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Abstract

The main objective of this thesis is to classify the relations that hold between
the elements of adjective-noun combinations. This classification makes a dis-
tinction between lexically free and lexically restricted phrases. For instance,
in the free phrase green dress, the relation between the adjective green and the
noun dress is color; in light package — weight. In a lexically restricted phrase
such as heavy smoker, the relation is intensity; in old friend, the relation is
temporal, more specifically, duration. This thesis claims that an adequate
inventory of such relations can only be achieved through a synthesis of dif-
ferent theoretical frameworks. The investigation focuses on adjective-noun
pairs as they have received considerably less attention in previous research
than verbal constructions. The empirical basis for the research in this thesis
is comprised of German data. The choice of language is motivated by the
availability of rich linguistic resources developed for the German language
that are suitable for data collection.

Using a sample of lexically varied data, the applicability of the fol-
lowing inventories in this task is investigated: Lexical Functions (Mel'cuk,
2012a), Qualia Roles (Pustejovsky, 1991), Frame Elements (Fillmore, 1982),
and attributes (Barsalou, 1992; Lobner, 2014). The analysis reveals that each
of these approaches alone is insufficient due to different reasons. Stan-
dard Lexical Functions can only be applied to a certain type of lexically
restricted phrases, and Non-Standard Lexical Functions are too specific and
tine-grained; Qualia Roles are coarse-grained and are limited to describing
the semantics of concrete nouns. The inventory offered by Frame Elements
is semantically broad and can accommodate nouns from various semantic
fields. However, it has a disadvantage of being very fine-grained and, in
part, inconsistent. Attributes overcome these issues, but they do not offer a
specific inventory of labels that could be used for modeling. The semantic
classification of adjectives in the German wordnet GermaNet (Hamp and
Feldweg, 1997; Henrich and Hinrichs, 2010) is used as the basis for develop-
ing an adequate inventory of attributes.

The annotation scheme is developed in two stages: manually annotat-
ing the data with the attributes from GermaNet and modifying the labels
for a better generalization relying on the insights from the above described
frameworks. The resulting scheme consisting of 54 attributes is not exhaus-
tive and can be extended depending on the data. In order to assess the
adequacy of the scheme, an inter-annotator agreement is calculated, a qual-
itative analysis of the dataset is performed, and a series of machine learning
experiments are conducted. Additionally, the scheme is successfully applied
to an English dataset of adjective-noun phrases showing that the proposed
inventory of relations is general and stable enough for describing different



and more diverse data. Finally, a sample of asymmetric adjective-noun pairs
is compiled and the inventory of attributes is applied to it.
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Chapter 1

Introduction

..natural languages dissect reality
differently and fill their words
with different chunks of that
reality.

Raskin and Nirenburg (1995)

The main objective of this thesis is to classify the relations that hold between
the elements of adjective-noun combinations. This classification makes a dis-
tinction between lexically free and lexically restricted phrases. For instance,
in the free phrase green dress, the relation between the adjective green and the
noun dress is color; in light package — weight. In a lexically restricted phrase
such as heavy smoker, the relation is intensity; in old friend, the relation is
temporal, more specifically, duration. This thesis claims that an adequate
inventory of such relations can only be achieved through a synthesis of dif-
ferent theoretical frameworks. The investigation focuses on adjective-noun
pairs as they have received considerably less attention in previous research
than verbal constructions. The empirical basis for the research in this thesis
is comprised of German data. The choice of language is motivated by the
availability of rich linguistic resources developed for the German language
that are suitable for data collection.

1.1 Object of study and motivation

The idea that vocabulary is not just a bag of words, but a system in which
regular relations between its components can be established, emerged
within structuralist semantics (Geeraerts, 2009). Such components are word
senses and the relations between word senses are lexical-semantic relations.
Traditionally, two types of lexical-semantic relations are distinguished:
paradigmatic and syntagmatic.

Paradigmatic relations hold between similar elements that can be used in
the same context and can replace each other. The most extensively studied
relations include hypernymy (sometimes referred to as hyponymy), synonymy,
antonymy, and meronymy. Hypernymy holds between a more general and a
more specific term. A hypernym is a more general term, for instance, vehicle;
a hyponym is its subtype, for instance car: car is a type of vehicle. Synonymy
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holds between senses that are identical or very similar and that are, thus,
interchangeable in the same context. For instance, the adjectives correct and
right. Antonyms have opposite meanings, such as short and long. Finally,
meronymy is a part-whole relation that holds between finger and hand or tree
and forest.

Syntagmatic relations hold between word senses in the same context.
For instance, the relations that hold between the constituents of nominal
compounds have been widely studied in recent decades.! This is illustrated
in example (1) where the relations are INGREDIENT, OCCASION, APPEARANCE,
and PRODUCTION METHOD.’

(1) a. chocolate cake: chocolate refers to an INGREDIENT of a cake
b. birthday cake: birthday refers to an occasion for a cake
c. marble cake: marble refers to an APPEARANCE of the cake
d. sheet cake: sheet refers to a PRODUCTION METHOD of the cake

Numerous inventories of compound relations have been developed, and
there is no consensus among researchers on what the set of such relations is.
The same issue holds for another type of syntagmatic relations, namely se-
mantic roles (Gruber, 1965; Fillmore, 1968). Semantic roles (often referred to
as thematic roles) reflect the relationships between predicates and “the partic-
ipants and objects involved in the event or state described by the predicate” (Pado,
2007, p.4).

(2) [Leo]agent gave [the cake]pepe to [Anjalgoa-

Example (2) illustrates typical semantic roles identified in a sentence in re-
lation to the predicate: agent, theme, and goal. These roles map to the syn-
tactic positions: agent to subject, theme to object, and goal to oblique object.
The set of proposed semantic roles varies greatly from two Proto-Roles de-
fined by Dowty (1991) to over one thousand Frame Elements distinguished
in FrameNet.®> It remains unresolved whether the set of semantic roles is
limited and small, with each broad role mapping to one syntactic posi-
tion, or they are more fine-grained, and multiple roles can be mapped to
the same syntactic position (Ziegler and Snedeker, 2018). Large body of
research is dedicated to semantic roles and has produced several lexical
resources that contain semantic role information. Apart from FrameNets
that are now available for a number of languages, there is a broad-coverage
English verb lexicon VerbNet (Schuler, 2006) with 24 semantic roles and
a large English corpus PropBank annotated with coarse-grained semantic
roles (Gildea and Palmer, 2002; Kingsbury and Palmer, 2002; Palmer et al.,
2005; Pradhan et al., 2022).

In his seminal work "The Generative Lexicon", Pustejovsky (1991, p.410)
remarks “The lexicon is not just verbs <...> we have little insight into the seman-
tic nature of adjectival predication, and even less into the semantics of nominals".

IFor a comprehensive survey see Dima (2019).

2These compound relations stem from the dataset of German compounds described in
Dima (2019).

3https://berkeleyfn.framenetbr.ufjf.br/, last accessed on 04.02.2023.
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Even now, in comparison to verbs, there is still considerably less research on
adjectives and nouns, and, more specifically, on lexical-semantic relations
in adjective-noun pairs. As a result, there are fewer lexical resources that
provide a broad and systematic coverage. FrameNet comprises both adjec-
tives and nouns, but focuses primarily on event nouns. Noun predicates are
annotated with semantic roles in PropBank’s companion, NomBank (Mey-
ers et al., 2004), where only nouns that take arguments were considered for
annotation.

In order to understand what kinds of relations are typically described
for adjective-noun combinations, consider the following examples:

(3) a. agricultural equipment: equipment USED IN agriculture
b. heavy package: heavy refers to the WeIGHT of the package
c. heavy smoker: heavy refers to the INTENSITY of smoking

(3a) is an example of a nominal phrase with a relational adjective as a mod-
ifier. Most relational adjectives are derived from nouns, and the nominal
meaning is incorporated into their semantics. Thus, they do not denote
qualities of their head nouns, but rather express objects: agricultural is re-
lated to agriculture. The relations between such adjectives and their head
noun are similar to relations in nominal compounds.

Example (3b) illustrates the use of a typical descriptive adjective that as-
signs a value to a property or an attribute of a noun. Miller (1998, p. 48)
describes this type of adjectives as follows:

<..>to say x is Adj presupposes that there is an attribute A such that
A(x)=Adj. To say The package is heavy presupposes that there is an at-
tribute WeiGHT such that weicHT(package)=heavy. Thus, heavy and light
are values for the attribute WEIGHT.

The adjective heavy is an acceptable value of the attribute werGHT for any x
that can have that attribute: cat, stone, bottle, etc. Such phrases will be further
referred to as free phrases.

Finally, (3c) is also an example of a descriptive adjective. However, it
exhibits a behaviour that differs from that of heavy in example (3b). For
one, the adjective does not directly specify an attribute of its head noun:
a person cannot be characterized in terms of intensity. Rather, it describes
the activity performed by the head noun, namely smoking. Secondly, the
adjective does not combine freely with other nouns denoting persons by
activity. A noun that is semantically very close to smoker, such as drinker,
indeed can be modified by heavy referring to the INTENsITY of drinking:
heavy drinker is a perfectly acceptable phrase in English. However, it is not
possible to use the adjective in the same sense with, say, worker: the preferred
adjectival modifier in this case is hard. Such adjective-noun phrases are
examples of collocations, i.e. lexically restricted phrases that exhibit arbitrary
behavior.

This thesis takes up the challenge of investigating what meanings are
typically found in collocations (example 3c) and free phrases (example 3b)
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by compiling a classification scheme of lexical-semantic relations that hold
between the head noun and its adjectival modifier. The following subsec-
tions will elaborate on the notions of collocation and free phrase, clarify the
motivation for studying collocations, and lay out the aims and contributions
of this thesis.

1.1.1 The scope of study: collocations and free phrases

Adjective-noun (AN) collocations consist of a base (noun) and its collocate
(adjective) where the choice of the collocate is lexically restricted by the base
(Mel’¢uk, 2012a). As an illustration of lexical restrictedness, consider the
meaning of intensification mentioned above. In German, a large amount of
adjectives can express intensification. Just to name a few examples: helle
Aufregung ‘great excitement’ (lit. ‘bright excitement’), grober Fehler ‘grave
mistake” (lit. ‘coarse mistake’), starker Raucher ‘heavy smoker” (lit. ‘strong
smoker’), enger Freund ‘close friend” (lit.'narrow friend’), stolzer Preis ‘high
price’ (lit. ‘proud price’), scharfe Strafe ‘severe punishment’ (lit. ‘sharp pun-
ishment’). The bases Aufrequng, Fehler, Raucher, Freund, Preis, and Strafe can
be intensified, but the speaker is not free to choose any adjective that ex-
presses this meaning in German. The choice depends on the particular lex-
ical unit that is the base of the collocation, hence, the choice is lexically
restricted. Most attempts to swap the adjectives in these phrases would re-
sult either in awkward phrases such as (4a), (4b), and (4c), or in phrases in
which the adjective has a completely different meaning such as (4d).

4) ? grobe Aufregung lit. ‘coarse excitement’
? heller Fehler lit. "bright mistake’

? enger Raucher lit. ‘narrow smoker’

SIS

d. starker Freund lit. ‘strong friend’

Now consider the behaviour of an adjective in unrestricted or free phrases,
for instance the adjective griin ‘green’ in the sense of ‘green color’. Any
object that can be described in terms of color can combine with the adjective
griin in German or green in English: dress, wall, pencil, liquid, field, hair, etc.
Based on this knowledge, it is possible to predict that, say, a box would also
combine with the adjective green. In collocations, such predictions are either
not possible, or limited.

Due to their unpredictable behaviour, collocations are often characterized
as idiosyncratic. Translating a phrase into a different language serves as a
classic illustration of collocations” idiosyncrasy. Consider one of the phrases
listed above, starker Raucher. The literal meaning of the adjective stark is
‘strong’. Example (5) shows that, in other languages, completely different
adjectives combine with the noun smoker to express intensity.

(5) a. English: heavy smoker (lit. “of great weight’)
b. Russian: zayadliy kurilshik (lit. ‘avid, enthusiastic’)
c. Italian: fumatore incallito (lit. ‘calloused’)
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d. Spanish: fumador empedernido (lit. ‘hardened”)

In each language, meanings are distributed among the adjectives differently.
Each adjective contains different “chunks of reality”, as the epigraph to this
chapter says, and this is reflected in their collocational behavior.

There are two approaches to collocations: quantitative and qualitative, or,
in terms of (Evert, 2004, p. 15), distributional and intensional, respectively. The
former approach has grown immensely popular in recent decades. Within
that framework, collocations are defined as recurrent word combinations.
Whether a word combination is recurrent is determined by the frequency
of the combination itself and the individual frequencies of its constituents
which are calculated on the basis of a text corpus. Numerous statisti-
cal methods have been proposed for determining the degree of recurrence
or statistical association of word combinations based on corpus frequencies.
They will be discussed in detail in section 3.4. The qualitative approach, on
the other hand, does not consider frequency a defining characteristic of lex-
icalized phenomena such as collocations, idioms, proverbs, proper nouns,
etc. The status of a phrase is rather determined based on its meaning: id-
ioms are characterized as non-compositional, free phrases are compositional,
and collocations are usually placed somewhere in between. Opinions on
the status of collocations vary among researchers depending on what their
definition of compositionality is (this issue will be addressed in Chapter 3).

Evert (2004) claims that the two approaches are not necessarily orthog-
onal. Although it is not always explicitly mentioned within the intensional
approach, collocations must be recurrent in order for them to be learned
and stored by speakers as ready-made phrases. This thesis follows Evert’s
(2004) assumption and combines both approaches by defining collocations
as recurrent word combinations in which one element (the base) is free and
the second element (the collocate) is lexically restricted by the base. Free
phrases, on the other hand, can be either recurrent or non-recurrent, and
both the base and its modifier are lexically free (see section 3.5.2 for working
definitions of collocations and free phrases). Both collocations and recurrent
free phrases fall under the category of co-occurrences which will constitute
the main focus of this thesis.

1.1.2 Why study collocations?

Collocations are traditionally studied in the context of multiword expres-
sions (MWESs) along with idioms, compounds, proverbs, proper names,
technical terms and others.* MWEs in general have always received a spe-
cial treatment in language research and have always been a challenge due
to their idiosyncratic syntactic and semantic properties. Collocations are
probably the most notorious category of MWEs and there is a vast variety
of interpretations of collocations. However, collocations are ubiquitous in
language and play an important role in different fields of language study.

4There is no consensus among linguists on how MWEs and collocations are related to
each other. This issue will be discussed in detail in section 3.2.
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There are surprisingly few systematic studies of their semantics and this
thesis aims at filling this gap.

Lexicography and lexical semantics.  The initial motivation for this
thesis comes from lexicography: an attempt to tackle the issue of grouping
collocates of a given word based on semantic criteria. Lexicographers have
always taken a special interest in collocations. They are mainly interested
in two issues: how to select relevant collocations for a dictionary and how
to represent them. In most dictionaries, the main underlying principle for
grouping the selected collocates is based on their part of speech. A number
of specialized collocation dictionaries list the collocates in a particular order
that is semantically motivated, but the semantic categories they suggest are
either non-systematic or highly coarse-grained.

In computational lexicography, research has focused mostly on improv-
ing the methods of automatic collocation extraction. Various statistical as-
sociation measures have been proposed and successfully applied to retrieve
collocations from corpora (Evert, 2008; Pecina, 2008; Rychly, 2008; Gries and
Durrant, 2021). However, long unsorted lists of collocations do not satisty
the needs of dictionary users. Some sort of semantic classification of collo-
cations is required.

A lexical-semantic theory that provides such a system was developed by
Mel’¢uk (1996), more specifically, the inventory of Lexical Functions (LFs)
which will be discussed in detail in section 4.2.1. LFs were integrated into
lexicographic works initially in Russian (Mel’¢uk and Zholkovsky, 1984) and
later in other languages. For instance, an online dictionary of Spanish col-
locations DiCE (Alonso Ramos et al., 2009; Vincze et al., 2011) and French
Explanatory Combinatorial Dictionary (Mel’¢uk et al., 2007). However, the
inventory of standard Lexical Functions for adjective-nouns collocations is
limited to five categories and needs to be expanded. This thesis investigates
inter alia the limitations of the LF inventory and explores other theoretical
frameworks that might remedy its shortcomings. From the point of view
lexical semantics, the relevance of this research lies in the possibility of un-
covering novel relations in lexically restricted phrases.

Second language (L2) learning. As illustrated by example (5), colloca-
tions are language-specific. A correct and frequent use of collocations is a
sign of fluency and proficiency of a language speaker. Due to their arbitrari-
ness, collocations, and especially their production, pose a serious challenge
for language learners, and L2 learners make considerably more mistakes
in collocations than in free combinations and idioms (Nesselhauf, 2003). In
contrast to free phrases, the semantics of collocations is partially opaque, i.e.
one of its constituents is used in a figurative sense which is not always inter-
preted correctly by the learners. In comparison to idioms, collocations are
more flexible, and are perceived as less restricted than idioms by L2 learn-
ers (Fioravanti et al., 2021). For instance, one of the most typical mistakes
of L2 learners in verbal collocations is the wrong choice of a verb as in *to
make homework instead of to do homework or *to carry out races instead of to
hold races (Nesselhauf, 2003). Since it is the verb that is used in a restricted
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sense, Nesselhauf (2003) suggests that in teaching such collocations, the fo-
cus should be on the verb. For example, a learner should be aware that the
verbal collocate to run combines with the nominal base risk, but not its syn-
onyms danger/peril. Likewise, adjective-noun collocations may be very tricky
for L2 speakers. For instance, for the native speakers of German or Russian,
there is a danger of choosing the wrong adjectival modifier in English when
describing the intensity of rain. A possible mistake would be choosing the
adjective strong: *strong rain instead of heavy rain. The corresponding col-
location in Russian is sil’nij dozhd and in German starker Regen with literal
meaning ‘strong rain’. A reliable and robust semantic classification scheme
of collocations is of benefit for teaching and learning collocations in a sys-
tematic way.

Natural Language Processing. Multi-word expressions in general are
of relevance in all NLP tasks and applications concerned with semantic pro-
cessing such as sentiment analysis, word sense disambiguation, semantic
parsing, machine translation, etc. (Cordeiro et al., 2019). Due to their id-
iosyncrasies, MWEs remain a challenge even for the modern distributional
models. Shwartz and Dagan (2019) show that, although state-of-the-art
word representations reflect idiosyncrasies in meaning, they struggle with
revealing implicit meanings such as relations in nominal compounds and
adjective-noun phrases.

This issue remains understudied, and especially little attention has been
paid to collocations. The findings in Espinosa-Anke et al. (2019) support
the hypothesis that, compared to standard lexical-semantic relations such as
hypernymy or meronymy, the relations between the constituents of colloca-
tions are especially challenging. Espinosa-Anke et al. (2019) investigate the
performance of different language models at understanding collocations.
Their results show that even context-aware models struggle with colloca-
tions.

Research in NLP requires reliable gold standard data for evaluation. This
thesis provides two manually annotated datasets for German that can be
used in various machine learning experiments concerned with collocations
or adjective-noun phrases in general.

1.1.3 Objective and contributions

The main goal of this thesis is to define a semantically diverse inventory
of lexical-semantic relations in adjective-noun collocations and free phrases.
This will be achieved through a synthesis of relation inventories provided
by different theoretical frameworks. Chapter 4 presents four theories that
might provide the required inventory. Each of them will be applied to a se-
mantically varied sample of semi-automatically selected German adjective-
noun pairs to identify gaps in their inventories of relations. The following
theories will be investigated:

¢ the Meaning-Text Theory (Mel'¢uk, 1996, 1999, 2015, 2023) with the
inventory of Lexical Functions;
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¢ the Generative Lexicon (Pustejovsky, 1991) and the Qualia Roles;
¢ Frame Semantics (Fillmore, 1982) and Frame Elements;

e Concept frames (Barsalou, 1992; Lobner, 2014) and attributes based
on the semantic classification of adjectives as adopted in the German
wordnet GermaNet (Hamp and Feldweg, 1997; Henrich and Hinrichs,
2010).

An adequate relation inventory should be able to accommodate seman-
tically varied data independently of the language and be flexible in terms
of granularity. Based on the insights from the small-scale study described
above, an initial set of relations will be proposed. In order to test the ad-
equacy of the proposed inventory on a large scale, a dataset of German
adjective-noun phrases will be compiled. The construction of the data set is
performed in joint work with colleagues from the Brandenburg Academy of
Sciences (BBAW) Isabel Fuhrmann, Dr. Alexander Geyken, and Dr. Lothar
Lemnitzer. The robustness of the inventory will be tested by measuring
inter-annotator agreement, conducting machine-learning experiments, and
applying the inventory to a different dataset in English.

The main contributions of this thesis are the following;:

¢ Comparison of four theoretical frameworks with respect to lexical-
semantic modeling of adjective-noun collocations and free phrases.

* Manually annotated gold standard data set of German adjective-noun
co-occurrences consisting of collocations, free phrases, idioms, proper
names and technical terms.

* Guidelines on how to differentiate between free phrases, idioms, and
several types of collocations.

* Semantically broad inventory of relations that hold between the
constituents of adjective-noun phrases for both collocations and free
phrases. The differences between the two types of phrases in terms of
the relations between their constituents are outlined.

* Two gold standard data sets of adjective-noun collocations and free
phrases manually annotated with the relations from the new inven-
tory: a novel German data set and a re-annotated English dataset.

* Corpus study of directional statistical association measures. Such
measures are effective at extracting asymmetric collocations, technical
terms and proper names.

1.2 Chapter guide

The thesis is divided into nine chapters. Chapter 2 provides a short theoreti-
cal background on the semantics of adjectives in general and gives a concise
grammatical description of German adjectives.
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Chapter 3 introduces the concept of collocation in detail and discusses
different aspects of the phenomenon. In the first part of the chapter, various
theoretical approaches to collocations and MWEs in general are presented.
The second part focuses on the statistical properties of collocations. Working
definitions of collocation and free phrase are given based on the collected
insights from the literature. The chapter ends with a survey of existing
collocation resources.

Chapter 4 discusses the theoretical frameworks considered for construct-
ing an annotation scheme for adjective-noun collocations and free phrases.
It focuses on the Meaning-Text theory, the Generative lexicon, Frame Seman-
tics, and concept frames as well as the semantic classification of adjectives
in English and German wordnets. The chapter presents a pilot study con-
ducted on a sample of semantically diverse data to evaluate the theories.
The limitations and advantages of each theory are discussed.

Chapter 5 presents the details of the construction of the dataset GerCo
(German Collocations) that contains adjective-noun collocations and free
phrases. First, the data collection and the annotation scheme are described,
followed by the discussion of the annotation results evaluated via an inter-
annotator agreement study. A qualitative analysis of the final dataset with
respect to the assigned labels provides further insights about the differences
between various types of phrases identified in the dataset. Finally, the ro-
bustness of the binary classification is tested in a series of machine-learning
experiments.

In Chapter 6, the dataset GerCo described in Chapter 5 is further anno-
tated with respect to the relations that hold between the base and its collo-
cate. The annotation scheme and guidelines are based on the findings of the
pilot study presented in Chapter 4. Similarly to the previous chapter, the
set of labels used for annotation is evaluated based on the inter-annotator
agreement, the qualitative analysis of the dataset, and in a number machine-
learning experiments.

In Chapter 7, the robustness of the developed annotation scheme is
tested by applying the set of labels to a different dataset of adjective-noun
phrases: the semantically diverse English dataset HeiPLAS.

In Chapter 8, the discussion turns to statistically asymmetric adjective-
noun combinations. For instance, in the asymmetric phrase himmelweiter
Unterschied "huge difference’, the adjective is more predictive of the noun
than vice versa. A few statistical association measure have been proposed
to measure such asymmetries. The chapter will present a corpus study
that investigates the directional association measure AP applied to adjective-
noun pairs in German.

Chapter 9 concludes the thesis with a discussion about the relation be-
tween the inventory compiled in this thesis and the theories that inspired it,
gives a short summary of the work, and outlines possible future work.
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Chapter 2

Adjectives: theoretical background

This chapter provides a short overview of theoretical backgound of adjec-
tives. First, various approaches to describing adjectival semantics will be
presented in section 2.1. In the second part of the chapter (section 2.2),
adjective as a part of speech in the German language will be discussed.

2.1 Semantics of adjectives

Boleda (2006) provides a comprehensive overview of various approaches to
adjectival semantics. This section will summarize Boleda’s (2006) theory re-
view focusing on various semantic classifications of adjectives. There are
three major groups of approaches to semantics of adjectives: within formal
semantics, within descriptive grammar, and within computational linguis-
tics.

Formal semantics

In formal semantics, three categories of adjectives are distinguished based
on their entailment pattern: intersective, subsective, and non-subsective
(Boleda, 2006). For intersective adjectives (also referred to as absolute or re-
strictive), “the set of things denoted by the adjective-noun phrase is the intersection
of the set of things denoted by the adjective and the set of things denoted by the
noun” (Peters and Peters, 2000, p.2). For instance, a yellow umbrella belongs
to the set of yellow things and to the set of umbrellas. The meaning of sub-
sective (or relative) adjectives is dependent on the noun they modify: a small
book belongs to the set of books, but the notion of small is relative: a small
book may not belong to a set of small things. The distinction between the
two categories is quite vague (Boleda, 2006) and sometimes they are treated
as one category, as in Pavlick and Callison-Burch (2016).

Finally, non-subsective (or intensional) adjectives do not refer to a subset
of things their head noun denotes. For instance, a former president is not a
president anymore. Pavlick and Callison-Burch (2016) further divide this
class into two categories: privative and plain. Privative adjectives such as
fake or former are truly non-subsective because a fake thing is not actually
that thing anymore: fake gold is not actually gold, and former president is not a
president anymore. Plain subsective adjectives, on the other hand, allow an
interpretation where the set of things denoted by the adjective-noun phrase
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intersects with the set of things denoted by the noun. For instance, an alleged
criminal may or may not be an actual criminal.

Descriptive grammar

In descriptive grammar, adjectives are classified into relational (also referred
to as relative, denominal, or pertainyms) and descriptive (or qualitative)
adjectives (Warren, 1984; Raskin and Nirenburg, 1998; Boleda, 2006).

Most relational adjectives are derived from nouns, so the nominal mean-
ing is incorporated into the semantics of such adjectives. Thus, they do not
denote qualities of their head nouns, but rather express objects:

(6) a. financial — is related to finances
b. agricultural — is related to agriculture

Typically, relational adjectives are rarely found in predicative position as in
example (7b), they are non-gradable as in example (7c) and are not used in
coordination with descriptive adjectives (Warren, 1984) as in example (7d):

(7)

a. agricultural workers

b. * workers who are agricultural
c. *very agricultural workers

d. *smart and agricultural workers

Boleda (2006) remarks that being derived from a noun is not obligatory for
an adjective to be considered relational. For instance, the adjectives urban
and rural are not denominal. However, they are relational adjectives as they
incorporate the nominal meaning in their semantics: ‘related to the city” and
‘related to the country’ respectively.

Descriptive adjectives are referred to by Hartung (2015) as attribute-
denoting adjectives. Miller (1998, p. 48) describes this type of adjectives as
follows:

<..>tosay x is Adj presupposes that there is an attribute A such that
A(x)=Ad]. To say The package is heavy presupposes that there is an at-
tribute WelGHT such that werGHT(package)=heavy. Thus, heavy and light
are values for the attribute WEIGHT.

The adjective heavy is an acceptable value of the attribute WEIGHT for any
x that can have that attribute: cat, stone, bottle, etc. Another example of a
descriptive adjective is yellow: in the phrase yellow umbrella, the adjective is
the value of the attribute color of the noun umbrella. Other properties or
attributes that an umbrella can have are:

(8) a. size — small umbrella
b. weight — heavy umbrella
c. function — broken umbrella
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Examples (7) and (8) illustrate the difference between the nature of relation
between the modifier and the head for relational and descriptive adjectives:
agricultural workers are workers who work in agriculture, the adjective in this
case does not describe any property of the noun. Rather, there is a relation
work_in between the two words. This makes adjective-noun phrases with
relational adjectives as modifiers semantically close to nominal compounds.
Vivid illustrations for this observation are found in languages that do not
rely on compounding as much as English and German, for instance Rus-
sian. The role of nominal modifiers in Russian is frequently taken over by
relational adjectives as in (9a) and (9b). In the first example, the relation be-
tween the head and its modifier is of PART-WHOLE type: a handle is a PART of
a door, in the second one, the relation is INGREDIENT: milk is an INGREDIENT
of a cocktail.

(9) a. dver-n-aya rutchka
door-ADJ-INFL handle
‘door handle’

b. moloch-n-iy kokteyl
milk-ADJ-INFL cocktail

‘milk cocktail’

Computational linguistics

Raskin and Nirenburg (1998, pp.167-170) propose a microtheory of Ontolog-
ical semantics which distinguishes three classes of adjectives:

* scalar, based on property ontological concepts; for instance, the adjec-
tive easy whose meaning is placed on the scale EASsY/DIFFICULT

* deverbal, based on process ontological concepts; for instance, the ad-
jective eager whose lexical entry is based on that of the verb want

* denominal, based on object ontological concept; for instance, the ad-
jective provincial in the sense of a province, whose lexical entry is derived
from that of the noun province.

Note that Raskin and Nirenburg (1998) do not equate the term scalar
with the term gradable. The latter refers to a characteristic that is typical of
various adjectives from any of the three classes presented above: gradable
adjective are those that can be used comparatively. Thus, there are scalar
adjectives such as male that are not gradable, and gradable adjectives that
are not scalar, for instance the denominal adjective administrative.

(10) His style is more administrative than hers.

Raskin and Nirenburg (1998, pp.172) claim that there it is not difficult to
come up with contexts in which such an adjective can be used comparatively
as in example (10).
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A similar classification is proposed by Boleda (2006). Based on the results
of a series of unsupervised experiments Boleda (2006, pp.173-174), proposes
the following classification of adjectives:

* basic adjective express attributes, for instance the adjective yellow de-
notes a attribute COLOR, and heavy denotes WEIGHT;

¢ event-related adjectives such as comfortable express a relationship to an
event;

* object-related adjectives such as political and biological express a rela-
tionship to an object.

Hartung (2015) conducts a number of annotation studies relying on this
classification and comes to the conclusion that the distinction between basic
and event-related adjectives is too fine-grained. For instance, in the phrase
fast horse, the adjective can either be interpreted as basic as it refers to the
SPEED of a horse, or it can be also considered event-related because a fast
horse is a horse that runs fast. Due to a large number of such ambiguities,
the two categories had to be conflated into one class of property-denoting
adjectives leading to a binary distinction into attribute-denoting and object-
related adjectives.

Lexical-semantic resources such as the Princeton WordNet Fellbaum
(1998) and GermaNet Hamp and Feldweg (1997); Henrich and Hinrichs
(2010) also distinguish between two classes of adjectives: descriptive such
as heavy and yellow and relational (also referred to as pertainyms) such as
musical and dental. Descriptive adjectives are basically values of attributes,
whereas relational adjectives “function as classifiers” and thus “play a role
similar to that of a modifying noun” (Miller, 1998, p.59).

Summary

This section presented approaches to semantic classifications of adjectives in
formal semantics, descriptive grammar, and computational linguistics. The
latter two approaches are very similar as they distinguish two main groups
of adjectives based on the type of relation between the adjective and the
modified noun. Descriptive adjectives describe properties or attributes of
modified nouns, whereas relational adjectives behave similarly to nouns and
denote objects. Adjective-nouns combinations with a relational adjective as
modifier are thus similar to noun-noun compounds. As mentioned in Chap-
ter 1, there is extensive research on relations in noun-noun compounds and
numerous relation inventories have been suggested. It seems plausible that
such inventories can also accommodate AN combinations with relational
adjectives and it is outside of the scope of this thesis to test this hypothesis.
The main focus of the thesis lies on the descriptive adjectives. However, rela-
tional adjectives can acquire a different meaning and function as descriptive
adjectives. For instance, the adjective wooden has a second meaning “awk-
ward/stiff” as in wooden performance. For this reason, relational adjectives
will be considered in this thesis if they function as descriptive ones.
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2.2 Attributive adjectives in German

Grammatical characteristics of attributive adjectives in German are defined
through number (singular or plural), gender (masculine, feminine, neuter),
and case (nominative, genitive, dative, accusative). These properties are ex-
pressed in adjectives by means of inflection.

(11) kleines Kleid ‘small dress’

etwas kleines Kleid ‘somewhat small dress’
das kleine Kleid ‘the small dress’

dieses kleine Kleid ‘this small dress’

ein kleines Kleid “a small dress’

kein kleines Kleid ‘no small dress’

QW =-~0 0N T o

dein kleines Kleid “your small dress’

Three types of inflection of attributive adjectives are traditionally distin-
guished in German based on their syntactic surroundings (Zifonun et al.,
1997; Eisenberg, 2020):

1. strong (Ger. stark): an adjective takes over the role of a determiner
and the inflection corresponds to that of a definite article (see table
2.1). This holds in the following cases: there is no article preceding
the adjective as in example (11a) or the preceding determiner is not
inflected as in example (11b);

singular
case plural
masc \ fem \ neut
Nominative | kleiner | kleine | kleines | kleine
Genitive kleinen | kleiner | kleinen | kleiner
Dative kleinem | kleiner | kleinem | kleinen

Accusative | kleinen | kleine | kleines | kleine

TaBLE 2.1: Strong inflection of German attributive adjectives
for the adjective klein ‘small’. The inflections are in bold.

2. weak (Ger. schwach): an adjective is inflected either with -e or -en as
illustrated in table 2.2. This holds when an adjective is preceded by a
definite article as in (11c), a demonstrative pronoun as in (11d ), and a
few other cases;



16 Chapter 2. Adjectives: theoretical background

singular
case plural
masc \ fem \ neut
Nominative | kleine kleine kleine kleinen
Genitive kleinen | kleinen | kleinen | kleinen
Dative kleinen | kleinen | kleinen | kleinen

Accusative | kleinen | kleine kleine kleinen

TaBLE 2.2: Weak inflection of German attributive adjectives for
the adjective klein ‘small’. The inflections are in bold.

3. mixed (Ger. gemischt): the inflection is shown in table 2.3. This holds
when an adjective is preceded by an indefinite article as in (11e), the
pronoun kein ‘none” as in (11f), or a possessive pronoun as in (11g).

singular
case plural
masc | fem | neut
Nominative | kleiner | kleine kleines | kleinen
Genitive kleinen | kleinen | kleinen | kleinen
Dative kleinen | kleinen | kleinen | kleinen

Accusative | kleinen | kleine kleines | kleinen

TaBLE 2.3: Mixed inflection of German attributive adjectives
for the adjective klein ‘small’. The inflections are in bold.

The regular comparative form of German adjectives is built by means of
the inflection -er; the regular superlative form inflection is -st as presented
in example (12a). The same inflection rules described above apply to those
forms when used attributively as illustrated in example (12b).

(12) a. klein - kleiner - kleinst
‘small’ — ‘smaller’ — ‘smallest’

b. kleineres Kleid - das kleinere Kleid
‘smaller dress’ — ‘the smaller dress’

Lemmatized adjectives in preprocessed corpora do not have any inflec-
tions. The convention in this thesis will be to give all examples of German
adjective-noun phrases using the strong declension in nominative case sin-
gular. This implies that for all the neuter nouns, the modifying attributive
adjective will be inflected with -es: kleines ‘small’, teueres ‘expensive’, kluges
‘smart’. For all the masculine nouns, the modifying attributive adjective
will be inflected with -er: kleiner, teuerer, kluger. Finally, for all the feminine
nouns, the modifying attributive adjective will be inflected with -e: kleine,
teuere, kluge. In the cases where a plural form is needed, also strong de-
clension in nominative case will be used unless specified otherwise: kleine,
teuere, kluge.
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Participle I and II

There is an ongoing discussion whether participles should also be consid-
ered adjectives in German and if so, under which conditions. The general
agreement is that participle II in attributive use as in genihtes Kleid ‘sewn
dress’ should be considered an adjective (Eisenberg and Schoneich, 2020).

As for participle I, first of all, there is a large number of lexicalized exam-
ples: reizend ‘lovely’ derived from the verb reizen ‘to appeal/excite’, bedeu-
tend ‘important” derived from the verb bedeuten ‘to mean’, strahlend ‘bright,
radiant’ derived from the verb strahlen ‘to radiate/beam’. Such participles
are unequivocally adjectives. This is reflected in dictionary entries, for in-
stance, the DWDS provides entries for all the three participles mentioned
above. Non-lexicalized participles such as lesend ‘reading’ or schwimmend
‘swimming” do not have dedicated dictionary entries, and their meaning is
derived from the corresponding verb. Irrespective of the level of lexicaliza-
tion, any participle I used attributively is considered an adjective in German.
The verbal origin of participle I is reflected in their ability to take arguments
that they inherit from the corresponding verb, for instance, direct objects
as in ein Buch schreibende Person ‘person writing a book” or prepositional
phrases as in im See schwimmende Menschen ‘people swimming in the lake’
(Eisenberg and Schoneich, 2020).
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Chapter 3

Concept of collocation

This thesis makes a distinction between adjective-noun collocations and free
phrases. But what does the term collocation stand for? What is the difference
to a free phrase? Collocations have received a lot of attention in different areas
of language research, but the only aspect everyone seems to agree upon is
that collocation is a fuzzy concept. This is reflected in a wide and confusing
variety of definitions and yet absence of a systematic linguistic study of this
phenomenon.

This chapter presents an overview of the existing theories that deal with
collocations and addresses the most common questions that are crucial in
any discussion concerned with the topic of collocations:

1. Where does the term collocation come from? (section 3.1)

2. What is the relation between collocations and multi-word expressions
in general? (section 3.2)

What is compositionality, decomposability, and transparency? (section 3.3)
How to extract collocations from language corpora? (section 3.4)

How to define collocations and free phrases? (section 3.5)

SN

What collocation resources are available? (section 3.6)

As stated in the introduction chapter (section 1.1.1), there are two ap-
proaches to collocations: intensional and distributional. Purely intensional
approach is covered in section 3.3. Distributional approach is presented in
3.4. Finally, the insights from both approaches are combined in section 3.5
where working definitions of the notions collocation and free phrase will be
given.

3.1 A short history of collocations

As described in Bartsch (2004), the term collocation had already been used
in linguistics in the 1930-es. Palmer (1938, pp.x-xi) defined collocations as
“a succession of two or more words that may be best learnt as if it were a single
word.” However, the establishment of the term is traditionally ascribed to
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the British linguist J. R. Firth. The concept of collocation is thus insepara-
bly associated with the Firthian linguistics also referred to as London School
of Linguistics or British Contextualism.! Firth introduced the concept of mean-
ing by collocation which he illustrated by the phrase dark night: “one of the
meanings of night is its collocability with dark, and of dark, of course, collocation
with night” (Firth, 1957, p.196). Thus, a word’s meaning is determined by the
words with which it co-occurs, i.e. it is defined on the syntagmatic and not
only on paradigmatic level. Although Firth’s vagueness about the notion of
collocation and collocational meaning has been criticised (Lehr, 1996), his
ideas are fundamental to the empirical studies of language.

Firth did not equate the concepts lexical and semantic (Halliday, 1966).
This idea was further developed by his students who are commonly re-
ferred to as Neo-Firthians. One of his students, M.A K. Halliday, advocated
the recognition of a ‘lexical level” along with grammar. His notion of lexi-
cogrammar implies the interdependence of lexis and grammar, and colloca-
tions can be considered the basis for the lexical analysis of language (Pecina,
2008).

