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Abstract

We present CoBra, a resource containing triconstituent nominal compounds in English and German. This addresses
an understudied aspect of compound processing, since research and resources in psycholinguistics and NLP
have mostly focused on two-constituent compounds. In addition, our resource covers both general and scientific
language, allowing for a register-informed perspective on compounds. It provides syntactic and semantic annotation
of compound structure, in particular of the branching direction (i.e. the internal embedding structure, the Compound
Branching) and the semantic relationship between constituents. Annotations are implemented using extensions of
Universal Dependencies (UD) labels. To explore applications of our new resource, we also conduct a pilot study
investigating the relationship between semantic transparency and branching direction. Our results indicate that there
is indeed a correlation. Overall, our resource contributes to gaining a more detailed understanding of the structure

and processing of morphologically complex words within the UD framework.
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1. Introduction

Compounding, i.e. the process of creating a new
lexical item by combining two or more individual
elements, is a basic word formation strategy in
many languages. Combining the lexemes rattle and
snake, for instance, creates the new lexical item
rattlesnake. Adding an additional lexeme, e.g. as
in rattlesnake habitat, creates another new lexical
item and so on. Compounds have been the focus of
extensive research in psycholinguistics and NLP. In
psycholinguistics, studies are often concerned with
the question whether compounds are decomposed
during processing (e.g. Andrews et al., 2004; Hy6na
et al., 2020) or with the implicit semantic relation-
ships between compound constituents (Benjamin
and Schmidtke, 2023). Compounds have also re-
ceived considerable attention in NLP, with tasks
ranging from determining compound constituents
(Henrich and Hinrichs, 2011) to compositionality
prediction (Schulte im Walde et al., 2013).
Researchers in compound processing have cre-
ated and benefited from large datasets (e.g. Gagné
et al., 2019; Schmidtke et al., 2021). However,
there are two gaps in current research. First, most
studies and datasets have focused on compounds
consisting of two nominal constituents. This leaves
other compound types understudied, even though

their specific properties are also of interest for ex-
isting theories: For compounds consisting of three
constituents, for instance, identifying the compound
branching, i.e. the compound’s internal embedding
structure (compare [rattlesnake] habitat with clay
[flower pot]), is an important aspect of their process-
ing. Their ambiguous branching structure needs
to be correctly identified for comprehension. Sec-
ond, existing datasets describe compound struc-
ture either superficially or inconsistently across lan-
guages. Regarding Universal Dependencies (UD;
de Marneffe et al., 2021) annotation, this has been
previously pointed out by Svoboda and Sevéikova
(2024). The annotation of compounds in UD also
touches upon the broader issue of the distinction
between syntax and morphology and the limits of
token-based representations (see e.g. Gerdes and
Kahane, 2016; Savary et al., 2023; Goldman et al.,
2025).

To address these issues, we have created CoBra,
a Compound Branching resource. Using corpus
data for English and German and covering two reg-
isters (general and scientific language), we anno-
tated 295 compounds with semantic and syntactic
information. The final annotated data are provided
as .conllu files containing UD-label extensions for
compound structure and as .csv tables. To facilitate
the annotation process, we have also developed the



CoBra Annotator, a language-agnostic annotation
tool for the flexible annotation of multi-constituent
compounds of various spelling variations. We also
present a small pilot study investigating the correla-
tion between semantic transparency and branching
direction.

2. Related Work

2.1,

In this paper, we consider nominal triconstituent
compounds and use a relatively broad definition of
the term compound: We regard all nouns modified
by two other nouns as triconstituent compounds.
This approach is supported by Bauer (1998, 2019):
Since it is not possible to draw a clear and consis-
tent distinction between compounds and syntactic
phrases, he proposes to treat them as variants of
a single construction. This view is also similar to
Levi (1978)’s concept of complex hominals.

Working Definition of Compound

2.2. Compounds in Psycholinguistics
and NLP

Psycholinguistic research in compounding has fo-
cused on some main aspects: Animportant area of
research is the question whether compounds are
decomposed during processing, understood in a
holistic way or in a combination of both (Juhasz
et al., 2003; Andrews et al., 2004; Kuperman et al.,
2009; Baayen et al., 2010; Hyéna et al., 2020;
Libben et al., 2020). Additionally, researchers have
investigated how language users understand and
memorize novel (i.e. not previously encountered)
compounds (MeBmer et al., 2021). Another focus
has been on the semantic relationship between
compound constituents, since structurally very sim-
ilar compounds can possess very different inter-
nal semantic relationships: The compound choco-
late cake, for instance, describes a ‘cake made
of chocolate’, while the compound chocolate fac-
tory describes a ‘factory for producing chocolate’.
Choosing the appropriate relation is therefore a
crucial task in compound understanding. Some
accounts assume competition between possible re-
lations, with greater relation entropy slowing down
processing (Benjamin and Schmidtke, 2023).
Much of this research has focused on nominal
two-constituent compounds, which is the prototyp-
ical compound type in Germanic languages (as
observed in studies of compound acquisition in chil-
dren, see e.g. Korecky-Kréll et al., 2017). However,
there are also some studies on the processing and
production of nominal triconstituent compounds:
An early study by Geer et al. (1972) investigated
the role of language user characteristics on their
ability to successfully paraphrase and memorize

triconstituent compounds. Krott et al. (2004) stud-
ied the role of interfixes in compound processing,
for German and Dutch. For English, Késling and
Plag (2009) analyzed the influence of branching
direction on stress patterns, while Schebesta and
Kunter (2022) focused on constituent durations.

