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Abstract

We present PS-CHILDES-BG, a constituency
treebank of 2,434 Bulgarian morphemically
tokenised child-directed speech sentences. We
supply a morphemic tokenisation algorithm
for Bulgarian, which uses UD parses as input.
Additionally, we introduce a linguistically in-
formed algorithm for Bulgarian which converts
UD parses into constituency parses. These re-
sources are intended to further the language
acquisition research of Bulgarian via computa-
tional methods.
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1 Introduction

A central question in first language acquisi-
tion (FLA) is how children acquire functional cat-
egories (Dye et al., 2018). Functional categories are
expressed by functional items and encode grammat-
ical content (Baker, 2008), in contrast with lexical
categories, which encode semantic content. Tra-
ditionally, FLA relies on labour-intensive meth-
ods, such as manually annotating child-directed
speech (CDS) with syntactic features and descript-
ively analysing the resulting data. Computational
methods can complement traditional approaches.
For example, grammar and category induction ex-
periments can be used to approximate the corres-
ponding category or grammar acquisition processes.
Seminal computational experiments for FLA in-
clude Carroll and Charniak (1992); Cartwright and
Brent (1997); Buttery (2006); Parisien et al. (2008).
Computational experiments allow for confounding
factors to be controlled for and can provide a lower
bound on the types of grammatical information that
may be recoverable from linguistic signal alone.
In computational modelling of FLA, standard
tokenisation only captures the free functional items,
such as the article the, but ignores bound func-
tional morphemes, such as the progressive aspect
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suffix -ing. Morphemic tokenisation allows both
bound and free functional items to be represented,
leading to a more complete account of the gram-
matical material available in the input. The motiv-
ation for morphemic tokenisation of CDS is also
grounded in FLA literature. Functional items have
a higher frequency than lexical items and occur
in predictable positions (Lieven, 2010; Biberauer,
2019). The salience of functional items for distri-
butional analysis makes morphemic tokenisation
compatible with both generativist (Guasti, 2017)
and usage-based (Lieven, 2016) accounts of FLA.
Morphemic tokenisation of English CDS has re-
cently been explored for functional category in-
duction and grammar induction (Marcheva et al.,
2025a,b; Marcheva-Nash et al., 2026b). The need
for morphemic tokenisation is even stronger in mor-
phologically richer languages, such as Bulgarian,
where a larger number of functional items manifest
as bound morphemes.

Caregivers are known to use a special register
when communicating with infants, known as child-
directed speech (CDS), which differs from adult-
directed speech in prosody (higher pitch, exagger-
ated contours), lexical choice, and utterance length
(Fernald, 1989; Soderstrom, 2007; Kuhl, 2006).
The usage of CDS in computational language mod-
elling is recommended in order to make the com-
putational experiments more cognitively plausible,
i.e. to more closely resemble the real-world learn-
ing problem. CDS corpora exist for very few lan-
guages: English (Pearl and Sprouse, 2013; Yang
et al., 2025); Dutch (Odijk et al., 2018); Hebrew
(Szubert et al., 2024); Japanese (Butler et al.,
2022); Bulgarian UD-CHILDES-BG (Marcheva-
Nash et al., 2026a). CDS corpora predominantly
follow Universal Dependencies (UD; de Marneffe
et al., 2021). However, constituency (phrase struc-
ture) parses can be more informative for models
which operate over hierarchical phrase structure,
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Figure 1: Pipeline for deriving a morphemically token-
ised constituency parse from a UD parse.

such as grammar induction, because they repres-
ent the hierarchical structure of language directly
(Carnie, 2021). A morphemically tokenised con-
stituency parse resource currently exists only for
English CDS (Pearl and Sprouse, 2013; Marcheva
et al., 2025b). The algorithms and the treebank we
contribute in this paper would allow for the current
research based on morphemically tokenised CDS
to be extended to Bulgarian.