Another student of Firth, John Sinclair (1966), also believed that one
should look at the internal patterns of language? from two aspects: grammar
and lexis. Grammar accounts for those patterns in language that form cer-
tain systems within language, whereas lexis is concerned with “the tendencies
of items to collocate with each other” (Sinclair, 1966, p.411).

Neo-Firthians believed that lexical patterns can be studied based on very
large samples of text under consideration of their probabilities (Halliday,
1966) which has become the fundamental idea for corpus-based research.’
Over the last few decades, a lot of studies emerged concerned with statis-
tical properties of collocations in order to develop methods of automatic
extraction of collocations (see section 3.4). Some of those techniques have
been successfully used for compiling collocation dictionaries.

Collocations have always received a lot of attention from lexicographers
who are mainly concerned with two questions: which collocations should
be included in dictionaries and what is the best way of representing collo-
cations in a dictionary? Specialized collocation dictionaries are sometimes
called combinatory or combinatorial dictionaries. Earlier learners” dictionaries
included a lot of free combinations of words such as neues Haus/Auto/Hemd
‘new house/car/shirt’. Hausmann (1985), who worked mostly with German
and French languages and was mainly interested in compiling a practical
learner’s dictionary, criticized such an approach. He considered such com-
binations unnecessary and redundant because they are not specific and not
typical: they do not pose any problems to a language learner. Hausmann's

IThe term “British Contextualism”has been mostly used by German scholars (German:
Britischer Kontextualismus) (Lehr, 1996).

2Sinclair (1966) recognizes external patterns that may have an influence on language
form as well, for instance, social patterns or natural organization, but does not take them
into account.

3For an in-depth and detailed description of Firthian and Neo-Firthian linguistics see
Lehr (1996)



3.2. Collocations and Multi-Word Expressions 21

principles of compiling combinatory dictionaries were applied in the BBI
Combinatory Dictionary of English (Benson, 1989).

Another type of a collocation dictionary, Explanatory Combinatorial Dic-
tionary (ECD), was proposed by Mel'¢uk and Zholkovsky (1984) and their
colleagues. The ECD’s main function is to store information about the se-
mantic and combinatorial relations* of individual words in a formalised
manner which make this type of dictionary theory-oriented. The ECD is
rather meant for linguists than for language learners and is meant to con-
nect lexicography and theoretical linguistics. Every entry in the ECD can be
considered a “self-contained linguistic article on the corresponding < ... > lexeme”
(Mel’¢uk and Zholkovsky, 1984, pp.39, 43). A considerable part of such an
article is dedicated to combinatorial preferences of each lexeme: the collo-
cates are listed and grouped according to the semantic relations that hold
between them and the given lexeme. The framework for describing the se-
mantic relations in collocations is based on the notion of a Lexical Function
which will be discussed in detail in section 4.2.1. At the present moment,
the inventory of Lexical Functions is the most comprehensive and systematic
framework describing the semantic properties of collocations.

3.2 Collocations and Multi-Word Expressions

As already mentioned in the beginning of this chapter, the terminology con-
cerned with collocations and other multi-word expressions is not homoge-
neous. This is reflected in the multitude of terms used to refer to multi-word
expressions: set expressions, fixed expressions and idioms, lexical combinations,
phrasemes, fixed combinations, multiword lexical units. There is also no general
agreement on the relation between MWEs and collocations. The approaches
to this issue can be roughly classified into three categories that will be pre-
sented in more detail in the following subsections:

1. Collocations are a more general concept than MWEs (section 3.2.1)
2. Collocations are a subclass of MWEs (section 3.2.2)
3. Collocations and MWE are two disjoint concepts (section 3.2.3)

In each subsection, the typologies of MWEs are presented in the chrono-
logical order with the focus on collocations. All the typologies rely on three
factors for distinguishing between different types of MWEs: flexibility of
form, compositionality of meaning, and statistical idiosyncrasy which will
be discussed at the end of the section (section 3.2.4).

3.2.1 MWEs as a subclass of collocations

Kjellmer (1991): set expressions

4Both paradigmatic and syntagmatic ones.
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Strictly speaking, in this classification, set expressions are not considered to
be a subgroup of collocations but are rather used synonymously to colloca-
tions. For Kjellmer (1991), set expressions (or ready-made phrases) are “com-
binations of words that customarily co-occur” that account for a large portion
of our mental lexicon. Collocations are defined as “structured patterns that
recur in identical form” (Kjellmer, 1991) and are thus equated with ready-made
phrases. Similarly to many other scholars, Kjellmer emphasizes that different
classes of set expressions may sometimes overlap and thus the distinction
between them is unclear. He distinguishes three groups of ready-made ex-
pressions:

1. Fossilized phrases: combinations in which one constituent predicts
the other one. Such combinations allow very little variation, e.g. in-
flection of the predicted word. Examples of such phrases are aurora
borealis, bonsai tree, ad infinitum;

2. Semi-fossilized phrases: one constituent predicts a limited number
of words. This category includes most idioms such as to go off the
right/wrong foot and phrases like moot point/question, nodding acquain-
tance/terms. The constraints on the choice of the component words in
such phrases are lexical rather than functional;®

3. Variable phrases: their constituents tend to co-occur frequently, how-
ever, the prediction in such case should be interpreted more loosely.
There are two kinds of variable phrases:

— phrases consisting of two or more lexical words and some func-
tion words: close friend, glass of water, loud and clear;

— established sequences of one lexical word and one or more func-
tion words with somewhat restrained variability: a number of, for
a change, out of action.

Moon (1998): FEIs

Moon (1998) adopts the term FEIs (fixed expressions and idioms) to refer
to holistic units consisting of two or more words. Moon (1998) names three
factors based on which an expression is considered FEI:

— institutionalization: based on statistical co-occurrence. It is a “process
by which a string or formulation becomes recognized and accepted as
a lexical item”(Moon, 1998, 7).

— lexicogrammatical fixedness: quality of having some lexicogrammati-
cal idiosyncrasy.

SFor instance, the adjective blue can select any word with certain functional proper-
ties such as concrete, noun which is not enough for an expression to be considered semi-
fossilized as this criterion is very general and allows a lot of options (basically, all concrete
nouns).
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— semantic non-compositionality: the meaning of the string does not
arise from the meanings of its constituents, such expressions are typi-
cally considered metaphorical.

The term collocation is used to denote any co-occurrence of items and is
thus more general than the term FEI. There are three subtypes of FEIs cov-
ered in Moon (1998):°

1) Anomalous collocations are syntagmatically or paradigmatically deviant.

— Ill-formed collocations are grammatically idiosyncratic: by and large,
of course, at all

— Cranberry collocations contain unique elements not found in other
collocations: to and fro, kith and kin

— Defective collocations are not fully compositional because one con-
stituent has a shifted meaning not found in other contexts: to beg the
question, a foregone conclusion

— Phraseological collocations are those that have alternative variants,
but “the structure is not productive”(Moon, 1998, p.21): to a — degree and
to a — extent, on show and on display

2) Formulae are “specialized pragmatically”, most of them are composi-
tional (Moon, 1998, p.21)

— Simple formulae are syntagmatically fixed expressions with a discour-
sal function: I'm sorry to say, not exactly

— Sayings include quotations, catch-phrases, and truisms: an eye for an
eye, that's the way the cookie crumbles

— Proverbs are “maxims with deontic function”(Moon, 1998, p.22): enough
is enough, every cloud has a silver lining

— Similes are opaque institutionalized comparisons: as old as the hills,
live like a king

3) Metaphors are non-compositional phrases with different degrees of trans-
parency

— Transparent metaphors can be decoded relying on world knowledge:
behind someone’s back, pack one’s bags

— Semi-transparent metaphors can be decoded, but this requires more
specialised knowledge; they may be interpreted in various ways: throw
in the towel, grasp the nettle

— Opaque metaphors are almost impossible to decode compositionally:
shoot the breeze, red herring

®FEIs not covered in Moon (1998) are compounds, phrasal verbs, foreign phrases and
multi-word inflectional forms of verbs, adjectives, and adverbs (Moon, 1998, p.2).
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Sag et al. (2002): multi-word expressions

Sag et al. (2002, p.2) give a very general definition to multi-word expressions:
“idiosyncratic interpretations that cross word boundaries (or spaces)”. The notion
of collocation is even more general and is used to refer to any statistical
co-occurrence and thus includes not only MWEs, but also compositional
phrases with high frequency that do not exhibit any semantic or lexical
idiosyncrasies. They distinguish between two classes of MWEs: lexicalized
and institutionalized phrases:

1) Lexicalized phrases are (at least partially) semantically or syntactically
idiosyncratic:

— fixed expressions: grammatically idiosyncratic expressions such as by
and large, in short. They are fully lexicalized and do not allow any
modifications.

— semi-fixed expressions allow some modification, e.g. inflection. They
include non-decomposable idioms such as shoot the breeze, compound
nominals (part of speech), proper names (the San Francisco 49ers).

— syntactically-flexible expressions: syntactically more variable. They
comprise verb-particle constructions (to look up), decomposable idioms
(spill the beans), light verbs (to give a speech).

2) Institutionalized phrases are fully compositional, but they exhibit sta-
tistical idiosyncrasy. Thus, in the compound traffic light, both constituents
are semantically transparent. However, this concept cannot be expressed by
any other compositional combination of words because traffic light has been
strongly institutionalized.

3.2.2 Collocations as a subclass of MWEs

Benson et al. (1986) and van der Wouden (1997): lexical combinations

Benson et al. (1986, p.252) define lexical combinations as expressions that
“exhibit varying degrees of cohesiveness”; collocations form a subgroup in their
classification. The same typology of lexical combinations is also used in van
der Wouden (1997).

1) Free combinations exhibit the lowest degree of cohesiveness, their con-
stituents are free to combine freely with a considerable number of words:
e.g. to examine/forget/report/romanticize a murder

2) Idioms are fixed non-compositional expressions that sometimes allow
variability, especially grammatical one: we’ll kill (or: we killed) two birds with
one stone

3) Collocations are “loosely fixed combinations” (Benson et al., 1986, p.253)
between idioms and free combinations. They exhibit the following charac-
teristics: (1) collocations are compositional, but restricted: their constituents
cannot be easily substituted by synonyms, and (2) collocations are frequent
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and thus “psychologically salient” (Benson et al., 1986, p.253). This group in-
cludes adjective-noun collocations such as pure chance, grave concern and two
types of verb-noun collocations: (1) CA (a verb denotes creation/activation):
make an impression and (2) EN (a verb denotes eradication/nullification): fo
dispel fear, to lift a blockade

4) Transitional combinations are in the grey area between idioms and col-
locations, they are more fixed than collocations, but their meaning is not
entirely opaque: to catch one’s breath, to be in a tight spot

5) Proverbs are more frozen than idioms, but their meaning can be literal.
They convey folk wisdom or general truths expressed by a complete sen-
tence: An apple a day keeps the doctor away.

6) Compounds are completely frozen with no variations, they include
adjective-noun combinations such as floppy disk, definite article, noun-noun
combinations such as hand luggage, fire escape, and phrasal verbs such as add
up, break through.

Baldwin and Kim (2010): multi-word expressions

Baldwin and Kim (2010) define MWEs as “lexical items that: (a) can be
decomposed into multiple lexemes; and (b) display lexical, syntactic, se-
mantic, pragmatic and/or statistical idiomaticity” The taxonomy of MWEs
presented in Baldwin and Kim (2010) follows the one described in Sag et al.
(2002). However, their view on collocations is different: collocations are
considered a subclass of MWEs. At the same time, collocations as such are
not mentioned in the taxonomy of MWEs: the term simple collocation is
used as a synonym for institutionalised phrases — statistically idiosyncratic
phrases. Moreover, Baldwin and Kim (2010) emphasize that there should
exist a direct syntactic relation between the constituents of collocations: for
instance, adjective-noun or verb-noun collocations.

Mel’¢uk (2012a): phrasemes

Following the Russian linguistic tradition, Mel’¢uk refers to MWEs as
“phraseological expressions”or “phrasemes” According to Mel'¢uk (2012a,
p-32), phrasemes are “linguistic expressions formed by several (at least two)
lexemes syntactically linked in a regular way <...> featuring some unpredictable
properties” and thus they are linguistically constrained as opposed to free
phrases. Mel’¢uk’s taxonomy of phrasemes is based on the idea of freedom
of selection: in the process of speech production, the speaker is faced
with a choice of lexical items. If the freedom is violated in some way, the
resulting phrase is lexically constrained and is considered a phraseme.
In his taxonomy, there are two major classes: lexical phrasemes and
semantic-lexical phrasemes (alternatively, they are referred to as semantic
and pragmatic phrasemes respectively (Mel'¢uk, 1998)):

1) Lexical phrasemes are those, in which the choice of the starting meaning
is free, but the choice of some of the lexical components is constrained by
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the language. There are two subgroups of lexical phrasemes:

— Idioms are non-compositional. They include full idioms, such as by
heart; semi-idioms (private eye), and quasi-idioms or weak idioms (to
start a family)

— Collocations are compositional. They include standard collocations,
such as to give an order, deeply committed, and non-standard collocations
such as black coffee, leap year (see a more detailed review of Mel'¢uk’s
theory in section 2.1)

2) Semantic-lexical phrasemes are those in which both the meaning and
the lexical components are constrained by the language depending on the
situation.

— Clichés are compositional. They include pragmatically constrained
clichés (pragmatemes) such as Return to sender, and pragmatically non-
constrained (normal) clichés such as proverbs (a watched pot never boils)
and complex proper names (The Old Testament, The Moonlight Sonata).

3.2.3 Collocations and MWEs are disjoint

Hausmann (1984): fixed combinations’

Hausmann (1984) emphasizes that the preference of certain word to com-
bine with each other cannot not be explained purely semantically. Based on
words” combinability, the following typology of word combinations is pro-
posed where collocations form a separate from fixed expressions subclass:

1) Fixed combinations include compounds and idioms

2) Non-fixed combinations include the following subclasses:

— Free combinations (co-creations): are composed creatively by a speaker
according to the rules of a language, there is an unlimited number of
possibilities how words can be combine

— Collocations (collocations): their constituents have restricted combin-
ability and an affinity to combine with each other. They are combined
according to semantic rules, but not composed creatively. Collocations
can be considered “semi-finished products”of a language.

— Words with restricted combinability are combined with words to
which they have a negative affinity (counter-creations): they are com-
posed creatively, but break semantic rules. Such combinations are of-
ten encountered in literary texts

7Ger.: Fixierte Wortverbindungen /Wortkombinationen
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Savary et al. (2018): multi-word expressions

Savary et al. (2018, p.92) define MWEs as “sequences of words which contain
at least two component words which are lexicalised <...> [and which] display some
degree of lexical, morphological, syntactic and/or semantic idiosyncrasy”. The id-
iosyncrasy in collocations is, on the other hand, of pragmatic or statisti-
cal nature only. Examples of collocations are such phrases as the graphic
shows, drastically drop, all aboard. Thus, as statistical and pragmatic idiosyn-
crasies are not included in the definition of MWESs, the authors conclude
that “MWEs and collocations are seen as disjoint sets of linguistic objects” (Savary
et al., 2018, p.93).

Kosem et al. (2020): multiword lexical units

In this classification, the concept of the Multiword lexical units (MLU) is
used synonymously to the multi-word expression. By using the word unit
instead of expression, Kosem et al. (2020) emphasize that MLUs function as
holistic units that are semantically independent. Collocations are distin-
guished both from free combinations and MLUs:

1) free combinations: have high frequencies, but are less informative than
collocations and therefore are lexicographically irrelevant (nisem vedel ‘1
didn’t know”)

2) collocations have the following characteristics: statistical relevance, syn-
tactic structure, semantic transparency and meaningfulness (najbliZji sorod-
niki ‘closest relatives’)

3) multiword lexical unit: holistic units that belong in a dictionary. Their
meaning is at least to some degree idiomatic.

e compounds: the meaning of the whole cannot be derived from the
meanings of its parts. However, the meaning of a compound is not
metaphorical, but rather technical, e.g. topla greda ‘greenhouse’ or
‘green-house effect’, ¢rna luknja ‘black hole’.

* phraseological units: they are similar to compounds, but have a
metaphorical meaning and are expressive. This category includes
proverbs and sayings (time is money), expressions with pragmatic or
evaluative role (damn), expressions with adverbial role (more or less),
and expressions with communicative role (good evening).

* lexico-grammatical units have grammatical and function words as
their constituents and their role is to organize text. They include:
— phrasal verbs
— light-verb constructions
— reflexive verbs

— syntactic combinations
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3.24 Summary

The above presented typologies illustrate that, in spite of all the attempts to
define collocations and multi-word expressions, the decision about the sta-
tus of a complex expression is often subjective and depends on the frame-
work adopted for a particular task. The issues of subjectivity and the overall
‘fuzziness’ of terminology and methodology surrounding multi-word ex-
pressions have not been solved yet.

Statistical idiosyncrasy.  There is no agreement on whether MWEs are
statistically idiosyncratic.

o All MWEs exhibit statistical idiosyncrasy (Kjellmer, 1991; Moon, 1998;
Sag et al., 2002).

¢ MWEs have high frequency (Benson et al., 1986; van der Wouden,
1997).

* MWEs may exhibit statistical idiosyncrasy (Baldwin and Kim, 2010;
Kosem et al., 2020).

e Statistical properties are not mentioned (Hausmann, 1984; Mel'cuk,
2012a).

¢ Clear distinction between statistically idiosyncratic phrases (colloca-
tions) and MWEs that are only lexically, semantically, or syntactically
idiosyncratic (Savary et al., 2018).

Resolving the complex issue of terminology is outside of the scope of this
thesis. The typologies presented in this section are meant to be used a
reference material for creating a database of collocations that will serve as
an empirical basis for the study of semantic properties of collocations in
this thesis. Although the amount of views may seem overwhelming and
confusing, there are common themes in various frameworks that can be
identified. Such commonalities touch upon both the form and the meaning
of MWEs.

Form. MWEs exhibit various degrees of morphosyntactic flexibility (the
terminology follows the one suggested by Sag et al. (2002)):

¢ Fixed: grammatically idiosyncratic expressions that do not allow any
modifications: by and large, in short, in line (Moon, 1998; Sag et al., 2002;
Baldwin and Kim, 2010).

e Semi-fixed: allow some modification. Idioms are often considered to
be semi-flexible (Sag et al., 2002; Benson et al., 1986): He spilled the
beans.

* Flexible: MWEs that can undergo a wide range of syntactic changes.
This group includes verb-particle constructions, e.g. to look up; light
verb constructions, as in fo make a mistake (Sag et al., 2002); adjective-
noun collocations, as in grave mistake.
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Meaning. MWEs exhibit various degrees of semantic compositionality:

¢ Compositional: collocations (Mel'¢uk, 2012a; Benson et al., 1986; van
der Wouden, 1997) and proverbs (Benson et al., 1986; van der Wouden,
1997; Moon, 1998; Mel’¢uk, 2012a).

¢ Non-compositional: idioms (Benson et al., 1986; van der Wouden,
1997; Moon, 1998; Mel’¢uk, 2012a).

Flexibility of form does not seem to cause any misunderstanding among
linguistic scholars, whereas the properties referring to meaning, such as
compositionality and transparency, vary extremely throughout literature.
The goal of the next section is to discuss semantic properties of MWEs in
more detail and provide a working definition for each of them.

3.3 Overview: Compositionality, transparency,
decomposability

There are three terms that inevitably make their way into any discussion
about complex word combinations: transparency, compositionality, and more
rarely decomposability. These terms are frequently encountered in literature
and are sometimes used interchangeably which may lead to confusion. In
order to be able to navigate among different terms and concepts in the realm
of multi-word expressions, it is crucial to define these notions.

3.3.1 Transparency

The term semantic transparency is frequently encountered in works on mor-
phology, especially in the context of compounds, and in research on idioms.

For compounds, there are two approaches to defining semantic trans-
parency in literature: predictability and analysability (Bell and Schéfer, 2013).
The first approach to defining semantic transparency is by linking it to
meaning predictability. The main idea of this approach is that if it is pos-
sible to predict the meaning of a word from the meaning of its constituents
based on the rules of word-formation then the word is semantically trans-
parent. Bell and Schéfer (2013) argue that, in this case, to consider a com-
pound milkman transparent, it would be necessary to have a word-formation
rule “x who delivers y to people’s houses.”

The second approach is based on analysability, where the main crite-
rion is whether the meaning of the compound is related to the meaning of
its constituents. Zwitserlood (1994) classifies compounds into three groups
based on transparency: fully transparent — when the relation between the
compound as a whole and its constituents is clear as in milkman; partially
opaque — when the meaning of one constituent word is related to the mean-
ing of the compound as in jailbird; and fully opaque — when the meaning
of the constituent words is not related to the meaning of the compound
as in blackguard. A similar definition of transparency is adopted in Libben



30 Chapter 3. Concept of collocation

et al. (2003), also in context of compounds. Depending on the level of se-
mantic transparency, a compound can either be interpreted in terms of its
constituents or it has to be stored in the lexicon as a holistic unit. Thus, the
meaning of the semantically transparent compound car-wash is combined
from the meanings of car and wash. In contrast, the compound hogwash
(= nonsense) is semantically opaque because its meaning cannot be derived
from the meanings of its constituents and thus the word has to be stored in
the lexicon with its idiosyncratic meaning (Libben et al., 2003).

In research on idioms, semantic transparency is defined as a direct and
traceable relation between the literal and figurative meaning of an idiom.
For instance, the idiom fo pull strings is considered transparent because there
is a clear analogy to controlling a puppet by pulling its strings (Sailer, 2021).
An example of an opaque idiom is to kick the bucket (fig. ‘to die”’) in which the
literal meanings of its components have no relationship with the figurative
meaning of the idiom. Thus, a person who does not know the meaning of
this idiom cannot guess it.

Semantic transparency is commonly considered gradable, i.e. there is
a continuum from fully opaque to fully transparent linguistic units. This
feature is normally measured in terms of a 1 to 5 or 1 to 7 Likert scale
(Pagliai, 2023).

3.3.2 Compositionality and decomposability

The Principle of Compositionality is also known as Frege’s principle. It implies
that “the meaning of a complex expression is a function of the meaning of its con-
stituent parts and of the mode of their combination”(Baroni et al., 2014, p.242).
In formal semantics, the principle suggests that the meaning of a sentence is
constituted from the meanings of its components. It allows the speakers to
combine simpler meanings to compose more complex ones and vice versa —
decompose complex sentences into simple meanings based on a finite lexi-
con (Baroni et al., 2014).

Compositionality is not limited to studying language on a sentence level,
the concept is also frequently encountered in works on lexical semantics. For
instance in Mel’¢uk’s (2012a) framework, the notion of compositionality is
essential for distinguishing between different types of complex word com-
binations or, in Mel’¢uk’s terminology, complex linguistic signs.

Definition 1

A linguistic sign is a triplet comprising the signified (= linguistic meaning),
the signifier (= phonemes or characters), and the syntactics (= information
about the sign necessary for combining it with other signs) (Mel’¢uk, 2012a).

Simple linguistic signs can be combined into complex ones, and an impor-
tant property of complex signs is compositionality defined in the following
way (Mel’¢uk, 2012a, p.35):

Definition 2
A complex linguistic sign AB is compositional iff AB = A®B .
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The symbol @ stands for the Operation of Linguistic Union that combines
simple linguistic signs (the signified, the signifier, and the syntactics) into
those of higher order according to the specific rules of a given language.
As Mel’¢uk (1998, p.27) notes, this operation is more complex than simple
addition because “it presupposes observing all the general combination rules [of
a languagel, and doing this in conformity with the nature of items being united.”
The operation of linguistic union A®B thus implies an automatic union of
the items A and B according to the general combination rules of a language
considering the properties of A and B (Mel’¢uk, 2012b). For instance, the
regular way of forming plural of nouns in English is adding the affix -s: cat
— cats, book — books, willow — willows.

A different approach is presented in Reddy et al. (2011) who study com-
positionality of English compounds. Bell and Schéfer (2013) note that the
definition of compositionality adopted in that study actually corresponds to
the notion of semantic transparency based on predictability (although the
term transparency is never mentioned in the paper): “A compound is compo-
sitional if its meaning can be understood from the literal (simplex) meaning of its
parts” (Reddy et al., 2011, p.211). In the annotation set up of Reddy et al.
(2011), compositionality is thus equated with literality. This approach is later
adopted by Bell and Schéfer (2013). A similar view on this phenomenon is
advocated in Manning and Schiitze (1999); Schone and Jurafsky (2001); Mc-
Carthy et al. (2007) where literality is not always mentioned explicitly, but
is implied:

* Manning and Schiitze (1999, p. 111): “<...> does not obey the principle of
compositionality by which the meaning of the whole can be strictly predicted
from the meaning of the parts.”

* Schone and Jurafsky (2001, p. 1): “As an example of semantic non-
compositionality, consider “compact disk”: one could not deduce that it was a
music medium by only considering the semantics of “compact” and “disk.”

e McCarthy et al. (2007, p. 369): “it is essential to take the words of non-
compositional phrases together as a unit because the meaning of a phrase
cannot be obtained straightforwardly from the constituent words.”

Unlike transparency, compositionality gives rise to disagreements with re-
spect to its gradability. The results of the annotation in Reddy et al. (2011)
show that there is a continuum of compositionality. This finding goes in line
with the common assumption that compositionality is a continuum or a
scale from fully non-compositional idioms to compositional (Moon, 1998;
Bartsch, 2004; McCarthy et al., 2007; Biemann and Giesbrecht, 2011; Pagliai,
2023). However, there also exists an opposite view on that issue. Mel ¢uk
(2023, p.32) emphasizes that partial compositionality does not exist and
“compositionality does not admit degrees”. It is a discrete notion and all
expressions in a language fall under two categories: compositional or non-
compositional, and there is no in between.

Finally, research on idioms introduces a third term into the discussion,
namely, decomposability. Decomposable idioms are idioms in which the
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meaning is composed of “idiomatic meanings of its parts” (Nunberg et al.,
1994, p. 507). In such phrases, the meanings of the constituents are figu-
rative, but they can be mapped onto parts of the figurative meaning of an
idiom. For instance, in the German idiom bitteres Erwachen ‘bitter awaken-
ing” which means “unpleasant realisation’, bitter is mapped to unpleasant and
awakening is mapped to realisation. Both constituents add to the meaning of
the whole phrase, therefore, this idiom is decomposable. In contrast, the
idiom trip the light fantastic that means “dance lightly” is non-decomposable
since its figurative meaning cannot be split between its elements “trip”, “the
light”, and “fantastic”.

3.3.3 Conclusion

This section discussed three variables that characterise semantic properties
of complex linguistic signs: transparency, compositionality, decomposabil-
ity. There is no general consensus on how to define these terms. They are
frequently used interchangeably and are operationalized in different ways.

The discussion in the subsections above relied to a large extent on the
notion of literal meaning and this thesis will also make use of this term. How-
ever, note that apart from literal meaning, in literature on lexical semantics
and corpus linguistics, the terms core meaning (Sinclair, 1991), salient mean-
ing (Philip, 2011), basic meaning (Pragglejaz Group, 2007), normal meaning
(Mel’¢uk, 2023) are encountered.

Core meaning is the meaning of a word that first comes to mind, without
any context given. Sinclair (1991, p.113) hypothesizes that the core meaning
of a word is “the most frequent independent sense of a word”. Philip (2011)
refers to that phenomenon as salience and defines salient meaning of a word
or phrase as the most dominant one for a particular person. Thus, salience is
a subjective notion and it is not possible to empirically establish the salient
meaning of a word using quantitative methods. According to Philip (2011),
salient meaning should not be equated with the literal meaning, the insight
backed up by the findings in psycholinguistics that idioms have a salient
meaning as a whole. There is evidence that in the phrases allowing both a
literal and a non-literal reading, the latter is actually more salient than the
literal one (Philip, 2011).

A similar view is advocated by Pragglejaz Group (2007) where instead of
literal, the the notion of basic meaning is used. Basic meaning is not the most
frequent meaning of a word. In Strakatova et al. (2020) a basic meaning of a
word is referred to by a German term Grundbedeutung which can be roughly
translated as basic, primary, core. Mel’¢uk (2023, p. 114) uses the expression
normal meaning that stands for “context-free”.

This thesis will refrain from using the terms compositionality, transparency,
and decomposability. Instead, it will make use of the term literal meaning
which is necessary for distinguishing between different types of MWEs and
free phrases. Literal meaning will not be equated with salient: compare the
definitions 3 and 4.
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Definition 3

Literal meaning is the most basic meaning of a word (German: Grundbedeu-
tung). Following the definition by Pragglejaz Group (2007, p.3): the most
concrete, imaginable, historically older meaning, it is precise and is related
to a bodily action.

Definition 4
Salient meaning is the most frequent meaning of a word.

This section covered the semantic criteria applied to MWEs in general
and to adjective-noun MWEs in particular. Those criteria reflect the phrase-
ological approach to MWEs which is only one half of the whole story. As
stated in sections 1.1.1 and 3.2, another crucial characteristic of MWESs, and
collocations in particular, is recurrence that is traditionally operationalized
as statistical idiosyncrasy that will be discussed in the next section. Only after
discussion of statistical idiosyncrasy, formal definitions of the key concepts
in this thesis will be given.

3.4 Collocation extraction methods

There is a growing body of research concerned with developing effective
and suitable statistical measures based on the corpus frequencies of the col-
locations and their constituents. Such measures usually test whether the oc-
currence of a word pair is statistically significant. This section gives a short
overview of the research on automatic collocation extraction and presents
several association measures commonly used for this task. Section 3.4.1
introduces the main concepts and presents the traditional association mea-
sures. Section 3.4.2 addresses the topic of asymmetry in collocations and its
statistical interpretation.

3.4.1 Statistical association measures

The traditional approach to measuring association strength between any two
units (in this case, an adjective used attributively and its head noun) is based
on frequencies of co-occurrences that are commonly represented in the form
of a contingency table (table 3.1) (Manning and Schiitze, 1999; Evert, 2004;
Pecina, 2008).

\ word2 -word2 total

word1l a b a+b

-word1 C d c+d
total a+c b+d a+b+c+d=n

TaBLE 3.1: Contingency table of observed frequencies. a is the
frequency of a bigram, a+c is the frequency of the noun and
a+b is the frequency of the adjective
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Table 3.2 gives an example of such a contingency table for the phrase starker
Kaffee ‘strong coffee’.® The table is interpreted in the following way:

the frequency of the phrase starker Kaffee is 478 (a);

the overall frequency of stark as a modifier is 380,302 (a+b);

the overall frequency of Kaffee used with an adjectival modifier is
15,750 (a+c);

— the overall amount of all AN bigrams is 194,715,517 (a+b+c+d).

| word2 Kaffee other nouns total
word1 stark 478 379,824 380,302
other adjectives 15,272 194,319,943 194,335,215
total 15,750 194,699,767 194,715,517

TasLE 3.2: Contingency table of observed frequencies for the
bigram starker Kaffee ‘strong coffee’

The idea that simple raw frequencies are not enough for the task and
a statistical interpretation is required comes from the intuition that, first of
all, co-occurrence might be just a coincidence. Apart from that, the numbers
for the raw frequencies stem from a particular corpus, but the aim is to
be able to make generalisations about a language as whole (Evert, 2004).
Traditionally, collocation extraction methods are mathematically expressed
as lexical association measures (AMs) that indicate the degree of association
between the constituents of collocations (Pecina, 2008). Such association
scores are computed for word pairs and, as a result, a list of ranked pairs
is created. The higher the association score is, the more likely it is that the
given word pair is a collocation.

A typical pipeline for extracting collocations using AMs is the following
(Evert and Kermes, 2003; Evert, 2004; Pecina, 2008):

1. Step 1: pre-processing the corpus (lemmatization, POS-tagging, syn-
tactic annotations).

2. Step 2: extracting a list of candidate pairs with their frequencies.
The candidates are chosen according to the criteria depending on the
task (usually minimal frequency and certain syntactic patterns such as
verb-object constructions or adjective-noun phrases). Further filtering
of the list if necessary.

3. Step 3: computing association measure scores for the word pairs.

8Frequencies were calculated based on a large corpus consisting of the treebanks
Wikipedia 2017 and Wikipedia 2018 (de Kok and Piitz, 2019) and decow16ax (Schifer and
Bildhauer, 2012; Schifer, 2015)
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4. Step 4: ranking the candidates or classifying the candidates as colloca-
tions and non-collocations. In the second case, there are two options:
applying a cut-off threshold or creating n-best list by accepting the n
highest ranking candidates (Evert, 2004).

In most cases, the task is regarded as a binary classification task, where
the two discrete categories are collocation and non-collocation. The ex-
tracted candidates (n-best lists) are given to human annotators who further
classify the word pairs following certain guidelines.

Lexical association measures are borrowed from different fields such as
mathematical statistics, information theory, information retrieval. Over the
last few decades, various measures have been proposed, modified, discov-
ered and re-discovered. According to Evert (2004, pp.76-77), there are four
major groups of AMs:

1. significance of association group (likelihood measures, exact hypothesis
tests, asymptotic hypothesis tests);

2. degree of association group (MI, Dice coefficient, Jaccard coefficient, odds
ratio);

3. information-theory group (Ml, PMI);
4. heuristic formulae (co-occurrence frequency, MIZ, MI3).

Numerous studies have shown that there is no such thing as one uni-
versal measure that works best for extracting collocations in any task from
any data. As the extraction principles behind different AMs vary, there are
different patterns in their behaviour when applied to the task. For instance,
PMI (pointwise mutual information) measure is known for its low-frequency
bias: it tends to give higher scores to low-frequency events (Bouma, 2009).
This is not necessarily a disadvantage as it can help to identify rare col-
locations. The performance of individual AMs depends on different as-
pects, therefore, they should be evaluated on a specific task and data. Ev-
ert (2004) conducts a comparative evaluation study of several AMs in the
task of collocation identification. The results show that t-score and simple
co-occurrence frequency work best on the preposition-noun-verb collocations
dataset (Krenn, 2000) followed by log-likelihood and chi-squared. However,
applying the same AMs to a different data sample, this time adjective-noun
collocations, yields surprising results: the best performance is achieved by
MS measure and Dice coefficient. The insight that different dependency pat-
terns behave differently regarding various measures is also confirmed by
Garcia et al. (2019). Pecina (2008) conducted a comprehensive study of over
80 association measures and their applicability to the task of automatic collo-
cation extraction. Apart from testing individual measures, Pecina conducted
a few experiments to show that a combination of several AMs can work even
better than each of them separately.

The results of the automatic collocation extraction can be affected not
only by the choice of association measures, but also by several other factors:
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* Corpus size: the results of the experiments in the dissertation by
Pecina (2008) indicate that a larger corpus has a positive effect. The
same observation is reported in Evert et al. (2017).

¢ Corpus quality: results for clean and balanced corpora are better (Ev-
ert et al., 2017).

¢ Corpus domain: the intuition suggests that depending on the cor-
pus domain, different kinds of collocations will be extracted, e.g. cer-
tain collocations are characteristic of newspaper style. Moreover, Evert
et al. (2017) show that the scores gained based on movie subtitles per-
form better than those based on the British National Corpus (BNC),
presumably because the language there is closer to spoken language.

The above described factors make it difficult to create a general univer-
sal tool for automatic collocation extraction that would be suitable for any
corpus size and word frequency. An additional problem is concerned with
the interpretation of the most AM scores: as mentioned previously, the most
common procedure is sorting the word pairs by their scores and taking the
n-best lists. Each score by itself, however, is not very informative because of
the lack of a fixed upper bound (Bouma, 2009), so it is not possible to com-
pare the scores computed from different corpora. The solution is proposed
by Rychly (2008). It is based on the Dice coefficient measure eq. (3.1) that
comes from information retrieval (based on the notation in table 3.1):

2a

b= (a+c)+(a+b)

(3.1)

Rychly (2008) notes that the main problem of the Dice coefficient is that its
values are usually very small numbers. The issue is solved in the following
way:

2a

logDice =14 +10g,D =14 +log, (a+c)+(a+b)

(3.2)

The new logDice measure has the following features (Rychly, 2008):
¢ its theoretical upper bound is 14, most values are <10

* a negative value means there is no statistical significance of the co-
occurrence

¢ the score is independent of the corpus size

Thus, for the phrase starker Kaffee ‘strong coffee’ (table 3.2), the logDice score
of 5.3 is computed:

2+ 478

logDice(starker Kaffe) = 14+ logy7z=23- =025 =

5.3 (3.3)
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The idea to use corpora frequencies for describing words” grammatical
and collocational behaviour is at the basis of the so-called word sketches
(Kilgarriff et al., 2004). A word sketch relies on grammatical relations rather
than just looking at n words surrounding the head word. The list of col-
locates is thus provided for each relation a word participates in. Kilgarriff
et al. (2004) developed a tool that generates such word sketches given a
corpus in any language — Sketch Engine’. Sketch Engine “is a corpus query
system which allows the user to view word sketches, thesaurally similar words, and
'sketch differences” < ... >” (Kilgarriff et al., 2004, p.4). Generation of collocate
lists in the Sketch Engine is based on the logDice measure (eq. (3.2). For in-
stance, for the noun coffee, the following lists of collocates are generated in
Sketch Engine: modifiers of “coffee", nouns and verbs modified by “coffee",
verbs with “coffee”as object, verbs with “coffee”as subject, “coffee”and/or
..., prepositional phrases, adjective predicates of “coffee", etc. A similar tool
has been developed for German as well — the DWDS!Y word profile system
the Wortprofil'! (Geyken et al.,, 2008). The lists of statistically salient co-
occurrences are generated based on the logDice-scores computed for certain
grammatical relations.

Association measures such as logDice and PMI are measures of mutual
attraction between words. However, the nature of idiosyncratic word com-
binations is very often asymmetric, i.e. one constituent is more predictive
of the other. This quality of multi-word expressions is discussed in the next
section.

3.4.2 Asymmetry in collocations

Most of the previous studies on statistical properties of collocations focus on
bidirectional measures and do not take into consideration the fact that one
of the constituents can be more predictive of its partner. This issue has been
addressed in a few studies and has been getting more attention recently.

Early observations on this topic are found in the works of psychologists
and cognitive scientists studying similarity. Amos Tversky (1977) argued
that similarity is not a symmetric relation: the fact that a resembles b does
not entail that b likewise resembles a (Tversky, 1977). In this case, a is the
subject or variant and b is the referent or prototype, and according to Tversky,
the referent is more salient or prototypical than the subject. He conducted
several experiments to compare human judgements of similarity between
countries, figures, letters, and signals, and the results support his theory
that the subject is more similar to the referent than vice versa, e.g. North
Korea is more similar to China than China to North Korea or an ellipse is
more similar to a circle than vice versa (Tversky, 1977).

“https://www.sketchengine.eu/, last accessed on 16.03.2021

19Digitales Worterbuch der deutschen Sprache. Das Wortauskunftssystem zur deutschen
Sprache in Geschichte und Gegenwart, hrsg. v. d. Berlin-Brandenburgischen Akademie
der Wissenschaften, <https://www.dwds.de/>, last accessed on 30.10.2020.

Whttps://www.dwds .de/wp, last accessed on 30.10.2020
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With regard to collocations, Sinclair (1966) noticed that the significance
of collocational constituents is not equal. He illustrates this idea with the
example a good omen: for omen, its co-occurrence with good is more significant
than for good the co-occurrence with omen. This intuition is based on the fact
that the adjective good has a very high frequency and a great number of co-
occurring nouns modified by it, so the role of omen as one of the many nouns
is not that significant.