In computational linguistics, research on com-
pounds has also mostly focused on nominal two-
constituent compounds. Here, tasks include de-
termining compound constituents (Fritzinger and
Fraser, 2010; Henrich and Hinrichs, 2011) or iden-
tifying the compound head for coreference res-
olution (Tuggener, 2016). More recently, stud-
ies have been concerned with modeling semantic
roles (Marelli et al., 2017; Ormerod et al., 2024),
semantic transparency (Gulnther et al., 2020) or,
similarly, predicting a compound’s composition-
ality (Schulte im Walde et al., 2013; Mileti¢ and
Schulte im Walde, 2023).

2.3. Previous Compound Resources

Various datasets have been created for the study
of compound processing, both in psycholinguis-
tics and NLP: A large-scale dataset for English is
LADEC (Gagné et al., 2019), a database of two-
constituent compounds containing compositional-
ity ratings as well as compound and constituent
properties such as frequency or family size. Com-
pLex (Schmidtke et al., 2021) additionally contains
eye-tracking data for two-constituent compounds,
apart from linguistic characteristics and participant
data. Other datasets have focused on novel noun-
noun compounds (Chen et al., 2023) or variables
like ratings of familiarity, imageability or sensory
experience (Juhasz et al., 2015). For German,
current resources include GhoSt-NN (Schulte im
Walde et al., 2016), which contains noun-noun com-
pounds annotated with information on compound
and constituent frequency, constituent productiv-
ity and ambiguity, semantic relations between con-
stituents and compositionality ratings. Again, these
resources focus on two-constituent compounds.

2.4. Compounds in Universal
Dependencies

In recent years, the annotation of morphologically
complex lexical units in Universal Dependencies
has received considerable interest: Examples in-
clude a proposal for the representation of multi-
word expressions (Savary et al., 2023) and Uni-
Dive, a shared task on morpho-syntactic parsing,
in which existing treebanks were extended as to
model both morphology and syntax (Goldman et al.,
2025).

Our focus is on compounds, which are cur-
rently inconsistently represented in Universal De-
pendencies (UD), as pointed out by Svoboda and



Sevcikova (2024). According to their survey study
of five languages, three main variants of compound
spelling are currently represented in Universal De-
pendencies (UD): closed, open compounds and
hyphenated compounds.

Closed Compounds Exemplified by ‘waterfall’
in Svoboda and Sevéikova (2024) are compounds
spelled as a singular string without any hyphenation
or spaces. In UD, these are treated as a single to-
ken, regardless of their internal composition. As
a result, any internal relations between the con-
stituents are not captured in the dependency struc-
ture, since only the combined morpho-syntactic
features of the entire form are represented.

Open Compounds Open compounds such as
‘apple pie’ (Svoboda and Sevéikova, 2024), are
written as separate orthographic units, with each
constituent realized as an individual token and as-
signed an individual token ID. In these cases, the
internal structure of the compound is explicitly rep-
resented in the dependency tree: The compound
head is annotated as the head of the construction,
and the modifier receives the dependency label
compound or an extended variant of this label. In
contrast to closed compounds, this approach cap-
tures the internal syntactic complexity of the com-
pound, since the relations between constituents are
explicitly encoded in the head—dependent structure.

Hyphenated Compounds The hyphenated
spelling variant, for example ‘father-in-law’ in
Svoboda and Sevéikova (2024), is treated simi-
larly to open compounds in UD. The hyphen is
tokenized as a separate token of the type punct,
while the individual lexical constituents are treated
as separate units. As with open compounds, the
compound head is annotated as the root of the
substructure and the modifier is attached as a
dependent. The UD relations are likewise marked
as compound or one of the current variants.
These constructions are thus represented as
multi-token structures with explicitly annotated
internal syntactic relations.

For languages like German, which are par-
ticularly productive in the use of closed com-
pounds (see the data comparison in Svoboda and
Sevéikova (2024)), the current use of the UD label
compound does not capture the syntactic struc-
ture of those compounds. The internal structure
remains unrepresented due to their treatment as
single-unit tokens. Svoboda and Sevéikova (2024)
therefore propose to make the internal structure of
closed compounds accessible to syntactic annota-
tion, while remaining compatible with existing UD
principles.