We present a morphemic tokeniser for Bulgarian
inflectional morphology, which we apply to Bul-
garian CDS. We also develop a linguistically in-
formed automatic conversion system from depend-
ency to constituency parses. Both algorithms rely
on UD parses as input, which in our case are manu-
ally corrected, but automatic parses could also be
used. While the two algorithms can be used in-
dependently, we combine them, as seen in Fig-
ure 1, to produce a linguistically informative re-
source, PS-CHILDES-BG, a constituency treebank
of 2,434 Bulgarian morphemically tokenised CDS
sentences, of which 15% are manually verified.
The existing resources are presented in section 2,
the algorithms are described in more detail in sec-
tion 3, an evaluation of the algorithms is presented
in section 4. The morphemic tokeniser for Bul-
garian, the modified dependency to constituency
algorithm, as well as the resulting treebank are
available on GitHub.'

2 Existing resources

Bulgarian NLP resources include the constituency
treebank BulTreeBank (BTB; Simov et al., 2002;
Simov and Osenova, 2003) and its dependency
counterpart, UD-BTB (Osenova and Simov, 2017).
Bulgarian also has a CHILDES (MacWhinney,
1992) resource: CHILDES-BG provides longit-
udinal developmental data (Popova and Popov,
2020). Parsing tools for Bulgarian include the
Berkeley constituency parser (Petrov et al., 2006),

'"https://github.com/milamarcheva/
UD-CHILDES-BG
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the dependency parsers Stanza (Qi et al., 2020)
and CLASSLA-Stanza (Tercon and Ljubesic, 2023;
Ljubesic et al., 2024).

At the subword level, several resources are also
relevant. BulStem (Nakov, 2003) is an inflectional
stemmer for Bulgarian. Iliev et al. (2015) present a
dictionary-based Bulgarian lemmatiser. However,
neither of these specifically tokenises functional
morphemes. MorphScore (Arnett et al., 2025; Ar-
nett and Bergen, 2025) is a tool for evaluating
morphemic tokenisation, which includes a Bul-
garian dataset based on UD-BTB. More generally,
work on morpheme segmentation is represented in
SIGMORPHON, a shared task on morpheme seg-
mentation (Batsuren et al., 2022), but it excludes
Bulgarian. The most closely related resources
for functional morpheme tokenisation are morph-
emic tokenisation of English CDS (Marcheva et al.,
2025a) and the morphemically tokenised English
CHILDES-TB (Marcheva et al., 2025b).

3 Pipeline

In this section we give an overview of the data, the
morphemic tokenisation algorithm, the augmented
dependency to constituency (dep-to-const) conver-
sion algorithm, including detail on the morphemic-
ally tokenised version. The workflow is illustrated
in Figure 1.

3.1 Data

The UD parses we use as input are the manu-
ally verified CDS portion of UD-CHILDES-
BG (Marcheva-Nash et al., 2026a), a UD corpus
based on CHILDES-BG (Popova and Popov, 2020),
but any automatic UD parses can be used as in-
put. The current system only supports projective
parses, and there are 2,434 such CDS parses in
UD-CHILDES-BG. The manually verified section
of UD-CHILDES-BG includes sentences from the
input of five children, stratified by age. The age
range of the five children is between one and three
years old, which encompasses the key stages for the
emergence of functional categories (Brown, 1973;
Popova, 2023).

3.2 Morphemic tokenisation

There are several challenges specific to morph-
emic tokenisation of Bulgarian, which are not en-
countered in the same task for English. Several
competing segmentation choices are often possible.
In such cases, it is important to select a single lin-
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Input utterance
Uckam nn kamxkkara?

‘Do you want the book?’

)

s N
Dependency parse
VCKaIIl JIn KHU>KKaTa
iskash li knizhkata
want.2SG.PRES (.PART book.DEF.SG
. l J
s . N N
Simple constituency parse
VERBP
VERBP  PARTP  NOUNP
HCKaIIl J KHUXKKaTa
. l J
( 7

Augmented constituency parse
ROOT

SQ

VERBP

/// \\\
VERBP NOUNP
/ N\ |
VERB PART NOUN
I/ICK‘BLLI Jl‘l/l KHM)!‘(K&T‘(}
. J

)

Morphemically tokenised constituency parse

ROOT

SQ
\
VERBP
//// \\\\
VERBP NOUNP
/N |
VERB PART NNDEF
/N / N\

- J

Figure 2: Different types of parses. The augmented and
morphemically tokenised constituency parses are the
result of the algorithms presented here.

guistically defensible implementation and apply it
consistently throughout the corpus.