Kjellmer (1991) distinguishes three categories regarding asymmetry in
collocations: right-and-left predictive, left-predictive, and right-predictive.
In some fossilized phrases (section 3.2.1) one element suggests the pres-

<>

ence of the other one to the same extent as vice versa, e.g. aurora borealis;
such phrases are right-and-left predictive. He emphasizes, however, that it
is more common for fossilized phrases to be unidirectional: for instance,

in collocations such as artesian well, bonsai tree, wellington boots, etc. the
tirst element is highly predictive of the second one. These collocations
are right-predictive. In the left-predictive phrases, the second word sug-

-
gests the first one, e.g. adinfinitum. In semi-fossilized phrases, several
words compete for the spot in a collocation. However, the options are
very limited: e.g. the word caesarian has only two noun options to mod-
ify: operation and section (Kjellmer, 1991). Most of semi-fossilized phrases
are right-predictive, but there are also some examples of the left-predictive
. . . . e . . .
ones, e.g. inferiority/Oedipus/persecution complex. Similar ideas are encoun-
tered in Stubbs (2001), who points out that the asymmetry from left to right

is more common than from right to left (bonsai tree, cushy job).

These observations are based on comparing raw frequencies of the con-
stituents of collocations. Similarly to the development of bidirectional mea-
sures, different attempts have been made to develop statistical measures for
evaluating the directionality and the degree of asymmetry in collocations.

One of the first studies of that kind is described in Michelbacher et al.
(2007). The focus of the study is on paradigmatic word pairs such as
man/woman, pepper/salt, happy/sad. The authors propose two measures
of asymmetry to evaluate the association between the words based on
the corpus data: rank measure and conditional probability. The results are
compared to the values of psychological association norms obtained from
the USF Free Association Norms database!? (Nelson et al., 1998).

The proposed rank measure is based on calculating X score (eq. (3.4)
based on the notation in contingency table 3.1) for all the combinations
wordywordy, creating n-best lists of collocates for each word and assigning a
rank to each collocate.

’ n x (ad - bc)?

X T arb)x@+c)x (b+d) x(c+d) 34)

R2http://w3.usf.edu/FreeAssociation/, last accessed on 23.10.2020
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The second proposed measure is a simple conditional probability:

P(wslwy) = aaTb P(w1|wz) = ﬁ (3.5)
Although both measures correspond to some extent to the human associa-
tion scores between the words, their accuracy is still quite low. Moreover,
the conditional probability measure performs poorly in predicting symmet-
ric relations in contrast to the rank measure (Michelbacher et al., 2007).

In the follow-up study, Michelbacher et al. (2011) extend their investi-
gation of asymmetry to syntagmatic relations between words using the two
above mentioned unidirectional methods and additional rank measures (cal-
culated from G2, t-score and raw frequencies). They focus on adjective-noun
constructions such as wishful thinking and noun-noun phrases such as Christ-
mas decorations. The experiments demonstrate that both measures are good
at predicting the asymmetry in syntagmatic phrases, but perform rather
poorly when dealing with symmetric combinations. The results also show

that right-predictive asymmetry (as in bonﬂee) is more common than left-
predictive, which goes in line with the observations by Stubbs (2001) and
Kjellmer (1991).

The origin of another asymmetry measure, AP, goes back to psycholog-
ical research concerned with associative learning theory. According to Ellis
(2006), the unidirectional AP is better suited for measuring the dependency
between a pair of events (cue and outcome) than the two-way dependency

measures such as X>. AP is defined as follows:
AP = P(outcomel|cue) — P(outcome|-cue) (3.6)

AP is the difference between two conditional probabilities and takes values
within the range [-1,1]. Basically, it is an adjusted conditional probability.
The proximity to zero means very low covariation between the cue and the
outcome, values close to 1 indicate that the presence of the cue increases the
probability of the outcome and negative values imply that the cue reduces
the likelihood of the outcome!? (Ellis, 2006).

Gries (2013) adopts the AP measure in collocations research. For each
collocation pair, two values are calculated and compared:

a b

Apl = AP(ZU1|ZU2) = m - b+d (37)
a C

Apz = AP(ZU2|ZU1) = m - m (38)

13Gee also Allan (1980) for the comparison of AP, X2, and Ad.
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As illustration of this method, consider as example the collocation unge-
betener Gast “uninvited guest’ (table 3.3).1

| Gast other nouns total

ungebeten 1,113 927 2,040
other adjectives | 93,893 194,619,584 194,713,477
total 95,006 194,620,511 194,715,517

TaBLE 3.3: Contingency Table of observed frequencies for unge-
beten “uninvited” and Gast ‘guest

Based on the observed frequencies, the two AP values are computed
(eq. (3.7) and eq. (3.8):

AP) = AP(ungebeten|Gast) = 0.0117
AP, = AP(Gast|ungebeten) = 0.5451

The low value of AP; and the high value of AP, suggest that this col-
location is highly asymmetric: ungebeten is a much better predictor of Gast
than vice versa. In Stubbs (2001)’s and Kjellmer (1991)’s terminology, it is a

right-predictive collocation: ungebetener—&;st.

In his study, Gries (2013) makes a comparison between the performance
of AP and several bidirectional measures commonly used in the task of au-
tomatic collocation extraction. The main difference is that bidirectional mea-
sures manage to detect strong association between two components, but fail
to reveal that, in numerous examples, this attraction is not entirely mutual,
but rather asymmetric. For example, the two phrases de facto and ipso facto
score highly in such bidirectional measures as Ml, t, Dice, and G?. However,
those high scores do not reveal the directionality in these phrases.

phrase | APy(wy lwy) APy(wy lwy)
de facto 0.75 0.01
ipso facto 0.25 1.00

TaBLE 3.4: AP values for the phrases de facto and ipso facto from
Gries (2013, p. 147)

In the case of facto, there is little competition for the slot before it: de
or post or ipso which is reflected in a rather high AP; score of 0.75. AP,
for de facto is very low which indicates that there are a lot of candidates
for the slot after de. On the contrary, ipso can only be combined with facto
and there is no competition at all for the slot after ipso, the AP, for ipso

facto equals 1.0. In terms of directionality, dmcto is left-predictive and

4Frequencies were calculated based on a large corpus consisting of the treebanks
Wikipedia 2017 and Wikipedia 2018 (de Kok and Piitz, 2019) and decow16ax (Schifer and
Bildhauer, 2012; Schifer, 2015)
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ipso—fz)zcto is right-predictive. To better understand the nature and properties
of asymmetric combinations, it is necessary to take into account their type-
token distributions and entropies (Gries, 2013).

The type/token distribution and information theoretical measures such
as entropy and relative entropy and their relevance for collocation studies have
been getting more attention recently. The idea stems from research in corpus
linguistics and naive discriminative learning. According to Baayen (2011),
AP shows a strong correlation with a measure that comes from informa-
tion theory, relative entropy or the Kullback-Leibler Divergence. KL-divergence
(Dkr) measures the difference between two probability distributions p and
g, where p is the distribution of a stimulus in the presence of the cue and g
is the general distribution of the stimulus. It is defined as follows:

Pi

DKL = Zp,-logz— (3.9)
i i

The Dk measure is proposed by Gries and Durrant (2021) as an al-
ternative to AP for measuring directionality in collocations. Basically, Dgr,
compares the distribution of a word when it is a constituent of a collocation
and the general distribution of this word. For the earlier described exam-
ple ungebetener Gast ‘uninvited guest” (table 3.3), the following scores are
computed (based on the notation in contingency table 3.1):

“ o AXB L C logp—20
+c gz(a+b)x(a+c) a+c gz(u+c)><(c+d)

D, = - =0.10185  (3.10)

D1, = —— x1Io on b bxn
K2 = v gz(a+b)x(a+c) a+b gZ(a+b)x(b+d)

=5.00838 (3.11)

Similarly to the results obtained from AP scores, the values of Dg; con-
tirm that this collocation is right-predictive: the presence of the word unge-
beten gives us more information than the presence of the word Gast. The
Dk measure has not yet been studied much in connection with colloca-
tions. Coming from the information theory,” it has an extra advantage in
the interdisciplinary approaches (Gries and Durrant, 2021).

One of the questions arising in the discussion about directional mea-
sures is whether they are better suited for automatic collocations extraction.
As already discussed in section 3.4.1, multiple studies confirm that there

15 Another application of a measure that comes from information theory — entropy — for
studying collocations is described in Kilgarriff (2006), where it serves a different purpose:
not evaluating the degree of association between the constituents, but measuring the collo-
cationality of words to identify the words that tend to appear in collocations.

H(x) = =3 p(x) x log2(p(x))) (3.12)

Words that tend to co-occur with a limited set of words rather then combine freely with
many different words would have lower entropy. The potential use of such a measure is
identifying words that should be listed in dictionaries.
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is no universal method for this task. Performance of different association
measures depends on various factors. The situation is not different for the
directional measures. Schneider (2020) compares AP to G and MI and does
not find any evidence that an approach using a directional measure is better
or worse than the one based on bidirectional AMs. A more recent study
by Garcia et al. (2019) shows that bidirectional measures yield better results
than the directional ones in spite of the asymmetric nature of a large number
of collocations. An interesting point made by Garcia et al. (2019, p.54) is that
it is expected for AP, to perform poorly because it “encodes the direction-
ality from the collocate to the base”which is the opposite of the theoretical
description of collocations. The results of the experiments in Garcia et al.
(2019) show that AP; indeed slightly outperforms AP,. The theoretical de-
scription of collocations adopted by Garcia et al. (2019) follows Mel’¢uk’s
theory: when producing a text, the speaker first selects a base of the colloca-
tion freely and then, depending on the base, chooses the collocate (Mel ¢uk,
2012a). At the same time, Kjellmer (1991); Stubbs (2001); Michelbacher et al.
(2011) observe that right-predictive collocations (from collocate to base) are
more common which suggests that AP, should be more successful at reveal-
ing collocations. It has not been studied yet whether directional measures
reflect the way collocations are constructed.

It seems most plausible that such generalizations cannot be made for
all types of collocations. Thus, in AN combinations such as starker Regen
‘heavy rain’, the adjective undergoes the process of delexicalization, i.e. its
meaning is becoming more and more vague and the adjective can modify
a large number of nouns. The entropy of such adjectives is expected to
be very high and thus such AN pairs are probably left-predictive or are
close to symmetric, and conventional measures such as logDice would be
successful at extracting them. At the same time, there is another type of AN
combinations in which the adjective is highly specific and combines only
with a very limited set of nouns, e.g. sintflutartiger Regen ‘torrential rain’, for
which AP, or Dg;, are expected to reflect this asymmetry. This topic will
be addressed in more detail in Chapter 8 that describes a corpus study of
directionality in adjective-noun combinations.

3.5 Defining collocations and free phrases

Previous sections addressed terminological issues that inevitably arise in
the discussions about collocations. Semantic and statistical criteria relevant
for collocations have been discussed in detail. In this section, all the pieces
of the puzzle are put together in order to provide working definitions of
collocation and free phrase that will be used throughout this thesis.

3.5.1 Structure of collocations

Typically, collocations are regarded as binary expressions: they consist of
two elements where one element is considered the base and the other one
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— its collocate. The base is freely chosen by the speaker independently of
the collocate, whereas the choice of the collocate is restricted depending on
the base: the collocate is “chosen as a function of the base to express a given
meaning bearing on the base” Mel’¢uk (2012a, p.39). In the collocation starker
Regen "heavy rain’ (lit. ‘strong rain’), the noun Regen ‘rain’ is the base and
the adjective starker ‘strong’ is the collocate that expresses the meaning of
intensification.

Hausmann (1984), who treats collocations primarily from the lexico-
graphic point of view, also recognizes two elements of a collocation — Ba-
sis ‘base” and Kollokator ‘collocate’. The two elements have different status:
the base is independent and autonomous, the collocate is dependent on the
base. In the process of creating an utterance, the speaker always starts with
a base.!® In most cases, that means that a collocation is constructed from
a noun to an adjective or to a verb: when a speaker plans to say some-
thing about a mistake, it is highly unlikely that they first have in mind what
modifier they want to use, for instance grave, and only then search for an
appropriate noun that can be described by that modifier. Rather, they start
off with the noun mistake and then search in the mental lexicon (or a dic-
tionary) for a suitable collocate (Hausmann, 1984). The same observation
is made in Fillmore et al. (2003): in support verb constructions, the noun
selects the verb and not the other way around. As illustrated in example
(13a), prayer selects say as a support verb, whereas speech selects give (13b).
Swapping the verbs is not possible as in examples (13c) and (13d).

(13) say a prayer
give a speech
*give a prayer
*say a speech

e n T p

The process is similar when translating an expression into a foreign lan-
guage. For instance, when translating the collocation a grave mistake into
German, one begins with the base: mistake — Fehler; this stage is usually
not complicated as the base retains its literal meaning. Choosing the correct
translation for the collocate poses a challenge: depending on the noun it
modifies, the adjective is translated differently. With mistake being the base,
the correct translation of grave is grob ‘coarse/rough’. For a different col-
location, a grave danger, the noun’s translation is straightforward: danger —
Gefahr, however, the collocate is again problematic. The correct translation
is not grob as in the previous example, but akut ‘acute’ or groff ‘big/great’.
Thus, the collocate does not always keep the same meaning outside of a
collocation, whereas the meaning of the base is independent.

Binary collocations described above are, however, not the only possible
constellation of several words co-occurring together frequently. One word
can simultaneously be a constituent of two collocations. Such expressions

16For this reason, collocates should be listed in a dictionary under their bases (Hausmann,
1984).
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Ficure 3.1: Word profile for the AN pair sintflutartiger Regen
for the attribute relation.

are termed collocation chains by Alonso Ramos and Wanner (2007). For in-
stance, in the phrase to make a huge mistake, the noun mistake is the object of
to make and is modified by the adjective huge. The collocation consisting of
three elements can be decomposed into two binary collocations: to make a
mistake and a huge mistake. Such a pattern is rather frequent. However, there
are also collocation chains that cannot be broken down into two separate
collocations. Consider the expression to follow the rules rigidly: here the ad-
verb modifies the collocation to follow the rules as a whole rather than just
the verb to follow on its own (Alonso Ramos and Wanner, 2007).
Collocation chains have not been studied extensively, the only
known systematic study addressing this issue in detail is described in
Alonso Ramos and Wanner (2007). Collocation chains are formally defined
as sequences consisting of three elements where collocational relations hold
either between the elements individually, or between one element and two
other elements taken as a holistic unit. This thesis focuses primarily on
binary adjective-noun combinations as stated in section 1.1. However, as
a possible direction for future work, it would be interesting to investigate
what semantic groups of adjective-noun collocations have an affinity to
occur in collocation chains. Especially, since the current version of the
Wortprofil has an option of constructing a word profile for MWEs. For
instance, the AN pair sintflutartiger Regen ‘torrential rain” is marked as
MWE in the Wordprofil and for this MWE, a separate word profile can be
constructed (see Figure 3.1)!7 It shows that the phrase sintflutartiger Regen
co-occurs with the adjective tagelang ‘lasting for days’ as its modifier.

"DWDS-Wortprofil for ,Regenfall sintflutartig”, created via the Digitales Worter-
buch der deutschen Sprache, <https://www.dwds.de/wp/sintflutartig/?1limit=100&mwe=
-17495355>, last accessed on 12.09.2023.
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3.5.2 Working definitions

In order to make the following discussion easier to follow, the definition of
literal meaning given in section 3.3.3, is presented here:

Definition 3

Literal meaning is the most basic meaning of a word (German: Grundbedeu-
tung). Following the definition by Pragglejaz Group (2007, p.3): the most
concrete, imaginable, historically older meaning, it is more precise and is
related to a bodily action.

This section provides working definitions of the concepts collocation and
free phrase that reflect three aspects: morpho-syntactic form, statistical prop-
erties, and meaning.

Form.  Adjective-noun (AN) pairs are bigrams with a noun as head and
an attributive adjective as modifier.

Statistical behaviour. This thesis focuses on recurrent AN combinations.
Identifying such combinations goes beyond their simple raw frequencies.
Previous section (3.4) thoroughly reviewed the common methods employed
for calculating the level of recurrence of binary word combinations and pre-
sented the available tools: Sketch Engine for English and the Wortprofil for
German.

Definition 5
An AN pair is considered a co-occurrence (following the terminology in
Evert (2004) if the statistical association between its components is strong.

There are two ways of defining what strong means in this case and both are
rather arbitrary: either to determine a particular numeric cut-off threshold
of an association score or to determine a cut-off on the number of word pairs
in an n-best list, i.e. to take into consideration the top-n word pairs ranked
based on the chosen association measure. In AN co-occurrences, the head
(noun) is considered the base and its modifier (adjective), the collocate.
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' collocations

Ficure 3.2: Relation between co-occurrences, collocations,
MWEs in general, and free phrases.

Figure 3.2 roughly illustrates the relation between co-occurrences, collo-
cations, MWEs in general, and free phrases. MWEs are a subset of co-
occurrences; collocations are a subset of MWEs. This approach follows Evert
(2004): collocations (and MWEs in general) must be recurrent in order for
them to be learned and stored by speakers. Some free phrases can also be re-
current, for instance, scharfes Messer ‘sharp knife’; hence, there is an overlap
between free phrases and co-occurrences. The difference between recurrent
free phrases and MWEs is based on lexical-semantic criteria. More specif-
ically, in MWEs, the choice of at least one of its elements is constrained
(Mel’¢uk, 2023).

Meaning. There are many types of AN co-occurrences that can make their
way into an n-best list; remember the various typologies discussed in section
3.2. The following discussion will focus on two types of AN co-occurrences
distinguished based on semantic properties: free phrases and collocations.
In free phrases, both elements are chosen by a speaker freely as long as
the phrase is semantically well-formed. For instance, in griines Kleid ‘green
dress’, the adjective describes the color of the dress and is chosen freely by a
speaker. Any object that can be described in terms of color, can be modified
by the adjective griin: wall, pencil, liquid, field, hair, etc. Building on this
knowledge, a speaker can predict that, say, a box would also combine with
the adjective green in the same meaning. In collocations, the head is freely
chosen by a speaker and the choice of the collocate is lexically restricted, i.e.
the adjective can combine in this particular sense only with certain nouns.

This approach follows to a large extent Mel’¢uk (2012a) and Nesselhauf
(2003). Nesselhauf (2003) proposes two criteria to identify a restricted sense
of a collocate:

1. The collocate cannot be used in this sense with all words that are syn-
tactically and semantically possible.
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2. The sense of the collocate is so specific that it only allows its combina-
tion with a small set of words.

The first criterion corresponds to Mel’¢uk’s (1996; 2012a) notion standard col-
location, for instance helle Aufregqung ‘extreme excitement’. The adjective hell
expresses intensification, in this sense it combines with a number of nouns:
Freude ‘joy’, Empirung ‘outrage’, Begeisterung ‘enthusiasm’, etc. — nouns ex-
pressing emotions. However, not all emotion nouns allow intensification
by hell: Angst ‘fear’, Ekel ‘disgust’, Sympathie ‘sympathy’, Heiterkeit ‘amuse-
ment’, etc. Therefore, the use of the adjective hell as intensifier is lexically-
restricted, but is acceptable in combination with a considerable number of
nouns.

The second criterion can be compared to the notion non-standard collo-
cation in Mel’¢uk’s theoretical framework. For instance, in schwarzer Kaffee
‘black coffee’, the adjective has a very specific sense “without addition of
dairy products”. In this sense, the adjective does not combine with any other
nouns (Mel’¢uk, 2012b,a, 2015). Such lexemes are termed quasi-unilexemes by
Mel’¢uk (2023). A different example of a non-standard collocation discussed
in Mel’¢uk (2015, p.176) is artesian well in which the adjective combines with
very few nouns: well, water, pressure. Such lexemes are referred to as unilex-
emes by Mel’¢uk (2023). The difference to the example black coffee lies in
the fact that the adjective artesian does not have any other senses, whereas
black is a highly polysemous adjective (14 senses in WordNet). In the case of
black, a meaning shift has taken place: from color sense to the way a coffee
is prepared (without milk). The process of meaning shift also takes place in
the examples of standard collocations given above: the adjective hell freely
combines with various nouns in the sense ‘bright’. After a meaning shift to
‘intense’, the combinability of the adjective becomes restricted.

A final issue that needs to be clarified is how to determine whether a
collocate’s meaning is restricted. As discussed above, in standard colloca-
tions and some non-standard collocations, the modifier undergoes a mean-
ing shift. If an adjective in its literal sense (as defined in (3), combines freely
with all syntactically and semantically possible nouns, a given AN pair is a
free phrase. In AN collocations such as helle Aufrequng and schwarzer Kaf-
fee, the sense of the adjective is not its literal sense. Finally, in collocations
such as artesian well, no meaning shift takes place. Both the head and the
collocate retain their literal meaning, but the collocate’s combinability is ex-
tremely limited.

Building on the previous discussion, adjective-noun collocations and free
phrases are defined in this thesis in the following way:

Definition 6

Adjective-noun collocations are recurrent binary word combinations con-
sisting of a base (noun) and a collocate (adjective) where the base is used
in its unrestricted sense and the collocate’s meaning is restricted. There are
two types of restricted collocates:
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Type 1: the collocate’s sense is not literal. Type 1 collocations have two
subtypes:

Type 1.1: the collocate combines in this sense with a large number
of nominal bases, for instance, helle Aufrequng ‘extreme excitement’ (lit.
‘bright’).

Type 1.2: the collocate combines in this sense with very few nominal
bases, for instance, schwarzer Kaffee ‘black coffee’.

Type 2: the collocate’s sense is literal and it can be combined only with very
few nominal bases, for instance, artesian well.

Definition 7

Adjective-noun free phrases are binary word combinations consisting of a
base (noun) and a modifier (adjective) where both the base and the modifier
are used in their literal senses, for instance, griines Kleid ‘green dress’. Some
free phrases can exhibit strong statistical association between the base and
the modifier (as illustrated in Figure 3.2).

Advanced techniques of automatic collocation extraction developed over
the last few decades boosted the compilation of specialized collocation dic-
tionaries for language learners. Apart from that, empirical studies on the
statistical properties of collocations produced a few datasets suitable for
turther collocation research. Next section will present such resources that
might be valuable for the study undertaken in this thesis.

3.6 Collocation resources

There are two types of data collections of collocations. First of all, as colloca-
tions play an important role in lexicography and language learning, several
dictionaries specializing only in collocations have been compiled for a vari-
ety of languages. Secondly, the extensive research on statistical properties
of collocations requires datasets annotated according to certain guidelines
driven by the research questions and hypotheses. This section introduces
both kinds of resources and gives an overview of the existing data col-
lections that prima facie seem suitable as the empirical basis for studying
the semantics of German and/or English adjective-noun collocations under-
taken in this thesis.

3.6.1 Collocation dictionaries

Collocations are language specific and due to their arbitrariness pose con-
siderable problems to non-native speakers. Lexicographic work on this topic
produced several collocation dictionaries. In such dictionaries, the lists of
collocates are presented under their bases (head words) following the ap-
proach described in Hausmann (1984).
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Oxford Collocations Dictionary for Students of English

The Oxford Collocations Dictionary (McIntosh et al., 2009) approaches col-
locations in a pragmatic way. It follows a very general definition to colloca-
tions: “the way words combine in a language to produce natural-sounding
speech and writing” (McIntosh et al., 2009, p.v), and includes the full con-
tinuum of collocations from very weak ones that according to the defini-
tion adopted in this thesis are considered free combinations to the most
restricted ones. The main objective for compiling this dictionary is to sup-
port a language learner. The collocations are grouped based on grammatical
relations (e.g adjective+noun, noun+verb, adverb+adjective, etc), but no infor-
mation about the semantics is provided apart from the general logic that
groups of synonymous collocations are presented from the ‘strongest’ to the
‘mildest’.!

Macmillan Collocations Dictionary for Learners of English

Macmillan Collocations Dictionary (Rundell, 2010) is a dictionary aimed at
helping English learners to speak fluently and sound natural where collo-
cations are defined as two or more words that frequently co-occur. In ad-
dition to organizing the collocates of a headword according to grammatical
patterns, the dictionary provides additional semantic information. The col-
locates of each word are grouped into sets based on their meaning. Each set
is defined, either using a paraphrase or the most prototypical collocate. For
instance, in the entry for the noun argument, for the relation adjective+noun,
the following sets are listed:

1. strong compelling, convincing, persuasive, powerful, strong, valid

2. about a particular subject ethical, legal, philosophical, political, theo-
logical

The meaning of the first set is defined by one of the collocates, whereas
for the second set, a paraphrase is used. Such a system is very practical for
the purposes of learning a foreign language, however, from the theoretical
point of view, the described approach to collocation classification lacks sys-
tem. For instance, the same meaning of intensification expressed as ‘strong’
in the above described entry for argument is defined differently for vari-
ous headwords: control — absolute, contribution — big, magnitude — great, rain —
heavy.

Worterbuch der Kollokationen im Deutschen

The Dictionary of Collocations in German (Quasthoff, 2011) defines collo-
cations as recurring word pairs and the main purpose of the dictionary is
to help to combine German words correctly. The order of presenting the

8For instance, in the entry for the head noun acid, its modifiers are presented in the
following way: concentrated, strong; dilute, weak.
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collocates is based, first of all, on their syntactic structure. The second cri-
terion for grouping the collocates is of semantic nature and is similar to the
approach in the Oxford Collocations Dictionary (McIntosh et al., 2009):

* verbal collocates are sorted according to the temporal aspect, the so-
called life cycle: start — end. For instance, for the base Liebe ‘love” as a
subject: begin — inspire — last - end — die.

¢ adjectival collocates are sorted according to the adjectives” evaluative
meaning: positive/strong — neutral — negative/weak. For instance,
for the base Liebe ‘love”: complete — happy — passionate — mutual —
unrequited — faded. At the end the collocates that refer to a domain are
listed: physical — platonic.

This kind of semantic grouping is rather coarse-grained and there are no
clear distinctions between the groups.

Conclusion

Collocation dictionaries are valuable resources with the main purpose of
supporting language learners and helping them sound natural. This being
the main criterion for considering an expression a collocation results in a
lack of a clear-cut definition of collocation as a linguistic phenomenon. Thus,
using a sample of data from a dictionary is an option that requires further
filtering and/or additional corpus search of candidates that comply with
the more strict definition of collocations adopted in this thesis. The next
subsection introduces collocational databases that were created as part of
linguistic studies on the topic.

3.6.2 Collocation gold standards

Since collocations started receiving attention in corpus linguistics and com-
putational linguistics, there appeared a need for gold standard datasets on
which the experiments can be conducted. Most of such experiments fo-
cus on the task of automatic collocation extraction, for instance based on
the German adjective-noun collocations (Evert, 2008), however, there has
also been some research on the semantic properties of collocations (LexFunc
Dataset (Espinosa-Anke et al., 2019).

German adjective-noun collocations (Evert, 2008)

The database was created as a resource for evaluation of automatic meth-
ods of extracting multi-word expressions. The dataset contains 1,252 Ger-
man adjective-noun expressions derived from the Frankfurter Rundschau
corpus.'” The combinations were annotated by professional lexicographers

Bhttp://www.elsnet.org/eci.html, last accessed on 30.11.2020
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with the main criterion for an expression to be evaluated as a true col-
location being its usefulness for a bilingual dictionary. The adjective-noun
combinations were classified into six categories:

1. True collocations: partly lexicalized expressions: (brennendes Problem
‘burning problem’, griine Politik ‘green politics’, boses Blut ‘bad blood”)

2. Habitual combinations: semi-compositional expressions with some
idiosyncratic properties (neuer Anlauf ‘another go’, ehemaliger Minister
‘former minister”’)

3. Familiar combinations: free phrases with high frequency (bewaffneter
Riuber “armed robber’, lange Geschichte ‘long story’)

4. Unclear status: not directly relevant for a dictionary, but may still be
of use for lexicographers (nahe Zukunft ‘near future’, grofle Hoffnung
‘great hope’)

5. Non-collocational: free phrases that might be used to understand
or explain the headword, but are irrelevant for a dictionary (erstes
Semester ‘first semester’, hohe Preise "high prices’)

6. Trash: combinations tagged or lemmatized incorrectly (verliebte Wolke
‘cloud love” - name of a stage play)

In a more coarse-grained approach, the categories 1-3 can be treated as
true collocations and the other phrases as non-collocations. There are two
reasons why this dataset is not suited as the empirical basis in this thesis.
First of all, the criteria for annotating an expression as a collocation are
quite vague. For instance, no distinction is made between a collocation and
an idiom (the idioms boses Blut ‘bad blood” and eiserne Hand ‘iron hand’
are annotated as category 1). Besides, it is not clear how the distinction
between free phrases and collocations is made: fully transparent phrases
illegale Einwanderung ‘illegal immigration” and kleiner Fisch ‘small fish” are
considered collocations, whereas the combination hohe Preise ‘high prices’ is
annotated as a free phrase.

LexFunc Dataset (Espinosa-Anke et al., 2019)%"

Most of the available datasets of collocations contain lists of word com-
binations annotated based on their status: idiom, collocation, free phrase
etc. LexFunc Dataset is a different kind of database. It contains 10,077 lex-
ical function (LF) instances of English which also include collocations (see
section 4.2 for a more detailed overview of the theory behind LFs). The
phrases in LexFunc are manually annotated by Igor Mel'¢uk, all the key-
words are disambiguated with the corresponding Babelnetid (Navigli and
Ponzetto, 2012).?! The dataset contains LFs represented by at least 30 in-
stances and therefore does not include any examples of non-standard LFs.

Dhttps://www.upf.edu/web/taln/english-collocations, last accessed on 15.11.2020
2lhttps://babelnet.org/, last accessed on 18.11.2020
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Adjective-noun collocations account for about 1/4 of the dataset and repre-
sent 7 standard lexical functions??. For instance, for the head word question
the following collocates are listed:

— AntiBon2 (subjective negative evaluation): embarrassing;
— Magn (intensifier): big, difficult, haunting, serious, tough, tricky;
— Ver (objective qualifier): fair, proper.

The dataset provides valuable information about the semantic relations be-
tween the constituents of collocations, however, it does not contain free com-
binations or idioms (or at least does not make such a distinction between the
expressions). Apart from that, it is restricted to standard LFs only and lacks
semantic variety: any combinations considered as instances of non-standard
LFs (such as black coffee) are not included. One of the objectives of this thesis
is modelling the cases that are not covered by standard Lexical Functions,
therefore, this dataset cannot serve as the empirical basis.

3.6.3 Conclusion

This section provided an overview of the existing data collections that could
potentially be used as empirical basis in the study of adjective-noun colloca-
tions and free phrases undertaken in this thesis. However, a closer analysis
of the data shows that none of the existing resources comply with the crite-
ria defined in this thesis. The collection should (1) cover different semantic
classes, both for adjectives and nouns; (2) contain both collocations and free
phrases; (3) be large enough to make general conclusions based on a quan-
titative analysis and to be used in machine learning experiments. Therefore,
a major effort in this thesis will be dedicated to creating such a data set. The
data creation process will be described in Chapters 5 and 6. Before moving
to the practical part, a thorough comparison of theoretical frameworks will
be performed in order to define an initial set of relations that can be applied
to adjective-noun phrases.

22Magn, AntiMagn, Bon, AntiBon, AntiBon2, Ver, AntiVer
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Chapter 4

Lexical-semantic modeling of
adjective-noun co-occurrences

What do the German adjectives stolz “proud” and hoch ‘high” have in com-
mon? Or the adjectives scharf ‘sharp” and schwer "heavy’? or dick ‘thick” and
eng ‘narrow’? Without any context — not much, but consider adding a head
noun to each modifier: Preis “price’ in the first case, Strafe ‘punishment’ — in
the second, and finally Freund ‘friend” in the last one. All these adjectives,
when collocating with these particular nouns, express the same meaning,
namely intensity. Are there more examples like that in German and are
there other adjectives that can express this meaning? The answer is yes, and
plenty of them. Just to name a few: helle Aufrequng ‘great excitement” (lit.
‘bright’), starker Raucher ‘heavy smoker” (lit. ‘strong’), grober Fehler ‘gross
mistake’ (lit. ‘coarse’), unsinnige Freude ‘great joy” (lit. ‘absurd’). Are there
meanings apart from intensity expressed by collocations and if yes which
ones? There are numerous examples from various semantic fields: scharfer
Hund ‘vicious dog’ (lit. “sharp’), strenger Winter ‘severe winter” (lit. ‘strict’),
weiche Droge “soft drug’, brisantes Thema ‘controversial topic” (lit. ‘explosive’).

This chapter discusses theoretical frameworks that can shed light on the
semantics of adjective-noun phrases. Each theory provides a semantic clas-
sification that could be used as an inventory of relations that hold between
the constituents of such phrases. The following theoretical frameworks will
be investigated:

— The Meaning-Text Theory (MTT) (Mel’¢uk, 1996, 1999) is the only the-
ory that provides an inventory of relations specifically for collocations.
The first study in this chapter will be based on the MTT (section 4.2);

— The theory of Generative Lexicon (GL) (Pustejovsky, 1991) gives an
account of the semantics of nouns in terms of qualia roles (section 4.3);

— Frame Semantics (Fillmore, 1982) describes the semantics of content
words in terms of semantic roles — Frame Elements. The lexical
database FrameNet provides a broad semantic coverage (section 4.4);

— Concept frames (Barsalou, 1992; Lobner, 2014) that describe the se-
mantics of nouns in terms of attribute-value matrices (section 4.5).
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The approach to modeling with concept frame differs from the first three
approaches in terms of the annotation target. Instead of defining all the pos-
sible properties that a head noun has and selecting the property expressed
by a given adjective, the annotation is performed directly for the adjectival
modifier.

At the beginning of each section, the basic idea of a theory will be intro-
duced, followed by the presentation of the relations inventory within that
theory that could be applied to adjective-noun phrases. Then, the inventory
will be applied to the sample of carefully selected AN pairs described in sec-
tion 4.1. The advantages and limitations of each approach will be discussed
at the end of each study.

Each inventory will be evaluated in terms of its semantic coverage and
the level of granularity it offers. The aim is to establish an inventory of rela-
tions that gives an account of the semantics for nouns from various semantic
tields and has flexible granularity.

4.1 Data sample for case studies

In order to evaluate and compare the theoretical frameworks, a data sam-
ple has been created based on the study by Strakatova and Hinrichs (2019).
The main criterion for selecting the nominal bases for the sample was their
semantic variety. The semantic classes were assigned based on the Ger-
man lexical-semantic network GermaNet (Hamp and Feldweg, 1997; Hen-
rich and Hinrichs, 2010). In GermaNet, 23 semantic classes of nouns are
distinguished. The initial data sample in Strakatova and Hinrichs (2019)
contained nouns from eleven semantic classes. In this chapter, the sample is
expanded to cover all 23 semantic classes.

The selected nouns are listed in table 4.1. All the nouns have medium to
high frequency in the DWDS corpus' and less than five senses in GermaNet.
The latter criterion has been taken into consideration in order to maintain
a manageable level of ambiguity. High ambiguity would make it much
more challenging to select corresponding collocates for the chosen sense
and reduce the number of the available collocates for a given sense. Apart
from that, in the selection of the nominal bases for the sample, their level of
concreteness has been taken into account. A study by Naumann et al. (2018)
shows that the contexts of abstract and concrete words differ consistently.
Thus, it is expected that abstract nouns exhibit a different combinatorial
behaviour compared to concrete nouns. The concreteness ratings stem from

! According to the DWDS frequency scale (https://www.dwds.de/d/worthaeufigkeit,
last accessed on 29.12.2022): scales 2 to 6 which corresponds to at least 11,154 tokens in the
DWDS corpus.
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] lexical unit semantic class in GermaNet concreteness \
Schokolade ‘chocolate’”  Nahrung “food’ 7.848
Schuh ‘shoe’ Artefakt ‘artefact’ 7.578
Hund ‘dog’ Tier “animal’ 7.155
Fels “clift’ natGegenstand ‘natural object’ 6.797
Wald “forest’ Ort “location’ 6.747
Baum ‘tree’ Pflanze ‘plant’ 6.672
Bein ‘leg’ Korper ‘body’ 6.433
Regen ‘rain’ natPhaenomen ‘phenomenon’ 6.203
Freund "friend’ Mensch “person’ 5.852
Winter "winter’ Zeit ‘time’ 5.308
Droge ‘drug’ Substanz ‘substance’ 5.267
Team “team’ Gruppe ‘group’ 5.079
Kurve ‘curve’ Form ‘shape’ 4.983
Objekt “object’ Tops “Tops’ 4.938
Geruch ‘smell’ Attribut “attribute’ 4.839
Preis “price’ Besitz “possession’ 4.155
Strafe ‘punishment’ Geschehen “event’ 3.888
Thema ‘topic’ Kommunikation ‘communication’ 3.244
Ahnlichkeit ‘similarity’  Relation ‘relation’ 3.160
Anzahl ‘amount’ Menge ‘quantity’ 3.154
Ziel “aim’ Motiv ‘motive’ 3.07
Angst ‘fear’ Gefiihl ‘feeling’ 2.785
Interesse “interest’ Kognition ‘cognition’ 2.338

TaBLE 4.1: The selected nominal bases for the sample sorted
by their concreteness scores in the descending order. The cor-
responding semantic classes come from GermaNet. The con-
creteness scores are from Koper and Schulte im Walde (2016).

the database described in Képer and Schulte im Walde (2016).2

After the sample of nominal heads had been determined, adjectival col-
locates were selected for each noun. The initial data sample from Strakatova
and Hinrichs (2019, p. 105) contains only “true AN collocations”, i.e. AN
pairs in which the modifier is lexically restricted by its head. The scope of
this thesis is broader as it considers not only collocations, but also recurrent
free phrases.

2In the original study by Strakatova and Hinrichs (2019), the concreteness ratings were
taken from the English MRC database (Wilson, 1988). This decision had been motivated by
the necessity to use English translations of the base nouns in order to utilize the Berkeley
FrameNet. However, two LUs from the sample are absent from the English database: price
and similarity. As there exists an alternative database for German, it has been decided to
rely on the concreteness ratings from the German database by Koper and Schulte im Walde
(2016) in this chapter.

The most concrete word in the database is the noun Miihlestein ‘millstone” with the score
of 9.877 and the least concrete one is the verb herabspielen ‘to play down’ with the score of
0.



56 Chapter 4. Lexical-semantic modeling of adjective-noun co-occurrences

Remember the definition of a recurrent AN pair or a co-occurrence from
the previous chapter (definition 5): an AN pair is considered a co-occurrence if
the statistical association between its components is strong. The components of
co-occurrences are a base — a nominal head, and a collocate — an adjectival
modifier. This chapter will make no distinction between free phrases and
true collocations: the theoretical frameworks will thus be tested on both
types of phrases. In order to select adjectival collocates for the chosen nomi-
nal bases, the first step is to obtain a list of adjectival modifiers co-occurring
with those nouns. The second step is to select only those adjectival collo-
cates which are of interest to the this thesis, namely, descriptive adjectives (as
defined in section 2.1).

Step 1. The first step can be easily automated. As described in sec-
tion 3.4, various statistical association measures have been developed for
this purpose over the decades of collocation research. None of the mea-
sures is considered “the best” as there are many factors that influence their
performance. However, some of those measures gained more popularity
than others and became standard in collocation extraction tools. For in-
stance, logDice (Rychly, 2008) is used in Sketch Engine for constructing word
sketches (see section 3.4.1 for a detailed description).

For German, such a tool was developed as part of the digital dictio-
nary of the German language, the DWDS. The tool is called the Wortprofil
(Geyken et al., 2008; Didakowski and Geyken, 2014) and, inspired by Sketch
Engine described in the previous chapter in section 3.4.1, it also makes use
of the logDice association measure. The Wortprofil has several advantages
over Sketch Engine. First of all, it is based on a large high-quality newspaper
corpus of German: “Wortprofil 2021” uses 4.8 billion words whereas Sketch
Engine provides only web corpora of comparable size which do not offer
the same level of quality. Secondly, it is directly connected to the DWDS
dictionary and thus indirectly also connected to GermaNet as some word
senses in GermaNet were aligned with those in the DWDS dictionary (Hen-
rich et al., 2014). Lastly, the Wortprofil is an open-access tool.