In the present study, we follow Svoboda and
Sevéikova (2024) in several regards. First, we an-
notate closed compounds as complex structures
that receive syntactic structures of their own. Sec-
ond, we make use of the proposed :nmod label
extension for our embedded recursive compound
structures. This applies to the two internal nominal
constituents, while leaving the relation of the root
as is. In order to do so, we split closed compounds
into their individual constituents, an approach also
suggested in other previous work (Savary et al.,
2023). Each of the newly created tokens receives
a UD relation and a head ID to mark the internal
structure of the compound. This allows the com-
pound’s internal organization, i.e. the branching
structure, to be explicitly represented.

However, we diverge from Svoboda and
Sevéikovéa (2024) regarding the technical realiza-
tion of the split. While they propose splitting closed
compounds into individual tokens by adding a plus
sign to the respective modifier and then creating as
many individual tokens as there are constituents,
we instead propose to treat them as multi-word
tokens (MWTs) in CoNLL-U, analogous to contrac-
tions or clitics (see sta). Multi-word tokens are
intended exactly for cases in which syntactic bound-
aries are not necessarily concordant with spacing
between orthographic units, which is the case for
closed compounds. We realize this by inserting a
token span, as currently used for MWTs in CoNLL-U,
containing the original closed spelling of the com-
pound. This span is followed by the individual con-
stituents, each receiving the appropriate token 1D
corresponding to the span, as well as individual UD
relations (specifically the compound:nmod-variant
proposed by Svoboda and Sevéikové (2024)) and
head IDs. Interfixes remain with the respective mod-
ifier in the FORM column of CoNLL-U, while each
constituent is additionally annotated with a lemma.
In this way, the orthographic integrity of the closed
compound is preserved, while its internal syntactic
structure is made fully explicit and accessible within
the UD representation.

3. Building CoBra

3.1. Data Sources

As our data sources for our annotation, we used
several corpora. We cover both general and sci-
entific language, in order to provide a register-
informed perspective on compounding. Scien-
tific language was chosen since compounds are
very typical structures in this register (Degaetano-
Ortlieb, 2021). For general language, we used
TIGER (Brants et al., 2004) for German and the
British National Corpus (Consortium, 2007) for En-
glish. For the scientific register, we used the Much-



More Springer bilingual (English and German) cor-
pus of medical abstracts (muc). We chose these
corpora due to their open access availability, allow-
ing us to make our dataset publicly available on the
OSF platform (osf) in a annotation-only form. To
access the full-text data, the respective licensing
agreements of the individual corpora have to be
accepted via the according distribution platform. As
a first step, all corpus files were parsed and anno-
tated with UD-labels using the Python library stanza
(Qi et al., 2020). For each language, a random se-
lection of the parsed files was then reviewed by
two annotators, who manually identified nominal tri-
constituent compounds. Triconstituent compounds
were identified in 190 files (101 files for English
and 89 files for German), which were subsequently
annotated.

3.2. Annotation Scheme and Workflow

In the annotation process, the following criteria
were used for the identification of compounds:

» The candidate noun phrase consisted of three
lexical elements. Compounds with more con-
stituents were not considered, even if they
contained an embedded triconstituent com-
pounds.

» Each lexical element was listed as a noun in
a reference dictionary. For English the Ox-
ford English Dictionary (Oxf) was consulted for
general language and Merriam Webster Medi-
cal (mer) for scientfic language. For German,
Digitales Wérterbuch der deutschen Sprache
(dwd) and Duden (dud) were consulted for gen-
eral language and DocCheck Flexikon (doc)
for scientific language. Proper names or for-
eign language elements were only considered
if they were listed in the dictionary.

+ All spelling variants were considered, i.e. writ-
ten as one word, separated by hyphen(s), sep-
arated by space(s).

+ In some cases, constituents could theoretically
be a noun or another part of speech. For En-
glish, the dependency annotation and the part
of speech of their first dictionary entry were
consulted to decide on a part of speech.” For
German, the paraphrase of the compound was
considered to make a decision.?

'Consider e.g. human knee joint, in which the first
element could theoretically be an adjective or a noun.
During parsing, it was annotated as an adjective. In addi-
tion, it is primarily listed as an adjective in the dictionary,
which means that it was not considered.

2In the case of e.g. Laufschuhschrank (‘running shoe
cabinet’), the first element Lauf could be a verb stem or
a noun. However, since the paraphrase of Laufschuh

* In order to ensure relatively clear and con-
sistent anntations of semantic relationships,
the compound needed to be transparent and
have a reasonable paraphrase in modern-day
language. Opaque compounds (e.g. ham-
string lesion, with hamstring being the opaque
compound part) were therefore not considered.
Borderline cases were disregarded as well.

