective parses (see Fig-
ure 7).

5.3 Child speech

As expected, the parser performs worse on CS than
on CDS (see Table 4 and Table 5). CS may con-
tain utterances which are ungrammatical to adult
speakers, due to atypical word order and/or omit-
ted function words such as case markers, which the
parser has no way of recovering. The below CS sen-
tence, Figure 8, exhibits a non-standard word order
as well as an omitted function word. Although the
typical order in Bulgarian is SVO, relatively free
word order is allowed and subject drop is allowed.
The order in Figure 8 is IO (indirect object) - V
(verb with implied subject) - O (object), which is
not grammatical for adults, but it is still recoverable.
The parser wrongly assigns the verb to be in third
person, and due to the positioning of the indirect
object at what would typically be the overt subject
position, wrongly assigns the indirect object as a
subject. The example is made more challenging as
there is an omitted case marker #a (na ‘on’), which
the annotators can recover, but the parser, which
relies purely on the surface form, cannot.

KasostH4o 3aBUsA 4eJI0TO
kaloyancho zaviya cheloto
Kaloyan.DIM wrap.PST.1SG forehead.DEF

‘I am (going) to wrap the forehead of Kaloyan.’

Figure 8: Child speech with non-standard word order.
Incorrect relation assignment by the parser on child
speech, nsubj, is illustrated with a dashed arc. The
correct relation is iobj, as assigned by an annotator.

6 Conversion of dependency to
constituency parses

Dependency parses can be converted to constitu-
ency parses following the Collins method (Collins
et al., 1999), if constituency parses are required or
preferred. The dependency to constituency con-
version based on the Collins method does not
provide support for non-projective dependency
parses. Non-projective parses comprise 1.45% of
the manually corrected sentences. We tested the
conversion algorithm from Kando et al. (2022),
which is available on GitHub,'? and augmented it to

Ohttps://github.com/gifdog97/dep-to-const
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ensure the constituency grammar was more linguist-
ically meaningful. Specifically, we added a dis-
tinction between pre-terminals and non-terminals
and added a start symbol ROOT for all utterances.
This facilitates the use of the resulting constituency
parses with common NLP libraries such as NLTK.
The automatically converted constituency parses
will be made available alongside the publication
of the rest of the treebank and the augmentation of
the conversion algorithm will be made available on
GitHub upon publication.

7 Conclusion

This paper presents (i) UD-CHILDES-BG, a manu-
ally corrected Universal Dependencies (UD) tree-
bank of Bulgarian child and child-directed speech,
(i) a quantitative evaluation of inter-annotator
agreement on developmental data, and (iii) a sys-
tematic analysis of parser errors on developmental
Bulgarian. UD-CHILDES-BG is comprised of 10%
manually corrected parses, of which 14% are inde-
pendently double-annotated. We find that parsing
errors arise mainly from properties of Bulgarian
discourse and child-specific constructions. The res-
ulting resource constitutes the first manually cor-
rected CS and CDS treebank for a Balkan or Slavic
language and offers a methodological account of
annotation correction and error analysis in linguist-
ically challenging data.

Limitations

The data from CHILDES-BG contains some in-
consistencies: words are not always canonically
transcribed and the CHILDES CHAT annotation
conventions are not always followed consistently.
For the manually corrected part of UD-CHILDES-
BG, after automatic preprocessing of the CHAT
annotations, the utterances were further manually
normalised. INCEpTION is a suitable tool for this
project as it requires no installation and can be ac-
cessed online by all annotators. However, it has lim-
ited support for the morphological features layer,
which could have negatively affected the morpho-
logical feature annotation.

An additional limitation of this project and a dir-
ection for future work is the retraining of Bulgarian
UD parsers using the manually corrected portion of
UD-CHILDES-BG as supplementary training data.
Given the performance decrease observed on CS
and CDS relative to adult written Bulgarian, fine-
tuning on developmental and spoken language may

improve parsing accuracy for discourse-related and
child-specific constructions. Extending the manu-
ally corrected portion of the corpus beyond the
current 10% sample would also support further in-
vestigation of parser adaptation at larger scale.
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A Sentence assignment to annotators
Al (MM)

e CS: ALE_cs.conllu (sentences 66-245; 321-
379)

e CDS: ALE_cds.conllu (sentences 1-215;
321-430)

¢ CS:BOG_cs.conllu (sentences 1-97)
e CDS: BOG_cds.conllu (sentences 1-148)
e CDS: TEF_cds.conllu (sentences 1-10)

e CS:SIM_cs.conllu (sentences 101-400; 505-
924)

e CDS: SIM_cds.conllu (sentences 161-805)
e CS:ELI_cs.conllu (sentences 1-88)

e CDS: ELI_cds.conllu (sentences 101-400;
505-924)