The Wortprofil provides a word sketch or a word profile by presenting an
overview of statistically significant syntagmatic relations for a given word.
For nouns, the following relations are listed: “has an adjectival attribute”,
“is predicative complement of”, “is an object of”, “is a subject of”, “in co-
ordination with”, “is in prepositional group”, “has genitive attribute”, “has
predicate”, “has prepositional group”, etc. For each relation, the Wortprofil
can extract up to 100 collocates.

For extracting adjectival collocates of the selected nouns, the relation
“has an adjectival attribute” has been considered. Figure 4.1 shows a part
of the interface of the Wortprofil website: the top-20 adjectival collocates for
the noun Preis ‘price’ sorted by the logDice values.?

SDWDS-Wortprofil for “Preis”, created via the Digitales Worterbuch der deutschen
Sprache, <https://www.dwds.de/wp/Preis>, last accessed on 03.10.2022.
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For the current study, all the 100 available collocates are considered. The
minimum frequency is set to five. For each noun, twenty attributive adjec-
tives from the total of 100 are randomly selected.

Step 2. The randomly selected collocates are manually filtered: per-
tainyms are excluded from the study leaving only descriptive adjectives in
the sample. The following AN pairs will be considered in the case study:

* Schokolade ‘chocolate”: schwarz ‘dark’, fliissig ‘liquid’, lecker ‘tasty’,
dunkel ‘dark’, siif§ ‘sweet’, teuer ‘expensive’, weify ‘white’, edel ‘pre-
mium’, heifd "hot’, hochwertig “of high quality’, knackig ‘crunchy’

® Schuh ‘shoe” : hochhackig ‘high-heeled’, flach ‘flat’, seiden ‘silk’, be-
quem ‘comfortable’, braun ‘brown’, schmutzig ‘dirty’, nafl ‘wet’, schwarz
‘black’, rot ‘red’, weifs “‘white’, rosa ‘pink’, blau ‘blue’, teuer ‘expensive’,
spitz ‘pointy’, elegant ‘elegant’

o Fels “cliff’ : nackt ‘bare’, blank ‘bare’, schroff ‘craggy’, steil ‘steep’, glatt
‘smooth’, rotlich ‘reddish’, grau ‘grey’, nafi ‘wet’, hart ‘hard’, schwarz
‘black’

* Hund ‘dog’: arm “poor’, siif ‘sweet’, scharf “vicious’, bissig ‘biting’, toll-
wiitig ‘rabid’, treu ‘loyal’, aggressiv ‘agressive’, dick ‘fat’, klein ‘small’,
niedlich ‘cute’, riesig "huge’, jung ‘young’, klug ‘smart’, dumm ‘stupid’

* Wald “forest’ : licht ‘sparse’, tief ‘deep’, dicht ‘dense’, feucht "humid’,
immergriin ‘evergreen’, unberiihrt “untouched’, trocken ‘dry’, nah ‘close’,
riesig ‘huge’, herrlich ‘magnificent’, endlos ‘endless’, wild ‘wild’

* Baum ‘tree’: michtig ‘mighty, massive’, kahl ‘leafless’, immergriin ‘ev-
ergreen’, morsch ‘rottern’, krank ‘sick’, alt ‘old’, gesund ‘healthy’, tot
‘dead’, riesig "huge’, heilig ‘sacred’, priichtig ‘magnificent’, jung ‘young’,
hoch ‘high’,

* Bein ‘leg’: staksig ‘spindly’, schwer ‘heavy’, wacklig ‘shaky’, nackt
‘naked’, miide ‘tired’, schlank ‘slim’, diinn ‘thin’, gesund ‘healthy’, lang
‘long’, kurz ‘short’, dick ‘fat’, schwach ‘weak’, stimmig ‘sturdy’

* Regen ‘rain’: sintflutartig ‘torrential’, stark ‘heavy’, stromend ‘pouring’,
sauer ‘acid’, heftig ‘heavy’, warm ‘warm’, leicht ‘light’, spirlich ‘sparse’,
kriftig ‘heavy’, kalt ‘cold’, fein ‘fine’, ewig ‘endless’, endlos ‘endless’, kiihl
‘cool’

* Freund ‘friend’”: alt ‘old’, wahr ‘true’, echt ‘real’, treu ‘loyal’, gut ‘good’,
eng ‘close’, falsch ‘fake’, neu ‘new’, lebenslang ‘lifelong’, michtig “‘power-
tul’, dick “close’, reich ‘rich’, nah “close’, langjihrig ‘longtime’, verlisslich
‘reliable’

* Winter ‘winter’: streng ‘severe’, hart ‘harsh’, tief ‘deep’, mild ‘mild’, kalt
‘cold’, warm ‘warm’, bitterkalt ‘bitter cold’, eiskalt ‘ice cold’, letzt ‘last’,
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feucht "humid’, trocken ‘dry’, lang ‘long’, kiihl ‘cool’, ewig ‘endless’, trist
‘dull, depressing’

Droge ‘drug’ : hart “hard’, weich ‘soft’, leicht “soft’, illegal ‘“illegal’, legal
‘legal’, kirpereigen ‘endogenous’, gefihrlich ‘dangerous’, harmlos ‘harm-
less’, fliissig ‘liquid’, todlich ‘lethal’, billig ‘cheap’, schidlich "harmful’,
sanft ‘soft’,

Team ‘team’: stark ‘strong’, schwach ‘weak’, eingespielt ‘coordinated,
experienced’,schlagkriftig ‘powerful’, toll ‘excellent’, jung ‘young’,
spanisch ‘Spanish’, deutsch ‘German’, gut ‘good’, komplett “entire’, klein
‘small’, erfahren ‘experienced’, homogen ‘homogenous’, neu new’

Kurve ‘curve’: scharf ‘sharp’, sanft ‘gentle’, steil ‘steep’, zackig ‘jagged’,
blau ‘blue’, konvex ‘convex’, weich ‘soft’

Objekt ‘object’: obskur ‘obscure’, dreidimensional ‘three-dimensional’,
wertvoll ‘valuable’, entfernt ‘distant’, interessant ‘interesting’, hell
‘bright’, sakral ‘sacred’, zahlreich ‘numerous’, hochwertig ‘of high
quality’, kompakt ‘compact’, teuer ‘expensive’, dekorativ ‘decorative’

Geruch ‘smell’: beifflend ‘acrid’, stechend ‘pungent’, unangenehm ‘un-
pleasant’, iibel ‘foul’, modrig ‘musty’, muffig ‘musty’, siif§ ‘sweet’, streng
‘strong’, penetrant ‘pungent’, widerlich ‘disgusting’, ranzig ‘rotten’, bren-
zlig ‘burnt’, ekelhaft ‘disgusting’, intensiv ‘intense’

Preis ‘price”: hoch ‘high’, fest ‘fixed’, horrend “horrendous’, stolz “stift’,
erschwinglich ‘affordable’, verniinftig ‘reasonable’, niedrig ‘low’, stabil
‘stable’ attraktiv ‘attractive’, moderat ‘moderate, tief ‘low’, toll ‘great’,
heutig “of today’, konstant ‘konstant’, riickliufig ‘descreasing’

Strafe ‘punishment”: scharf ‘harsh’, streng ‘strict’, symbolisch ‘sym-
bolic’, unmenschlich ‘inhumane’, drakonisch ‘draconian’, hart ‘harsh’,
empfindlich ‘severe’, saftig ‘stiff’, deftig ‘severe’, niedrig ‘weak’, hoch
‘high’, mild ‘mild’, schwer "heavy’, schlimm ‘severe’, lebenslang ‘lifelong’

Thema ‘issue/topic’: groff ‘big/major’, lokal ‘local’, heikel ‘delicate’,
dringend ‘pressing’ , sperrig “unwieldy’, wichtig ‘important’, brennend
‘urgent’, heif§ "hot’, unbequem ‘uncomfortable’, leidig ‘vexed’, sensibel
‘sensitive’, brisant ‘controversial’, beherrschend ‘dominant’, zentral ‘cen-
tral’, aktuell ‘current’, interessant ‘interesting’, ewig ‘eternal’

Ahnlichkeit ‘similarity”: frappierend ‘striking’, duflerlich ‘external’, frap-
pant ‘striking’, grof$ ‘strong’, leise ‘slight’, stark ‘strong’, fliichtig ‘fleet-
ing’, erstaunlich ‘surprising’, vage ‘vague’, unheimlich “uncanny’

Anzahl ‘amount’: stattlich ‘stately’, grof$ ‘large’, gering ‘small’,schier
‘sheer’, betrichtlich ‘large’, hoch ‘high’, riesig "huge’, klein ‘small’,
bescheiden ‘modest’, iiberschaubar ‘manageable’, beliebig ‘arbitrary’,
erklecklich ‘considerable’, bedeutend ‘substantial’, wvariabel ‘variable’,
exakt “precise’
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® Ziel ‘aim”: ober ‘ultimate’, klar ‘clear’, hochgesteckt ‘ambitious’, grofS
‘great’, langfristig ‘long-term’, hoch ‘high’, fest ‘firm’, primdir ‘primary’,
selbstgesteckt ‘self-imposed’, zentral ‘central’, ehrgeizig ‘ambitious’, hehr
‘noble’, gemeinsam ‘joint’, wichtig ‘important’, kurzfristig ‘short-term’

* Angst ‘fear’: groff ‘strong/big’, tief ‘deep’, pur ‘pure’, hollisch ‘hellish’,
krankhaft “pathological’, blank ‘sheer’, nackt ‘pure’, diffus ‘vague’, dumpf
‘vague’, furchtbar ‘tremendous’, stindig ‘constant’, ewig ‘eternal’, stet
‘constant’

¢ Interesse ‘interest’: hoch ‘strong’, ureigen ‘own’, widerstreitend ‘conflict-
ing’, grof$ ‘strong/big’, stark ‘strong’, lebhaft ‘lively’, echt ‘genuine’, wahr
‘genuine’, breit ‘broad’, handfest ‘tangible’, elementar ‘fundamental’, vi-
tal “vital’, massiv ‘massive’, rege ‘active’, gering ‘little’

This data sample of AN phrases will be used to test each of the theoretical
frameworks that are described in detail in the next four sections.

4.2 The Meaning<« Text Theory

According to Mel’¢uk (1999, p.9), natural language is a converter that trans-
forms meanings into the corresponding texts and vice versa. Text is a spe-
cial construct that represents the empirical reality of linguistics — speech.
The number of samples of speech in natural languages is unlimited. Mean-
ing is used synonymously to Fregean notion of Sinn ‘sense” as opposed to
Bedeutung ‘reference’. The Meaning<>Text Theory (MTT) provides a system
of rules that secure a transfer from each meaning to the corresponding text
and the other way around. The analysis of meaning itself is outside of the
scope of the MTT model. For instance, from the point of view of the English
language, the phrase a square circle* is absolutely acceptable: it is formed
in accordance with the rules of the language: an NP with an adjective as
modifier. Translating the phrase into other languages would not eliminate
the anomaly that is on the level of world knowledge. This type of anomaly
is of no interest for the MTT and should be handled by a different model
that Mel’cuk (1999) calls a “Reality<»Meaning” model. The Meaning-Text
model is thus only sensitive to the “incorrectness of text” often referred to
as grammaticality. According to Mel’¢uk (1999), incorrectness can be abso-
lute or relative. The former refers to grammatical violations of language, for
instance, the incorrect use of the singular pronoun in the phrase this women.
The second type of incorrectness is relative to the implied meaning. For
example, the sentence He carries a lecture is an incorrect English translation
of the German Er hilt einen Vortrag. The correct one would be: He gives a
lecture. However, if the implied meaning is that someone is moving and

4The original example used in Mel’¢uk (1999), kruglij kvadrat ‘round square’, has been
changed for more clarity: a round square is an acceptable phrase in English due to the
ambiguity of the noun square: a geometrical shape cannot be round, but an open area in
a city can. In Russian, this ambiguity does not apply as the word kvadrat has only the
meaning of a geometrical form.



4.2. The Meaning<Text Theory 61

physically holding a lecture, then the initial sentence is perfectly correct (for
a more detailed discussion see Mel’'¢uk (1999, pp. 24-25).

As Mel’¢uk (1999) points out, the correspondence between meanings and
texts is of many-to-many type which is manifested through synonymy (one
meaning to many texts) and homonymy (one text to many meanings). Due
to synonymy, there are thousands and even millions of possible paraphrases
for any sentence in a language. As both synonymy and homonymy are
ubiquitous in natural languages, a direct transition from meaning to text
is nearly impossible. Therefore, the transition should be partitioned into
separate consecutive phases which implies that a number of intermediate
meaning representations must be introduced. The Meaning-Text Model has
seven levels of meaning representation (Mel'¢uk, 1999; Wanner, 1996):

1. Semantic Representation [SemR] — meaning

Deep-Syntactic Representation [DSyntR]
Surface-Syntactic Representation [SSyntR]

Deep-Morphologic Representation [DMorphR]
Surface-Morphologic Representation [SMorphR]

Deep-Phonetic Representation [DPhonR]

NS GOk »D

Surface-Phonetic Representation [SPhonR] — text

All the levels of meaning representation with the exception of [SemR]
have two sublevels: deep and surface. The deep levels are oriented towards
meaning, whereas the surface ones — towards text. In the context of the
relations in collocations, only the first three levels are relevant:

(i) The transition from meaning to text starts with the Semantic Repre-
sentation [SemR] at the semantic level. The main component of the [SemR]
is a semantic graph where the nodes are the elementary semantic units cor-
responding to words senses (Wanner, 1996).

(ii) The Deep-Syntactic Representation [DSyntR] is a dependency tree
where the nodes represent generalized lexemes that include real lexemes of
a language, phrasemes, and Lexical Functions.

(iii) Finally, the Surface-Syntactic Representation [SSyntR] contains the
actual word forms of the phrase including functional words organized as a
dependency tree.

To make the transition from [SemR] to [DSyntR], the Speaker has to choose
the corresponding lexical units (LUs) that express the intended meaning.
Mel’¢uk (2015) distinguishes between two types of LUs:

* Free LUs are chosen by the Speaker directly from the mental lexicon
based only on their meanings and are independent of other lexical
choices. Thus, the choice is semantically-driven.

* Restricted LUs are selected based on the other LUs chosen by the
Speaker. This kind of choice is lexically-driven.
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Lexically-driven choices of the Speaker can be paradigmatic or syntagmatic.
Paradigmatic choice is of the type “either — or” or “instead of”, for example,
choosing a noun when referring to the type of emotion: joy, fear or surprise.
Syntagmatic choices are of the type “and — and” or “together with”, such as
combinability of a head noun with an adjectival modifier. For instance, one
can describe joy as utter, great, sheer, but not as deep. In contrast, the noun
fear can be combined with all the listed adjectives including deep.

The dependencies between the LUs are described in the MTT systemati-
cally in terms of Lexical Functions (LFs). The next subsection is devoted to
the notion of a Lexical Function.

4.2.1 Lexical Functions

Lexical Functions are functions in the mathematical sense: f(x) = y, where f
is an abstract general meaning that is expressed by an LU y depending on
the LU x. In the terminology of the Meaning-Text Theory adopted in this
thesis, x is referred to as the base and y is its collocate. The formal definition
of a Lexical Function is the following (Mel'¢uk, 2015, p.166):

“Formally, an LF f is a function that associates with a given LU L a set
{L";} of lexical expressions that express, contingent on L, the meaning ‘f’
associated with f and bearing on the meaning ‘L": f(L) = {L’;}, such that
‘t’ L;. L is called the argument, or keyword, of f; f(L) — the set {L’;} —
is the value of f applied to L; and an L’; is an element of this value."

Consider an example of the LF Magn that expresses the meaning of intensi-
fication applied to the noun price in English: Magn (price) = {high, horrendous,
stiff }, where function f = Magn that means “strong, very’, lexical unit L = price,
set of lexical expressions contingent on L {L!} = {high, horrendous, stiff}. This
is interpreted as follows: the adjectives high, horrendous, stiff express the
meaning ‘strong, very’ for the lexical unit price.

Among all the possible LFs in a language, the MTT is only interested in
those LFs that are expressed phraseologically, i.e. in a restricted way. All
the meanings that are expressed in a non-restricted way are referred to as
LF-constants and are not covered in the MTT (Mel'¢uk, 1999). The inventory
of LFs includes both syntagmatic and paradigmatic relations. The paradig-
matic ones will not be considered in this thesis as they are not relevant in
the context of collocations.” The syntagmatic LFs describe the relations that
hold between the constituents of collocations. Mel’¢uk (1999, 2015) distin-
guishes two large categories of LFs: standard and non-standard.

Standard LFs. There are two conditions that have to be satisfied in order
to consider a Lexical Function standard: (1) broadness of the f's domain; (2)
broadness of f’s range. The first condition implies that the meaning corre-
sponding to a given LF is general enough — it should combine with a large
number of other meanings. The second criterion demands a rich variety

SExamples of paradigmatic LFs are synonym: Syn(policeman) = cop; adjectival
derivative:  Ag(city)=urban; collective noun: Mult(ship)=fleet; standard metaphor:
Figur(remorse)=pangs [of], etc. In total, there are 26 paradigmatic LFs.
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of ways to express the meaning ‘f” in a language. A typical example of a
meaning that satisfies the two conditions is the meaning of very (intensifi-
cation). Consider the following examples in English: ‘very’(illness) = grave,
‘very’(smoker) = heavy, ‘very’(headache) = bad, ‘very’ (wind) = strong, ‘very’
(appetite) = ravenous, ‘very’ (friend) = close, etc. They illustrate that the mean-
ing ‘very’ can be applied to a large variety of bases, i.e. its domain is broad
— the first condition is thus satisfied.

The second condition of broadness of range is also met for the meaning
‘very’ as it is expressed in the English language by a large variety of lexi-
cal units, and the choice of the correct collocate is contingent on the base.
Thus, the meaning “very” has both a broad domain and a broad range, and
therefore a corresponding standard LF (Magn) has been introduced (it will
be discussed in more detail further in this section). This holds true not only
for English, but also for many other languages: see Mel’¢uk (2015, p.167)
for ways to express intensification of the meaning ‘skinny” in 23 different
languages.

Now consider another example: the meaning ‘having great weight’. It
obviously meets the first requirement as it combines with a large number
of keywords. Nearly any physical entity can be described in terms of its
weight: table, car, animal, rock, tomato, person, sofa, etc. However, the lexical
options for expressing this meaning are limited. In English, that would be
the adjective heavy that can freely combine with a large variety of nouns (in
some cases also the adjectives massive and hefty). The domain of the meaning
is broad due to the almost unlimited amount of possible keywords, but the
range is limited to only a few adjectives that express this meaning in English.
From the point of view of the MTT, there is no need to introduce a standard
LF for the meaning ‘of great weight’ and it is considered an LF-constant
(Mel’¢uk, 1999).

Standard LFs have formal fixed names that are abbreviations derived
from Latin words. The above described meaning ‘very’ corresponds to the
LF Magn from Latin magnus ‘big, great’. Other examples are:

* Cap from Latin caput "head” as in Cap (university) = rector, president; Cap
(aircraft) = captian, pilot

* Oper from operare ‘to do, carry out” as in Oper (order) = give; Oper (anal-
ysis) = carry out

® Manif from manifestare ‘manifest’ as in Manif (distrust) = lurks; Manif
(scorn) = drips

Altogether, the inventory of LFs comprises 64 standard LFs as listed in
Mel’¢uk (2015): 26 paradigmatic LFs and 38 syntagmatic ones. The syn-
tagmatic ones are further divided into 4 groups based on the part of speech
of the collocates: nominal (1 LF), adjectival (5+2 LFs),® prepositional (6 LFs),
and verbal (24 LFs).

®Two adjectival LFs are comparison markers and can only be encountered in combina-
tions with other LFs (Mel’¢uk, 2015)
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Non-standard LFs express very specific meanings that combine only
with one or very few semantically close bases. There exists a subtler divi-
sion of non-standard LFs into normal non-standard and degenerate LFs, where
degenerate LFs refer to LFs that are combined only with one base, for in-
stance artesian well and aquiline nose. However, the distinction between the
two categories is not entirely clear and, as Mel’¢uk (2015) notes, is not rel-
evant in practice.” In contrast to standard LFs, the non-standard ones do
not have fixed names. As their meanings are very specific and non-general,
each function is defined very precisely as in the above mentioned examples,
and this definition serves as the name of the function.

A typical example of a non-standard LF is the meaning ‘without addi-
tion of dairy product” applied to coffee: the corresponding collocation is black
coffee. Another example of a non-standard LF, this time in Russian, is the
meaning ‘made from rye flour” applied to the noun bread: tschyornij khleb lit.
‘black bread’. The combination with the adjective tschyornij ‘black” in this
sense is only possible for bread, but not other baked goods. The combin-
ability is restricted, but both the domain and the range of this meaning is
very limited. Therefore, for the both examples, non-standard LFs should be
introduced (Mel’¢uk, 1999):

without addition of a dairy product (coffee)=black
made from rye flour (khleb ‘bread’)=tschyorniy ‘black” (Rus.)

Non-standard LFs are very numerous, yet, are highly non-systematic.
There have been attempts to formalize non-standard LFs. For instance,
Jousse (2007) proposes an approach to standardising nominal and adjectival
LFs. The main assumptions of the proposed approach is that (1) all enti-
ties have attributes such as size, color, shape, function, appreciation,
etc.; and (2) that such attributes are mainly expressed by adjectives. Jousse
(2007) compares such attributes with Frame Elements from Frame Semantics
(see section 4.4 for a detailed discussion of Frame Elements). The analysis of
a sample of non-standard LFs conducted by Jousse (2007) supported the hy-
pothesis: all the examples of non-standard LFs could be classified according
to the corresponding attributes. Jousse (2007) gives the following examples:

* color: fr. barbe poivre et sel ‘grey beard” (lit. “pepper-and-salt beard”)
* cause: fr. célibat forcé/ obligé ‘compelled /forced celibacy’

* consequence: fr. coup de feu mortel ‘fatal gunshot’

Simple and complex LFs. All the above discussed LFs are examples of
simple LFs. In general, simple Lexical Functions are elementary, i.e. they
are not further divisible into other LFs. However, there are some examples
of simple LFs that can be represented in terms of other LFs, but they were

"Moreover, Jousse (2007) also mentions the category semi-standard LFs that are written
in natural language but include a standard LF.
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introduced as separate LFs because the meaning they represent is highly fre-
quent in natural languages. Consider the LF Liqu (Lat. liquidare ‘liquidate’)
= ‘do something so that something else does not take place’. This LF can
be represented as CausFin — “to do something so that something else takes
place” + ‘cease’” (Mel’¢uk, 2015, p.179). Complex LFs are combinations of
two or more simple ones: for example, the complex LF AntiMagn denotes a
meaning opposite to Magn.

Adjectival standard LFs

As the focus of this thesis lies on adjective-noun collocations, only syn-
tagmatic adjectival Lexical Functions will be further be considered. The
MTT introduces the following five simple standard LFs for adjectival modi-
fiers:

* Magn from Latin magnus ‘big, great’ is interpreted as “very, to a (very)
high degree, intense(ly), completely” (Mel’¢uk, 2015, p.207). As al-
ready mentioned previously in this section, this LF is very productive
and is found in a great number of languages. This meaning combines
with LUs that already have a gradability element in their meaning.
The LUs can be any part of speech. For adjective-noun phrases, some
examples are:

Magn(rain) = heavy Magn(danger) = grave
Magn(headache) = bad Magn(appetite) = ravenous

* Ver from Latin verus ‘real, genuine’ interpreted as “such as [L] should
be” (Mel’¢uk, 2015, p.208). This LF is an objective qualifier of the base,
it describes lexical units in terms of certain norms.

Ver(surprise) = genuine Ver(guess) = correct

Ver(instrument) = precise Ver(joke) = appropriate

* Bon from Latin bonus ‘good” (Mel’¢uk, 2015, p.209). It expresses a sub-
jective evaluation, a praise or an approval from the Speaker. It com-
bines with a great variety of LUs as it can be applies to anything that
can be evaluated.

Bon(career) = shining Bon(opportunity) = golden

Bon(lie) = white Bon(behaviour) = excellent

* Pos from Latin positivus “positive’. It is interpreted as a“positive eval-
uation” (Mel’¢uk, 2015, p.209) or a “received praise” of the referent of
DSyntAj; from the DSyntAj. It is required that the meaning of the
base have at least two actants (DSyntAjr and DSyntAr) which makes
this LF quite rare.
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Pos(esteem) = high Pos(review) = positive

According to Mel’¢uk (2015), positive review is not the same as
good/brilliant/excellent review which should be described by the LF Bon
because a brilliant review can still be either positive or negative, and at
the same time be brilliantly written.

* Epit from Latin epitheton interpreted as “redundant clichéd modifier”
(Mel’¢uk, 2015, p.207). The meaning of the modifier is almost empty
and contributes little or nothing to the meaning of the base. There are
two kinds of this LF: restrictive (Epith®!") and qualificative (Epith7“al).
The former one restricts the meaning of a very polysemous LU outside
of context. The second one amplifies some mandatory feature of the
base; in a way, it is semantically redundant.

Epith’es (current) = electrical Epithi“l(drizzle) = light

Epith’®s (machine) = vending Epith?“(opinion) = humble

All of the above presented LFs are semantically similar. In some cases,
the classification according to those LFs may pose a challenge. For instance,
if intensity is an central quality of something, then Magn would be equal
to Ver and possibly to Bon if the intensity quality is perceived as ‘good’.
Mel’¢uk (2015) illustrates this problem with the the phrase good health to
which Magn, Bon and Ver are applicable. This challenge has been also cor-
roborated by the results of the experiments in automatic classification of
collocations reported in Espinosa-Anke et al. (2019). The authors observe a
high error rate for the collocations labeled with the LFs Magn and Bon. The
hypothesize that the confusion between the two categories is due to their
semantic similarity.

The simple LFs can be combined into complex ones. The most common
combination is with the LF Anti (antonym): e.g. AntiMagn as in weak hope;
AntiBon as in poor example; AntiVer as in empty threat. A more complex
arrangement of LFs is also possible, for instance AntiMagn + AntiBon as
in dull colour or Magn+Bon=Ver as in genuine art (Mel’¢uk and Zholkovsky,
1984). Sometimes, standard LFs are combined with non-standard ones, e.g.
Ver + ‘contains important details” as in precise description.

The more in-depth discussion of the inventory of Lexical Functions will
be presented in the next subsection. The data sample of adjective-noun
collocations introduced in 4.1 will be modeled in terms of Lexical Functions.

4.2.2 Case study: Lexical Functions

This section presents the first case study with the data sample described in
section 4.1. The relations that hold between the constituents of the selected
co-occurrences have been manually modeled based on the inventory of stan-
dard Lexical Functions listed in the previous section. In the cases where a
standard LF could not be applied, a non-standard LF has been provided
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as a definition of the corresponding sense of an adjective, e.g. “poor — in-
citing pity". The definitions are based on those provided by the Princeton
WordNet (Fellbaum, 1998), Wikipedia, the DWDS,?, and the Duden.’ The
discussion starts with the most concrete nouns followed by more abstract
ones in the order presented in table 4.1.

Schokolade ‘chocolate’

Bon: lecker ‘tasty’

with high percentage of cocoa and little/no milk and sugar:
schwarz, dunkel ‘dark’

made of cocoa butter, without cocoa solids: weif§ “‘white’

of high quality or Bon: edel ‘premium, fine’, hochwertig ‘of high qual-
ity’

capable of flowing: fliissig ‘liquid’

tasting like sugar: siiff ‘sweet’

high in price: teuer ‘expensive’

firm and crisp: knackig ‘crunchy’

beverage made from cocoa powder, milk and sugar: heiff ‘hot’

One collocate that could be modeled as a standard LF is lecker ‘tasty” as it is
a positive subjective evaluation of chocolate. None of the remaining phrases
with the base Schokolade ‘chocolate” could be modeled with standard LFs. A
possible exception is the meaning “having high quality” which is semanti-
cally close to the LFs Bon or Ver. However, Bon is a subjective evaluation,
whereas fine/premium chocolate is a commonly accepted notion. It expresses
a certain type of chocolate the production of which involves many different
factors. In that sense, it is rather an objective qualifier. The standard LF
Ver corresponds to a similar meaning, but it still remains unclear whether
premium chocolate is what chocolate should be. Therefore, it has been de-
cided to treat it as a non-standard LF. Some of the phrases with chocolate are
highly lexicalized and are direct hyponyms of the LU chocolate in the Word-
net, i.e. they are treated as adjective-noun compound phrases, for instance
white chocolate. For each of them, a non-standard LF had to be introduced
that gives a precise definition of each meaning.

8https://www.dwds.de (last accessed on 21.07.2021)
“nttps://www.duden.de (last accessed on 21.07.2021)
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Schuh “shoe’

Bon: bequem ‘comfortable’, elegant ‘elegant’
high in price: teuer ‘expensive’

with high heels: hochhackig ‘high-heeled’
Anti + with high heels: flach ‘flat’

of certain color: braun ‘brown’, schwarz ‘black’, rot ‘red’, weif$
‘white’, rosa ‘pink’, blau ‘blue’

made of silk: seiden ‘silk’
soiled: schmutzig ‘dirty’
becoming narrower and ending in a point: spitz ‘pointy’

covered or soaked with a liquid: naf§ ‘wet’

Fels “clitf’

with nothing growing on it: nackt ‘bare’, blank ‘bare’

of certain color: schwarz ‘black’, rotlich ‘reddish’, grau ‘grey’
covered or soaked with a liquid: naf§ ‘wet’

having a surface without roughness: glatt ‘smooth’
abruptly sloping and fissured: schroff ‘craggy’

rising up or sloping downwards almost vertically: steil ‘steep’

firm, not yielding to pressure: hart ‘hard’

Only the standard LF Bon could be applied in modeling of Schuh ‘shoe” for
the adjectives bequem and elegant. The remaining co-occurrences with the
base Schuh can only be described in terms of non-standard LFs. Similarly
to the examples with chocolate, two phrases with shoe are highly lexicalized
(hochhackig and flach) and denote a type of shoe, i.e. they are in a hyponymic
is_a relation to the more generic term shoes.!” The modifiers of the noun Fels
‘cliff” could not be accommodated by any standard LF.

19Note that, in English, it is common to omit the noun shoes and use a metonymy or a
deajdectival noun in plural to express the same meaning — high heels and flats.
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Hund ‘dog’

Bon: siif ‘sweet’, niedlich ‘cute’
Magn®iz¢: riesig ‘huge’
AntiMagnsize: klein ‘small’

having certain character, temper: scharf ‘vicious’, bissig ‘biting’,
treu ‘loyal’, aggressiv ‘agressive’

intelligent: klug ‘smart’

intelligent + Anti: dumm ‘stupid’

of certain age: jung ‘young’

having too much flesh: dick ‘fat’
infected with rabies: tollwiitig ‘rabid’

pitiful: arm “poor’

Wald ‘forest’

Magnloc: tief ‘deep’

Bon: herrlich “‘magnificent’

Magn®iz¢: riesig ‘huge’, endlos ‘endless’

sparse and bright: licht ‘sparse’

characterized by a large quantity of water vapor: feucht ‘hu-
mid’

characterized by a large quantity of water vapor + Anti:
trocken ‘dry’

not shedding foliage throughout the year: immergriin ‘evergreen’
in a natural state: wild ‘wild’, unberiihrt “untouched’

at a short distance: nah ‘close’

without gaps, crowding together: dicht ‘dense’
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Baum “tree’

Magns’ze: michtig ‘mighty, massive’, riesig ‘huge’

Magn”¢ight: hoch ‘high’

Bon: prichtig “‘magnificent’

not shedding foliage throughout the year: immergriin ‘evergreen’
having existed for a long time: alt ‘old’

having existed for a long time + Anti: jung ‘young’

impaired in physical well-being: krank ‘sick’

impaired in physical well-being + Anti: gesund ‘healthy’

in a state in which the vital functions have ceased: fot ‘dead’
brittle due to age or decay: morsch ‘rotten’

distinguished by special consecration: heilig ‘sacred’

having no leaves: kahl ‘leafless’

Bein ‘leg’

Magnensth: lang ‘long’

AntiMagn/ensth: kyrz ‘short’

of certain physical strength: stimmig ‘sturdy’, schwach ‘weak’
having too much flesh: dick ‘fat’

having too much flesh + Anti: schlank ‘slim’, diinn “thin’
completely unclothed: nackt ‘naked’

impaired in physical well-being + Anti: gesund ‘healthy’
trembling, without a firm hold: wacklig ‘shaky’

long and lean: staksig ‘spindly’

in need of rest, without energy: schwer ‘heavy’, miide ‘tired’
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Regen ‘rain’

MagNprecipitation): Sintflutartig ‘torrential’, stark "heavy’, kriftig ‘heavy’,
heftig "heavy’

AntiMagn(pecipitation]: leicht ‘light’

Magn(i,ops): fein “tine’

Mag n’[’;fol;fs]: sparlich ‘sparse’

Magnfe?: ewig ‘endless’, endlos ‘endless’

of certain temperature: warm ‘warm’, kalt ‘cold’, kiihl ‘cool’
flowing strongly and in large quantities: stromend ‘pouring’

with acidic components: sauer ‘acid’

For the five nouns, Hund ‘dog’, Wald ‘forest’, Baum ‘tree’, Bein ‘leg’, and
Regen ‘rain’, there is a mixture of available LFs. On the one hand, the non-
standard LFs are still necessary. On the other hand, standard LFs can be
also applied to a few phrases. This is especially true for the noun rain: it
is a process and not a physical entity like a shoe, therefore, intensification
of its meaning is possible (expressed by the LF Magn). However, a specifi-
cation is required of what aspect of rain is being intensified. This approach
follows the modeling of the noun dozhd” ‘rain’ in the Explanatory combinato-
rial dictionary of modern Russian compiled by Igor Mel’¢uk and his colleagues
(Mel’¢uk and Zholkovsky, 1984, p. 267). In the dictionary entry for dozhd’
‘rain’, the following specifications of the LF Magn are listed as subscripts and
superscripts:

(14)  a. Magn(precipitation] = Sil'niy ‘heavy’
b. Magngops) = krupnie ‘large’

quant

c. Magn = chastiy “thick’ (a lot of drops)

d. Magnf®™P = zatyazhnoy ‘continuous’

These examples illustrate how specifications of LFs are used to model dif-
ferent aspects of a very general meaning of intensification. A subscript is
a “semantic component of the key word’s definition” that indicates “that
the meaning of this LF interacts exactly with this component” (Mel’¢uk and
Zholkovsky, 1984, p. 60). In this example, the words subscripted in square
brackets, precipitation and drops are components of the definition of the LU
rain given in (Mel’¢uk and Zholkovsky, 1984, p. 267): “precipitation of lig-
uid X, usually water, falling from celestial objects Y onto Z in the form of
drops or streams (or the weather when such precipitation occurs)". As for
the superscripts, they are semantic labels that specify the meaning of an LF.

It is, however, not entirely clear, how the decision is made as to when to
specify a certain aspect and when not. For instance, in example (14b), the LF
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Magn is only specified in terms of what it refers to — the drops, where clearly,
the size of the drops is meant. In example (14c), two specifications are
made: quantity and drops. It suggests, that size is considered the default
attribute of drops that is automatically selected by an intensifying adjective,
whereas quantity has to be additionally indicated.

Freund ‘friend’

Magn®®"?: alt ‘old’, lebenslang ‘lifelong’, langjihrig ‘longtime’
AntiMagnf®™P: neu ‘new’

Magnunderstand): eng ‘close’, dick “close’, nah ‘close’, gut ‘good’
Magn(joyar): treu “faithful’, verlisslich ‘reliable’

Ver: wahr ‘true’, echt ‘real’

AntiVer: falsch ‘fake’

having great influence: miichtig ‘powerful’

possessing material wealth: reich ‘rich’

The modeling of the AN phrases with the noun Freund ‘friend” as their base
follows to a great extent the dictionary entry in Mel’¢uk and Zholkovsky
(1984, p. 293). Almost all of the collocates could be assigned to standard LFs.
As in the previous examples, the LF Magn is specified: in alter Freund, the
temporal aspect is intensified, whereas in enger Freund the understanding is.
For the second meaning of the phrase alter Freund where the adjective refers
to age, most likely, the LF-constant having lived for a long time should
be applied.
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Winter ‘winter’

Magn(cq): streng ‘severe’, bitterkalt ‘bitter cold’, eiskalt “ice cold’
AntiMagni 4y warm ‘warm’

Magn®®™?: lang ‘long’, ewig ‘endless’

difficult to bear + Magn[coq: hart "harsh’

remote + Magni®"?: tief ‘deep’

temperate: mild ‘mild’

having moderately cool temperature: kalt ‘cold’, kiihl ‘cool’
characterized by a large quantity of water vapor: feucht 'hu-
mid’

characterized by a large quantity of water vapor + Anti:
trocken ‘dry’

causing sad feelings: trist ‘dull, depressing’

previous: letzt ‘last’

Three phrases with the base Winter ‘winter” are modelled with the stan-
dard LF Magn specified with a subscript or a superscript. Several phrases
were modeled by combining a non-standard LF with a standard one. For
instance, the adjective hart ‘harsh’ expresses, in a way, a negative charac-
teristic of winter. However, it is not a subjective evaluation, but rather an
objective reflection of multiple aspects of winter such as very low tempera-
ture, weather in general, duration. Thus, the standard complex LF AntiBon
cannot be used in this case and a non-standard LF difficult to bear com-

bined with the LF Magn(,4; is used.

Droge ‘drug’

dangerous and likely to cause addiction: hart ‘hard’

dangerous and likely to cause addiction + Anti: weich ‘soft’, leicht
‘soft’, sanft ‘soft’

allowed by official rules: legal ‘legal’

allowed by official rules + Anti: illegal ‘illegal’

produced internally: kirpereigen ‘endogenous’

causing danger or risk: gefihrlich ‘dangerous’, schidlich “harmful’
causing danger or risk + Anti: harmlos ‘harmless’

causing danger or risk + Magn: todlich ‘lethal’

high in price + Anti: billig ‘cheap’

capable of flowing: fliissig ‘liquid’
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All the phrases with the noun Droge ‘drug’ could only be modelled with
non-standard LFs. In some cases they were mixed with standard ones Anti
and Magn. Similarly to the phrases with chocolate and shoes, some of the
pairs are highly lexicalized and are commonly accepted terms, for instance
harte/weiche Drogen. The relation between such adjectives and their base is
that of hyponymy: a hard drug is_a_type_of drug.

Team “team’

Bon: toll “excellent’, gut ‘good’

MagN[per formance]: Stark ‘strong’, schlagkriftig "‘powerful’
AntiMagn(pe; formance): Schwach “weak’

having knowledge or skill: erfahren ‘experienced’

experienced through a lot of training together: -eingespielt ‘co-
ordinated, experienced’

having existed for a long time + Anti: neu ‘new’
having existed for a long timep,,empers) + Anti: jung ‘young'
of certain originpempers): spanisch ‘Spanish’, deutsch ‘German’

of the same or similar kind or naturep,mpers): homogen ‘homoge-
nous’

encompassing everything belonging to itp,,mpers): komplett “‘entire’

consisting of many members + Anti: klein ‘small’

J

Three collocates of the noun Team ‘team’ are used as intensifiers (two pos-
itive and one negative) of the semantic component of a team, namely, its
performance. Hence, they can be described with standard LFs Magn and
AntiMagn with subscripts referring to that semantic component. The generic
evaluative adjectives toll and gut can be modeled by a standard Lf Bon. The
rest of the phrases are covered by non-standard LFs, sometimes combined
with the standard one Anti.