Four annotators with high language proficiency
and a background in linguistics implemented the an-
notations: two annotators for English (both native
speakers) and two for German (one native speaker,
one C1-level speaker). The annotators extracted
and annotated the compounds in our custom anno-
tation tool (see Section 3.3). Annotations were per-
formed in a sentence context to ensure a contextual
basis for disambiguation decisions. Compounds
which were already spelled as separate words were
immediately annotated with syntactic role and se-
mantic relationship information. Compounds which
were originally spelled as one word with hyphens
were first split (which included an update of the
token IDs of the compound constituents and the
following sentence context) and then annotated.
Annotations were implemented as extensions of
the UD format: For the syntactic role annotation,
constituents acting as modifiers were annotated
with the dependency relation compound:nmod. In
addition, the ID of their head was updated. Con-
sider this example: In a left-branching compound
such as notch width index with the token IDs 1,
2 and 3, both notch and width were assigned the
dependency relation compound:nmod. However,
notch was assigned the head ID 2, while width was
assigned the head ID 3. For the annotation of the
semantic relationships, the misc column of the .con-
llu format was used. We used the classification pro-
posed by Benjamin and Schmidtke (2023), which
builds on earlier classification schemes (refer to Ta-
ble 4 in the appendix for a complete overview of the
semantic relationship labels). Each modifier was
annotated with the most appropriate class describ-
ing its relationship to the head (e.g. semRel:HforM,
i.e. ‘head for modifier’). Consider the semantic
relationships for a left-branching compound such
as addiction research unit:

» addiction: semRel:HaboutM ‘research about
addiction’

» research: semRel:HforM ‘unit for research
about addiction’

Each annotator was assigned a set of files. After
the annotation was completed, a second annotator

would be Schuh zum Laufen (‘shoe for running’) and not
Schuh fir einen Lauf (‘shoe for a run’), it was considered
a verb stem and included in the annotation.



reviewed the annotation and corrected it if neces-
sary. This procedure has been shown to maximize
the efficiency of the annotation process while main-
taining output quality (Schacht et al., 2025). It was
therefore chosen over a procedure based on inter-
annotator agreement. In a few selected, highly
ambiguous cases, a third person with a linguistic
background was consulted.

3.3. Annotation Tool: CoBra Annotator

The annotation of the branching structure of multi-
constituent compounds and their semantic relation
is not trivial, especially due to the varied spelling
possibilities. This causes the need for a certain de-
gree of flexibility in a potential annotation tool. Tools
like Arborator-Grew (Guibon et al., 2020) or INCEp-
TION (Klie et al., 2018) are capable of character-
based annotations, which would be especially rele-
vant for single-word variants of compounds, and ad-
ditionally offer online cooperation of multiple anno-
tators on the same data. However, the creation and
integration of a new multi-constituent compound
span into an existing .conllu structure is not readily
available. As a result, these tools do not accom-
modate the flexible annotation of varied compound
data.

To account for these issues, we developed Co-
Bra Annotator, which allows for a custom anno-
tation of multi-constituent compounds in a stan-
dardized data format (.conllu). The tool provides a
lightweight, Python-based GUI for annotating and
editing multi-constituent compounds in CoNLL-U
format on a local machine.

The tool is implemented using the base Python
(Van Rossum and Drake, 2009) library tkinter
(Lundh, 1999), both licensed under the Python Soft-
ware Foundation License Version 2. It comes with a
GUI allowing for flexible and accurate annotations
of compound structure. The tool offers various
annotation settings depending on the type of com-
pound that has to be annotated: You can choose
to create a new span or select the existing span
mode (should the compound already be tokenized).
In the case of a hyphenated compound with all con-
stituents and hyphens split into individual tokens, a
dedicated hyphenated setting can be selected.

4. Evaluation and Analysis

We present an overview of our resource and a brief
pilot study on the correlation between semantic
transparency and branching direction.

4.1.

We annotated 295 compounds in total, 53 for Sci-
entific English, 85 for General English, 47 for Gen-
eral German and 110 for Scientific German. The

Overview of the Resource

Figure 1: Exemplary annotation mask for the cre-
ation of a new compound span for the compound
BlutgefaBversorgung (Engl. ‘blood vessel supply’).

most common semantic relationship for English
was HforM, which was observed 84 times. For Ger-
man, the most common relationship was MhasH,
with 75 observations. Table 1 contains the com-
pound counts for each branching direction per lan-
guage and register as released in the extracted file.
A complete overview of compounds per register
and semantic relationship is displayed in Table 2
for English and Table 3 for German according to the
automatic extraction of semantic relation frequency.

En-Sci En-Gen Ger-Sci Ger-Gen
right 2 35 4 11
left 51 50 106 36
Total 53 85 110 47

Table 1: Overview of branching direction per lan-
guage and register.

4.2. Pilot Study: Predicting the
Branching Structure of German
Compounds

As a first application of our new resource, we con-
duct a small pilot study in which we investigate the
predictive strength of semantic transparency on
a compound’s branching structure. We conduct
this pilot study with the German three-constituent
nominal compounds from our dataset.