A2 (YV)

e CS:BOG_cs.conllu (sentences 1-92)

e CDS: BOG_cds.conllu (sentences 1-142)

e CS: TEF_cs.conllu (sentences 276-336)

e CDS: TEF_cds.conllu (sentences 266-392)
A3 (YCO)

e CS: ALE_cs.conllu (sentences 1-65)

e CDS: ALE_cds. conllu (sentences 1-90)

e CS: ALE_cs.conllu (sentences 246-320)

e CDS: ALE_cds. conllu (sentences 216-320)
A4 (TK)

e CS: SIM_cs.conllu (sentences 1-100)

¢ CDS: SIM_cds.conllu (sentences 1-160)

¢ CS: SIM_cs.conllu (sentences 401-515)

e CDS: SIM_cds.conllu (sentences 161-335)
A5 (IP)

e CS: TEF_cs.conllu (sentences 1-65)

e CDS: TEF_cds.conllu (sentences 1-90)

* CS: TEF_cs.conllu (sentences 65-180)
e CDS: TEF_cds.conllu (sentences 90-265)

A6 (TS)

CS: ELI_cs.conllu (sentences 1-100)

CDS: ELI_cds.conllu (sentences 1-160)

CS: ELI_cs.conllu (sentences 101-121)

CDS: ELI_cds.conllu (sentences 386-560)
e CS: TEF_cs.conllu (sentences 181-275)

B Annotation Scheme

B.1 Scope

The starting point is automatically generated Uni-
versal Dependencies (UD) parses produced using
Stanza. For every sentence, annotators perform the
following checks (and corrections if necessary), in
order:

e Lemma

UPOS
* Dependency head
* Dependency relation

* Morphological features (when clearly recov-
erable)

* XPOS tags are not corrected

The lemmas, UPOS tags, dependency edges,
dependency labels, and morphological features
should follow the guidelines of the UD Bul-
garian dataset. An exhaustive list of the UPOS
tags and dependency tags are explained with ex-
amples here: https://universaldependencies.
org/treebanks/bg_btb/index.html

Gold labelled UD treebank for Bul-
garian based on BulTreeBank: https:
//github.com/UniversalDependencies/UD_
Bulgarian-BTB (files: bg_btb-ud-dev.conllu,
bg_btb-ud-test.conllu,
bg_btb-ud-train.conllu)
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B.2

Step-by-Step Annotation Procedure

For each sentence:

1.

2.

Read the entire utterance.

Correct token-level information (lemma and
UPOS).

. Correct dependency heads.
. Correct dependency relations.

. Review morphological features when present.

Lemma Correction

Lemmas must use standard Bulgarian ortho-
graphy (dictionary entries) and be lowercased.

The lemma of a proper name should also be
lowercased, e.g. the lemma of Auu is amn).

Normalise obvious child and regional vari-
ation (e.g. the lemma of ukawm is uckam; the
lemma of mwu is me; Kyruiikara-a-a-a — Ky-
Tuiika; nmaHHa [najgHal — najgam).

Use the infinitive/base form for verbs (1st per-
son singular, present).

For verbs with reflexive clitic the lemma is
ckpusi-(ce), don’t remove the dash, it is con-
vention.

If the surface form is diminutive, keep the
lemma diminutive (e.g. KHMKKaTa — KHIXK-
Ka).

Use nominative for the lemma of vocative
nouns (e.g. the lemma for mamo is mama)

The lemma of Tatm is unclear whether it
should be Tatu or Tare so for consistency
we keep TaTm.

For pronouns and function words, use stand-
ard dictionary lemmas

For pronouns use 1st person singular, follow-
ing the gold standard, e.g. it — a3; ro — a3, cu
— Ce Or cHu — CBOil.

xxx is only used in CHILDES when the sur-
face form is not recoverable. If the surface
form is xxx, the lemma is also xxx.

If the surface form is an unrecognisable word,
its lemma is the lowercased version of it, e.g.
Tupy — Tupy.

* Repetitions: single lemma: [lait-nait-nait-
Jait — nan

» Example of frequent child words and their
adult pairings, which should be used as
their lemmas if recoverable: iieita — Jie-
ast, terurto/Tedu/Tedann/Tedue - cre-
du/credue/credanu, ukam — uckam, a —
Ha,

B.4 UPOS Correction

Ensure UPOS matches syntactic behaviour. Use
UPOS=X only when no category is recoverable.

* Oe, xaitne, aiine, me all have UPOS tag inter-
jection INTJ

e me is AUX
* kakBo is tagged as DET in the gold

e na is AUX when used in verbal constructions,
and PART when used in discourse

» Tokens marked xxx: recover UPOS if pos-
sible; otherwise use UPOS=X.