Kurve ‘curve’

Magn: scharf ‘sharp’, steil ‘steep’, eng ‘narrow’
AntiMagn: sanft ‘gentle’, weich ‘gentle’
of certain color: blau ‘blue’

with a sharply uneven outline: zackig ‘jagged’

bulging outward: konvex ‘convex’

The collocates of the noun Kurve ‘curve’ that could be modelled with stan-
dard LFs refer to the angle at which a line curves. They are modelled as
intensifiers by means of the standard LFs Magn and AntiMagn.
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Objekt “object’

Magn7“at: zahlreich ‘numerous’

of certain worth + Magn: wertvoll “valuable’

full of light: hell ‘bright’

full of light + Anti: obskur ‘obscure’

arousing or holding someone’s attention: interessant ‘interesting’
high in price: teuer ‘expensive’

distinguished by special consecration: sakral ‘sacred’

of high quality or Bon: hochwertig ‘of high quality’

having three dimensions: dreidimensional ‘three-dimensional’
serving an aesthetic purpose: dekorativ ‘decorative’
located far away, remote: entfernt ‘distant’

relatively small, taking up little space: kompakt ‘compact’

Only one collocate of the noun Objekt ‘object’ could be modeled with a stan-
dard LF with a superscript. As in the case of chocolate, the adjective denoting
high quality could either be modeled with a non-standard LF or with the
LF Bon.

Geruch “smell’

Magn: streng ‘strong’, intensiv ‘intense’
Magn+AntiBon: beiflend ‘acrid’, stechend ‘pungent’, penetrant ‘pungent’

AntiBon: unangenehm ‘unpleasant’, iibel ‘foul’, widerlich ‘disgusting’,
ekelhaft “disgusting’

fragrant + Bon: siiff ‘sweet’
smelling of mold + AntiBon: modrig ‘musty’, muffig ‘musty’
smelling burnt: brenzlig ‘burnt’

gone bad + AntiBon: ranzig ‘rotten’

The noun Geruch ‘smell’, similarly to several examples above, can be in-
tensified. Moreover, the collocates beiffend ‘acrid’, penetrant ‘pungent’, and
stechend ‘pungent’ express an intensified negative evaluation which can be
modeled by means of a complex LF: combining Magn and AntiBon. A general
unpleasant smell is covered by the complex standard LF AntiBon. The re-
maining collocates rather express a particular kind of smell, therefore, they
can only be accommodated by a non-standard LF.
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Preis “price’

Magn: hoch ‘high’, horrend “horrendous’, stolz ‘stift’

AntiMagn: niedrig ‘low’, erschwinglich ‘affordable’, verniinftig ‘reason-
able’, moderat ‘moderate’, tief ‘low’

becoming + AntiMagn: riickliufig ‘descreasing’
Bon: toll ‘great’, attraktiv ‘attractive’

that changes often + Anti: fest ‘fixed’, stabil ‘stable’, konstant ‘kon-
stant’

existing in the present time: heutig ‘of today’

Strafe ‘punishment’

Magn: drakonisch ‘draconian’, unmenschlich ‘inhumane’, scharf ‘harsh’,
streng ‘strict’, hart "harsh’ , empfindlich 'severe’saftig ‘stiff’, deftig ‘se-
vere’, hoch "high’, schwer ‘heavy’, schlimm ‘severe’

AntiMagn: niedrig ‘weak’, mild ‘mild’
Magnf¢™P: lebenslang ‘lifelong’

representing something else: symbolisch ‘symbolic’

Both nouns, Preis ‘price’ and Strafe “punishment’, are mainly described in
terms of their intensity or rather scale, which is expressed as the simple LF

Magn or the complex one AntiMagn.

Thema “issue/topic’

Magnimportance; — grofl ‘big /major’, heifs ‘hot’, beherrschend ‘dominant’,
wichtig ‘important’, zentral ‘central’

Magn®e™?: ewig ‘eternal’

ANt iBON|giscyssion]: Unbequem “uncomfortable’, leidig “vexed’, heikel “del-
icate’, sensibel ‘sensitive’, brisant ‘controversial’

very complex: sperrig ‘unwieldy’

requiring immediate action: dringend ‘pressing’, brennend ‘urgent’
existing in the present time: aktuell ‘current’

arousing or holding someone’s attention: interessant ‘interesting’

restricted to a particular locality or neighborhood: [okal ‘lo-
cal’
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The nominal base Thema ‘issue/topic’ and most of its modifiers could be
successfully modeled with standard LFs. However, specifications had to
be made for each relation. In contrast to the previous two nouns denoting
scales of some sort, the meaning of topic does not have a salient component
that is automatically enhanced in combination with an intensifier. Similarly,
the subjective evaluation, Bon, had to be specified as AntiBon|giscyssion]: it 18
the discussion of a topic that may make someone feel ‘uncomfortable” or
speak ‘delicately’, not the fopic itself.

Ahnlichkeit ‘similarity’

Magn: grof ‘strong’, stark ‘strong’

AntiMagn: leise ‘slight’

AntiMagn’®™?: fliichtig ‘fleeting’

highly unusual or remarkable + Magn: unheimlich “uncanny’

causing surprise + Magn: frappierend ‘striking’, frappant ‘striking’, er-
staunlich ‘surprising’

seen from the outside: duflerlich ‘external’
in an accurate manner: exakt ‘precise’

in an accurate manner + Anti: vage ‘vague’
determined at random: beliebig ‘arbitrary’

that changes often: variabel “variable’

Anzahl ‘amount’

Magn: stattlich ‘stately’, groff ‘large’, hoch ‘high’, schier ‘sheer’, be-
trichtlich ‘large’, riesig ‘huge’, erklecklich ‘considerable’, bedeutend ‘sub-
stantial’

AntiMagn: bescheiden ‘modest’, gering ‘small’, klein ‘small’, iiberschaubar
‘manageable’

Both Ahnlichkeit ‘similarity’ and Anzahl ‘amount’ have a dominant scale
meaning component. This component is targeted by most of their collocates
and is described in terms of the LFs Magn and AntiMagn.
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Ziel ‘goal’

Magn: ober ‘ultimate’, grof$ ‘great,big’

that can be achieved with a lot of ambition: hochgesteckt ‘ambi-
tious’, hoch "high’, ehrgeizig ‘ambitious’

chosen by someone themselves: selbstgesteckt ‘self-imposed’
accurately stated or described: klar ‘clear’
characterized by determination: fest ‘firm’

of foremost importance or value: primir ‘primary’

serving as an essential component: zentral ‘central’, wichtig ‘im-
portant’

extending over a relatively long time: langfristig ‘long-term’

extending over a relatively long time + Anti: kurzfristig ‘short-
term’

sublime, awe-inspiring: hehr ‘noble’

pursued by two or more persons: gemeinsam ‘joint’

The noun Ziel ‘goal” has a large number of adjectival modifiers that cannot
be modeled by means of standard LFs. The main reason for that is the
weakness of scale component in the meaning if the noun - it is still present
and thus can be selected by a few collocates such as ober ‘ultimate” and groff
‘great, big’. However, there is a large number of other meaning aspects
expressed by adjectival collocates that are described by non-standard LFs.

Angst ‘fear’

Magn(scared): 8708 ‘strong/big’, tief ‘deep’, hollisch ‘hellish’, furchtbar
‘tremendous’

Magnf¢™P: stindig ‘constant’, ewig ‘eternal’, stet ‘constant’
nothing but: nackt “‘pure’, pur ‘pure’, blank ‘sheer’
such that its reason is not clear: diffus ‘vague’, dumpf ‘vague’

increased to abnormal: krankhaft “pathological’

The modeling of the phrases with the nominal base Angst ‘fear” partially
follows the dictionary entry in Mel’¢uk and Zholkovsky (1984, p.806). This
concerns mainly the standard LFs. Additionally, a number of non-standard
LF has to be introduced to describe the aspects of the meaning of fear not
addressed in the dictionary entry. It indicates that such a complex emotion
as fear has different meaning aspects often modified by adjectives that cannot
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be simply reduced to a scale or an evaluation. Thus only standard LFs do
not suffice.

Interesse ‘interest’

Magn: hoch ‘strong’, groff ‘strong/big’, stark ‘strong’, massiv “massive’
AntiMagn: gering ‘little’

MagN[invorvement]: lebhaft ‘lively’, rege “active’

MagN[importance): Vital “vital’, elementar ‘fundamental’

Magn(gomain: breit ‘broad’

Ver: echt ‘genuine’, wahr ‘genuine’

belonging or peculiar to a specified person: ureigen ‘own’
contradictory, in disagreement: widerstreitend ‘conflicting’

characterized by a material value: handfest ‘tangible’

For the noun Interesse ‘interest’, about half of the modifiers could be mod-
elled with standard LFs, most of them being an intensifier of some sort.
The non-specified Magn LF describes the intensity of interest as an emotion,
whereas the specified ones refer to the degree of other aspects. For instance,
a vital interest is an essential interest, therefore the degree of importance is
high — hence the specified LF Magn(iyportance]- However, for a number of
meanings no standard LFs could be applied and very specific non-standard
LFs had to be introduced.

Conclusion

This section presented an overview of the Meaning-Text Theory and its key
concepts relevant for modeling the relations between the constituents of AN
phrases. Relying on a selected sample of semantically diverse data, the
applicability of LFs has been empirically investigated.

First of all, the study has shown that the degree of concreteness of the
base noun is important. For the more abstract nouns the collocate can
be successfully modeled in terms of Lexical Functions. Modeling of AN
phrases with concrete nouns by means of standard LFs is challenging. The
suggested non-standard LFs have a huge disadvantage of being extremely
tine-grained. Thus, as Jousse (2007) suggests, a way of generalizing the non-
standard LFs is required.

Secondly, standard LFs require further specifications in many exam-
ples. This approach has been adopted from Mel'¢uk and his colleagues
as presented in the Explanatory Combinatorial Dictionary of Modern Russian
(Mel’¢uk and Zholkovsky, 1984). The assignment of the specifications such
as Magn(,nderstand] OF Magn(4,ops] is an arbitrary decision of the lexicographer
that requires further formalization.
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Finally, even the most abstract nouns have aspects of meaning that are
not reflected in the inventory of standard adjectival LFs. Moreover, the cov-
ered aspects (intensification, objective and subjective evaluation) are seman-
tically very similar to each other and it is not yet clear whether it is feasible
to keep them as separate categories in the classification scheme.

The next section is devoted to the theory of Generative Lexicon as it takes
special interest in the semantics of nouns and in the compositional processes
that are activated when a nominal base is modified.

4.3 The Generative Lexicon

According to the theory of the Generative Lexicon (Pustejovsky, 1991), a lot
of the generative power of natural languages stems from the lexicon. The
assumptions about generativity of lexicon within the framework of the Gen-
erative Lexicon are the following: (1) there is a finite number of meaning
elements that create an infinite number of word senses via specific lexi-
cal mechanisms; (2) syntax and semantics are incorporated in the lexicon
(Pustejovsky and Batiukova, 2019). Thus, the decomposition of meaning is
performed generatively: there is a fixed number of “generative devices that
construct semantic expressions” (Pustejovsky, 1991, p.417).

It is important to keep in mind that “the lexicon is not just verbs” (Puste-
jovsky, 1991, p.410). As this thesis is primarily interested in the semantics
of nominals, this sections turns to the theory of the Generative Lexicon for
possible solutions to the problems reported in the previous section. More
specifically, the unresolved issues are concerned with outlining the essential
aspects of nominal meaning at an optimal level of granularity. Such meaning
aspects should be defined for nouns from different semantic classes: both
concrete and abstract ones.

The Generative Lexicon (GL) distinguishes four aspects of meaning rep-
resentation: Argument Structure, Event Structure, Qualia Structure, Inheri-
tance Structure.

Argument Structure maps a word’s meaning to syntax by specifying the
arguments of a predicate. Basically, this is the information about ‘who does
what to whom with what?” For instance, the verb love requires both a subject
and an object, whereas the verb drink requires only one argument — a subject.

Event Structure represents the temporal and structural aspects of events.
Pustejovsky (1991) distinguishes three types of events in this regard: states,
processes, and transitions.

Qualia Structure. As Pustejovsky (1991) emphasizes, the lexicon does
not amount only to verbs, and it is equally important to consider the seman-
tic structure of their arguments. The aspects that characterize the meaning
of nominals, similarly to the argument structure of verbs, are called in GL
qualia structure and are made up of four qualia roles. Qualia structure will be
discussed in detail in the next subsection (4.3.1).

Inheritance structure represents the relations between lexical structures
globally within the lexicon.
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Based on these levels of representation, it is possible to account for the
flexibility of meaning in different contexts via a set of generative devices.
They include type coercion, selective binding, and co-composition. In type co-
ercion, the type of the argument is changed depending on the function.
Consider the following example:

(15) The children enjoy the ice-cream.

The verb enjoy typically selects events or processes as its arguments, how-
ever, a ice-cream is an artifact. In this case, the verb coerces the noun into a
different semantic type, and thus example (15) can be interpreted as “The
children enjoyed eating the ice-cream". Typical verbs for this coercion type
are aspectual verbs such as begin and finish, as in begin the cake and finish the
coffee that can be interpreted as ‘begin eating/baking a cake’, ‘finish drinking
the coffee” (Pustejovsky and Batiukova, 2019).

The second generative mechanism, selective binding, is best illustrated
with polysemous adjectives: their interpretation is dependent on the inter-
nal semantic structure of the noun they modify (Pustejovsky, 1995). For
example:

(16) a. a fast boat
b. a fast typist

In example (16a), the adjective is used in the sense “moving quickly”,
whereas in example (16b), it does not mean “a typist who moves quickly".
Rather, the adjective refers to the manner of performing an action — typing
— “a typist who can type quickly” (Pustejovsky, 1991, p. 411). Similarly,
evaluative adjectives such as good or bad receive a different interpretation
depending on their head. For instance, a good TV is a TV that it functions
well, whereas in a good meal, the adjective could be equaled to tasty. In all
the above given examples, the modifier selectively binds one of the aspects
of the head, i.e. one of the qualia roles.

Finally, co-composition is the mechanism that is activated when a pred-
icate’s semantic type and the qualia structure of its argument are identical
(Pustejovsky and Batiukova, 2019). In a way, the basic meaning of the pred-
icate is part of the semantics of the argument. Consider the two examples
from (Pustejovsky, 1991):

(17) a. John baked the cake.
b. John baked the potato.

According to GL, in the qualia structure of the noun cake there is a reference
to the verb bake: it is reflected in the AGENTIVE quale that provides informa-
tion about the origin or bringing about of the object. Thus, in example (17a),
the verb bake acquires a creation reading. A potato, on the other hand, is
not an artifact and its internal semantic structure does not have a reference
to being created through any action. In example (17b), the verb bake only
expresses a change of state. In that way, the verb bake is not polysemous,
but rather acquires different interpretation based on its object: its comple-
ment cake specifies its meaning as creation via qualia structure. In the next
subsection, the theory of qualia is presented in detail.
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4.3.1 Qualia Roles

The idea of qualia was inspired by Aristotle’s theory of aitia: to understand a
thing or to have a knowledge about something in this world is only possible
when one grasps the aitia of this thing (Moravcsik, 1991), or, in other words,
its cause. According to Aristotle’s theory, there are four aitiai:

— Material/constituency: a classic example for this aitia is the bronze of a
statue. However, Moravcsik (1991, p.44) notes that Aristotelian notion
of matter is wider than the modern interpretation of the notion mate-
rial. It can also refer to abstract concepts, for instance, premises in an
argument.

— Form: for instance, the shape of a statue.
— Function/goal: for instance, the intended purpose of a statue.

— Efficient cause: for instance, the creator of the statue or the act of
creating a statue.

Similarly to aitiai, qualia structure in GL has four components represent-
ing the fundamental aspects of a word’s meaning. All categories have a
qualia structure, but not all qualia roles are necessarily realized for a give
word (Pustejovsky, 1991). The four qualia roles are the following:

* FORMAL: distinguishes an entity within a larger domain. It may ex-
press properties such as shape, dimensionality, color, position, orienta-
tion, magnitude. It is is defined through the is_a relation: for example,
a knife is a tool.

® CONSTITUTIVE: constitution of an object, the relation between an object
and its parts. It includes properties such as weight, material, parts and
components of an object. For example, handle is a part of a knife.

* AGENTIVE: the origin of an object, including information about the
‘bringing about’, for instance artifact, natural kind, creator, causal
chain. For example, a knife is an artifact.

* TELIC: purpose or use of an object. It expresses the built-in function or
aim. For example, cutting is the purpose of a knife.

Pustejovsky (1995) emphasizes that qualia roles are not simply a num-
ber of features of lexical items. Qualia structure does not just describe the
meaning of a word, it provides information about its use in language and
about semantic constraints applied to a particular lexical unit. The template
of qualia structure and the generative mechanisms such as coercion, selec-
tive binding, and co-composition are means of modeling the meanings of
words. As previously mentioned, all lexical items have a qualia structure,
but not necesserily all four qualia roles are expressed. The FORMAL role is
expressed for any word because any lexical item can be defined in terms
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of 1s_A relation. This role cannot have “none” value or, in other words, be
underspecified.

Compare the qualia structures (QS) of two nouns: knife — an artifact, and
horse — a natural kind noun. F stands for ForRmMAL, C stands for CONSTITUTIVE,
T stands for TELIC, and A stands for AGENTIVE:

knife tree
F = physical_object F = physical_object
C = blade C =roots

Q5 = T = cut Q5 = T = none
A = create A =none

In the case of the noun tree, the FORMAL and CONSTITUTIVE roles are present
in the qualia structure, whereas the AGENTIVE and TELIC roles are under-
specified (Pustejovsky and Batiukova, 2019). This behaviour is typical for
the nouns of natural kind in contrast to artifacts because artifacts are created
and they have a function. This difference is manifested in the combinato-
rial behaviour of artifacts and natural types. For instance, combination with
evaluative adjectives such as good or efficient is more easily interpretable for
artifacts because these adjectives specify the TELIC role: a good knife is a knife
that cuts well. Interpreting a phrase such as a good tree out of context is not
intuitive as it is not clear what aspect of the tree is evaluated because a tree
does not have a TELIC dimension in its qualia structure.

There are also similar combinability patterns that hold true for the nouns
expressing professions: nouns such as doctor or teacher have an inherent
functional dimension, a reference to a typical activity, such as to heal or to
teach. This information is captured in the qualia structure where the TELIC
role is always specified (Lenci et al., 2000):

doctor teacher
F = human_being F = human_being
C =none C =none

QS = T = heal Qs = T = teach
A =none A = none

Thus evaluative adjectives address the TELIC role when combined with
nouns denoting professions: a good teacher is a teacher who is good at
teaching and a good doctor is a doctor who is good at healing.

For the same noun, different adjectives modify various aspects by select-
ing different qualia roles from the noun’s qualia structure. Consider the
example from Pustejovsky (1991):

(18) a. abright bulb
b. an opaque bulb
The two adjectives describe a certain aspect of the noun bulb: bright in ex-
ample (18a) refers to a qualia-derived event addressing its TELIC role - illu-

mination. The second adjective refers to the FORMAL role of the noun (Puste-
jovsky, 1991).
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Extended Qualia in the SIMPLE model

Pustejovsky (1991) emphasizes that the theory of Generative Lexicon can
be used not only in theoretical linguistics, but in computational linguis-
tics as well. A GL-based framework has been implemented in a large-scale
project in computational lexical semantics SIMPLE (Semantic Information
for Multipurpose PLurilingual Lexica) (Bel et al., 2000). It comprises se-
mantic lexicons for twelve languages and provides a model that encodes
uniform and consistent semantic types, relations between semantic units,
semantic features, and domain features (Lenci et al., 2000).

The fundamental aspects of meaning are represented in SIMPLE in terms
of the extended qualia roles as relations that hold between semantic units
(Ruimy et al., 2001). For instance, the FORMAL role as the relation is_a and
CONSTITUTIVE role as the relation is_a_part or has_a_part. For each of the
four qualia a subset of relations has been specified which offers a more fine-
grained approach to a word’s meaning. Consider the examples from Lenci
et al. (2000):

(19) a. an old swimmer
b. an old fish

There are two possible interpretations of sentence (19a): (1) a person who is
old and who swims; (2) a person who has been swimming for a long time.
In contrast, example (19b) can have only one interpretation: a fish which is
old. The two nouns thus exhibit a different linguistic behaviour.

As discussed above, the nouns denoting professions and activities have
an inherent TELIC role that is expressed as the function of the person. In the
case of swimmer, the function is to swim which makes the second interpreta-
tion plausible. Thus, in old swimmer, the adjective either selects the FORMAL
or the TELIC role in the qualia structure of the noun. In the SIMPLE model,
the TELIC for the noun swimmer is expressed as the relation Is_the_activity_of:
to swim is the activity of swimmer. Note that swimming is also a typical
activity of a fish. However, the noun fish exhibits a different linguistic be-
haviour: there is only one interpretation for example (19b). It suggests that
the swimming activity for a fish belongs to a different qualia aspect as it is
obviously not within the TELIC dimension. The activity of swimming rather
has to do with the way a fish is built and thus with its constitution (Lenci
et al., 2000). This information is encoded in SIMPLE in the CONSTITUTIVE
quale as the relation Constitutive_activity.

(20) fish
F: Isa(animal)
C: Constitutive_activity (swim)

swimmer
F = Isa(person)
T = Is_the_activity_of (swim)
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| Formal |  Constitutive | Agentive \ Telic
Isa Has_as_member Result_of Purpose
Antonym Has_as_part Agentive_prog Object_of _the_activity
Location Artifactual_agentive Is_the_activity_of
Property Agentive_cause Instrumental
Instrument Agentive_experience Is_the_ability_of
Relates Caused_by Is_the_habit_of
Resulting_state Source Used_for
Is_a_follower_of Derived_from Used_by
Made_of Created_by Used_against
Is_in Used_as
Lives_in
Constitutive_activity
Produces

Produced_by
Property_of
Concerns
Contains
Quantifies
Measured_by
Related_to
Successor_of
Has_as_effect
Typical_of
Causes

TaBLE 4.2: Qualia relations used in the SIMPLE model (Lenci
et al., 2000)

The difference between the two nouns as encoded in SIMPLE in terms of
qualia roles is shown in example (20). Table 4.2 lists all the relations adopted
in SIMPLE that represent the extended qualia structure.

Depending on the semantic type of the noun, the interpretation of qualia
roles may differ. Ruimy et al. (2001) provide an overview of qualia shifts for
nouns of types human and abstract:

qualia human abstract

CONSTITUTIVE membership  connotation, domain

AGENTIVE kind of agent social and conventional source
TELIC social roles frequently underspecified function

Moreover, Ruimy et al. (2001) emphasize that specifying the qualia structure
of non-concrete nouns poses a challenge.

Qualia for abstract nouns

An observation similar to that made in Ruimy et al. (2001) is also found
in Warren (2003): namely, that qualia roles reflect the semantics of first-
order entities, but can only indirectly be applied to non-concrete nouns or,
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following the terminology adopted from Lyons (1977), second-, and third-
order entities. Consider the definitions of the three categories given in Lyons
(1977, pp.442-447):

* First-order entities: physical objects (persons, animals, things). “They
are relatively constant as to their perceptual properties; they are lo-
cated in a three-dimensional space; they are publicly observable"

* Second-order entities: “events, processes, states-of-affairs, etc., which
are located in time” and which “are said to occur or to take place rather
than to exist."

* Third-order entities: “abstract entities such as propositions which are
outside space and time".

Indeed, the examples given in most works concerned with the qualia struc-
ture belong to the category of first-order entities. In order to fill that gap,
Ruimy et al. (2001) investigated the qualia structure of nouns that belong to
the following semantic types: abstract entities such as spring, medicine, char-
ity; properties such as intelligence, power, color, shape; representations such as
language, number. The analysis shows that the meaning of such non-concrete
nouns is in general more complex than that of the concrete ones, but, at the
same time, there is little information about their semantics. Modeling their
meaning poses a challenge for the theory of GL, but it proved to be feasible.
Ruimy et al. (2001)’s work on normalizing the meaning of abstract entities
provides a number of qualia relations presented in Table 4.3. Apart from
relations, there is a number of features that are expressed in terms of “yes”,
“no”, and “underspecified” values. For instance, for the noun season, the
value of the feature iterative is “yes". The authors point out that many of
the introduced relations are more general than the ones for concrete nouns.
However, they come to the conclusion that qualia roles are adequate means
of representing the semantics of abstract entities. Moreover, qualia roles can
be successfully applied in the task of specifying the genus term to abstract
entities. For instance, it is very hard to find a genus term for such nouns as
aim, origin, and part, but they are basically instantiations of qualia roles: aim
for TELIC, origin for AGENTIVE, part for CONSTITUTIVE (Ruimy et al., 2001).
As discussed previously, abstract nouns tend to form more collocations
than concrete ones and, and thus the findings by Ruimy et al. (2001) are
promising. However, the question still remains open whether qualia roles
can be implemented to describe the relations in collocations at an optimal
level of granularity. The next subsection presents an empirical study where
this issue is investigated in detail in the same fashion as in section 4.2.2.

4.3.2 Case study: Qualia Roles

The idea of relying on qualia structure to determine semantic relations be-
tween the constituents of multi-word expressions is not new. This approach
has been explored in research on nominal compounds, more specifically,
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| Quale | Relations (1) and features (f) |

r: concerns, has_as_member, is_in, has_as_part,
is_a_part_of, measured_by, property_of, quantifies,
related_to, successor_of
CONSTITUTIVE
f: connotation (pos, neg, underspec),
dimension (1, 2, 3), iterative (yes, no, underspec),
scalar (yes, no), punctual (yes, no, underspec)
AGENTIVE r: agentive, result_of, source

TELIC r: telic, indirect_telic, direct_telic, used_by, used_for

TABLE 4.3: Qualia relations and features for non-concrete
nouns from Ruimy et al. (2001, pp. 360-361).

in classifying the relations that hold between the head and its modifier in
a compound. Sorokin et al. (2015) present a hybrid annotation scheme to
model such relations in compounds. The scheme combines paraphrases
with prepositions with semantic properties inspired by qualia roles. The
coarse-grained qualia roles are further differentiated into more specific re-
lations. For instance, the CONSTITUTIVE role is represented by following
properties (Sorokin et al., 2015):

e component as in Chlorwasser ‘chlorine water’
e ingredient as in Gurkensalat ‘cucumber salad’

e material as in Holzhaus ‘wooden house’

part as in Siegelring ‘seal ring’

e part~! asin Kinderhand ‘child’s hand’

The results of the IAA study indicate that their approach is reliable with
the Kappa score (Cohen, 1960) of 0.74. However, Sorokin et al. (2015) study
only German compounds with concrete nouns as their head. Therefore, it
remains unclear whether the same approach would work for a more seman-
tically diverse sample of data including abstract nouns. Moreover, relations
in nominal compounds are different from those in adjective-noun phrases
with qualitative adjectives: in noun-noun compounds, the relationship is be-
tween two objects, while a qualitative adjective describes a property of the
noun it modifies.

This subsection presents a case study on modeling the previously de-
scribed sample of adjective-noun phrases (section 4.1) using qualia roles. In
order to facilitate the modeling, the more specific qualia relations proposed
in Lenci et al. (2000) (table 4.2), Ruimy et al. (2001) (table 4.3), and in Sorokin
et al. (2015) and those mentioned in the definitions of each role will be
utilized when applicable. If the specifications belong to the same qualia di-
mension, they will be listed for it in round brackets and separated from each
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qualia dimension qualia specifications adjectives referring to shape adjectives referring to color

“\ /}\ /A\

( \ \ \
( |

| |
FORMAL (shape; color): round, square; blue, red

FIGURE 4.2: Notation used in this chapter for modeling adjecti-
val collocates with qualia roles and their specifications.

other by a semicolon. The corresponding adjectives will also be separated
by a semicolon (see figure 4.2 for illustration).

The collocates that could not be assigned to a qualia role are defined in
the same manner as in the previous case study in section 4.2.2.

Schokolade ‘chocolate’

FORMAL (is_a; taste; consistency): schwarz ‘dark’, dumnkel ‘dark’, weifs
‘white’, heifs "hot’, fliissig ‘liquid’; siif§ ‘sweet’; knackig ‘crunchy’

of high quality: edel ‘premium, fine’, hochwertig ‘of high quality”
having a pleasant taste: lecker ‘tasty’

high in price: teuer ‘expensive’

Schuh ‘shoe’

FORMAL (is_a; color; shape): hochhackig "high-heeled’, flach ‘flat’; spitz
‘pointy’

CONSTITUTIVE (material; has_as_color): seiden ‘silk’; braun ‘brown’,
schwarz ‘black’, rot ‘red’, weifs “white’, rosa “pink’, blau ‘blue’

TELIC: bequem ‘comfortable’

soiled: schmutzig ‘dirty’

covered or soaked with a liquid: naf§ ‘wet’

high in price: teuer ‘expensive’

refined and tasteful in style: elegant ‘elegant’

Many of the co-occurrences with chocolate denote a type of chocolate, i.e. the
modifier does not refer to a particular property of chocolate, but rather dis-
tinguishes it within the domain of different kinds of solid chocolate. Thus,
these phrases are in an is_as relation to chocolate. However, these modifiers
could also be interpreted as referring to the CONSTITUTIVE role as they indi-
cate what ingredients the chocolate has: white chocolate is made of cocoa but-
ter, milk, and sugar, whereas dark chocolate contains cocoa solids and cocoa
butter and no milk. As the second interpretation is less straightforward than
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the first one, these phrases have been assigned to the FORMAL role. Apart
from that, there are two other specifications of the FORMAL dimension: taste
and consistency that distinguish chocolate within the domain.

In the same manner, two collocates of the noun shoe have been assigned
to the specification is_a of the qualia role FORMAL. Both flat and high-heeled
distinguish the corresponding types of shoes within the domain shoes.

A few rather abstract modifiers of both Schokolade and Schuh could not
be assigned to any qualia dimension.

Fels “cliff’

FORMAL (surface; shape and surface, ?): glatt ‘smooth’; schroff ‘craggy’;
steil ‘steep’, hart ‘hard’

CONSTITUTIVE (has_as_part; has_as_color): nackt ‘bare’, blank ‘bare’;
schwarz ‘black’, rotlich ‘reddish’, grau ‘grey’

covered or soaked with a liquid: naf§ ‘wet’

For the noun Fels, some specifications could not be made at this stage. In
such cases, the adjectives are grouped together and the specification is ex-
pressed as a question mark.

Hund ‘dog’

FORMAL (size; appearance; age): riesig ‘huge’, klein ‘small’; dick ‘fat’; jung
‘young’

pitiful: arm “poor’
evoking a pleasant feeling: siiff ‘sweet’, niedlich ‘cute’

having certain character, temper: scharf ‘vicious’, bissig ‘biting’,
treu ‘loyal’, aggressiv ‘agressive’

(un)intelligent: klug ‘smart’, dumm ‘stupid’

infected with rabies: tollwiitig ‘rabid’

Although the noun Hund ‘dog’ is very concrete, it is a living being and has
abstract semantic components such as character and intelligence. A dog is
capable of causing emotions (arm ‘poor’) and can be described in terms of
a subjective evaluation (siiff ‘sweet’). It is unclear, which qualia dimensions
can accommodate those meanings.
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Wald ‘forest’

FORMAL (is_a; size): immergriin ‘evergreen’; riesig ‘huge’, endlos ‘end-
less’

CONSTITUTIVE (location): tief ‘deep’, nah ‘close’

CONSTITUTIVE/FORMAL (has_as_part/is_a): licht ‘sparse’, dicht ‘dense’,
feucht ‘humid’, trocken ‘dry’

in a natural state: wild ‘wild’, unberiihrt “untouched’

characterized by grandeur: herrlich ‘magnificent’

Relying on the qualia relations listed in table 4.2, some adjectives have been
classified as referring to the CONSTITUTIVE role of the noun forest. The ad-
jective tief ‘deep” indeed points at a location in the forest, thus, in a way,
it reflects the relation between a forest and its parts, in this case a loca-
tion within a forest. The interpretation of the adjectives licht and dicht is
less straightforward. For lichter forest, possible interpretation is consisting of
scattered elements, thus the adjective licht selects the cONSTITUTIVE role. How-
ever, based on the definition of the FORMAL role in Pustejovsky (1991) (see
section 4.3.1) , the adjective may as well be assigned to the FORMAL role, as
it distinguishes a sparse forest from a thick forest.

Baum “tree’

FORMAL (is_a; size; height; age; ?): immergriin ‘evergreen’; miichtig
‘mighty, massive’, riesig ‘huge’; hoch high’; alt “old’, jung ‘young’; tot
‘dead’, krank sick’, gesund ‘healthy’

CONSTITUTIVE (has_as_part): kahl ‘leafless’

distinguished by special consecration: heilig ‘sacred’

Bein ‘leg’

FORMAL (appearance; length; ?): staksig ‘spindly’, dick ‘fat’, schlank ‘slim’,
diinn ‘thin’; kurz ‘short’, lang ‘long’; gesund ‘healthy’, wacklig ‘shaky’,
stimmig ‘sturdy’, schwach “weak’

in need of rest, without energy: miide ‘tired’, schwer ‘heavy’

completely unclothed: nackt ‘naked’

Most of the collocates of the nouns Baum ‘tree’ and Bein ‘leg’ belong to the
FORMAL qualia dimension. A number of adjectives could not be assigned
to specifications of the FORMAL role. For some, no qualia dimension was
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found fitting. For instance, schwer(e) Bein(e) ‘heavy leg(s)” could not be ac-
commodated by any qualia roles. It might be interpreted as belonging to the
TELIC dimension - heavy is synonymous to tired in this case. The tired state
is the result of some activity_of legs, which is a TELIC relation in the SIMPLE
framework (Lenci et al., 2000).

Regen ‘rain’

FORMAL (size (of drops); temperature): fein ‘fine’; warm ‘warm’, kalt ‘cold’,
kiihl “cool’

FORMAL/CONSTITUTIVE (is_a/part_of): sauer ‘acid’, spirlich ‘sparse’

CONSTITUTIVE (degree;): sintflutartig ‘torrential’, stark ‘heavy’, kriftig
‘heavy’, heftig ‘heavy’, leicht ‘light’

flowing strongly and in large quantities: stromend ‘pouring’

tiresomely long, without a foreseeable end: ewig ‘endless’, end-
los ‘endless’

The phrase saurer Regen ‘acid rain’ has two possible interpretations:(1) acid
rain is a type of rain/precipitation — FORMAL role; (2) acid is a part of rain —
CONSTITUTIVE role.

There is no explicit qualia relation or specification for the meaning of
degree or intensification. The semantically closest relation from the inven-
tory of the extended qualia roles (Lenci et al., 2000) is the relation quantifies
the belongs to the cONsSTITUTIVE role. In the SIMPLE ontology, this rela-
tion is used, for instance, in the entry of the word grado ‘level: “quantifies
(<grado_1>, <Usem>:[Entity]) //except for concrete entities//". Another
possible interpretation is listing degree under the property relation, analo-
gously to has_as_color — has_as_degree, which is also a specification of the
CONSTITUTIVE role. Therefore, here and further, this relation will be listed as
an extension of the CONSTITUTIVE role.

Freund “friend’

TELIC (for a certain amount of time): alt ‘old’, lebenslang ‘lifelong’,
langjihrig ‘longtime’, neu ‘new’

TELIC (which you can(not) rely on): wahr ‘true’, echt ‘real’, falsch
‘fake’, treu ‘faithful’, verlisslich ‘reliable’

TELIC (intimate, dear): eng ‘close’, dick ‘close’, nah ‘close’, gut ‘good’
having great influence: miichtig ‘powerful’

possessing material wealth: reich ‘rich’

According to Pustejovsky and Batiukova (2019, p.369), the adjective old in
combination with the noun friend addresses either the FORMAL — the age of
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the friend, or the TELIC role — the duration of friendship. In the same man-
ner, the other groups of adjectives (except midchtig and reich) do not describe
the referent of friend, but rather friendship. Therefore, they are assigned to
the TELIC dimension of friend. A further specification is, however, needed,
as the three groups are semantically different. Since none of the available
qualia extensions cover the three required meanings, definitions are pro-
vided instead.

Winter ‘winter’

FORMAL (temperature; ?): streng ‘severe’, bitterkalt ‘bitter cold’, eiskalt
“ice cold’, warm ‘warm’, kalt ‘cold’, kiihl ‘cool’; feucht “humid’, trocken
Idryl

difficult/easy to bear: hart ‘harsh’, mild ‘mild’
in the middle of (winter): tief ‘deep’

causing sad feelings: trist ‘dull, depressing’
previous: letzt ‘last’

long, without a foreseeable end: lang ‘long’, ewig ‘endless’

Droge ‘drug’

FORMAL (is_a): hart ‘hard’, weich ‘soft’, leicht ‘soft’, sanft ‘soft’, fliissig
‘liquid’
AGENTIVE (origin): korpereigen ‘endogenous’

CONSTITUTIVE (causes) : gefihrlich ‘dangerous’, schidlich ‘harmful’,
harmlos “harmless’, todlich ‘lethal’

(not) allowed by official rules: legal ‘legal’, illegal ‘illegal’

low in price: billig ‘cheap’

Half of the listed collocates of Winter ‘winter’ could be assigned to qualia
dimensions. A few pairs with Droge denote a subgroup of drugs and were,
therefore, assigned to the FORMAL role. A drug has either a natural or an
artificial origin, therefore, its AGENTIVE dimension can be targeted. Apart
from that, a drug has an effect which according to the SIMPLE model (Lenci
et al., 2000) belongs to the CONSTITUTIVE qualia dimension.
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Team ‘team’

FORMAL (size; age): klein ‘small’; neu ‘new’
TELIC (function): stark ‘strong’, schlagkriftig “powerful’, schwach ‘weak’
CONSTITUTIVE (has_as_members): homogen ‘homogenous’

CONSTITUTIVE (has_as_members ( FORMAL (age; nationality)): jung
‘young’; spanisch ‘Spanish’, deutsch ‘German’

experienced through a lot of training together: -eingespielt ‘co-
ordinated, experienced’

having knowledge or skill: erfahren ‘experienced’
constituting all of its members: komplett ‘entire’

evaluating in a positive manner: toll ‘excellent’, gut ‘good’

A team is a group people who work on some task together, therefore, the
performance of a team is its function which belongs to the TELIC qualia di-
mension. Members of a team belong to its CONSTITUTIVE dimension, but
their characteristics such as age — to the FORMAL dimension of each mem-
ber. In a way, the FORMAL qualia is embedded into the CONSTITUTIVE one.
It has not been reported before whether it is possible to embed one qualia

dimension into another.