4.2.1. Semantic Transparency and Branching

While previous research has largely focused on
binary compound structures, the increased struc-
tural complexity of three-constituent compounds
offers a promising case for examining how seman-
tic structure interacts with hierarchical organiza-
tion. We orient our choice of semantic transparency
measures loosely on Giinther et al. (2020), who
investigate transparency in two-constituent nominal



Relation Scientific  General
HaboutM 5 19
HbyM 7 7
HcausedbyM 1 4
HderivedfromM 19 17
HduringM 3 5
HforM 29 55
HhasM 2 3
HisM 6 6
HlocationisM 14 16
HmadebyM - 2
HmadeofM - 3
HmakesM 2 2
HusedbyM - 2
HusesM 4 1
MforH - 2
MhasH 13 26
MilocationisH 1 -

Table 2: Observations of semantic relation types by
register in English Compounds. Note that for each
compound, two semantic relations are counted.

compounds. In their framework, semantic trans-
parency is quantified by means of vector-based
similarity measures between the compound and its
constituents.

We extend this assumption to the internal nodes
of multi-constituent compounds. Additionally, we
focus on the predictiveness of transparency fea-
tures regarding the branching structure of the com-
pounds. More specifically, we test whether the in-
ternal node corresponding to the correct branching
structure is semantically closer to the whole-word
vector than the internal node implied by the alter-
native branching. This assumption is guided by
Levi (1978), who argues that semantic coherence
is a precondition for structural plausibility, and by
Selkirk (1982), who suggests that compounds show
hierarchical internal structures whose constituents
must correspond to semantic constituents. We hy-
pothesize that the preferred branching structure is
the one whose internal node is semantically more
coherent with the compound meaning.

4.2.2. Vector Representation of the
Compounds

For the semantic representations, we use fast-
Text embeddings, as they are especially suitable in
cases of out-of-vocabulary (OOV) words, which we
have to assume given our dataset. Since fastText
operates on the level of character n-grams, many
three-part compounds will have usable vector repre-
sentations even if they were not observed as whole
forms in the training data. This works especially

Relation Scientific  General
HaboutM 11 12
HbyM 12 1
HcausedbyM 1 -
HcausesM 2 -
HderivedfromM 28 1
HduringM 1 -
HforM 6 29
HfromM 1 -
HhasM 7 7
HisM 5 1
HlocationisM 38 2
HmadeofM 1 -
HmakesM 10 4
HusesM 8 9
MaboutH 2 13
MderivedfromH 5 -
MfromH 1 -
MhasH 63 12
MisH 15 -
MilocationisH 3
MusesH 1 -

Table 3: Observations of semantic relation types by
register in German Compounds. Note that for each
compound, two semantic relations are counted.

well for German morphology, where compounding
frequently leads to low-frequency or novel forms.

Queried vs. Composed Representations In a
preliminary analysis, we compare different repre-
sentations of the internal nodes. There are two
ways of creating a compound vector: Querying the
embedded compound on its own, resulting in a
vector such as ab vs. representing it as a com-
posed vector, derived additively from two individ-
ually queried constituent vectors (i.e. a + b). The
latter follows the additive compositional approach
motivated by Reddy et al. (2011).

We evaluated whether the composed or the
queried representation provides a stronger approx-
imation of the internal nodes with respect to the
whole-word meaning. To this end, we compared the
cosine similarity of each internal node (AB and BC)
to the whole compound across both representation-
forms (composed or queried representation) using
paired t-tests. This was done regardless of gold-
branching, as we first only tested validity of the
form of representation. Our results (details are in-
cluded in Section A of the Appendix) indicated that
the queried representation yielded a substantially
higher mean similarity to the whole word. We there-
fore we conducted all subsequent analyses using
the queried representation.



Finally, we base our metrics on the relatedness
measures proposed by Glnther et al. (2020): They
argue that these measures reflect access to the
lexicalized ‘whole-word meaning’ in tasks such as
semantic rating experiments.

4.2.3. Operationalization of the Metrics

We define three metrics that quantify different as-
pects of semantic transparency and its relation
to branching structure. All measures are calcu-
lated for the competing parses of a given three-
constituent compound ABC, comparing the left-
branching structure [AB]C and the right-branching
structure A[BC]. Similarity is always calculated as
the cosine distance between two vector represen-
tations.