* Proper nouns: may not always be capitalised
as expected, but treat them as PROPN (e.g.
KaJIOSIHYO, MOHYN)

B.5 Morphological Features

Do not guess features if the form is unclear. Leave
empty.

Verbal
Aspect=Imp|Mood=Ind|Number=Sing|Person=3|
Tense=Pres|VerbForm=Fin|Voice=Act

* Mood: Cnd, Imp, Ind
* Number: Plur, Sing

* Tense: Imp, Past, Pres
e Person: 1,2, 3

* Aspect: Imp, Perf

e Voice: Act, Pass

e VerbForm: Fin, Part

Nominal
Definite=Def |Gender=Fem|Number=Sing

e Gender: Fem, Masc, Neut

e Case: Voc
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¢ Definite: Def, Ind
* Number: Plur, Sing
Notes on the features:

* We only use Case=Voc for nouns but not for
verbs.

» Mark vocative case even when the vocative
form is the same as the nominal form (e.g.
BYI40, JTaif MU 10).

* Definite: even if not with BT correctly when
it is in a role of a subject, e.g. KbJiBaua,
the morphological feature should still include
Definite=Def.

B.6 Punctuation

* Attach punctuation using punct.

* Attach to the syntactic head of the phrase that
necessitates the use of the punctuation (not
always the sentence root).

B.7 Dependency Head Correction
IMPORTANT: In INCEpTION dependency arcs
are drawn from the UPOS box (blue) of the head
to the UPOS box of the child. Hold Shift, select
the UPOS of the head (From), and then select the
POS of the dependent (To), let go of Shift. Edit the
dependence relation.
Checklist:

 Exactly one root per sentence.

» Verify attachment directionality: the arrow
should be pointing from the head to the child.

* Finite verb is typically the root.

¢ In copular clauses, the predicate nominal is
the root (not the subject).

* In copula questions with k-word, the k-word
is usually the root.

* In fragments, the semantic head is the root.
* Single-word utterances receive root relation.

* In cases of repetition, first token is root; others
attach via conj.

* When no element is subordinated (e.g. Xpuc-
to CMmupuencku the leftmost element is the
root.

e In child utterances where J1a is omitted,
attach infinitival verb as in adult speech,
using xcomp or ccomp, as appropriate.

punct

NOUN VERB VERB PUNCT
CaIll0  HUCKaM TOBOPsI !
Camrero ucka IoBOpHU !

¢ Coordination:

— First conjunct attaches to the head.

— Subsequent conjuncts attach via conj.

— Coordinating conjunction, if present, at-
taches via cc.

punct
conj

NOUN PUNCT NOUN PUNCT NOUN PUNCT
Mama , Mama , Mama
Mawma , MaMa , MaMa

* Punctuation attach to the particle/clause that
necessitates it — not always the root (see
above).

* Adposition attachment to the head of the
phrase rather than to interrogative modifier.

B.8 Dependency Relation Correction

Common distinctions (review the examples file
UD_relations_example_for_each_relation
on INCEpTION). Below is a list of all relations
and how to distinguish between them:
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* Xcomp Vs ccomp:

— xcomp = embedded clause without its
own subject (the subject of the xcomp
is inherited from the higher clause);

— ccomp = embedded clause with its own
subject.

* parataxis vs conj In UD-BulTreeBank, para-
taxis is used exclusively for direct speech in a
sentence. Following the gold standars, when
there are clauses which are equal (neither is
subordinated) we use conj even if a cc is miss-
ing.



nmod vs obl:

— nmod nominal modifier modifies a noun
or nominal phrase.

— obl oblique modifies averb/verbal
phrase; it introduces optional circum-
stantial information.

iobj vs obl: not everything with an adposition
is indirect object; consider the verb valency
and whether the sentence would be complete
without this phrase — if the phrase is optional,
itis obl.

fixed vs flat:

— fixed = rigid multiword expressions
with no internal syntax (e.g. multi-word
coordinating conjunction, such as camo
de);

— flat = names or sequences with internal
structure suppressed (e.g. proper names,
such as Kywma Jluca).

nmod vs flat: In noun+name expressions (e.g.
6aba JIuau sinsm has head 6aba with relation
nmod (as opposed to flat; flat is for e.g. name
+ surname)

expl (expletive): Reflexive pronoun e.g. ce,
cu; as well as the clitic in clitic doubling.

vocative: Direct address to interlocutor (e.g.
MaMo).

discourse: Discourse particles or interjections
(e.g. Ge, xaiize, Je, amMu).

root: Main predicate of the sentence.
amod: Adjectival modifier of a noun.

advmod: Adverbial modifier of

verb/adjective.

det: Determiner modifying a noun; can also
be used for possessive clitics (e.g. KpadeTo
cu, HeroBus yuaurel, as well as for numerical
determiner eluH MOMBK [O¥Ie; eqHA KEHA,
MU Ka3a

case: Adposition introducing nominal depend-
ents.

cc: Coordinating conjunction.

conj: Conjunct in coordination.