Kurve ‘curve’

FORMAL (shape): scharf ‘sharp’, sanft ‘gentle’, steil ‘steep’, eng ‘narrow’,
weich ‘gentle’, zackig ‘jagged’, konvex ‘convex’

CONSTITUTIVE (has_as_color): blau ‘blue’

Objekt “object’

CONSTITUTIVE (?): zahlreich ‘numerous’
TELIC (purpose; ?): dekorativ ‘decorative’; wertvoll “valuable’

FORMAL (is_a; size; brightness): dreidimensional ‘three-dimensional’; kom-
pakt ‘compact’; hell ‘bright’, obskur ‘obscure’

arousing or holding someone’s attention: interessant ‘interesting’
high in price: teuer ‘expensive’

distinguished by special consecration: sakral ‘sacred’

of high quality: hochwertig ‘of high quality’

located far away, remote: entfernt ‘distant’
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Geruch ‘smell’

FORMAL: modrig ‘musty’, muffig ‘musty’, brenzlig ‘burnt’, ranzig ‘rotten’
CONSTITUTIVE (degree): streng ‘strong’, intensiv ‘intense’

strong and sharp: beiflend ‘acrid’, stechend ‘pungent’, penetrant ‘pun-
gent’

evaluating in a negative/positive manner: unangenehm ‘unpleas-
ant’, iibel ‘foul’, widerlich ‘disgusting’, ekelhaft ‘disgusting’, siif$ ‘sweet’

The three nouns Kurve ‘curve’, Objekt ‘object’, and Geruch ‘smell” have var-
ious qualia dimensions selected by several adjectival collocates: FORMAL,
CONSTITUTIVE, and TELIC. A number of collocates were not accommodated
by any qualia role.

s N

Preis ‘price’

CONSTITUTIVE (degree): hoch ‘high’, horrend ‘horrendous’, stolz ‘stift’,
niedrig ‘low’, erschwinglich ‘atfordable’, verniinftig ‘reasonable’, moderat
‘moderate’, tief ‘low’, riickliufig ‘descreasing’

that does not change often: fest ‘fixed’, stabil ‘stable’, konstant "kon-
stant’

positive evaluation: foll ‘great’, attraktiv ‘attractive’

existing in the present time: heutig ‘of today’

Strafe ‘punishment’

CONSTITUTIVE (degree): drakonisch ‘draconian’, unmenschlich ‘inhu-
mane’, scharf ‘harsh’, streng ‘strict’, hart ‘harsh’ , empfindlich ‘se-
vere’saftig ‘stift’, deftig ‘severe’, hoch ‘high’, schwer “heavy’, schlimm ‘se-
vere’, niedrig ‘low’, mild ‘mild’

TELIC : symbolisch ‘symbolic’

of long duration : lebenslang ‘lifelong’

Anzahl ‘amount’

CONSTITUTIVE (degree): stattlich ‘stately’, grofs ‘large’, hoch ‘high’, schier
‘sheer’, betrichtlich ‘large’, riesig ‘huge’, erklecklich ‘considerable’, be-
deutend ‘substantial’, bescheiden ‘modest’, gering ‘small’, klein ‘small’,
iiberschaubar “‘manageable’
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As discussed in section 4.2.2, the nouns price, amount, and punishment are
mostly described in terms of their degree. All the corresponding collocates
have been thus assigned to the CONSTITUTIVE role with the relation degree.

Thema ‘issue/topic’

important: groff ‘big/major’, heiff ‘hot’, beherrschend ‘dominant’,
wichtig ‘important’, zentral ‘central’

urgent: dringend “pressing’, brennend ‘urgent’

unpleasant: unbequem ‘uncomfortable’, leidig ‘vexed’, heikel ‘delicate’,
sensibel ‘sensitive’, brisant ‘controversial’

very complex: sperrig ‘unwieldy’

of long duration: ewig ‘eternal’

existing in the present time: aktuell ‘current’

arousing or holding someone’s attention: interessant ‘interesting’

restricted to a particular locality or neighborhood: lokal ‘lo-
cal’

Ahnlichkeit ‘similarity’

FORMAL (is_a): duflerlich ‘external’

CONSTITUTIVE (degree): grof§ ‘strong’, stark ‘strong’, unheimlich “un-
canny’, leise ‘slight’

causing surprise: frappierend ‘striking’, frappant ‘striking’, erstaunlich
‘surprising’

in an accurate manner: exakt ‘precise’

in an accurate manner + Anti: vage ‘vague’
determined at random: beliebig ‘arbitrary’
that changes often: variabel ‘variable’

lasting for a short time: fliichtig ‘fleeting’
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Ziel ‘goal’

CONSTITUTIVE (degree): ober ‘ultimate’, grofs ‘great’

that can be achieved with a lot of ambition: hochgesteckt ‘ambi-
tious’, hoch "high’, ehrgeizig ‘ambitious’

chosen by someone themselves: selbstgesteckt ‘self-imposed’
accurately stated or described: klar ‘clear’
characterized by determination: fest ‘firm’

of foremost importance or value: primir ‘primary’

serving as an essential component: zentral ‘central’, wichtig ‘im-
portant’

extending over a certain period: langfristig ‘long-term’, kurzfristig
‘short-term’

sublime, awe-inspiring: hehr ‘noble’

pursued by two or more persons: gemeinsam ‘joint’

Angst ‘fear’

CONSTITUTIVE (degree): grofS ‘strong/big’, tief ‘deep’, hollisch “hellish’,
furchtbar ‘tremendous’

nothing but: nackt ‘pure’, pur ‘pure’, blank ‘sheer’
of long duration: ewig ‘eternal’

of long duration + uninterrupted in time: stindig ‘constant’, stet ‘con-
stant’

such that its reason is not clear: diffus ‘vague’, dumpf ‘vague’

increased to abnormal: krankhaft ‘pathological’
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Interesse ‘interest’

CONSTITUTIVE (degree): hoch ‘strong’, grof8 ‘strong/big’, stark ‘strong’,
massiv ‘massive’, gering ‘little’

lively: lebhaft ‘lively’, rege ‘active’

vital: vital ‘vital’, elementar ‘fundamental’

broad: breit ‘broad’

genuine: echt ‘genuine’, wahr ‘genuine’

belonging or peculiar to a specified person: ureigen ‘own’
contradictory, in disagreement: widerstreitend ‘conflicting’

characterized by a material value: handfest ‘tangible’

The abstract nouns issue/topic, resemblance, goal, fear and punishment could
not be successfully modeled with the qualia roles. Only the relation degree,
the extension of the CONSTITUTIVE role could be applied. Other meanings
have not been assigned to any qualia roles as it is not clear which dimensions
they belong to. Consider the AN phrase unbequemes Thema “uncomfortable
issue/topic”: the interpretation of this expression is an issue that people feel
uncomfortable to discuss or to deal with. Basically, in this case, Thema is an
abstract entity that causes discomfort. Sorokin et al. (2015) do not introduce
new relations for such cases, but instead use the already existing ones and
just mark the direction of the relation. For instance:

(21) a. AGENTIVE (cause): Vulkaninsel ‘volcanic island” — the modifier
Vulkan ‘volcano’ is the cause of Insel ‘island’

b. AGENTIVE (cause~!): Regenwolke ‘rain cloud’ — the head Wolke
‘cloud’ is the cause of Regen ‘rain’

Thus, the relation cause™! belonging to the AGENTIVE qualia dimension is
a possible relation for expressions such as uncomfortable issue. Similarly, the
adjective in the phrases frappierende / frappante Ahnlichkeit ‘striking similarity’
expresses the caused effect of the base noun: similarity that causes surprise
or amazement.

Conclusion

Coverage. The case study supports the hypothesis that the qualia roles
are well-suited for modeling the semantics of concrete nouns. It shows that
there is a noticeable tendency for adjectives in AN combinations to select
either the FORMAL or the CONSTITUTIVE dimension of concrete nouns. There
are also a few examples assigned to the TELIC role, whereas the AGENTIVE
dimension has only been selected once. The AGENTIVE role encodes the in-
formation about the origin of an entity. Its absence in the modeling of the
sample might indicate that this information is rarely expressed by descrip-
tive adjectives. The semantic structure of abstract nouns, or in Lyons (1977)’s
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terminology, second- and third-order entities, is not completely captured by
the available qualia roles or by their extended version. It is at least true for
the aspects of nominal meaning that are typically described by adjectives.
Most of the extended qualia roles suggested in Lenci et al. (2000) and Ruimy
et al. (2001) are listed under the consTITUTIVE role. The possible solution
would be to add new relations to that dimension. However, it is not yet clear
whether the aspects of meaning such as degree, or, say, manner belong to the
CONSTITUTIVE dimension of abstract entities or any other qualia dimension
at all.

Granularity. In contrast to the fine-grained Lexical Functions, the qualia
roles are very general. The resulting modeling based only on the qualia
dimensions is thus very coarse-grained and further refinements for each
role are required. A more specific classification should be similar to the
annotation scheme for the relations in nominal compounds described in
Sorokin et al. (2015), but tailored for adjective-noun phrases.

4.4 Frame Semantics

The main idea of Frame Semantics is that word meanings are defined against
background knowledge about situations in the real world (Fillmore, 1982).
The reason for words to exist is grounded in human experiences and institu-
tions. For instance, the existence of lexical units denoting days of the week
and other temporal markers is motivated by understanding that there is a
natural cycle of one day starting and ending, there is a commonly accepted
concept of a week that consists of seven days, and the tradition to work on
some days and rest on others — a weekend (Fillmore, 1985). In a similar man-
ner, words like novel, monograph, and limerick exist to refer to texts and imply
understanding a situation where a TexT is created by an AUTHOR and has a
Toric.

Frames are a way of describing such situations in a structured way. Fill-
more (1982, p.119) defines frames as “systems of categories structured in
accordance with some motivating context". Words associated with certain
situations or scenes evoke the corresponding frames with all the other con-
cepts that belong to that frame. In this manner, the noun limerick evokes the
frame “Text” presented in Figure 4.3.11

Other lexical items that evoke the frame “Text” are brochure, diary, essay,
fiction, manuscript, etc. Think of how L2 learners are usually taught vocab-
ulary: the words they learn in one or several consequent lessons usually
belong to the same domain, they are not random. Such word groups are
held together by the underlying frameworks of knowledge (Fillmore, 1985).

Based on the theory of Frame Semantics, a large lexical database for
English has been developed at the International Computer Science Institute
in Berkeley, California. Inspired by the Princeton WordNet (Fellbaum, 1998),
it was named FrameNet (Fillmore et al., 2003). FrameNet describes meanings

11ht‘cps ://framenet.icsi.berkeley.edu/fnReports/data/frameIndex.xml?frame=
Text, last accessed on 07.10.2022
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Frame “Text"

Definition: A Text is an entity that contains linguistic, symbolic information
on a Topic, created by an Author at the Time_of_creation. It may be a physical
entity that is made of a certain Material etc. It may be constructed for a Ben-
eficiary.

Core FEs:
e Text - The Text is the entity that contains linguistic information. This
an incorporated FE for each LU in this frame.
Non-Core:

¢ Author - The Author is the person who produced a particular Text.
¢ Beneficiary - The person for whom the Text is produced.

¢ Containing text - This is a text in which the Text is located.

* Descriptor - A characteristic of the Text

¢ Genre - The Genre or sub-Genre of the Text.

* Material - What a Text is made of (if applicable).

* Medium - The Medium is the language in which a text is composed,
or the physical medium (radio, ink) in which it is distributed.

* Place - The region where the Text is sold, circulated, or otherwise pop-
ular.

* Subpart - The smaller texts that make up the Text.

e Time_of_creation - The Time at which the Text was created.
e Title - The Title of a Text.

* Topic - Topic is what the Text is about.

¢ Use - The use for which the text was produced; its purpose.

LUs: account.n, article.n, autobiography.n, ballad.n, benediction.n, biography.n, book.n,
booklet.n, brochure.n, bulletin.n, chronicle.n, comedy.n, diary.n, drama.n, edition.n, edito-
rial.n, elegy.n, epic.a, epic.n, epigram.n, epilogue.n, epistle.n, essay.n, eulogy.n, exemplum.n,
fable.n, fanzine.n, festschrift.n, fiction.n, grimoire.n, hagiography.n, haiku.n, handbook.n,
hardback.n, history.n, imprecation.n, issue.n, journal.n, lay.n, letter.n, life.n, limerick.n,
list.n, literature.n, lyric.n, mag.n, magazine.n, manual.n, manuscript.n, material.n, medi-
tation.n, memoir.n, missive.n, monogmph.n, mystery.n, newspaper.n, novel.n, novelette.n,
novella.n, obituary.n, ode.n, pamphlet.n, paper [article].n, paper [newspaper].n, paperback.n,
periodical.n, poem.n, poetry.n, publication.n, record.n, report.n, rhyme.n, saga.n, screen-
play.n, script.n, sermon.n, song.n, sonnet.n, speech.n, spellbook.n, tetralogy.n, textbook.n,
thriller.n, tome.n, tract.n, tractate.n, tragedy.n, treatise.n, trilogy.n, volume.n, whodunit.n,
writings.n

FiGure 4.3: Frame “Text": Definition, Frame Elements and
evoking Lexical Units as listed in the Berkeley FrameNet.
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of words in terms of semantic frames reflecting the words’ semantic and
syntactic valences. A sense of a word is represented in FrameNet as a lexical
unit (LU). A semantic frame is a structured description of a situation or event
evoked by an LU. The main building blocks of the frames are semantic roles
called Frame Elements. FrameNet contains manual annotations of more than
13,000 word senses in context (>200,000 sentences) with respect to the frames
they evoke (1,224 frames). Table 4.4 presents the number of LUs available in
FrameNet at the moment.!2

| LUs | amount in FN |
Nouns 5,575
Verbs 5,214

Adjectives | 2,407
Other POS | 490

| Total | 13,686

TaBLE 4.4: Statistics for the Berkeley FrameNet: number of
Lexical Units by their part-of-speech.

As illustrated in Figure 4.3, a frame entry in FrameNet contains the follow-
ing information:

¢ the definition of the frame;

¢ the list of Frame Elements (FEs) with definitions and example sen-
tences;

e the list of all the LUs that evoke that frame.

The highlighted words in the definition are Frame Elements (FEs). For many
FEs, apart from a definition, one or few example sentences are listed. For
instance, the FE GENRE in the frame “Text” is exemplified by the following
sentences:

(22) a. She writes only historical| g, fiction ey -

b. I've got three comedicc,,,) screenplays;,,;) on my desk right
now!

Apart from that, for each frame, relations to other frames are listed. All
the possible relations are listed leaving some fields left underspecified if
they cannot be applied. For the frame “Text”, the frame-frame relations are
as follows:

Inherits from: Artifact

Is Inherited by: Documents, Records

12https://framene’c.icsi.berkeley.edu/fndrupal/current,status, last accessed on
09.10.2022
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Perspective on:
Is Perspectivized in:
Uses: Text_creation

Is Used by: Law, Medium, Reference_text, Topic

Subframe of:
Has Subframe(s):
Precedes:

Is Preceded by:
Is Inchoative of:
Is Causative of:

See also:

The interest of this thesis lies in describing nominal meaning in terms of
properties that are selected by adjectives. There are two possible approaches
as to how FrameNet can be used for this purpose: to consider frames evoked
by nominal bases or the ones evoked by adjectival collocates. Depending on
the approach, different information from FrameNet would be used.

Noun. Starting with the noun as the evoking element is an intuitive
approach as the noun is the base of co-occurrence both syntactically and
semantically, and the collocate is contingent on the noun. In this approach,
the relevant information is available in the structure of each frame, namely,
in the Frame Elements. For instance, in the AN phrase old friend, the noun
friend evokes the frame “Personal relationship".!®> To describe the relation
between the noun and its collocate, one needs to select the suitable Frame
Element from the list of Frame Elements available within the frame. In this
case, it is the FE DURATION referring to the duration of friendship.

Adjective. Starting with the dependent collocate is less intuitive, but
also possible within Frame Semantics as adjectives are capable of evoking
frames as well. This is a one-step approach where Frame Elements are of
no importance - it is only the title of the evoked frame that provides the
required information. Frame Elements cannot be taken into consideration
in this approach because in an adjectival frame, the noun is an entity that is
being modified and that is the only information that will be reflected in a
frame’s structure.

For instance, given the phrase old friend, one would search for the frame
evoked by the adjective old. Already at this stage, a first challenge occurs:
the LU old in the sense “long-time” is not present in FrameNet. This can be
resolved by searching for a synonym such as long-time, lasting or just long.

I3All the frames mentioned in this section are listed in alphabetic order in Appendix F.
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The last two adjectives are indeed present in FrameNet and evoke the frame
“Duration description” (presented in Figure 4.4).

Frame “Duration description"

Definition: An event or state (here termed an Eventuality) or time-Period
is described in terms of the Degree to which its duration diverges from a
standard. As is usual for gradable attributes, the standard of comparison is
normally based on the expected duration for the type of Eventuality or Pe-
riod.

Core FEs:
¢ Eventuality - A situation, action or event whose duration is being de-
scribed. The Eventuality occurs as the External Argument if the ad-
jective is used predicatively, or as the modified noun if the adjective is
used attributively.

* Period - Sometimes these adjectives describe simply a period of time,
rather than an event or state. The Period almost invariably occurs as
the modified noun with an attributive adjective.

Non-Core:

¢ Degree - Degree to which event occurs.

LUs: abiding.a, brief.a, chronic.a, enduring.a, ephemeral.a, eternal.a, extended.a, interim.a,
lasting.a, lengthy.a, long.a, momentary.a, perpetual.a, persistent.a, rapid.a, short.a, sus-
tained.a

FIGURE 4.4: Frame “Duration description": Definition, Frame
Elements and evoking LUs as listed in the Berkeley FrameNet.

The name and the definition of this frame tell us that the adjective old ex-
presses the duration of the friendship. What about the Frame Elements avail-
able for this frame? To describe the relation between the two constituents
of the phrase old friend from the point of view of the adjective, only the
FE EVENTUALITY can be applied which does not provide any new seman-
tic information apart from generalizing from friendship to eventuality. Thus,
relevant semantic information is reflected only in the name of the frame -
“Duration”.

As mentioned above, frames have a hierarchical structure in terms
of inheritance. = The frame “Duration description” inherits from a
more general frame “Measurable attributes”, which in its turn in-
herits from the frame “Gradable attributes”.  The Ilatter does not
contain any LUs but serves as a parent frame for a large number
of attribute-frames: Abundance, Addiction, Artificiality, Being active,
Being_at_risk, Being_dry, Being_rotted, Being wet, Biological urge,
Body_description_holistic, Body_description_part, Capability, Certainty,
Change_post-state, Chemical_potency, Chemical-sense_description,
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Color, Color_qualities, Compatibility, ~Completeness, Correctness,
Desirability, Difficulty, Dynamism, Familiarity, Frequency, Fullness,
Gradable_artistic_quality, Inclination, Intoxication, Judgment_of_intensity,
Level_of_force_exertion, Level_of_force_resistance, Level_of_light,
Likelihood, Lively_place, Luck, Margin_of_resolution, Measurable_attributes,
Medical_conditions, Notability, Obscurity, Obviousness, Personal_success,
Position_on_a_scale, Prominence, Risky_situation, Sharpness, Similarity,
Social_behavior_evaluation, Suitability, System_complexity, Taking_time,
Typicality, Usefulness, Wealthiness.

Many of the listed attribute-frames look like a reasonable way of ex-
pressing the adjectival meaning in an adjective-noun phrase. Consider a
few examples from the sample:

e spindly legs: the adjective spindly evokes the frame “Body description
holistic” — possible relation Bopy DEscripTION

e strong smell: the adjective strong evokes the frame “Judgment of inten-
sity” — possible relation INTENSITY

* clear goal: the adjective clear evokes the frame “Obviousness” — possi-
ble relation OBVIOUSNESS

* sweet dog: the adjective sweet evokes the frame “Social interaction eval-
uation” — possible relation EVALUATION

In general, the approach with adjective as target, though less intuitive,
is promising. However, adopting this approach using FrameNet is rejected
due to several reasons. First of all, the coverage of adjectives is small -
remember that it was necessary to search for synonyms of the adjective old
in the example above. As presented in table 4.4, FrameNet covers only
2,407 adjectival LUs - this amount is quite low. Secondly, this approach
does not take advantage of the main idea of Frame Semantics as it ignores
the structure of frames and does not make use of Frame Elements. Thus,
combining the two previous points: for such an approach, it would be more
reasonable to use another lexical resource that provides information about
semantics of adjectives in a more structured way and offers a larger coverage
(e.g. Princeton Wordnet covers over 31 thousand adjectival LUs)'* - this will
be tested in section 4.5.

This section will focus on the nouns and their frame structure in terms
of Frame Elements - the approach was taken in the study by Strakatova and
Hinrichs (2019) and proved to be reasonable. The next section will elaborate
on the notion of a Frame Element and will be followed by the case study
in the subsequent section 4.4.2. In the case study, the frames evoked by the
head nouns in the phrases will provide a list of Frame Elements. These FEs
will be used to describe the relation between the constituents of the phrases.

14https://wordnet.princeton.edu/documen’cation/Zl-wns’cats7wn, last accessed on
13.10.2022
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4.4.1 Frame Elements

Frame elements describe semantic valences of LUs and resemble in a way
argument variables in logic (Fillmore et al., 2003). Valence of a word reflects
its required combinability with other words or phrases. A typical example
is a transitive verb such as to borrow that requires a direct object. Using
such a verb without an object would result in both syntactic and semantic
unacceptability:

(23) a. Alex borrowed the book.
b. *Alex borrowed.

The sentence in example (23b) is ungrammatical in English and semantically
not acceptable. In FrameNet, the verb’s requirement of a subject and an
object is expressed in terms of Frame Elements BORROWER (the subject) and
THEME (the object).

Four groups of Frame Elements are distinguished in FrameNet: core, core-
unexpressed, peripheral, and extra-thematic.

Core elements are conceptually essential components of a frame that
distinguish it from other frames. In the case of the frame “Text”, there is only
one core element — TExT. For comparison, the frame “Duration description”
has two core elements EVENTUALITY and PERIOD. An element is considered
core if it is always overtly realised or, in case it is implicit, it always has to
be understood from the context (Ruppenhofer et al., 2016).

Core-unexpressed FEs behave like core FEs, but they are not necessarily
expressed in the descendants of the given frame. The main reason for having
this category of FEs is that those FEs are not expressed separately for the
LUs of the children frames.

Peripheral FEs are not unique to a particular frame. They specify addi-
tional characteristics of a situation such as MANNER, TIME, PLACE, DEGREE,
Status, etc. In the frame “Text”, the peripheral FEs are AUTHOR, GENRE,
MarteriaL, TiTLE, Toric, etc., whereas in “Duration description” there is
only one - DEGREE.

Extra-thematic FEs do not conceptually belong in the given frame, they
provide details about the participants or the setting. They combine with a
large number of other frames. In some sense, they are not proper frame el-
ements because they “explicitly introduce an independent scene” (Ruppen-
hofer et al., 2016, p.103), i.e. there are separate elements evoking separate
frames. However, these elements are so closely connected to the the target
elements that they are annotated from the perspective of the target elements.
FEs that are classified as extra-thematic in some frames can be considered
peripheral or core in other frames (Ruppenhofer et al.,, 2016). The major
types of extra-thematic frames are those related to:

— temporal structure;
— places;
— additional participants;
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— describing participants;
— describing events;

— co-occurring events and circumstances;

causal chain;

degree.

The FrameNet book by Ruppenhofer et al. (2016) gives a detailed overview
of those groups of FEs and provides some comparisons between some typ-
ical peripheral FEs such as DurATION and extra-thematic ones such as Pe-
RIOD_OF_ITERATIONS and DURATION_OF_FINAL_STATE.

All the four groups of FEs are distinguished in abstract frames such as
“State” or “Process". In concrete frames, such as “Vehicle” or “Food”, two
categories of FEs are distinguished: core and non-core (peripheral), where
in most cases there is one core frame element, e.g. VEHICLE in the frame
“Vehicle” or roop in the frame “Food”, and the rest are peripheral — CoN-
STITUENT_PARTS, TYPE, DESCRIPTOR (Ruppenhofer et al., 2016).

Granularity and coverage

The topic of granularity is central in the context of FrameNet. As Ruppen-
hofer et al. (2016) note, the approach to the level of granularity may differ
depending on research questions. Frames can be constructed for any do-
main and thus be very fine-grained. For instance, there is a multilingual
FrameNet only for the football domain.'> The more specific the frames are,
the more manual work is required. Therefore, the developers of FrameNet
aim at keeping the level of granularity at an optimal level based on util-
ity: the major goal is to reflect the most fundamental differences between
different word senses (Ruppenhofer et al., 2016).

In terms of coverage, FrameNet provides descriptions for a wide seman-
tic variety of nouns, verbs, and adjectives. Natural kind nouns and artifacts
are represented less than event nouns or relational nouns. The latter two cat-
egories are more frame-evoking, whereas artifacts and natural kind nouns
usually take up the role of dependents. For instance, the noun soda is not
listed in FrameNet as a frame-evoking LU. However, as example (24a) il-
lustrates, it is annotated as dependent in a sentence with the frame-evoking
verb to buy within the frame “Commerce buy".

Consider two other nouns: lioness and zebra. None of them is listed in
FrameNet as a frame-evoking LU although there is a frame that can accom-
modate them, namely “Animals". However, as dependents, both nouns are
annotated with Frame Elements in example (24b). Within the frame “Hunt-
ing” evoked by the verb to hunt, they are assigned the roles of a HUNTER
and Foop.!°

(24) a. Now I can BUY a sodajgy.s) and spend money.
b. I once watched a lioness|j;1.,) HUNTING a zebras,,4)-

15 ww. kicktionary.de, last accessed on 17.07.2021

16Both example sentences and their annotations are taken from Berkeley FrameNet.
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Nevertheless, artifacts and natural kind nouns are capable of evoking
frames of their own and they do possess a basic frame structure (Rup-
penhofer et al., 2016, p.8). For instance, natural features are described by
the following FEs: CONSTITUENT PARTS, CONTAINER-POSSESSOR, DESCRIP-
TOR, FORMATIONAL_CAUSE, NAME, LocATION, TYPE. Artifacts are described
in terms of the FEs ARTIFACT, NAME, CREATOR, MATERIAL, TYPE, USE, DE-
SCRIPTOR,TIME_OF_CREATION.

The above listed FEs for physical entities bear a striking resemblance to
the gqualia roles from the Generative Lexicon (see section 4.3) indicating that
those roles are well-suited for describing the semantics of physical entities.
Abstract concepts such as processes are described in terms of the FEs MAN-
NER, DURATION, TIME, PLACE, RESULT, EXPLANATION, where the latter two
resemble telic and agentive roles in a way, but the rest are not reflected in
the qualia structure.

The idea that qualia roles are relevant for FrameNet has been recently
tested in the FrameNet Brasil.!”” Belcavello et al. (2020) establish qualia-
inspired relations between LUs. As qualia roles are way too generic, they
are specified via frames in the same database as mediators. For instance, the
LU pizza is connected to the LU flour via the relation is_made_of (constitu-
tive quale) mediated by the frame “Ingredients” in terms of FEs MATERIAL
(flour) and PropuCT (pizza). In the same manner, the telic role for pizza is
reflected in the relation meant_to to the LU eat and is specified by the frame
“Tool_purpose” (Belcavello et al., 2020).

Employing the extended qualia roles for modeling the relations in
adjective-noun phrases proved to be a reasonable approach that exhibited
substantial gaps in terms of coverage (see section 4.3.2). The similarity of
FEs to the extended qualia roles allow for an assumption that FEs can offer
an equivalently suitable inventory of relations with a broader coverage
and a more refined granularity. This hypothesis will be tested in the next
subsection.

4.4.2 Case study: Frame Elements

The case study presented in this section investigates whether Frame Ele-
ments can be used to model the relations in AN combinations. It is based
on the investigation by Strakatova and Hinrichs (2019). The original data
sample of 11 nouns has been extended to 23 nouns as discussed in section
4.1. Apart from that, new adjectives have been added to the sample.

FrameNet for German data

FrameNets exist for several languages and German is not an exception. The
ambition to create a Framenet-like resource for German has been success-
fully realized in the SALSA and SALSA II projects.'® In the SALSA project,

Thttp://www. framenetbr.ufjf.br, last accessed on 10.01.2022
Bhttp://www.coli.uni-saarland.de/projects/salsa/, last accessed on 10.01.2022
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a large German corpus TIGER (Brants et al., 2004) was manually annotated
with Frame Elements. The project assumes that frames can be applied cross-
linguistically, but for some frames, adaptation and modification are neces-
sary (Burchardt et al., 2009). SALSA II provides a semantic lexicon for Ger-
man that contains frame descriptions for German lexical units. However,
the number of frame-evoking nouns is much lower than in the Berkeley
FrameNet for English: release 2.0 of SALSA contains 477 nouns.

The phenomenon which Padé (2007) refers to as concept-level cross-lingual
parallelism implies that the linguistic categories introduced by a linguistic
theory can be used to describe linguistic units in different languages. It pre-
supposes language independence of the conceptual inventories of the theories.
The degree of parallelism depends to a large extent on the granularity of
the categories: the more coarse-grained they are, the higher is the degree
of cross-lingual parallelism. Frames in FrameNet exhibit a high degree of
concept-level parallelism (Pado, 2007). Burchardt et al. (2009) have shown
that Frame Semantics offers a robust framework for modeling word mean-
ings in different languages.

Based on this evidence, the case study has been conducted relying on the
English FrameNet as it provides a broader coverage than the German one. In
collocations (as defined in this thesis) and in free phrases, the nominal base
retains its literal meaning, thus, translating the sample nouns from German
into English does not pose any problems. The translated lexical unit is
then searched in the Berkeley FrameNet database and the corresponding
frame is selected. The adjectival collocates are classified based on the FEs
belonging to that frame. Following the procedure described in the previous
case studies, the discussion of the annotation starts with the most concrete
nouns followed by the more abstract ones. All the definitions of the FEs are
taken from the entries in FrameNet.

Modeling with Frame Elements

The LU chocolate evokes the frame “Food” which is described in terms of the
following FEs:

e Foob (core)
* CONSTITUENT_PARTS (peripheral) — A part of the Foop.

* DEescrirTor (peripheral) — This FE indicates a characteristic or descrip-
tion of the food.

* TyrE (peripheral) — This FE identifies a particular Type of the food
item.

The suitable FEs from this list will be assigned to the collocates of the noun
chocolate, the unused FEs will be listed for each noun as well. The full
definitions and structure of frames for the following nouns in the sample
will be presented in Appendix F. In the main body of the thesis, only the
FEs will be listed without their definitions.
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Schokolade ‘chocolate’
Frame “Food”

Foop (C): heif$ ‘hot’

DESCRIPTOR: edel ‘premium, fine’, hochwertig ‘of high quality’, lecker
“tasty’, siiff ‘sweet’, knackig ‘crunchy’, fliissig ‘liquid’, teuer ‘expensive’

TYPE: schwarz ‘dark’, dunkel ‘dark’, weifs “white’

Other FEs within the frame: CONSTITUENT_PARTS

Some of the AN combinations with chocolate as their base are highly lexi-
calized. As discussed in subsection 4.3.2, the pairs dark/white chocolate are
in an is_a relation to chocolate. FrameNet offers a perfect FE for this type
of relation — TyPE. The available FEs in this frame allow a fine-grained dif-
ferentiation for the relation a type of suggested in section 4.3.2: hot chocolate
is not just a type of chocolate, it is a separate kind of food. For this case,
FrameNet’s notion of a core element is highly suitable, as combining chocolate
with hot does not just introduce an additional/specificational meaning, it
changes the very nature of the nominal base from a solid food to a bever-
age. Thus, the collocate heiff ‘hot” has been accommodated by the core FE
Foonp.

Schuh ‘shoe’
Frame “Clothing”

StYLE: hochhackig ‘high-heeled’, flach ‘flat’, spitz ‘pointy’

DEscrirTOR: bequem ‘comfortable’, elegant ‘elegant’, braun ‘brown’,
schwarz ‘black’, rot ‘red’, weifs “white’, rosa “pink’, blau ‘blue’, schmutzig
‘dirty’, nafd ‘wet’

MATERIAL: seiden ‘silk’

Other FEs within the frame: GARMENT (core), BopY LocATION, CREATOR, NAME, SUB-
REGION, TIME OF CREATION, UsSE, WEARER.

In contrast to the previous example, the frame “Clothing” evoked by the LU
shoe has a very rich structure in terms of FEs (1 core and 10 peripheral FEs).
Three collocates have been labeled with the FE StyrLe (“This FE identifies
the design, or cut, of the clothing"); one with MATERIAL. The remaining
adjectives are accommodated by a very FE DESCRIPTOR that expresses a very
general meaning (this issue will be discussed at the end of this section).
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Hund ‘dog’
Frame “Animals”

DESCRIPTOR: siif$ ‘sweet’, arm “poor’, niedlich ‘cute’, tollwiitig ‘rabid’

CHARACTERISTIC: bissig ‘biting’, treu ‘loyal’, agqressiv ‘agressive’, scharf
‘vicious’, klug ‘smart’, riesig ‘huge’, dumm ‘stupid’, jung ‘young’, dick
‘fat’, klein ‘small’

Other FEs within the frame: ANIMAL (core), ORIGIN.

The frame “Animals” does not have a very rich structure. However, the
available FEs could accommodate the few collocates of the base Hund. How-
ever, physical and mental characteristics were conflated together under the
FE CHARACTERISTIC.

Fels “cliff’
Frame “Natural features”

CONSTITUENT_PARTS: nackt ‘bare’, blank ‘bare’

DESCRIPTOR: schwarz ‘black’, rotlich ‘reddish’, grau ‘grey’, nafl ‘wet’,
glatt “smooth’, schroff ‘craggy’, steil ‘steep’, hart ‘hard’

Other FEs within the frame: LOCALE (core), CONTAINER POSSESSOR, FORMATIONAL
CAUSE, NAME, RELATIVE LOCATION, TYPE.

Two collocates of the noun Fels “cliff” were accommodated by an FE Con-
STITUENT_PARTS within the frame “Natural features". All the other ones are
labeled as generic DESCRIPTOR.

Wald ‘forest’
Frame “Biological area”

DEscrIrTOR: tief ‘deep’, herrlich ‘magnificent’, riesig ‘huge’, endlos
‘endless’, feucht ‘humid’, trocken ‘dry’, immergriin ‘evergreen’, wild
‘wild’, unberiihrt “untouched’, nah ‘close’

CONSTITUENT_PARTS: licht ‘sparse’, dicht ‘dense’

Other FEs within the frame: LocALE (core), CONTAINER POSSESSOR, FORMATIONAL
CAUSE, NAME, RELATIVE LOCATION.

The frame “Biological_area” includes seven FEs that are enough for accom-
modating the modifiers of the base Wald. A sparse forest is a forest with
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less trees and more open areas, therefore, it was assigned to the FE Con-
STITUENT_PARTS. For the adjective deep in the context of describing a for-
est, FrameNet provides the following example sentence: “Apparently they
found him at the bottom of a really deep bog.” The phrase really deep is an-
notated as DEscrIPTOR. Thus, the role of deep in deep forest is also annotated
as DEscrirTOR. All the remaining adjective were also labeled as DESCRIPTOR
because none of the other FEs available are suitable.

Baum “tree’
Frame “Plants”

CHARACTERISTIC: muiichtig ‘mighty,massive’, riesig ‘huge’, hoch ‘high’,
kahl ‘leafless’, immergriin ‘evergreen’, alt ‘old’, jung ‘young’, krank
‘sick’, gesund ‘healthy’, morsch ‘rotten’

DESCRIPTOR: priichtig ‘magnificent’, heilig ‘sacred’

Other FEs within the frame: PLANT (core), ORIGIN.

The frame “Plants” evoked by the noun Baum is similar to the frame “Ani-
mals". Its structure is highly minimalistic which is typical for concrete nouns
of natural kind. The two collocates are accommodated by the available FEs.
The general FE CHARACTERISTIC accommodated most of the adjective as
there are no other suitable options. It is also not entirely clear what the
difference between CHARACTERISTIC and DESCRITOR is. In the present mod-
eling, the former is considered the innate property of a tree whereas the
latter refers to its external perception or evaluation.

Bein ‘leg’
Frame “Body parts”

DESCRIPTOR: staksig ‘spindly’, schwer "heavy’, lang ‘long’, kurz ‘short’,
stimmig ‘sturdy’, schwach ‘weak’, dick ‘fat’, schlank ‘slim’, diinn ‘thin’,
nackt ‘naked’, gesund ‘healthy’, wacklig ‘shaky’, miide ‘tired’

Other FEs within the frame: BoDY PART (core), POSSESSOR (core), ATTACHMENT, ORIEN-
TATIONAL LOCATION, SUBREGION.

All the collocates of the noun Bein ‘leg” were modeled within this approach
by means of a highly general FE DESCRIPTOR.
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Regen ‘rain’
Frame “Precipitation”

PrECIPITATION (C): sauer ‘acid’

QuanTIry: sintflutartig ‘torrential’, stark ‘heavy’, kriftig ‘heavy’, heftig
‘heavy’, leicht ‘light’

MANNER: stromend ‘pouring’, spirlich ‘sparse’, fein ‘fine’
DuURATION: ewig ‘endless’, endlos ‘endless’

TEMPERATURE: warm ‘warm’, kalt ‘cold’, kiihl ‘cool’

Other FEs within the frame: PLACE (core), TIME (core), EXPLANATION, FREQUENCY,
RATE.

The LU rain evokes the frame “Precipitation”. Unlike the above discussed
LUs, it is not an entity or a locale, but a process. Along with events and
relations, processes have a rich frame structure. It is a typical characteris-
tic of more abstract frames to include more than one core frame element.
In the case of “Precipitation”, there are three core FEs ( PRECIPITATION,
Prace, TiME) and seven peripheral ones (DURATION, EXPLANATION, FRE-
QUENCY, MANNER, QUANTITY, RATE, TEMPERATURE). A number of collocates
describe the intensity of the rain which implies the amount of precipitation,
thus, they are accommodated by the FE “Quantity". The phrase acid rain is
a term that presupposes a certain type of precipitation — the one containing
acidic components. Therefore, it has been annotated as with the FE Precrr-
ITATION.

Freund “friend’
Frame “Personal relationship”

DuraTION: alt ‘old’, lebenslang ‘lifelong’, langjihrig ‘longtime’, neu

/ 4

new
DEGREE: eng ‘close’, dick ‘close’, nah ‘close’, gut ‘good’

MANNER: wahr ‘true’, echt ‘real’, falsch ‘fake’, treu ‘faithful’, verlisslich
‘reliable’

DEprICTIVE: miichtig ‘powerful’, reich ‘rich’

Other FEs within the frame: PARTNER 1 (core), PARTNER 2 (core), PARTNERS (core),
MEANS, RELATIONSHIP, SOURCE OF RELATIONSHIP.

The frame “Personal_relationship” associated with the noun friend is quite
broad and covers not only different types of relationships such as friendship
or marriage and people engaged in them, but also events linked to relation-
ships, e.g. marriage, adultery, divorce . Thus, this frame has social components
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to it and requires an understanding of the interactions between people in the
society and the associated events. This is reflected in the collocates of the
noun friend: they actually refer to friendship and not to a friend as a person.
For instance, old friend describes the DURATION of friendship, not the AGE
of the friend."” Other collocates describe the DEGREE of friendship (eng, dick
‘close) and its MANNER (wahr ‘true’, echt ‘real’, falsch ‘fake’). In the cases
when the person themselves is described, the FE DEscrIPTOR was chosen.

Winter ‘winter’
Frame “Calendric unit”

ReLATIVE TIME (C): letzt ‘last’

having certain temperature: streng ‘severe’, bitterkalt ‘bitter cold’,
eiskalt “ice cold’, kalt “cold’, kiihl “‘cool’, warm “warm’,

difficult/easy to bear: hart “harsh’, mild ‘mild’
in the middle of (winter): tief ‘deep’

characterized by a large/little quantity of water vapor:
feucht ‘humid’, trocken ‘dry’

causing sad feelings: trist ‘dull, depressing’

of certain duration: lang ‘long’, ewig ‘endless’

Other FEs within the frame: UNIT (core), WHOLE (core), COUNT, LANDMARK PERIOD,
NAME, SALIENT EVENT, TRAJECTOR EVENT.

Only one of the collocates of the noun Winter ‘winter” could be described in
terms of FEs within the frame “Calendric unit": letzt ‘last’. This issue has
already been addressed in Strakatova and Hinrichs (2019): the FEs within
this frame refer solely to the temporal aspects of the LUs evoking it, and do
not reflect other aspects of their meaning such as climate and weather.