Semantic Coherence Our first metric captures
the semantic coherence between the embedded
compound (defined by a given branching structure)
and the whole-word meaning. Specifically, we com-
pare sim(AB,ABC), i.e. the cosine similarity of AB
and ABC, to sim(BC,ABC), the cosine similarity of
BC and ABC. This reflects the contribution of the
respective embedded compound to the whole-word
meaning. The underlying idea is that the preferred
branching structure should be the one whose em-
bedded constituent is more distributionally similar
to the compound as a whole. While the head is
typically the rightmost constituent in both English
and German and therefore determines the overall
compound category, the sub-structure containing
the head (i.e. BC) is not necessarily most simi-
lar to the compound as a whole: The compound
trade union leader, for instance, describes a type of
leader. Due to its left-branching structure, however,
we would expect a greater distributional similarity
between trade union and trade union leader than
between union leader and trade union leader. To
determine the preference, we compute a delta co-
herence measure (distance of the two competing
structures), defined as:

Acoh = sim(AB, ABC) — sim(BC, ABC) (1)

A positive value indicates an advantage for the
left-branching structure, whereas a negative value
indicates an advantage for the right-branching
structure.

Similarity between Modifier and Head The sec-
ond metric focuses on the relation between compet-
ing modifier structures and their respective heads.
Here, we compare sim(AB,C) and sim(A,BC). This
reflects the degree to which the embedded modi-
fier structure aligns semantically with the head in
the respective branching variant. As above, we

compute a delta value to calculate a signed relative
competition score between the different variants:

Ahead = sim(AB,C) — sim(A,BC)  (2)

This score indicates which modifier—head struc-
true exhibits greater semantic compatibility and
thus greater structural plausibility.

Transparency Asymmetry The third metric ad-
dresses the question of whether the embedded
compound (e.g. AB) contributes more to the whole-
word meaning than the sum of its individual parts.
We define transparency asymmetry (TA) as:

B sim(AB, ABC)
Tad= (sim(A, ABC) + sim(B, ABC) ®)

sim(BC, ABC')

TA=
(sim(B, ABC) + sim(C, ABC)

(4)

This measure extends the coherence metric by
asking whether the embedded compound functions
merely as a transparent combination of its con-
stituents. Alternatively, it can be semantically emer-
gent, carrying more meaning for the whole word
than its individual constituents considered sepa-
rately. This would be the case if the similarity was
greater in composed substructures. Again, we com-
pute a delta value to calculate a signed relative
competition score between the two branching op-
tions. This allows us to compare the relative degree
of semantic asymmetry across competing internal
structures.

To evaluate the predictive contribution of these
metrics, we compare the quality of several regres-
sion models based on the Aikake Information Cri-
terion (AIC; Akaike, 1998). In addition, we perform
likelihood ratio tests to determine whether the in-
clusion of a given semantic transparency metric
significantly improves model fit. This approach al-
lows us to quantify the extent to which our distribu-
tional transparency metrics contribute to explaining
our annotated gold branching structures from the
CoBra resource.

4.2.4. Results

Semantic Coherence We examined whether the
gold internal structure is generally more similar to
the whole-word representation than the compet-
ing internal structure. A paired t-test revealed a
significant difference (t = -4.388, p <0.001), indi-
cating that the gold internal structure exhibits sig-
nificantly higher similarity to the compound as a
whole than the alternative structure. This directly
supports the semantic coherence hypothesis: The



branching structure corresponds more closely to
the compound’s overall semantic representation
than the competing structure.

Similarity between Modifier and Head To as-
sess head-alignment coherence, we compared
similarity values of alignment between the com-
pound’s first-level head and its modifier of the gold-
branching and the competitor. Results were highly
significant (t = 7.408, p <0.001). This indicates that
the gold branching structure displays stronger head-
alignment coherence than the competing struc-
ture. It suggests that the branching-structure or-
ganization of German three-constituent nominal
compounds is not only represented in overall se-
mantic similarity to the whole word, but also in in-
ternal head-modifier alignment patterns.

Transparency Asymmetry Regarding the met-
ric of transparency asymmetry, we first tested the
reliability of the metric: We examine whether the
embedded structure of the gold variant reliably sur-
passes the contribution of its summed constituents
(the additive baseline). This would be indicated
by a TA mean greater than zero. A one-sample t-
test on the transparency asymmetry values for the
gold structure revealed a very large positive mean
(mean = 1.213), which was highly significant (t =
54.267, p <0.001). This indicates that the gold inter-
nal structures are consistently more than the sum
of their parts. Additionally, this result underlines
the previous choice of the queried representation
for the embedded compound structure.

Following the analysis of TA-reliability, we tested
whether TA is stronger for the gold branching than
for the competing branching. The mean TA value
for the gold structure (mean = 1.213) exceeded that
of the competing structure (mean = 1.018), with a
mean difference of 0.195. This difference was sta-
tistically significant (t = 6.79, p <0.001). Thus, TA
not only exists within the gold structure but is sig-
nificantly stronger than in the competing variant,
indicating that it is structurally selective and sup-
ports the gold branching.