B.9
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cop: Copula (usually forms of cbm).

aux / aux:pass: Auxiliary verbs; passive aux-
iliaries use aux:pass.

nsubj / nsubj:pass: Nominal subject (active /
passive).

obj: Direct object.
iobj: Indirect object.
mark: Subordinating marker (e.g. 1e)

acl/ acl:relcl: Clausal modifier of noun; for
relative clauses introduced by a k-word (xoii-
10 /K0s1T0 /KouTO), use acl: relcl, otherwise
use acl

advcl: Adverbial clause modifier.

advcl vs obl: advcl is for clauses (with verb),
whereas obl is for noun phrases (for npeau
nma orume use advcl, for mpemu obe use obl).

appos: Appositional noun phrases.
nummod: Numerical modifier.
punct: Punctuation.

Common difficult cases with examples

Expletive cu vs determiner cu

— expl if it is part of the verb, as reflexive
dative clitic (ethical/benefactive dative)

PART PRON NOUN
urpas  ce Jiere
Nrpae cum  jgerero

— expl if it is part of the verb, as ac-
cusative reflexive clitic (true reflexive)

aux
AUX PRON NOUN
me ce wmusi-(ce)
Ile ce MU

— det if it can be replaced with csoit (if it
can be replaced with cBoii/cBosi/cBon,



then its lemma is csoit and the re-
lation is det with head the object)

VERB PRON AUX NOUN
yaapsi-(ce) cBoil c¢bM  Kpaue
Vnapun cu e Kpavero

* Clitic doubling: the clitic should be attached
to the root of the verb (or clause), i.e. to the
same head as the object and be tagged with
relation expl

PART PRON NOUN
eTo a3 paauo
Ero ro pammoro
aux
AUX PRON VERB PRON PRON
e a3 SIM a3 Tebe
[le e M a3z Tebe

* nsubj or vocative: When a form could
be analysed as both nsubj and vocat-
ive we always pick the vocative relation.

(vocative)

discourse

NOUN PUNCT PART NOUN
CbHPHUYKA , oa  MaMa
CbHPHUYKA , aa  MaMo

* attachment of srm: In the gold standard it is
attached to the nearest item. Jm is a clitic
which changes the focus (topic) so attach it to
the focus of the sentence, which might be the
root. If it is ambiguous, then attach it to the
root.

the focus

— attaching to

discourse

NOUN PART VERB PUNCT
YAHTUYIKA, JU  HUCKaM ?
Yagruukara JU  HCKAIIl ?

— attaching to the root

Hiscourse

ADV PART AUX VERB PUNCT

\Y v
oty MaIbK JH 1€ CbM ?
MaJIKO JIH  IIe e ?
f
PROPN PUNCT ADP ADV AUX NOUN PUNCT
CcaImo , Ha KOJKO CbLM TOJWHKA ? (discourse)
Carmme , Ha KOJKO CH TOJIWHKHA ?
VERB PART ADV PUNCT
— Attach punctuation to the head that ne- MuHa-(ce) Jm  cera ?
Mumna JIM  cera ?

cessitates it — e.g. in the above example,
Carre, Ha KOJIKO cu roguHku? the voc-
ative noun necessitates the comma, so it
is attached to it.

— Attach adposition to the same head as the
head of the k-word.

» mamo referring to the child: treat it as a stand-
ard vocative noun (not as adjective maMuH)
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* Multiple interjections (discourse items): test
by removing each interjection, and if the sen-
tences with one interjection is still grammat-
ical, then attach the interjections independ-
ently to the root using relation discourse



INTJ VERB INTJ

xaiige 1ed e
aiine e Ie

I
vocative
\

VERB PRON INTJ NOUN

obsmaam-(ce)  ce 6e Mama
obJreun ce 6e  mMamo
* multi-word coordinating
conjunctions: use fixed

discourse

PART PART PRON AUX ADV  ADJ
aMH  Ue a3 CbM OIIe MBHUYIBK
Avu  ue TH CH oIle MbHHIKA

* ellipsis — difficult examples, excluded from
the UD BulTreeBank. Attach words to the cor-
responding word with the same part of speech.

@
[
ADV NOUN VERB PUNCT CCONJ NOUN
TaKa KOHYE npaBs s a Marape
TaKa KOHY€eTaTa IIpaBAT s a MarapeTaTa

B.10 Final checks

* Exactly one root
* No orphan nodes
If uncertain:

* Follow the existing gold standard: https:
//github.com/UniversalDependencies/
UD_Bulgarian-BTB

¢ [eave a comment in the annotation tool.
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