3.2.1 Stem vs. lemma

When the functional morpheme is identified and
segmented, the remaining stem does not always
correspond to the dictionary form. In some cases,
the stem and the lemma are the same, such as
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in BbIIpOCH — BBOPOC U (questions — ques-
tion + PL). In other cases, such as mpa-
BUM — 1ipaB uM (we do — do.STEM + 1PL) and
paBAT — OpaB AT (they do — do.STEM + 3PL),
the remaining stem is not a lemma (the lemma
would be the first person form mpasst). In such
cases, for PS-CHILDES-BG we choose to use the
stem so that the different conjugations of the verb
can still have the same base, as this is important
for symbolic downstream applications. However,
our morphemic tokeniser also provides functional-
ity to instead use the lemma (which is part of the
UD parse), if that is appropriate for another user’s
application.

3.2.2 Multiple functional morphemes

Sometimes in Bulgarian several functional morph-
emes can be strung together.  Here, Tpo-
THHETKUTE — TPOTUHETK U Te (the scoot-
ers — scooter + PL + DEF.PL), the functional
morpheme for plural u and the functional morph-
eme for definite marking of a plural nominal Te
are both present. As the morphemes are separable,
for PS-CHILDES-BG we segment them, because
this would enable the morphemes to be learned sep-
arately in category and grammar induction experi-
ments. However, the morphemic tokeniser includes
an option to keep all functional morphemes as one
suffix, if appropriate for other users’ applications.

3.2.3 Gender

In Bulgarian, gender is one of the grammatical
axes of agreement: a noun has a fixed gram-
matical gender and a nominal modifier of the
noun, such as an adjective, needs to agree with
its gender. In the regular case segmenting the
suffix marking gender is easy as it is an addit-
ive suffix added to the masculine form: xpa-
CHUB, KpacuBa, KpacuBo (beautiful. M.SG, beau-
tiful F.SG, beautiful N.SG). However, often the
stem of an adjective differs between masculine and
neuter and feminine, e.g. MaJIbK, MaJIKa, MAJIKO
(small. M.SG, small.F.SG, small.N.SG) or cTpaHeH,
CTpaHHa, CTPAHHO (strange.M.SG, strange.F.SG,
strange.N.SG). As there is neither a common
lemma nor a common stem for all three genders in
these cases, we decide to not tokenise gender in the
current iteration of the system.

3.2.4 Verbal conjugation classes

Bulgarian verbal inflection is organised around
conjugation-specific bases and endings. The three



conjugation classes are distinguished by the vowel
of the third person singular present tense form: first-
conjugation verbs have e, second-conjugation verbs
have u, and third-conjugation verbs have an a/a-
final base.> The morphemic tokeniser therefore
does not apply a single uniform suffix rule to all
verbs. Instead, it selects a segmentation rule on
the basis of the lemma, UD morphological fea-
tures, surface form, and, where relevant, conjug-
ation class and tense. This allows the tokeniser
to distinguish cases where a vowel belongs to the
inflectional ending from cases where it belongs to
the verbal base, while still keeping the lexical base
stable across forms whenever possible.

3.3 Dependency to constituency conversion

Dependency to constituency (dep-to-const) conver-
sion is commonly performed using the method of
Collins et al. (1999). Here we use the implementa-
tion of Kando et al. (2022) as a starting point: the
output of their algorithm is the “Simple constitu-
ency parse” in Figure 2. We perform a number of
Bulgarian-specific modifications, some of which
are described below, which aim to introduce more
hierarchical structure through linguistic grounding
to yield parses of the calibre of the “Augmented
constituency parse” in Figure 2. More parses, both
standardly and morphemically tokenised constitu-
ency parses are presented in Appendix A.