Predictiveness of the Metrics As a final analy-
sis, we evaluated how well the different metrics pre-
dict the gold branching using delta accuracy. This
measures whether the directional competition score
correctly identifies the gold structure. General co-
herence achieved a delta accuracy of 0.33, indi-
cating limited predictive power. In contrast, trans-
parency asymmetry achieved a noticeably higher
delta accuracy of 0.717 and head-alignment coher-
ence achieved a comparable accuracy of 0.711.
While general coherence between the branching
constituent and the whole-word provides evidence

for structural coherence at the group level (signifi-
cance tests), transparency asymmetry and head-
alignment coherence suggest stronger predictive
power for identification of the gold branching.

Model Comparison To investigate the contribu-
tion of the different transparency metrics to the pre-
diction of gold branching among each other, we
conducted various nested-model comparisons us-
ing logistic regression models with a binomial link.
All metric delta values were z-standardized. Gold
branching was transformed as a binary (AB = 1)
and model fit was evaluated using likelihood-ratio
tests and AIC comparisons.

We first compared a baseline intercept-only
model to a model including general semantic co-
herence). The likelihood-ratio test did not turn out
significant (LR = 2.216, df = 1, p = 0.137), indi-
cating that semantic coherence alone does not
significantly improve prediction of gold branching
over the baseline model. We then added TA to
the semantic coherence model, which improved
model fit (LR = 7.800, df = 1, p = 0.005). TA thus
seems to provide significant additional explanatory
power. Subsequently, we added head-alignment
coherence to the second model. This extension
significantly improved model fit (LR = 5.206, df =
1, p = 0.023), showing that head-alignment coher-
ence contributes noticeably. Finally, we tested a full
interaction model including all two- and three-way
interactions among the metrics. The likelihood-ratio
comparison between the additive three-predictor
model and the interaction model was not signifi-
cant (LR = 5.355, df = 4, p = 0.253). These results
suggest that adding an interaction does not signifi-
cantly improve model fit, indicating that the metrics
operate largely additively. Thus, semantic coher-
ence alone does not seem to be sufficient to predict
branching, but TA and head-alignment coherence
contribute significantly.

Model comparison based on AlC values supports
the likelihood-ratio results: The largest reduction
of AIC was achieved for the model with semantic
coherence, TA and head-alignment coherence.

We can therefore conclude that general seman-
tic coherence alone is not necessarily sufficient to
predict structure. TA, on the other hand, forms the
strongest predictor, with head-alignment coherence
providing additional explanatory power. Since the
best model was the additive model including all
three metrics without interactions, we can assume
that these semantic pressures operate mostly inde-
pendently in shaping transparency of the German
three-constituent nominal compounds.



5. Discussion

Our resource contributes to the study of com-
pounds, more precisely of triconstituent nominal
compounds. Covering two distinct registers, it
proposes a way of annotating syntactic and se-
mantic structure within morphologically complex
words. However, it also highlights some open ques-
tions regarding compounds. One of these is which
structures we actually consider as compounds and
which as syntactic phrases. We have presented a
working definition, which includes all nouns mod-
ified by other nouns and therefore makes no dis-
tinction between the two. But can this approach
be applied to other compound types, such as
adjective-noun compounds? In German, lexical-
ized adjective-noun compounds are easily identifi-
able due to their spelling as one word and their lack
of (adjectival) inflection (consider e.g. Blaumeise,
‘blue tit’). In English, orthography could theoreti-
cally also be used to make a distinction between
lexicalized adjective-noun compounds and syntac-
tic phrases in which an adjective modifies a noun
(as in blackbird vs. blue tit). Still, it is unclear if
orthographic conventions always accurately reflect
the degree of lexicalization (since e.g. blue tit is
an established term). One approach might be the
one taken in the UniDive shared task on morpho-
syntactic parsing (Goldman et al., 2025), in which
morphology and syntax are not separated but con-
sidered jointly. This would also abolish the need for
a distinction between compounds (as structures de-
rived from morphological processes) and syntactic
phrases.

Another question concerns opaque vs. trans-
parent compounds: Should they be treated in the
same way or differently? Since we were inter-
ested in semantic relationships, we chose to con-
sider only transparent ones. This is in line with
research indicating that lexicalized compounds, par-
ticularly short ones, are actually processed differ-
ently than longer and non-lexicalized compounds
(Hyéna et al., 2020). An issue here is that semantic
transparency or compositionality of compounds is
typically regarded not as a binary feature, but as a
continuum (see e.g. Reddy et al., 2011).

Finally, our choice to represent closed com-
pounds as multi-word tokens, an approach also
suggested by Savary et al. (2023), naturally has
implications for tokenization standards. In order
to systematically annotate these compounds as
multi-word expressions, they would have to be split
during preprocessing.

Our annotation efforts relied heavily on manual
work by human annotators. As of now, there is
unfortunately no reliable way to automate the an-
notation of semantic roles. Still, research on com-
pounds, both in psycholinguistics and NLP, relies

on high-quality datasets.