9This example is of course ambiguous. There can be a context in which old would refer
to the AGE of a person. The frame “Personal relationship” does not offer a suitable FE for
this reading of the adjective. It seems that not only the meaning of the adjective shifts,
but also of the noun: in the “age” sense of old friend, the noun does not evoke the frame
“Personal relationship” but rather the frame “People”. In that frame, one of the core FEs is
AGE which is suitable for modeling the non-collocational meaning of old.



4.4. Frame Semantics 113

Droge ‘drug’
Frame “Intoxicants”

InTOXICANT (C): korpereigen ‘endogenous’
TypE: hart ‘hard’, weich ‘soft’, leicht ‘soft’, sanft ‘soft’

DEscrrrTOR: gefihrlich ‘dangerous’, schidlich "harmful’, harmlos ‘harm-
less’, todlich ‘lethal’, billig ‘cheap’, fliissig ‘liquid’

(not) allowed by official rules: legal ‘legal’, illegal ‘illegal’

Other FEs within the frame: COUNTRY OF ORIGIN.

Similarly to the frame “Food”, the structure of the frame “Intoxicants”
evoked by the noun drug is quite basic with only four FEs available. Not all
the adjectives could be accommodated by those FEs.

Team “team’
Frame “Aggregate”

InprvipuaLs (C): spanisch ‘Spanish’, deutsch ‘German’, jung ‘young’
AGGREGATE_PROPERTY: stark ‘strong’, schwach ‘weak’, eingespielt ‘coor-
dinated, experienced’, toll ‘excellent’, gut ‘good’, schlagkriftig ‘pow-
erful’, erfahren ‘experienced’, neu ‘new’, homogen ‘homogenous’, klein
‘small’

constituting all of its members: komplett ‘entire’

Other FEs within the frame: AGGREGATE (core), CONTAINER POSSESSOR, DOMAIN,
NAME.

The modeling of the noun Team ‘team” by means of FEs was only possible
on a very general level. This follows the trend observed for the above de-
scribed LUs: the FE AGGREGATE_PROPERTY in that sense is identical to the FE
DEescrirTOR. It targets nearly any adjectival modifier of the base noun. The
adjectives that refer to the members of a team and not the team as a whole
were labeled as the core FE INDIVIDUALS.

Kurve ‘curve’
Frame “Shapes”

SHAPE_PROP: scharf ‘sharp’, sanft ‘gentle’, steil ‘steep’, eng ‘narrow’,
weich ‘gentle’, blau ‘blue’, zackig ‘jagged’, konvex ‘convex’

Other FEs within the frame: SHAPE (core), SUBSTANCE (core), COUNT.
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Geruch ‘smell’
Frame “Sensation”

PerceprT (C): modrig ‘musty’, muffig ‘musty’, brenzlig ‘burnt’, ranzig
‘rotten’

DEscrIPTOR: beifend ‘acrid’, stechend “pungent’

DEGREE: streng ‘strong’, intensiv ‘intense’, penetrant ‘pungent’, unan-
genehm “unpleasant’, iibel ‘foul’, widerlich ‘disgusting’, ekelhaft ‘disgust-
ing’, siif$ ‘sweet’

Other FEs within the frame: BoDY PART (core), GROUND (core), PERCEIVER PASSIVE
(core), SOURCE (core), TIME.

The nouns Kurve ‘curve” and Geruch ‘smell” were successfully modeled with
FEs available for their corresponding frames. Four collocates of the noun
smell are a rare example of using a core FE to accommodate an adjectival
modifier. The FE PERCEPT refers to “the entity or phenomenon that produces
the sensation".?’ This FE should not be confused with the SOURCE - which is
the actualy source, whereas PERCEPT can express a comparison. In the case
of smell, the collocates define the type of smell, but they do not imply that
there is actual mold or mildew or something burning or rotten present.

Objekt “object’
Frame “Entity”

TYPE: dreidimensional ‘three-dimensional’, dekorativ ‘decorative’, sakral
‘sacred’

of certain worth: wertvoll “valuable’

of certain brightness: hell ‘bright’, obskur ‘obscure’

arousing or holding someone’s attention: interessant ‘interesting’
high in price: teuer ‘expensive’

of high quality: hochwertig ‘of high quality’

located far away, remote: entfernt ‘distant’

relatively small, taking up little space: kompakt ‘compact’

amounting to a large number: zahlreich ‘numerous’

Other FEs within the frame: ENTITY (core), CONSTITUENT_PARTS, FORMATIONAL_CAUSE,
NAaME, TYPE.

The frame evoked by the noun object has a very basic structure and only a
few adjectives could be assigned to a suitable FE.

2Definition from the entry for the frame “Sensation” in the Berkeley FrameNet.
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Preis ‘price’
Frame “Commerce scenario”

RATE: hoch ‘high’, horrend ‘horrendous’, stolz ‘stift’, niedrig ‘low’, tief
‘low’, moderat “‘moderate’, erschwinglich ‘affordable’, verniinftig ‘reason-
able’, fest ‘fixed’, stabil ‘stable’, riickliufig ‘descreasing’, konstant ‘kon-
stant’

MANNER: toll ‘great’, attraktiv ‘attractive’

existing in the present time: heutig ‘of today’

Other FEs within the frame: BUYER (core), GooDs (core), MONEY (core), SELLER (core),
MEeANs, Purrosg, UNIT.

Strafe “‘punishment’
Frame “Rewards and punishments”

DEGREE:  drakonisch ‘draconian’, unmenschlich ‘inhumane’, scharf
‘harsh’, streng ‘strict’, hart "harsh’ , empfindlich ‘severe’saftig “stiff’, deftig
‘severe’, hoch "high’, schwer ‘heavy’, niedrig ‘weak’, mild ‘mild’, schlimm
‘severe’

INSTRUMENT: symbolisch ‘symbolic’
OF CERTAIN DURATION: lebenslang ‘lifelong’

Other FEs within the frame: AGENT (core), EVALUEE (core), REASON (core), RESPONSE
ACTION (core unexpressed), DEPICTIVE, INSTRUMENT, MANNER, MEANS, PLACE, PUR-
POSE, REsuLT, TIME.

The LUs price and punishment are similar in terms of their collocates. In both
cases, there are a lot of options for lexicalizing the meaning of intensity or
degree or scale of the noun in the sense of the Lexical Function Magn (see the
discussion in subsection 4.2.2). The frame “Rewards_and_punishments” has
a corresponding FE DEGREE that accommodates those collocates. In contrast,
the frame “Commerce_scenario” evoked by the LU price does not have a
direct FE corresponding to this meaning. The only FE that describes price
is RATE, and thus the collocates were assigned to it, however, it is important
to bear in mind, that this option is not optimal and, perhaps, an additional
FE should be introduced.
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Thema ‘issue/topic’
Frame “Point of dispute”

Status: grof$ ‘big/major’, heiff "hot’, beherrschend ‘dominant’, wichtig
‘important’, zentral ‘central’

TimE: dringend ‘pressing’, brennend ‘urgent’, aktuell ‘current’, ewig
‘eternal’

GRrour: unbequem ‘uncomfortable’, leidig “vexed’, heikel ‘delicate’, sen-
sibel ‘sensitive’, brisant ‘controversial’

DoMAIN: sperrig ‘unwieldy’
DESCRIPTOR: : interessant ‘interesting’

restricted to a particular locality or neighborhood: [lokal ‘lo-
cal’

Other FEs within the frame: QUESTION (core), CONTEXT, VIEWPOINT.

The noun issue remains a challenge for this framework as well. The evoked
frame “Point_of _dispute” offers suitable FEs, however, the interpretation
may seem slightly far-fetched. It is unavoidable due to the abstractness level
of the frame and the lexical units involved. Consider the following collo-
cates: unbequem “uncomfortable’, leidig ‘vexed’, heikel ‘delicate’, sensibel ‘sen-
sitive’, brisant ‘controversial’. These adjectives describe an issue/topic from
someone’s point of view: a sensitive topic implies that someone is sensitive
about the topic, a controversial issue/topic is an issue on which different opin-
ions are expressed by different people. The frame element Grour is defined
as “the persons or organizations who have different points of view on the
Question” and thus is a suitable FE for annotating this group of collocates.
Another group of collocates includes the adjectives grof§ ‘big/major’, heifl
‘hot’, beherrschend ‘dominant’. The FE StaTtus “used for expressions that in-
dicate the relative importance of a Question with respect to the other topics
that are disputed” describes the semantics of this group of collocates very
precisely.
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Ahnlichkeit ‘similarity’
Frame “Similarity”

DimensIoN (C): duferlich ‘external’, beliebig ‘arbitrary’
DEGREE: grof$ ‘strong’, ‘slight’, stark ‘strong’, leise ‘slight’

MANNER: frappierend ‘striking’, frappant ‘striking’, erstaunlich ‘surpris-
ing’, unheimlich “uncanny’, exakt ‘precise’, vage ‘vague’

Time: fliichtig ‘fleeting’
that changes often: variabel “variable’

Other FEs within the frame: DIFFERENTIATING FACT (core), ENTITIES (core), ENTITY 1
(core), ENTITY 2 (core), CIRCUMSTANCES, DEPICTIVE, EXPLANATION, PLACE.

Anzahl “amount’
Frame “Quantity”

DEscrIPTOR: stattlich ‘stately’, grofs ‘large’, hoch ‘high’, schier ‘sheer’, be-
trichtlich ‘large’, riesig ‘huge’, erklecklich ‘considerable’, bedeutend ‘sub-
stantial’, bescheiden ‘modest’, gering ‘small’, klein ‘small’, iiberschaubar
‘manageable’

Other FEs within the frame: ENTITY (core), QUANTITY (core), VALUE (core).




118 Chapter 4. Lexical-semantic modeling of adjective-noun co-occurrences

Ziel ‘goal’
Frame “Purpose”

AGENT(C): selbstgesteckt ‘self-imposed’, gemeinsam ‘joint’
TiME: kurzfristig ‘short-term’, langfristig ‘long-term’

that can be achieved with a lot of ambition: hochgesteckt ‘ambi-
tious’, hoch "high’, ehrgeizig ‘ambitious’

highest in degree or order: ober ‘ultimate’, grof§ ‘great’
accurately stated or described: klar ‘clear’
characterized by determination: fest ‘firm’

of foremost importance or value: primir ‘primary’

serving as an essential component: zentral ‘central’, wichtig ‘im-
portant’

sublime, awe-inspiring: hehr ‘noble’

Other FEs within the frame: ATTRIBUTE (core), GOAL (core), MEANS (core), VALUE
(core), DOMAIN, RESTRICTOR.

The collocates of both Ahnlichkeit ‘similarity” and Anzahl ‘amount’ could be
accommodated by the FEs in the corresponding frames. The noun Ziel ‘goal’,
on the other hand, poses a challenge. The evoked frame “Purpose” does not
have any FEs suitable for adjectival modifiers, and in that sense is similar to
the previously discussed frame “Calendric unit".

Angst ‘fear’
Frame “Fear”

DEGREE: grof$ ‘strong/big’, tief ‘deep’, hollisch ‘hellish’, furchtbar
‘tremendous’

CIrcumsTANCESs:krankhaft “pathological’, unterschwellig ‘subconscious’

MANNER: nackt ‘pure’, pur ‘pure’, blank ‘sheer’, diffus ‘vague’, dumpf
‘vague’
TiME: stindig ‘constant’, ewig “eternal’, stet ‘constant’

Other FEs within the frame: EXPERIENCER (core), EXPRESSOR (core), STATE (core), STIM-
ULUS (core), EMPATHY TARGET, EXPLANATION, PARAMETER.
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Interesse ‘interest’
Frame “Emotion directed”

ExPERIENCER(C): ureigen ‘own’, widerstreitend ‘conflicting’

PARAMETER: breit ‘broad’, handfest ‘tangible’, vital ‘vital’, elementar ‘fun-
damental’

MANNER: lebhaft ‘lively’, rege ‘active’, echt ‘genuine’, wahr ‘genuine’

DEGREE: hoch ‘strong’, grof$ ‘strong/big’, stark ‘strong’, massiv ‘mas-
sive’, gering ‘little’

Other FEs within the frame: EVENT (core), EXPRESSOR (core), REASON (core), STATE
(core), STimMULUS (core), Topic (core), CIRCUMSTANCES, EMPATHY TARGET, FREQUENCY.

The last two LUs evoke frames of emotions: interest belongs to “Emo-
tion_directed”, and fear — to the frame “Fear". They both follow a similar
pattern: the FEs DEGREE, MANNER, Toric, CIRCUMSTANCES. The interpre-
tation of almost all the collocates is rather straightforward. However, there
is a group of modifiers of fear that pose a challenge. Those are krankhaft
‘pathological’ and unterschwellig ‘subconscious’. Strakatova and Hinrichs
(2019) argue that the most suitable FE to accommodate these collocates is
CIRCUMSTANCES. It is defined in FrameNet as follows:

“The Circumstances is the condition(s) under which the Stimulus
evokes its response. In some cases it may appear without an explicit
Stimulus. Quite often in such cases, the Stimulus can be inferred from
the Circumstances."

The choice of this FE is motivated by the fact that these kinds of fear
are triggered by certain stimuli under certain circumstances which are only
elaborated in the context. However, this additional meaning is very sub-
tle. A possible solution could be annotating krankhaft ‘pathological’ and
unterschwellig ‘subconscious” with a more general FE such as MANNER thus
combining the two collocates with the adjectives blank ‘sheer’, pur ‘pure’,
nackt ‘pure’, diffus ‘vague’, dumpf ‘vague’. The Frame Element Manner is
ubiquitous throughout FrameNet and requires a more thorough discussion.

FEs Descriptor and Manner

All the FEs discussed so far have very specific definitions as they describe
particular aspects of the situations. However, there are two peripheral FEs
that have very generic definitions: MANNER and DEscrirTOR. Note that they
basically have the same role, the only difference is that DEscripTOR belongs
to frames evoked by entities, whereas MANNER is found in processes, events,
and states. In both cases, the FE describes some quality of an entity or some
way of performing an action. Consider the definitions of the two FEs found
in the frames evoked by the sample nouns discussed above.
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Descriptor

(a) “Animals": A characterization of the Animal not covered by another
frame element.

(b) “Biological area": Any description, characteristic, or property of the
Locale which is not covered by more specific FEs.

(c) “Body parts": This Frame Element is used for a characteristic or de-
scription of the Body part. Note that Descriptor is not an FE of the
same character as other FEs. Specifically, rather than filling a slot, it
identifies a modifier of its head noun.

(d) “Clothing": This FE identifes any description of the clothing besides
Style and Material.

(e) “Food": This FE indicates a characteristic or description of the food.

(f) “Intoxicants": Descriptor describes a quality of the Intoxicant.

(g) “Natural features": Any description, characteristic, or property of the
Locale which is not covered by more specific FEs.

(h) “Plants": A characterization of the Plant not covered by another frame
element.

(i) “Point of dispute": A characterization of the Question, often with re-
gard to its complexity or whether it has been resolved or not.

(G) “Quantity": A characterization of the Quantity.

(k) “Sensation": A characterization of the sensation not covered by a more
specific FE.

Manner

(1) “Commerce scenario": Manner of performing an action.

(m) “Emotion directed": The Manner is the way in which the Experiencer
experiences the Stimulus.

(n) “Fear": Any description of the way in which the Experiencer expe-
riences the Stimulus which is not covered by more specific FEs, in-
cluding secondary effects (quietly, loudly), and general descriptions
comparing events (the same way). Manner may also describe a state
of the Experiencer that affects the details of the emotional experience.

(0) “Personal relationship": Manner of performing an action.
(p) “Precipitation": The way in which the precipitation falls.

(q) “Rewards_and_punishments": Manner of performing the reward or
punishment.

(r) “Similarity": This FE identifies the Manner in which Dimension is sim-
ilar or different.
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A recurring pattern of defining this peripheral FE is “any description (
quality, characteristic) not covered by other FEs in the frame". This implies
that assigning a predicate to this role is only possible through an elimination
process: when none of the other available FEs applies. On the one hand, the
danger of having such a label in an inventory is the semantic heterogeneity
of the predicates that may be assigned to that role. On the other hand, split-
ting this property into a number of more specific ones may lead to creating
very fine-grained categories that can accommodate very few semantically
related collocates — this will reduce the generalization power of the inven-
tory. For the small data sample presented in this section, it does not seem to
be a problem: the adjectives annotated as MANNER or DESCRIPTOR are rather
homogeneous.

Conclusion

The case study shows that Frame Elements provided by FrameNet are
rich enough to model relations between the constituents of adjective-noun
phrases. They are especially suitable for describing the semantics of abstract
nouns. However, there are some challenges concerned with using FrameNet
database for annotation.

First of all, as Strakatova and Hinrichs (2019) point out, there are mean-
ing aspects of some frames not reflected in the inventory of frame elements
available for that frame. For instance, the LU future that evokes the frame
“Alternatives” has a temporal property as in near/distant future and an evalu-
ative property as in bright/dark future. However, none of the FEs reflect these
two aspects of the noun’s meaning. Another example is the frame “Cal-
endric_unit” where several LUs such as winter, day, month, weekend have a
climate-related aspect of meaning as in a cold winter or a sunny day. This
aspect is not described by any of the FEs available for the frame.

Secondly, annotating a large amount of data using the English FrameNet
as it has been done for this case study is costly and time-consuming. Finding
the correct translations, identifying the corresponding frames, and search-
ing for suitable frame elements within each frame requires a lot of effort.
Moreover, there is always a possibility that some LUs are not present in the
database. Such cases should either be excluded from the study or substi-
tuted by synonyms or semantically related words that are frame evoking.
Therefore, although FrameNet is a conceptually suitable resource for mod-
eling the semantic relations in AN phrases, it requires an adaptation for this
task.

A possible solution would be creating a stable inventory of relations
based on the most frequent frame elements from FrameNet. This approach
implies skipping the step of matching the LUs with the frames they evoke
and choosing a Frame Element directly from the list of all the available re-
lations. The success of using this method depends on the amount of such
relations. There are 1,285 Frame Elements in total available in FrameNet
(release 1.5). As expected, they have a Zipfian distribution with a long tail:
more than half of them are encountered only in one frame. In table 4.5,
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| Frame Element N frames in case study |

Time 818 4
Place 685 -
Manner 663 6
Degree 479 6
Means 450 -
Purpose 402 -
Explanation 380 -
Duration 273 2
Depictive 266 1
Circumstances 263 1
Agent 209 1
Frequency 185 -
Descriptor 161 11
Result 157

Instrument 132 1
Entity 112 -
Source 102 -
Goal 92 -
Path 92 -
Theme 90 -

TaBLE 4.5: Twenty most frequent Frame Elements in FrameNet.
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twenty most frequent FEs are presented,’! almost half of them have been
used in the case study which indicates that this approach does provide ad-
equate relations. However, it cannot be ruled out that some relations do
not have high frequency in FrameNet, but are relevant in the context of
adjective-noun phrases. This issue could be resolved by categorizing the
rare FEs and grouping them together based on the semantic similarity. In
such a bottom-up fashion, more coarse-grained categories based on Frame
Elements could be created. Finally, a solution might be provided by another
frame-based approach which will be presented in the next section.

4.5 Concept frames

FrameNet, which was extensively discussed in the previous section, is not
the only approach to describing semantic knowledge in terms of frames.
FrameNet frames are what Gamerschlag et al. (2014) call predicative frames
following the terminology in Busse (2012). Predicative frames are flat and
non-recursive, they describe the semantic valence of LUs in terms of par-
ticipants of the evoked situation - Frame Elements. The second type of
frames is termed concept frames. Gamerschlag et al. (2014, p.5) state that
the main purpose of concept frames is to “represent attributes and proper-
ties of an entity”, thus associating this type of representation mainly with
nouns, whereas the predicative frames are mostly associated with verbs.
This section will investigate the appropriateness of using concept frames,
and more specifically attributes, for modeling the relations in adjective-noun
collocations and free phrases.

Concept frames originate from the work by Minsky (1974) who proposed
structures called “Frames” for representing situations. Minsky’s frames
have nodes and relations as their elements with “slots” (~ attributes) and
“fillers” (~ values) on lower levels. Minsky’s work on frames was influen-
tial in the development of artificial intelligence and cognitive science. The
idea that knowledge in human cognition is represented in terms of concept
frames was then advocated in Barsalou (1992). This claim was later adopted
by Lobner (2014, 2021) as the “Frame Hypothesis". The Frame Hypothesis
makes two strong assumptions: 1) “The human cognitive system operates
with a single general format of representations.” 2) “...this format is essen-
tially Barsalou frames.” (Lobner, 2014, pp.23-24).

In Barsalou’s framework, concept frames are recursive structures con-
sisting of three elements: attribute-value sets, structural invariants, and con-
straints. An attribute “describes an aspect of at least some category mem-
bers” (Barsalou, 1992, p.30). For instance, the members of the category
CLOTHING have the attributes size, color, style, etc. Attributes are fur-
ther specified in terms of their values: for example, possible values for the
attribute color are yellow, blue, black, green, red, etc. Structural invariants and
constraints are relations between attributes of a frame. Miller (1998, p. 48)
illustrates the concepts of attribute and value as follows:

21 Appendix A presents 50 most frequent FEs in FrameNet.
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<..>to say «x is Adj presupposes that there is an attribute A such that
A(x)=Adj. To say The package is heavy presupposes that there is an at-
tribute weiGHT such that werGHT(package)=heavy. Thus, heavy and light
are values for the attribute WEIGHT.

Discussing what properties can be viewed as attributes, Barsalou (1992)

mentions that in many cases attributes denote parts. He also points out that
other properties that are not parts of category members can be considered
attributes as well, for instance evaluation, quantity, costs, benefits,
etc. Figure 4.5 illustrates how a concept frame of attributes and their values
may look for the category cLOTHING. In this representation, the category
CLOTHING, depicted as the central node, has five attributes: sleeve, size,
style, material, and purpose. The first attribute sleeve is a part of attribute
which, in turn, has two attributes color and length that take up the values
blue and short respectively. The next two attributes of the central node, size
and style, also take up adjectives as their values: large and casual respec-
tively. The attribute material takes a noun as its value — wool. Finally, the
attribute purpose is what Lobner (2021) calls a For attribute — an affordance
attribute. The term “affordance” comes from the Theory of affordances de-
veloped by Gibson (1979) in the field of visual perception. An affordance is
what an environment provides for an animal, for instance, a horizontal, flat
and large enough surface affords support (Gibson, 1979, p.127). In the same
way, clothing affords staying warm. Integration of affordances into frames is
discussed in Attardo (2005) who emphasizes that affordances usually refer
to the purpose of an object. Thus, artifacts are a very prominent semantic
category when it comes to affordances because of their inherent quality of
being created for a purpose.?
In cognitive science, the idea of representing conceptual knowledge as
frames competes with feature list representations (Barsalou, 1992, 2017).
For illustration, see Figure 4.6 that depicts a simplified feature represen-
tation of the category cLOTHING. In this case, there is no implicit frame
structure containing abstract attributes, only a list of independent features
such as blue sleeves, keeps warm, large, and so on.

22Werning (2008) also suggests introduction of affordances into frame theory in the con-
text of the theory of neuro-frames.
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sleeve

material

FIGURE 4.5: Example of a simplified frame representation of
the category CLOTHING in terms of attribute-value sets.
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blue
sleeves
[ CLOTHING
keeps
warm

FIGURE 4.6: Example of a simplified feature representation of
the category CLOTHING.

Barsalou (1992) presents several findings from cognitive science support-
ing the Frame Hypothesis. He discusses several studies that suggest that
people and animals discriminate between different categories on the basis
of attributes rather than on the basis of independent features. For instance,
animals learn that an attribute is a signal for receiving an award. When
the value of this attribute changes, animals would still pay attention to the
learnt attribute despite the change of its value. However, if the new stimulus
is a value of a different attribute, the learning process is longer. People also
tend to make generalizations over specific values to discriminate between
different categories.

Lobner (2014) provides an extensive overview of evidence for frames
found in natural language. For instance, he states that syntactic structures,
both dependency or constituency, are basically frames. Grammatical fea-
tures such as case, number and tense can be seen as attributes with unique
values — the approach taken in Lexical-Functional Grammar (LFG) (Bres-
nan, 2001) and Head-Driven Phrase Structure Grammar (HPSG) (Pollard
and Sag, 1994). Apart from those two aspects, Lobner (2014, p.42) discusses
verbs being “the most framish elements of of language” in the context of
semantic roles. In a later publication, Lobner (2021) brings into discussion
examples of using frame structures in every day life by pointing out that
various information in the society is organized and stored in databases in
the form of attribute-value sets: names, surnames, dates and places of birth,
etc.

One of the major characteristics of concept frames is their recursiveness,
which implies that any attribute can exhibit a frame structure of its own and
can be further specified in terms of other attributes. This is illustrated in Fig-
ure 4.7. The frame for the members of the category cLOTHING has attributes
such as size, color, style and each of them can be specified by the corre-
sponding values: e.g. large, blue, tailored accordingly. However, the attribute
color has properties typical of colors: brightness, hue, saturation, and
the latter one can be further described in terms of its intensity.
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saturation brightness

deep

FIGURE 4.7: Frame structure for blue embedded in the frame for
SLEEVE that is an attribute of CLOTHING .

Naturally, frame recursiveness raises the question of whether it is possible
to arrive at a terminal level of frame representation. According to Barsalou
(1992), this is not the case: attribute construction is a highly productive and
creative process.

Depending on the context, people may come up with new attributes suit-
able for that particular context and, theoretically, there is an endless amount
of possible attributes. However, this process has constraints such as people’s
experience, goals, and intuition. Moreover, similarly to Fillmore’s theory of
core and peripheral Frame Elements, Barsalou (1992) acknowledges the exis-
tence of core attributes. Those are attributes that are defining for a particular
frame: without them the understanding of the frame would not be possible.
For instance, to understand the concept of buying, one needs the attributes
buyer, seller, merchandise, and payment.”> As for the concepts that can be rep-
resented in terms of frames, there are no limitations: according to Barsalou
(1992), frames represent all kinds of concepts including physical objects and
events and attributes can represent any property of those concepts.

Hartung (2015, p.17) states that adjective-noun phrases are “ubiquitous
sources of attribute knowledge in natural language”. Therefore, concept frames,

23Cornpare the core FEs in FrameNet for the frame “Commerce_scenario": BUYER, GOODS,
MONEY, SELLER.
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and more specifically attributes, seem to be a suitable approach for modeling
adjective-noun collocations and free phrases.

4.5.1 Attributes

Attributes in adjective-noun phrases can be compared to the qualia roles
from the Generative Lexicon and be seen as fine-grained specifications of
the qualia roles. The process that Pustejovsky (1995) refers to as selective
binding (see section 4.3) involves an interaction between an adjective and a
noun, where the adjective selects a certain property (=attribute) of the noun.
Hartung (2015) terms that process attribute selection and investigates this
topic within the framework of distributional semantics. He emphasizes that
attributes in adjective-noun phrases are implicit, since they are not overtly
realized on the textual surface.

(25) a. white dress: the color of the dress is white
b. small dress: the size of the dress is small
c. beautiful dress: *the evaluation of the dress is beautiful

Nevertheless, there are examples where the attribute is explicitly mentioned,
and thus it is possible to encounter triples of the type “attribute noun-head
noun-adjective”, as in examples (25a) and (25b). However, a much more
common linguistic pattern is just the adjective-noun pair without mention-
ing the attribute explicitly. Thus in most cases, the knowledge that white
refers to the color of the dress and that small refers to its size remains
implicit. There are attributes that cannot be expressed by adjective-noun-
attribute triples in that way. Any attempt to do so results in an ill-formed
phrase as illustrated by the example (25c), where the well-formed para-
phrase should rather be “the evaluation of the dress is positive". Neverthe-
less, in spite of the absence of the corresponding paraphrase in the natural
language, it is clear that the implicit attribute in the phrase beautiful dress is
evaluation.

The inventory of attributes used in Hartung (2015) to create the gold
standard dataset HeiPLAS?* stems from the Princeton WordNet (Fellbaum,
1998). The attribute information about the adjectives is represented in Word-
Net via the attribute relation. The attribute pointer links the adjectives to the
synsets of the corresponding attribute nouns. Figure 4.8 illustrates this ap-
proach: the adjective high in its first sense is linked to the synset containing
the attribute nouns degree, grade, level. In its second sense, it is connected to
the nouns height, tallness. Most entries of adjectives in WordNet contain a
few examples of adjective-noun pairs illustrating each sense of the adjective
as illustrated in Figure 4.8.

Retrieving the attribute information from WordNet is not always
straightforward because of the way the adjectives are organized there.
Adjective meaning is represented in a bipolar or dumbbell structure based
on antonymy (Miller, 1998) as depicted in figure 4.9. For sense 2 of high, the

2 Heidelberg Princeton Large-scale Attribute Selection
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* S: (adj) high#1 (greater than normal in degree or intensity or
amount) “a high temperature”; “a high price”; “the high point of his

", 1 ", 1

career”; “high risks”; “has high hopes”; “the river is high”; “he has a
high opinion of himself”

® see also

e similar to

e attribute

o S: (n) degree, grade, level (a position on a scale of intensity
or amount or quality)

¢ S: (adj) high#2 ((literal meaning) being at or having a relatively
great or specific elevation or upward extension) “a high mountain”;

“high ceilings”; “high buildings”; “a high forehead”; “a high incline”; “a
foot high”

* see also

¢ similar to

e attribute

o S: (n) height, tallness (the vertical dimension of extension;
distance from the base of something to the top)

FIGURE 4.8: WordNet entries for the first two senses of the ad-
jective high with the attribute pointers to the corresponding
noun synset

antonym is low — these adjective are the anchors. Adjectives that are seman-
tically similar to the anchors are linked to them via the similar to relation:
steep, upper, lofty, deep, nether, underslung. Direct attribute pointers are only
available for the anchors. Therefore, for a large number of adjectives, the
corresponding attributes can only be determined indirectly: through the
similar to relation to the closest anchor adjective (Hartung, 2015).

Relying on this information, Hartung (2015) compiles the HeiPLAS
dataset: the adjective-noun pairs come from the examples in the adjectival
entries and are labeled with the corresponding attributes directly or via the
similar to relation. In order to validate the resulting triples, manual assess-
ment has been undertaken. The annotators were asked to judge whether
an attribute refers to the implicit meaning in a given adjective-noun pair
(Hartung, 2015, p.101):

(26) Can you say that [AN phrase] makes a statement about the
[attribute] of the [head noun]?
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E.g.: Can you say that white dress makes a statement about the color
of the dress?

The template from the annotation guidelines is presented in example (26) .
The inter-annotator agreement for the task is quite low: Fleiss” kappa x=0.28
(Fleiss, 1971) which indicates that the task is highly challenging. The final
HeiPLAS dataset contains only the phrases with full agreement. The dataset
is split into development and test set with 919 and 737 phrases accordingly.
A major advantage of the HeiPLAS dataset is its lexical and semantic di-
versity. The dataset contains a large number of unique lexical units: both
adjectives and nouns. This lexical diversity ensures a broad coverage of
different semantic classes.

\\ s/ deep
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hight,
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FIGURE 4.9: Modeling of the adjectives high and low in Word-
Net.

The total number of attributes in HeiPLAS is 253 — thus the inventory
is very fine-grained. Table 4.6 provides some examples from the dataset
with the corresponding attributes. The top-5 triples in the table are typical
examples of attributes in adjective-noun phrases that are usually listed in
literature on this topic along with shape, temperature, speed and taste.
The rest of the examples in the table have been selected from the dataset to
illustrate the sources of such fine granularity of the inventory:

1. There are a lot of attribute nouns derived from the adjectives in the
phrases such as commonness in common knowledge, niceness in nice
dress, staleness in stale bread, etc. In comparison to the more pro-
totypical attributes such as size or color, they are less intuitive when
referring to the properties of nouns.

2. The second issue is closely linked to the first one: the deadjectival
attributes (or at least some of them) are way too specific — for instance,
the attribute staleness. Another example is the attribute gluttony in
gluttonous husband.

3. Another source of the fine granularity of the attributes is the polarity of
adjectives. For instance, the phrase easy job is labeled with the attribute
ease whereas fough job — with the attribute difficulty. The polarity
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differentiation is not consistent: for example both dirty overall and clean
house are annotated with the same attribute cleanness.

adj-nn pair attribute
young people age

white dress color

bad headache degree

short story duration

low ceiling height

small car size

hot topic emotionality
friendly host friendliness
common knowledge commonness
nice dress niceness
stale bread staleness
active interest activeness
gluttonous husband gluttony
clean house cleanness
dirty overall cleanness
easy job ease

tough job difficulty

TaBLE 4.6: Examples of adjective-noun-attribute triples from
the HeiPLAS dataset (Hartung, 2015)

The examples illustrate that the attributes in WordNet are extremely fine-
grained. A logical solution to this problem would be merging the most
similar categories into more coarse-grained ones, thus creating an inventory
of relations in a bottom-up fashion. Another way of tackling the granularity
issue is turning to other lexical resources that provide attribute information
about lexical items. The data sample used for the case studies in this the-
sis has been compiled relying on the German wordnet GermaNet (Hamp
and Feldweg, 1997; Henrich and Hinrichs, 2010). Thus in the next step, it
is investigated whether and how GermaNet provides attribute information
about adjectives.

Attributes in GermaNet

By and large, the structure of GermaNet is very similar to the Princeton
WordNet, but a few aspects are different. One of the main differences
between the two wordnets lies in the organization of the adjectives:?®
GermaNet does not use antonymy as the main relation between adjectival
synsets, but structures the adjectives hierarchically. In that sense, the
approach to modeling of adjectives follows the approach taken for the
nouns and verbs: it is based on the hyponymy relation. The hierarchy of

Bhttps://uni-tuebingen.de/en/142852 (last accessed on 14.12.2022).
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FIGURE 4.10: A part of the GermaNet taxonomy of spatial ad-
jectives hoch ‘high” and eng ‘narrow’. The top node spatial
defines the semantic class of all its hyponyms - Ort ‘spatial’.
The second from the top level is represented by the artificial
concepts: dimension-related, shape-related and others.

many adjectives is quite flat (Figure 4.10), but there are also examples of
deep hyponymy connections (Figure 4.11).

The information about attributes is not directly encoded in GermaNet
as it has been done in the Princeton WordNet. There are no pointers to
attribute nouns, but similar information is integrated directly into the hier-
archical structure of adjectives. Consider two examples of adjectival mod-
eling in GermaNet in Figures 4.10 and 4.11. Figure 4.10 depicts the mod-
eling of the literal sense of the adjective hoch ‘high’. Figure 4.11 illustrates
the structure for the adjective schlau ‘smart’. The top nodes spatial and
spirit-related represent different semantic classes comprising in total 16
categories. Each of the 16 semantic classes is further specified in terms of
more fine-grained categories referred to as artificial concepts. In the hierarchy,
the artificial concepts are just under the top nodes: direction, dimension,
shape, knowledge, intelligence. There are 80 artificial concepts in total
in GermaNet. These semantic categories had been adopted in GermaNet
from the semantic classification of German adjectives developed by Hund-
snurscher and Splett (1982).

The artificial concepts in GermaNet bear a strong resemblance to attributes:
dimensionsspezifisch ‘dimension-related” — dimension, intelligenzspezifisch
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F1GURE 4.11: A part of the GermaNet taxonomy of spirit-related
adjectives wissend ‘knowledgeable’ and schlau ‘smart’. The
top node spirit-related defines the semantic class of all its
hyponyms - Geist ‘spirit’. The second from the top level is
represented by the artificial concepts: knowledge-related and
intelligence-related and others.
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‘intelligence-related” — intelligence. An overview of the semantic classes
and the more fine-grained artificial concepts is presented in table 4.7. Thus,
the artificial concepts from the hierarchy of adjectives in GermaNet can be
treated as attributes and their adjectival hyponyms are the possible values
those attributes can take in German. The artificial concepts will further be
referred to as attributes. The next section presents the results of modeling
the sample of AN pairs with the attributes based on the artificial concepts
in GermaNet combined with the relations from the other three inventories
investigated in the previous sections of this chapter.

4.5.2 Case study: Attributes+

The procedure for modeling the data consists of the following steps:

1. look up the adjectival collocate in GermalNet - because attribute infor-
mation in GermaNet is available for adjectives, but not for nouns;

2. select the corresponding sense;

3. extract the artificial concept from the hierarchy, turn it into attribute
by removing spezifisch ‘specific/related” from its name. The attribute
names in the study will be given in English.

The case study in this section is slightly different from the three previous
ones in sections 4.2.2, 4.3.2, and 4.4.2. The “plus” in the title of this section
suggests that not only the attributes will be used for modeling the data. This
section presents an attempt to combine the findings of the previous three
case studies and to resolve the existing issues by integrating the categories
from different inventories. Therefore, in all the cases that are not covered by
the attributes inventory obtained from GermaNet, other inventories will be
used. Each successfully modeled phrase will be marked accordingly:

(A) — Attribute;

(LF) — Lexical Function;
(Q) — Qualia Role;

(FE) — Frame Element

Schokolade “‘chocolate’

(Q/FE) TypE: schwarz ‘dark’, dunkel ‘dark’, weifs ‘white’, heif§ ‘hot’
(A) evaluation: edel ‘premium, fine’, hochwertig ‘of high quality’
(A) taste: lecker ‘tasty’, siif$ ‘sweet’

(A) consistency: fliissig ‘liquid’, knackig ‘crunchy’
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] sem class

artificial concepts = attributes \

Perceptional Helligkeit ‘brightness’, Farbe ‘color’, Ger&usch
‘sound’,  Geschmack ‘taste’, Geruch ‘smell’,
Oberfléche ‘surface’, Sicht ‘sight’

Spatial Dimension ‘dimension’, Richtung ‘direction’,
Lokalisierung ‘localisation’, Herkunft ‘origin’,
Raumverteilung ‘spatial distribution’, Form ‘shape’,
Existenz ‘existence’

Temporality-related Zeit ‘time’, Geschwindigkeit ‘speed’, Alter ‘age’,
Gewohnheit ‘habit’, Dauer ‘duration’

Motion-related Bewegung ‘movement’

Material-related Beschaffenheit “texture’, Zustand ‘state’,

Stabilitat ‘stability’, Konsistenz ‘consistency’,
Reife  ‘ripeness’, Feuchtigkeit ‘dampness’,
Reinheit ‘purity’, Gewicht ‘weight’, Physik
‘physics’, Chemie ‘chemistry’, Temperatur ‘tem-

perature’
Weather-related Klima ‘climate’, Landschaft ‘landscape’
Body-related Belebtheit “life’, Konstitution ‘constitu-

{ 7

tion’, Krankheit “affliction’, Geschlecht ’‘sex’,
Korpergefiihl ‘desire/feeling’, Aussehen ‘appear-
ance’, Kdrperzustand ‘bodily state’

Mood-related Gefihl erweckend ‘emotion-stimulus’, Gefiihl
empfindend ‘emotion-experienced’

Spirit-related Intelligenz ‘intelligence/attention’, Wissen ‘knowl-
edge/experience’

Behaviour-related Charakter ‘behaviour/character’, Tier ‘animal spe-

cific’, Geschicklichkeit ‘skill’, Beziehung ‘relations’,
Sympathie ‘sympathy’, Neigung ‘inclination’
Social-related Schicht ‘stratum’, Institution ‘institution’,
Religion ‘religion,” Land ’state,’ Region ‘region,’
Aufgabe ‘role’

Quantity-related Zahl 'number,” Menge ‘quantity, Kosten ‘costs,’
Ertrag ‘return’
Relational Geltung ‘validity,’ Gewissheit ‘certainty,’ Bedarf

‘requirements,” Wirksamkeit ‘effectiveness,” Aufwand
‘difficulty /energy requirement’,” Funktionalitat
‘functioning,” Sicherheit ‘security,’ Geordnetheit
‘order,” Verknipfung ‘linking,” Ubereinstimmung
‘correspondence,’ Genauigkeit ‘accuracy,’
Vollsténdigkeit ‘completeness,” Ursache ‘cause,
Bezug ‘reference’, Zutréglichkeit ‘tolerability”

General Steigerung ‘intensity’, Bewertung ‘evaluation’, Norm
‘norm’

Pertainyms ‘derived from’

Privative defined by negation

TaBLE 4.7: Semantic classification of adjectives in GermaNet:
it consists of 16 semantic classes and 80 artificial concepts that
are direct hyponyms of the semantic class nodes.
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Schuh “shoe’

(Q/FE) TypE: hochhackig “high-heeled’, flach ‘flat’
(A) emotion-stimulus: bequem ‘comfortable’
(A) appearance: elegant ‘elegant’

(A) cost: teuer ‘expensive’

(A) color: braun ‘brown’, schwarz ‘black’, rot ‘red’, weif§ ‘white’, rosa
‘pink’, blau ‘blue’

(A) composition: seiden ‘silk’
(A) cleanliness: schmutzig ‘dirty’
(A) shape: spitz ‘pointy’

(A) wetness: nafl ‘wet’

In order to model the meaning of is_a as in dark chocolate is_a (type of) choco-
late, the label TyPE is used. The name is borrowed from the FrameNet, but
conceptually it is closer to the FORMAL qualia role, as it is slightly more gen-
eral than the FE Type.?® The same holds true for two modifiers of the noun
Schuh hochhackig and flach.