3.4 Hierarchical restructuring

To every parse we add a ROOT wrapper. We
distinguish between pre-terminals, the UPOS tag-
set (e.g. NOUN) and non-terminals, the UPOS tag-
set + P (e.g. NOUNP), and where necessary in-
troduce PTB-style non-terminals (e.g. SBAR for
subordinate clauses). Discourse particles, vocat-
ives, and interjections attach at the highest possible
level to the clause as a whole, instead of being in-
serted inside the core predicate structure, such as
in Figure 3. Within verbal projections, the verb
should combine with its object first, such as in Fig-
ure 4. However, due to the relatively free word
order of Bulgarian, an adjective may intervene in
the surface order between verb and object, such
as in Figure 5. Due to the restrictions of constitu-
ency grammatr, the verb needs to form a constituent

See the overview of Bulgarian verbal conjugation
at https://www.slav.uni-sofia.bg/grammar/
morf25.html and the overview of Bulgarian tense
formation at https://www.slav.uni-sofia.bg/
grammar/morf30.html.
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with the adverb and then with the object through a
recursive VERBP rule.

For subordinated clauses introduced by the de-
pendency relations xcomp, ccomp, and advcl,
we use SBAR and subordinate them to the verb
that is the head of the subordinate clause in the de-
pendency parse, as seen in Figure 6. To distinguish
interrogative clauses from non-question clauses, we
use the PTB-style label SQ to introduce questions,
as seen in Figure 7. Since the dependency parse
does not reliably encode interrogative force, we use
the presence of the question mark as the necessary
condition for assigning SQ. Furthermore, within
such clauses, Bulgarian interrogative k-words are
projected as WH-type phrases according to their
POS category, for example WHNP for pronom-
inal and determiner-like forms such as xoii (who)
and WHADVP for adverbial forms such as xb-
ne (where).

3.5 Morphemically tokenised constituency
parses

The morphemically tokenised constituency parses
follow the same rules as above and additional rules
are introduced to replace word-level terminals with
subtrees comprising a word base and functional
morphemes. For example, we use the pre-terminal
AGR to mark verbal agreement morphology, DET
to mark nominal definiteness morphology, and DIV
to mark nominal count or plural number. Some
examples are presented in Appendix A. We manu-
ally verify 15% of the total 2,434 parses in PS-
CHILDES-BG.

4 Evaluation

We evaluate the morphemic tokeniser using Morph-
Score. In the original paper (Table 3; Arnett and
Bergen, 2025), the reported accuracy score for Bul-
garian is 0.584, whereas our morphemic token-
iser achieves 0.814. MorphScore is not designed
specifically for functional morphology and also
includes derivational morphology. MorphScore
tokenises gender which we do not as explained in
subsubsection 3.2.3, and this accounts for 55% of
the mismatches with the MorphScore gold token-
isation, and some disagreements around verbal end-
ings, which we tokenise as explained in subsubsec-
tion 3.2.4, account for 26.7% of the mismatches.
As MorphScore is not primarily aimed at functional
morpheme tokenisation, not achieving an accuracy
of 1.0 is not necessarily a bad result.
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Tokenisation — STANDARD MORPHEMIC
Metric | Simple  Augm. Augm.
Branching 2.74 1.51 1.54
Arity>3 522%  0.24% 0.21%
Depth 2.35 4.94 5.18

Table 1: Tree structure evaluation using mean branch-
ing, percentage of nodes with arity>3, and mean tree
depth, for the simple dep-to-const conversion (standard
tokenisation) and for the augmented dep-to-const con-
version (standard and morphemic tokenisation).

Additionally, to demonstrate the quantitative
difference between the parses resulting from the
Collins algorithm (Collins et al., 1999; Kando et al.,
2022) and the ones from our augmented algorithm
we quantify several measures of tree flatness in
Table 1. Our parses have a decreased branching
factor, very few nodes with high arity, and an in-
creased tree depth. As expected, the morphem-
ically tokenised trees are even deeper, due to the
way we introduce functional morphemes with sub-
trees. Overall, our augmented algorithm introduces
hierarchy in the parses, making them more linguist-
ically informed.

5 Conclusion

We present PS-CHILDES-BG, a constituency tree-
bank of 2,434 Bulgarian CDS sentences, of which
15% are manually verified. The constituency parses
are converted from UD parses, using a linguistic-
ally augmented dep-to-const algorithm. We also
supply a morphemic tokenisation algorithm for
Bulgarian, which can be used independently or
in conjunction with the augmented dep-to-const
algorithm to yield morphemically tokenised con-
stituency parses for Bulgarian. In future work we
will use PS-CHILDES-BG for FLA research via
computational methods.