The results of our pilot study yielded interest-
ing results: In German compounds, TA was the
strongest predictor of branching structure. Adding
semantic coherence and head-alignment coher-
ence yielded the best-fitting model. These results
indicate that there are transparency differences
within compounds and that these are predictive of
branching structure, even if only compounds with
an overall high degree of semantic transparency
are considered. Future research will have to test
how this interacts with other variables, such as in-
ternal semantic relationships, and if these results
also hold for English.

Overall, many avenues for future research re-
main in order to better understand the processing
of triconstituent compounds and to appropriately
model their semantics.

6. Conclusion

Our resource addresses a gap in research on com-
pound processing, which has been traditionally
focused on two-constituent compounds. By cre-
ating CoBra, a dataset of triconstituent nominal
compounds, we take a step into the deeper study
of other compound constructions. We have fo-
cused on semantic relations between constituents
and compound branching structure as areas which
are particularly interesting for triconstituent com-
pound processing. In addition, we contribute to
current efforts and discussions on the integration
of morphological and syntactic information within
the UD framework. In particular, our choice of treat-
ing closed compounds as multi-word tokens is in
line with other work proposing alternatives to a
strict reliance on token-based represenations in
UD (Savary et al., 2023; Goldman et al., 2025).

7. Ethics Statement

This paper does not contain any studies with human
participants performed by any of the authors.

8. Limitations

A significant limitation of our dataset is its size: The
annotation process, particularly for semantic rela-
tions, is very time-consuming and relies heavily
on manual work by human annotators. Due to re-
source constraints, we were therefore only able to
annotate a relatively small number of compounds.
The dataset could be extended in the future.
Furthermore, our choice of splitting closed com-
pounds into separate tokens works well for English
and German, and most likely other Germanic lan-
guages. In future research, its application for other



language families with different compounding pat-
terns would need to be investigated as well.

Regarding our annotation of semantic relations,
it is debatable whether we have selected the ideal
classification scheme. The classification used for
CoBra was chosen because it is relatively new
and builds on previous classification schemes.
However, there is currently no consensus on the
best practice for annotating semantic relationships
within compounds.

Regarding our pilot study and the predictiveness
of semantic transparency measures, our results are
limited to compounds with a relatively high degree
of semantic transparency. For opaque compounds,
different measures would need to be tested (e.g.
based on co-occurrence frequency, mutual infor-
mation or syntactic features).

We used out-of-the-box models for our vector
representations of the compounds. These might
not have captured all nuances in the distribution
of whole compounds or their constituent elements.
Additionally, the corpora used for compound extrac-
tion might, due to their age, have been used in the
training of the vector representations. Applying our
method to newer data or novel compound creations
would yield more insights into the generalizability
of our results. In this case, the training of custom
models might be necessary. However, a critical pre-
condition would be the availability of high-quality
training data.

Finally, we did not directly test the reliability of
our gold annotation or the validity of our semantic
transparency measures. As a future project, we
therefore plan to validate some of our results in a
behavioral rating study.
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A.

Appendix

Sem. Rel. Label

Meaning

HaboutM head about modifier
HbyM head by modifier
HcausedbyM head caused by modifier
HderivedfromM head derived from modifier
HduringM head during modifier
HforM head for modifier
HhasM head has modifier

HisM head is modifier
HlocationisM head location is modifier
HmadebyM head made by modifier
HmadeofM head made of modifier
HmakesM head makes modifier
HusedbyM head used by modifier
HusesM head uses modifier
MforH modifier for head
MfromH modifier from head
MhasH modifier has head

MisH modifier is head
MilocationisH modifier location is head
MusesH modifier uses head

Table 4: Overview of semantic relationship la-
bels used for annotation (based on Benjamin and
Schmidtke, 2023).



Variant En-Sci En-Gen Ger-Sci Ger-Gen
Open 41 77 - -
Closed - - 110 42
Hyphenated - - - 5
Mixed 12 8 -
Table 5: Overview of spelling variants annotated in
CoBra.
AB Node | BC Node | Comparison
Mean Comp. 0.3705 0.4165 0.3935
Mean Queried 0.6372 0.7020 0.6695
Mean Diff.
(Comp. - Queried) | - 0.2667 | -0.2854 -0.2761
Cohen’sd -2.136 -1.939 -2.021
t-value -27.526 | -24.985 -36.829
p-value <0.001 <0.001 <0.001

Table 6: T-test comparing cosine similarity of inter-
nal node and whole compound for both represen-
tation types (queried vs. composed).

Est.  Std. Err. z p
Intercept  0.903 0.025 35.967 <0.001
SC -0.381 0.144 -2.646  <0.01
TA 0.364 0.143 2539 <0.05
MHS 0.049 0.027 1.819  0.069

Table 7: Regression model summary for the max-
imal model, including the variables semantic co-
herence (SC), transparency asymmetry (TA) and
modifier-head similarity (MHS).
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