Limitations

A limitation of the resource, as also noted by a re-
viewer, is that the manual verification of the data is
limited, due to how time-consuming manual veri-
fication is. We have increased it from 10% to 15%
to address the reviewer’s comment, but the issue is
still worth considering in future iterations. Another
limitation of the resource is that it relies on existing
dependency parsing models which may not have
the desired accuracy. However, the focus of this
paper is to demonstrate how we can harness ex-
isting resources to create a silver-standard, if not
gold-standard, resource which has potential to offer
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a different insight into computational modelling of
acquisition than UD resources. Finally, the cur-
rent verbal morphemic tokenisation does not label
different verbal endings according to their func-
tion, such as person, number, tense, aspect, and
mood, because of some fusional characteristics of
Bulgarian morphology, which make the disentan-
glement of verbal morphology a problem for future
work.
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Constituency parse examples

ROOT
|
ROOT VERBP
VERBP VERBP vVOC
RN RN |
VERBP vOoC PART VERB NOUN
VRN | | / N\ |
PART VERB NOUN Haym VB AGR  wmamo
|
Hajm HaHpa‘BI/IXMe Ma‘MO HaHI‘)aBI/I x1‘v[e

Figure 3: Hasin nanpasuxme, mamo. ‘Right, we did it, inverse-vocative-address.

ROOT ROOT
| |
SQ SQ
N N
VERBP ADV VERBP ADV
/ N\ | /N |
VERB NOUNP  pomy VE‘RB NOI‘JNP TOJTY
| |
Ckpu PRON VB PRON
r‘n CKpH ru

Figure 4: Cxkpu ru joiy. ‘He/She/It hid them under.’

ROOT
|
ROOT VERBP
| N
VERBP VERBP NOUNP
VRN RN |
VERBP NOUNP VERB ADV NNDEF
/N | /N | /N
VERB ADV NOUN VB AGR sBemmara NOUN DET
| |
ITonpaBu Bem‘{ara erl‘aaTa ITompas 1‘/1 er‘BaT E‘i

Figure 5: Ilompasu Bemguara xpesata. ‘Fix the bed immediately.’
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ROOT ROOT
|
VEI‘{BP VERBP
/N RN
VERB SBAR VERB SBAR
| | / N\ |
Uckam  VERBP VB AGR VERBP
N | N
NOUNP VERBP Ncka ™M  NOUNP VERBP
| RN | SN
PRON AUX VERBP PRON AUX VERBP
| | /N | | /N
TOM na NOUNP VERB TOM ma  NOUNP VERB
| | | /\
PRON CyIITH PRON VB AGR
M‘e M‘e Ty 1/‘1
Figure 6: ckam Toit na me rymm. ‘I want him to hug me.’
ROOT
|
/ SQ \
ROOT NOUNP VERBP
| | T
SQ NOUN VERBP ADPP
T | /N /N
NOUNP VERBP Baba WHNP VERBP ADP NOUNP
| PN | / N\ | |
NOUN VERBP ADPP DET AUX VERBP or NNDEF
| /N /N I | /N
baba WHNP VERBP ADP NOUNP KaKBO  IIIe VERB NNS DET
| /N | | / N\ / N\
DET AUX VERB or NOUN VB AGR NOUN DIV
| |
Ka}‘(BO u‘xe HallpaBU I'bOKUTE HAIIpaB IL I'bOK I/‘I

Figure 7: Baba kakBo mie Hanpasu or rbOkuTe? ‘What will grandma make from the mushrooms?’

ROOT
|
ROOT SQ
| PN
SQ VERBP NOUNP
VRN /N |
VERBP NOUNP VERB PART NNDEF
/ N\ | /\ | / N\
VERB PART NOUN VB AGR m NOUN DET
| |
Uckam JI‘I/I KHI/I}I‘(KaTa Hcka L‘H KHHL{Ka T‘a

Figure 8: Uckam s kamxkkara? ‘Do you want the book?’
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ROOT

s
T

VERBP NOUNP

/N |

VERB NNDEF

/ N\ / N\

VB AGR NNS DET

opaB  {AT merna Ta

Figure 9: Kakso npasar genara? “What are the children doing?’

237