Fels “cliff’

(FE/Q) CONSTITUENT_PARTS/ CONSTITUTIVE: nackt ‘bare’, blank ‘bare’
color: schwarz ‘black’, rotlich ‘reddish’, grau ‘grey’

(A) wetness: nafl ‘wet’

(A) surface: glatt ‘smooth’

(A) dimension: schroff ‘craggy’, steil ‘steep’

(A) consistency: hart “hard’

For the noun Fels, there is no suitable attribute only for the for the meaning
of ‘bare’. Instead, a corresponding FE or Qualia Role can be applied.

26Remember that for hot chocolate a different FE has been used in section 4.4.2.
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Hund ‘dog’

(A) evaluation: siiff ‘sweet’, niedlich ‘cute’
(A) emotion: arm “poor’

(A) character: scharf ‘vicious’, bissig ‘biting’, treu ‘loyal’, aggressiv
‘agressive’

(A) dimension: riesig ‘huge’, klein ‘small’

(A) intelligence: klug ‘smart’, dumm ‘stupid’
(A) age: jung ‘young’

(A) appearance: dick ‘fat’

(A) health: tollwiitig ‘rabid’

Wald ‘forest’

(Q/FE) TyrE: immergriin ‘evergreen’

(A) dimension: tief ‘deep’

(A) quantity: licht ‘sparse’, dicht ‘dense’
(A) evaluation: herrlich ‘magnificent’

(A) dimension: riesig ‘huge’, endlos ‘endless’
(A) climate: feucht ‘humid’, trocken ‘dry’

(A) location: nah ‘close’

in a natural state: wild ‘wild’, unberiihrt “untouched’

Baum ‘tree’

(Q) CONSTITUTIVE (has_as_part): kahl ‘leafless’

(Q/FE) TyrE: immergriin ‘evergreen’

(A) dimension: michtig ‘mighty, massive’, riesig ‘huge’, hoch "high’
(A) evaluation: prichtig ‘magnificent’

(A) age: alt “old’, jung 'young’

(A) health: krank 'sick’, gesund ‘healthy’

(A) life: tot ‘dead’

(A) consistency: morsch ‘rotten’

(A) religion: heilig ‘sacred’
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Bein ‘leg’

(FE) DESCRIPTOR: staksig ‘spindly’
(A) dimension: lang ‘long’, kurz ‘short’

(A) appearance: stimmig ‘sturdy’,dick ‘fat’, schlank ‘slim’, diinn ‘thin’;
nackt ‘naked’

(A) health: gesund ‘healthy’
(A) constitution: schwach ‘weak’, wacklig ‘shaky’

(A) sensation: miide ‘tired’, schwer "heavy’

Regen ‘rain’

(Q/FE) TxpE: sauer ‘acid’
(FE) MANNER: stromend ‘pouring’

(A) degree: stark "heavy’, kriftig ‘heavy’, heftig "heavy’, leicht ‘light’,
sintflutartig ‘torrential’

(A) consistency: fein ‘fine’
(A) quantity: spirlich ‘sparse’

(A) duration: ewig ‘endless’, endlos ‘endless’

(A) temperature: warm “warm’, kalt ‘cold’, kiihl ‘cool’

The phrases with the noun Hund ‘dog’ as their base have been successfully
modeled with the attributes from GermaNet. In contrast, the modeling of
the nouns Wald ‘forest’, Baum ‘tree’, Bein ‘leg’, and Regen ‘rain’ is more
diverse.

For the noun Regen, a suitable attribute for the meaning of intensifica-
tion is available in GermaNet under the artificial concept steigerungsspezifisch
‘comparison-related’. It will be further referred to as attribute degreeThe la-
bel TYPE borrowed from the qualia roles and Frame Elements has been used
for the phrases sauerer Regen, immergriiner Wald/Baum. Finally, there is no
suitable attribute in GermalNet that denotes a manner of an action, and thus
the FE MANNER has been used for the collocate stromend ‘pouring’.
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Freund ‘friend’

(A) duration: alt ‘old’

(A) degree: eng ‘close’, dick ‘close’, nah ‘close’, gut ‘good’
(A) character: treu ‘faithful’, verlisslich ‘reliable’

(A) evaluation: wahr ‘true’, echt ‘real’, falsch ‘fake’

(A) social class: michtig ‘powerful’, reich ‘rich’

Attributes provide suitable labels for all the collocates of the noun Freund
‘friend’. There is one exception: the adjectives eng and dick in the meaning
‘close” are modeled in GermaNet as “relationship-related”. That is correct,
but it does not specify which aspect of the relationship is addressed by
those adjectives. In combination with friend, both adjectives intensify the
meaning of the noun and express the degree of friendship. For the adjective
alt ‘old’, both its meanings can be modeled in this approach: both the sense
of duration and the sense of age are reflected in GermaNet.

Winter ‘winter’

(A) temperature: streng ‘severe’, bitterkalt ‘bitter cold’, eiskalt “ice cold’,
warm ‘warm’, kalt ‘cold’, kiihl ‘cool’

(A) difficulty/energy requirement: hart ‘harsh’, mild ‘mild’
(A) time: tief ‘deep’, letzt ‘last’
(A) climate: feucht ‘humid’, trocken ‘dry’

(A) duration: lang ‘long’, ewig ‘endless’

(A) emotion stimulus: trist ‘dull, depressing’

All the collocates of the noun Winter ‘winter” were successfully accommo-
dated by the attributes from GermaNet.

Droge ‘drug’

(Q/FE) TyPE: hart “hard’, weich ‘soft’, leicht ‘soft’, sanft ‘soft’
(Q) AGENTIVE (origin): kirpereigen ‘'endogenous’

(A) effect or safety: schidlich ‘harmful’, harmlos “harmless’, gefihrlich
‘dangerous’, todlich ‘lethal’

(A) consistency: fliissig ‘liquid’
(A) cost: billig ‘cheap’
(A) validity: illegal ‘illegal’, legal ‘legal’
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GermaNet does not model the very specific meaning of five collocates avail-
able for the noun Droge ‘drug’. For four of them, similarly to chocolate and
shoe, the most suitable category is provided by the FOrRMAL Qualia Role
extension or Frame Element Type. For the adjective kirpereigen, GermaNet
suggests the attribute l1inking (Ger. "Verkniipfung’). However, the AGENTIVE
qualia dimension specified as origin seems more suitable.

Team “team’

(A) functioning: stark ‘strong’, schlagkriftig ‘powerful’, schwach ‘weak’
(A) social aspect: eingespielt ‘coordinated and experienced’

(A) knowledge: erfahren ‘experienced’

(A) evaluation: toll ‘excellent’, gut ‘good’

(A) correspondence: homogen ‘homogenous’

(A) country: spanisch ‘Spanish’, deutsch ‘German’

(A) quantity: klein ‘small’

(A) completeness: komplett ‘entire’

(A) age: neu 'new’; jung ‘young’

The collocates of the nouns Team ‘team” and Kurve ‘curve’ find correspond-
ing attributes in the inventory provided by GermaNet. However, the adjec-
tives jung and neu are quite problematic. Both address the age property of
the noun Team. However, jung refers to the age of team members, whereas
neu to the age of team as a whole, i.e. the amount of time a team has existed.

Kurve ‘curve’

(A) shape: scharf ‘sharp’, sanft ‘gentle’, weich ‘gentle’, zackig ‘jagged’,
konvex ‘convex’

(A) dimension: steil ‘steep’, eng ‘narrow’
(A) color: blau ‘blue’
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Objekt “object’

(Q/FE) Type: dreidimensional ‘three-dimensional’
(A) functioning: dekorativ ‘decorative’

(A) quantity: zahlreich ‘numerous’

(A) cost: teuer ‘expensive’, wertvoll ‘valuable’
(A) brightness: obskur ‘obscure’, hell ‘bright’
(A) emotion-stimulus: interessant ‘interesting’
(A) religion: sakral ‘sacred’

(A) evaluation: hochwertig ‘of high quality”

(A) location: entfernt ‘distant’

(A) dimension: kompakt ‘compact’

Geruch ‘smell’

(FE) DEscrIPTOR: beiffend ‘acrid’, stechend ‘pungent’, penetrant “‘pun-
gent’

(FE) PErCEPT: modrig ‘musty’, muffig ‘musty’, brenzlig ‘burnt’, ranzig
‘rotten’, siiff ‘sweet’

(A) degree: streng ‘strong’, intensiv ‘intense’

(A) evaluation: unangenehm “unpleasant’, iibel ‘foul’, widerlich ‘dis-
gusting’, ekelhaft ‘disgusting’

The noun Geruch ‘smell” belongs to the semantic field “Attribute”, and is by
itself an attribute. For instance, smell can be considered an attribute of the
noun flower as in fragrant flower, together with color, size and, say, shape.
As discussed in section 4.5.1, attributes can have their own frame structure
and can be further described by other attributes.

Preis ‘price’

(A) degree: hoch ‘high’, horrend "horrendous’, stolz ‘stift’, niedrig ‘low’,
moderat ‘moderate’, tief ‘low’, riickliufig ‘descreasing’
(A) cost: erschwinglich ‘affordable’

(A) evaluation: toll ‘great’, attraktiv ‘attractive’, verniinftig ‘reasonable

(A) certainty: stabil ‘stable’, fest ‘fixed’, konstant "konstant’

(A) time: heutig ‘of today’
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All the collocates of the noun Preis “price” have been assigned to the cor-
responding attributes. In two cases, an adjective’s meaning is modeled in
GermaNet differently: the adjective stolz lit. ‘proud’ that serves as an in-
tensifier of price is not modeled in that sense in GermaNet, therefore, it has
been accommodated by the attribute degree used in the previous examples
to label intensification. Similarly, the adjective fest ‘fixed” has been listed
under the attribute certainty due to the absence of a suitable attribute in
its own hierarchy in GermaNet.

Strafe ‘punishment’

(A) degree: drakonisch ‘draconian’, unmenschlich ‘inhumane’, scharf
‘harsh’, streng ‘strict’, hart “harsh’, empfindlich ‘severe’saftig ‘stiff’, deftig
‘severe’, hoch "high’, schwer ‘heavy’, schlimm ‘severe’, niedrig ‘low’, mild
‘mild’

(A) reference : symbolisch ‘symbolic’

(A) duration: lebenslang ‘lifelong’

A similar approach has been taken to the modeling of the Strafe “punish-
ment’. More than half of the collocates labeled as degree do have have the
corresponding artificial concept as their hypernym in GermaNet. In con-
trast, the adjectives drakonisch ‘draconian’, streng ‘strict’, deftig ‘severe’, and
mild ‘mild” do not have a corresponding sense in GermaNet.

Thema “issue/topic’

(A) requirement: grof$ ‘big/major’, heifs ‘hot’, beherrschend ‘dominant’,
dringend ‘pressing’, brennend ‘“urgent’, wichtig ‘important’, zentral ‘cen-
tral’

(A) duration: ewig ‘eternal’

(A) emotion-stimulus: unbequem “‘uncomfortable’, leidig ‘vexed’, sensi-
bel “sensitive’, interessant ‘interesting’

(A) difficulty: heikel ‘delicate’, brisant ‘controversial’
(A) time: aktuell “‘current’
(A) region: lokal ‘local’

(A) functioning: sperrig “unwieldy’

All the collocates could be accommodated by the attributes from GermaNet.
In a number of cases, the corresponding sense of an adjective is not modeled
in the database. Similarly to the previous examples, such examples were la-
beled with most suitable available attributes. For instance, the adjective



4.5. Concept frames 143

heifs ‘hot” in combination with the noun Thema ‘issue/topic” denotes ‘impor-
tance” and thus is semantically similar to beherrschend ‘dominant’, brennend
‘urgent’, groff ‘big/major’. The latter three adjectives are listed under the
node bedarfsspezifisch ‘requirement/demand/need-related’, and, therefore,

all the collocates with that meaning have been assigned to this category.

Ahnlichkeit ‘similarity’

(A) degree: grof$ ‘strong’, stark ‘strong’, leise ‘slight’, unheimlich “un-
canny’

(A) emotion-stimulus: frappierend ‘striking’, frappant ‘striking’, er-
staunlich ‘surprising’

(A) time: fliichtig ‘fleeting’

(A) location: duflerlich ‘external’

(A) precision: exakt ‘precise’, vage ‘vague’
(A) correspondence: beliebig ‘arbitrary’

(A) certainty: variabel ‘variable’

Anzahl ‘amount’

(A) degree: stattlich ‘stately’, grof ‘large’, hoch ‘high’, schier ‘sheer’, be-
trichtlich ‘large’, riesig “huge’, erklecklich ‘considerable’, bedeutend ‘sub-
stantial’, bescheiden ‘modest’, gering ‘small’, klein ‘small’, iiberschaubar
‘manageable’

Ziel ‘goal’

(FE) DEscrIPTOR: hochgesteckt ‘ambitious’, hoch ‘high’, ehrgeizig ‘ambi-
tious’

(A) degree: ober “ultimate’, groff ‘great’

(A) requirements: primir ‘primary’, zentral ‘central’, wichtig ‘impor-
tant’

(A) linking: selbstgesteckt ‘self-imposed’, gemeinsam ‘joint’
(A) accuracy: klar ‘clear’

(A) certainty: fest ‘firm’

(A) evaluation: hehr ‘noble’

(A) time: langfristig ‘long-term’, kurzfristig ‘short-term’
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The collocates of the nouns Ahnlichkeit ‘similarity’, Anzahl ‘amount’ and Ziel
‘goal” were annotated with corresponding attributes. There was no suitable
category only for three collocates of the noun Ziel, therefore, the Frame
Element (FE) DescrIPTOR was used to fill in this gap.

Angst ‘fear’

(A) degree: grof8 ‘strong/big’, tief ‘deep’, hollisch ‘hellish’, furchtbar
‘tremendous’

(A) certainty:: nackt ‘pure’, pur ‘pure’, blank ‘sheer’
(A) accuracy: diffus ‘vague’, dumpf ‘vague’
(A) habit: krankhaft “pathological’

The modifiers of the noun Angst ‘fear” have been successfully modeled with
attributes. There is one adjective for which GermaNet does not have the
corresponding senses: nackt ‘pure’ (lit. ‘naked’) as only its literal meaning is
reflected in the database.An adjustment has been made for this adjective: it
is annotated as certainty

Interesse ‘interest’

(FE) Descriptor: lebhaft ‘lively’, rege ‘active’

(A) degree: hoch ‘strong’, grof§ ‘strong/big’, stark ‘strong’, massiv ‘mas-
sive’, gering ‘little’

(A) requirement: vital ‘vital’, elementar ‘fundamental’
(A) quantity: breit ‘broad’

(A) evaluation: echt ‘genuine’, wahr ‘genuine’, handfest ‘tangible’

(A) linking: ureigen ‘'own’, widerstreitend ‘conflicting’

The inventory of attributes provides suitable categories for all the collocates
of the noun Interesse ‘interest’. The only exception is formed by the adjectives
lebhaft ‘lively” and rege ‘active’. In GermaNet, both adjectives are listed under
the category character which cannot be a property of the abstract noun
interest. Thus a much more general category DESCRIPTOR is borrowed from
FrameNet to accommodate the two collocates (see the discussion about this
label in section 4.4.2).

The modeling of AN combinations presented in this section was to a
large extent based on attributes. Additionally, it integrated categories from
the other three inventories covered in the previous three sections of this
chapter. This approach and the results are evaluated and discussed in the
next section.
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4.6 Summary

The main objective of this thesis is to establish an inventory of relations be-
tween the constituents of adjective-noun combinations. The theory underly-
ing the inventory should offer a comprehensive description of the semantics
of nouns and adjectives. Further criteria of the inventory’s adequacy are
granularity and coverage. An ideal inventory of relations is characterized
by flexible granularity that can be adjusted depending on the task. This
thesis aims at achieving a medium level of granularity: specific enough to
distinguish multiple categories of collocates for both concrete and abstract
nouns, and general enough to include various collocates in a category. Cov-
erage can be measured by the number of semantic classes accommodated
by the inventory.

In this chapter, four theoretical frameworks that can potentially provide
inventories for such relations have been tested: the Meaning-Text Theory
(MTT) with the inventory of Lexical Functions (LFs), the Generative Lexicon
with qualia roles, Frame Semantics with Frame Elements (FEs), and Concept
Frames with attributes. The study is based on a sample of German adjective-
noun pairs that contains nominal bases from different semantic classes and
of varying degrees of concreteness. The sample covers all 23 semantic classes
available in the German wordnet GermaNet with the most concrete noun
being Schokolade ‘chocolate” and the most abstract being Interesse ‘interest’.
The broad semantic coverage of the data sample made it possible to reveal
the advantages and limitations of each inventory.

The theories investigated in this chapter were chosen for analysis be-
cause they all provide an account of nominal and adjectival semantics. The
Meaning-Text theory is very general; it covers all parts of speech. The Gen-
erative Lexicon theory pays close attention to the semantics of nouns and
their behaviour in combination with other parts of speech. Frame Semantics
covers all parts of speech, but focuses mainly on verbs or nouns denoting
events and processes and provides only a very limited account of concrete
nouns. Finally, concept frames model how conceptual knowledge is rep-
resented, and clearly the focus is shifted towards nominals. It represents
nominal meaning in terms of attribute-value matrices where values are fre-
quently expressed by adjectives.

In terms of coverage, each of the theories analysed in this chapter ex-
hibits a different behaviour. Standard Lexical Functions do not cover the
semantics of concrete nouns and only partially describe the semantics of ab-
stract nouns. In contrast, qualia roles are most suitable for concrete nouns
whereas abstract ones pose a challenge for this approach. Frame Elements
take into account nouns from different semantic classes and thus are suitable
for modeling the meaning of both concrete and abstract nouns. However,
the frame structure of concrete nouns is very poor. Concept frames are
suitable for describing all types of concepts in terms of attributes. The spe-
cific inventory of attributes investigated in this chapter was borrowed from
GermaNet. Though this inventory exhibits some isolated gaps, they do not
seem to form a pattern as in the case of the other three theories.
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The final criterion is the granularity of the inventories. Among the frame-
works investigated in this chapter, the most general inventory of relations is
comprised by the qualia roles that include four broad categories. These four
coarse categories require specifications. In contrast, Lexical Functions are
extremely fine-grained, both standard and non-standard ones. Frame Ele-
ments have both aspects to them: some Frame Elements such as Tyre and
DESCRIPTOR are very general, but there are also a lot of very specific ones
applicable only to particular lexical units that belong to particular Frames.
Attributes provide considerable flexibility in terms of granularity. For in-
stance, WordNet is more granular than GermaNNet as it distinguishes 254 at-
tributes, whereas the German wordnet contains 80 attributes that are more
general than those in WordNet.

Concept frames proved to be the most suitable approach for the given task
and can serve as the basis of the required inventory. This is due to several
factors:

1. Concept frames focus on the semantics of nouns. The structure of
concept frames is an attribute-value matrix where the values are fre-
quently expresses by adjectives.

2. Attributes have common ground with the other three theories and can
address their shortcomings to a large extent.

As already proposed by Jousse (2007), attributes serve as a way to gen-
eralize over the non-standard Lexical Functions (discussed in 4.2.1).
Moreover, it has been observed in the first case study that standard
Lexical Functions in most cases require specifications as to what as-
pect of the noun’s meaning is evaluated or intensified, for example,
Magnfe™?P or Magnprecipitation]- Attributes offer a consistent inventory of
such specifications. Similarly, attributes can be considered to be re-
tinements of the qualia roles. For example, the attributes color, shape,
and size are specifications of the FORMAL role; function of the TELIC
role; quantity of the CONSTITUTIVE role. As for the relation to Frame
Semantics, it has already been advocated in Gamerschlag et al. (2014)
that its combination with Concept Frames can provide much richer
semantic representations: both the participants of situations and at-
tributes are necessary for representing events, concepts, and states of
affairs as frames.

3. There is a lexical-semantic resource, GermaNet, that provides a com-
prehensive and structured list of attributes with flexible granularity.

The inventory of the categories in GermaNet that correspond to the
notion of an attribute is based on a comprehensive semantic classifica-
tion of adjectives by Hundsnurscher and Splett (1982).
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4. Concept frames can provide an inventory of attributes at any required
level of granularity.

Barsalou (1992) emphasizes that almost any attribute can be further
described in terms of other attributes. Hence, an important factor
to bear in mind is that, for any degree of granularity, the relations’
generalization degree should be consistent. For instance, it is undesir-
able to include in the same inventory both dimension and height as
labels, because height is a subcategory of dimension along with the
attributes width and length. So it should either be only dimension, or
the three more specific attributes height, width, and length, depend-
ing on the required level of granularity. Furthermore, polarity should
be treated consistently: either one attribute per property should be in-
troduced or, for each property that supports polarity, two attributes are
required. For example, an inventory that does not distinguish polar-
ity may include the attributes stability and accuracy. An inventory
that makes the polarity distinction would also include instability
and inaccuracy. An inventory that only contains stability, accuracy
and instability but not inaccuracy is inconsistent.

5. There are no limitations in terms of coverage: attributes are equally
effective in modeling all semantic classes.

The few limitations of the attribute approach encountered in the case
study stem only from the specific inventory of attributes chosen in
the case study. As mentioned above, those gaps can be filled by the
categories from other investigated theories:

* Only among Frame Elements is a label available that describes an
entity or the way an action is performed in general. More specifi-
cally, there are two FEs: DEScCRIPTOR — for entities and MANNER —
for actions and processes (see the discussion in section 4.4.2).

* The Frame Element TyPE refers to a hyponymic relation, but not
between the constituents of an adjective-noun phrase as in “white
is the color of the dress”, but rather between the phrase as whole
and its head as in white chocolate is a TYPE of chocolate Such col-
locations behave as compound phrases and are more similar to
nominal compounds than to adjective-noun pairs where the ad-
jective typically selects a property of its head.

* Only Lexical Functions offer a category for phrases where the
modifier is semantically almost empty — the LF Epith.

Based on these observations, guidelines for annotating the relations between
the constituents of adjective-noun collocations and free phrases can be com-
piled. The annotation scheme will to a large extent rely on the attributes pro-
vided in GermaNet complemented by three other inventories when needed.
For instance, in the phrase alter Freund ‘old friend’, the adjective alt is the
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value of the attribute buraTION. The attribute stems from the artificial con-
cept DURATION-RELATED that is a hypernym of the adjective alt in GermaNet.

There is, however, one last step to make before the discussion turns to
the guidelines and annotation. Namely, in order to test the new annota-
tion scheme, a large collection of adjective-noun pairs is required. As dis-
cussed in section 3.6, none of the available collections of collocations ful-
fill the requirements of this investigation. More specifically, the required
dataset should be large, semantically varied, and contain not only colloca-
tions, but also free phrases. In joint work with colleagues at the Branden-
burg Academy of Sciences (BBAW), such data collection has been compiled
and manually annotated. A detailed description of the process and the eval-
uation of the created dataset will be presented in the next chapter.
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Chapter 5

Dataset of collocations and free
phrases

This thesis studies lexical semantics of adjective-noun phrases focusing on
the distinction between collocations and free phrases. The previous chap-
ter ended with a proposal of a classification scheme for relations that hold
between the constituents of adjective-noun phrases, namely attributes based
on the semantic classification of adjectives in GermaNet. In order to ground
this theoretical proposal in data, a large dataset is required that covers col-
locations and non-collocations from different semantic fields. As discussed
in section 3.6, none of the existing resources for collocations is suitable for
the undertaken study. Therefore, a major effort is devoted to constructing
a large gold standard dataset of German adjective-noun phrases that con-
tains both collocations and non-collocations. This chapter will be devoted
to describing that work.

The dataset has been created in joint work with colleagues from the Bran-
denburg Academy of Sciences (BBAW): Isabel Fuhrmann, Dr. Alexander
Geyken, and Dr. Lothar Lemnitzer, and shortly introduced in Strakatova
et al. (2020). This chapter elaborates on the process of data selection and an-
notation. The chapter starts with a short discussion of different approaches
to creating gold standards for collocations (section 5.1). The following sec-
tions will describe dataset construction that consists of four steps:

1. Selection of adjective-noun pairs (section 5.2) performed by Isabel
Fuhrmann;

2. Creating guidelines for manual annotation (section 5.3.1) —joint work;

3. Annotation by independent annotators and adjudication of disagree-
ment cases (section 5.3.2) —joint work;

4. Evaluation of the annotation scheme in terms of inter-annotator agree-
ment — (section 5.3.3).

A thorough analysis of the created dataset will be presented in section 5.4.
The robustness of the annotation scheme will be tested in a series of machine
learning experiments on binary classification of adjective-noun phrases into
collocations and free phrases (section 5.5), joint work with Neele Falk re-
ported in Strakatova et al. (2020). Finally, the chapter ends with an a short
summary (section 5.6).
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5.1 Starting point for data selection

In adjective-noun phrases, the noun is the base chosen freely by the speaker,
and the adjectival modifier is either chosen freely (in free phrases) or is
contingent on the base — in collocations (Mel’¢uk, 2012a). There are three
approaches to creating a sample to study the semantics of adjective-noun
phrases and collocations in particular: (1) extract phrases randomly from a
corpus; (2) first choose the bases relying on certain criteria, then extract a
number of collocates for the selected bases; or (3) first select the collocates
based on certain criteria and then extract a number of bases that co-occur
with the selected modifiers. All three approaches have been used in previ-
ous work on collocations.

Random. In research concerned with collocations and their extrac-
tion, a common approach to obtaining collocation candidates is automatic
extraction from a corpus. The only criteria are the frequency, association
strength, and the syntactic relation between the constituents (Evert, 2008;
Pecina, 2008). Lists of co-occurrences extracted in this way are then man-
ually classified into collocations and non-collocations. This approach lacks
systematicity in terms of semantic coverage and is, therefore, not applicable
in this thesis.

Starting with the base. According to Melcuk (Mel’¢uk, 1996, 2012a)
and Hausmann (1984), phrases are generated by the speaker in the follow-
ing order: base — collocate. It is also the most logical and efficient way
of representing collocations in a learners” dictionary: listing the collocates
under their bases (Hausmann, 1984; Mel’¢uk and Zholkovsky, 1984; Ben-
son, 1989; Rundell, 2010; Quasthoff, 2011). For instance, phrases such as
heavy rain or black coffee should be listed under rain and coffee respectively.
This approach proved to be helpful for language learners as illustrated by
Benson (1989) in the tasks focusing on text generation.

A systematic study of collocations with nominal bases as the starting
point has been undertaken by Mel’¢uk and Wanner (1996). They focus on
verbal collocations from the domain of emotion lexemes in German. The
choice of the domain is motivated by two factors: (1) emotion words are in
general often collocational/idiomatic and (2) this domain has been exten-
sively studied in linguistics and psychology.

The authors” assumption is that although the choice of collocates is arbi-
trary, regularities between the semantic class of the bases and the choice of
their collocates can be established. For instance, German reactive lexemes
such as Zorn ‘wrath’, Staunen ‘astonishment’, Ekel ‘disgust’ tends to co-occur
with the verb erregen ‘to excite’, whereas attitudinal lexemes such as Liebe
‘love’ or Achtung ‘respect’ co-occur with the verb entegenbringen ‘to show’.!
Moreover, Mel’¢uk and Wanner (1996) show that some verbs co-occur with
(almost) all the lexemes from the emotion domain including the generic lex-
eme of the domain. In the emotion domain, the generic lexeme is the noun

IReactivity, attitudinality are semantic dimensions of emotion lexemes. Mel'¢uk and
Wanner (1996) list 11 dimensions for the emotion lexemes they investigate.
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Gefiihl ‘teeling’. For instance, the verb empfinden ‘to feel/experience’ that
combines with the generic lexeme Gefiihl, co-occurs with 35 out of 40 inves-
tigated emotion lexemes. Such collocates can be listed in a dictionary under
the generic lexeme and there is no need to list them for each of the more
specific lexemes. Relying on these findings, the authors conclude that the
principle of lexical inheritance works to some extent for collocations, and
thus it is possible to make certain generalizations over collocation bases and
the collocates they combine with.

Starting with the collocate. An attempt to group collocation bases re-
lying on semantic criteria is presented in Reuther (1996). In contrast to the
study by Mel’¢uk and Wanner (1996), the starting point are not nouns, but
verbs. Reuther (1996) investigates inter alia whether and how the nominal
collocates of each verb can be grouped semantically. The study focuses on
three Russian support verbs that express the meaning “to conduct/carry
out" when combined with certain nouns. For instance, in example (27a), all
three support verbs are acceptable. In the other two examples, only one verb
can be selected by the noun:

(27) a. westi/provodit’/proizvodit’ dopros ‘to conduct an interrogation’
b. wvesti/*provodit’/*proizvodit” bor'bu ‘to wage a fight’
c. “vesti/*provodit’/proizvodit’ aresty ‘to carry out arrests’

The analysis shows that generalizations are possible. For example, the
nouns that select the verb vesti can be classified into five semantic groups:
(1) activities of a group of people controlled by one person (seminar, tuto-
rial); (2) multilateral communicative activities (conversation, debate); (3) texts
(diary, notes); (4) military activities (attack, battle); (5) general activities (activ-
ity, work) (Reuther, 1996, p.203).

Approach in this thesis. The above described studies show that both
approaches of starting with a base or with a collocate give insights into
semantics of collocations. This thesis aims at investigating semantics of
adjective-noun phrases and outlining differences between collocations and
free phrases. In adjective-noun collocations, it is the adjective that changes
its meaning depending on the noun it modifies. Therefore, the second ap-
proach seems more suitable for the undertaken investigation. Namely, the
starting point should be the adjective which is polysemous and undergoes
meaning shifts under the influence of its nominal head.

5.2 Data

The required data should include attributive adjectives from different se-
mantic fields and nouns with which the selected adjectives typically co-
occur. For German, rich linguistic resources have been developed in recent
years that are suitable for collecting this kind of data. More specifically,
the lexical-semantic net GermaNet (Hamp and Feldweg, 1997; Henrich and
Hinrichs, 2010) provides required information about semantic fields for both
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adjectives and nouns. In order to extract co-occurrences, the Digital Dictio-
nary of the German language — the DWDS,? will be used. The DWDS has
an integrated tool for creating word sketches, the DWDS-Wortprofil, intro-
duced in previous chapter (see section 4.1). Both resources undergo regular
updates, and with each new release, they cover more data based on high
quality corpora.

5.2.1 Selecting adjectives

As described in Strakatova et al. (2020), the adjectives in the dataset are
selected based on the lexical-semantic information provided by the German
wordnet GermaNet. GermaNet (version 15.0)° contains 15,275 adjectives.
Most of the adjectives (~» 90%) have only one sense (see table 5.1).

| Senses | Lexical units |

10 2
9 1
8 1
7 1
6 6
5 17
4 57
3 247
2 1,189
1 13,767
Y] 15,275 |

TaBLE 5.1: Distribution of number of senses for the adjectives
in GermaNet 15.0

Adjectives in GermaNet are modelled in a taxonomic manner in terms of
hyponymy relations. The top nodes in the hierarchy are represented by 16
semantic classes following the classification of adjectives proposed in Hund-
snurscher and Splett (1982) with an additional special class of pertainyms —
adjectives that pertain to a noun. For example, the adjective barock ‘baroque’
pertains to the noun Barock ‘baroque’. Another term for such adjectives com-
mon in linguistic literature is relational. For a more detailed description of
adjectives in GermaNet see section 4.5.1.

From each of the 16 semantic classes in GermaNet, three adjectives have
been selected in order to ensure that the dataset has a balanced semantic
coverage. The majority of the selected adjectives are ambiguous. However,
a few adjectives that are monosemous in GermaNet have been selected as

2DWDS - Digitales Worterbuch der deutschen Sprache. Das Wortauskunftssystem zur
deutschen Sprache in Geschichte und Gegenwart, hrsg. v. d. Berlin-Brandenburgischen
Akademie der Wissenschaften, <https://www.dwds.de/>, last accessed on 13.04.2023.

3Note that GermaNet is updated on a yearly basis. The most recent version at the
moment of writing this thesis is version 18.0 released in May 2023.
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well. This is motivated by the fact that some senses may still be absent in
GermaNet,* but still can be encountered in corpus data. All the adjectives
with more than six senses in GermaNet have been included in the dataset.
The rest of the adjectives were chosen from a set of adjectives with highest
frequency from each semantic field.

The final selection of the adjectives is presented in table 5.2 including the
number of senses in GermaNet and the semantic class the adjectives belong
to. Note that most of the adjectives are polysemous and, therefore, they
may belong to several different semantic classes. For instance, the adjective
bitter ‘bitter” is found in three semantic classes: ALLGEMEIN ‘general’, GEFUHL
‘mood-related’, and PERZEPTION “perceptional’.

The special class of adjectives, pertainyms, has also been considered.
This class contains denominal adjectives that do not fit in any of the ad-
jectival semantic classes because such adjectives retain the meaning of the
nouns they pertain to. For instance, the adjective barock ‘baroque’ pertains to
the noun Barock ‘baroque’ that belongs to the nominal semantic class EVENT.
Therefore, the semantic class of the adjective barock is DENOMINAL EVENT.
Relational adjectives are semantically similar to nouns and denote objects
(Boleda, 2006). For instance, barocke Musik ‘baroque music’ means music of
baroque period. However, pertainyms can develop other senses and be used
as qualitative adjectives. For example, the adjective barock ‘baroque’ may
express the meaning “strange, bizarre, weird" as in barocke Fantasie “weird
imagination’. Any adjective from the semantic class of pertainyms has a po-
tential for developing novel, non-relational senses. Thus, three pertainyms
are included in the dataset along with adjectives from other semantic classes.

Literal sense of adjectives

There are two assumptions made about collocations of type 1 (definition 6,
repeated below for convenience as definition 8 ) in this thesis. Firstly, the
modifier in collocations of this type does not retain its literal sense. The
second assumption is that, for each adjective, there is only one literal sense
(definition 3, repeated below for convenience as definition 9). Therefore, in
the next step the literal sense for each of the selected 48 adjectives must be
clearly defined. This has been done by an experienced lexicographer.

Definition 8

Adjective-noun collocations are recurrent binary word combinations con-
sisting of a base (noun) and a collocate (adjective) where the base is used
in its unrestricted sense and the collocate’s meaning is restricted. There are
two types of restricted collocates:

Type 1: the collocate’s sense is not literal. Type 1 collocations have two
subtypes:

Type 1.1: the collocate combines in this sense with a large number
of nominal bases, for instance, helle Aufrequng ‘extreme excitement’ (lit.
‘bright’).

“GermaNet is an ongoing project and new entries are added to the database every year.
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| Semantic class \ Adjectives |
ALLGEMEIN herrlich “‘wonderful” (1), knapp ‘scarce’ (4),
‘general’ stark ‘strong’ (5)
BEWEGUNG starr ‘rigid” (2), sanft ‘smooth’ (3),
‘motion-related” wild ‘wild” (6)
GEFUHL bitter ‘bitter’ (4), siif$ ‘sweet’(4),
‘mood-related’ zart ‘delicate” (5)
GEIST schlau ‘smart’ (1), dumm ‘stupid” (3),
‘spirit-related’ hell ‘bright’ (4)
GESELLSCHAFT deftig ‘solid” (2), arm ‘poor” (3),
‘social-related’ blank ‘broke’ (4)
KORPER zith ‘tough’ (2), blind "blind” (4),
‘body-related’ dick ‘fat’” (6)
MENGE prall ‘full” (2), teuer ‘expensive’ (2),
‘quantity-related’ reich ‘rich’ (3)
NATPHANOMEN karg ‘bare’ (2) , mild ‘mild” (3),
‘weather-related” stiirmisch ‘stormy’ (3)
ORT steil ‘steep’ (2), rund ‘round’ (4),
‘spatial’ tief ‘deep’ (6)
PERTONYM steinig ‘stony’ (1), barock ‘baroque’ (2),
‘pertainyms’ historisch ‘historical” (2)
PERZEPTION dunkel ‘dark’ (5), schwarz ‘black’ (8),
‘perceptional’ scharf ‘sharp” (10)
PRIVATIV windig ‘dubious’ (2), tot ‘dead” (3),
‘privative’ frei ‘free’ (9)
RELATION miichtig ‘mighty’ (4), sicher ‘safe’ (4),
‘relation’ leicht ‘light” (7)
SUBSTANZ hélzern “wooden’ (2), grob ‘coarse’ (4),
‘material-related’ offen “‘open’ (5)
VERHALTEN frech ‘bold’ (2), rau ‘rough’ (4),
‘behaviour-related” hart “‘tough” (10)
ZEIT frischgebacken ‘recent’ (1), spit ‘late” (2),
‘temporality-related’ alt “old’ (5)

TaBLE 5.2: 48 adjectives selected for the dataset and their se-
mantic classes in GermaNet. The number of senses for each
adjective is given in brackets.
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Type 1.2: the collocate combines in this sense with very few nominal
bases, for instance, schwarzer Kaffee ‘black coffee’.
Definition 9
Literal meaning is the most basic meaning of a word (German: Grundbedeu-
tung). Following the definition by Pragglejaz Group (2007, p.3): the most
concrete, imaginable, historically older meaning, it is precise and is related
to a bodily action.

For some adjectives, is it straightforward which sense is the literal one.
For instance, perceptional adjectives are among the least problematic: for
schwarz ‘black’, the color sense is the literal one, for bitter ‘bitter” and siifs
‘sweet” — the taste sense. Spatial adjectives also have a distinct literal mean-
ing:

o steil ‘steep’ — rising up vertically or sloping downwards;”

e rund ‘round’ - spherical, (semi)circular; without corners and edges, in
the shape of a ring, arc or similar;

e tief ‘deep’ — reaching (far) down from above, extending far down-
wards.

In most cases, the literal sense is the sense listed first in the DWDS dic-
tionary. However, not all cases are straightforward and clear. Additional
heuristics have been adopted to help identify the most literal senses of ad-
jectives.

Heuristic 1. Non-literal senses are marked in the DWDS entries as iiber-
tragen ‘figurative’ or bildlich ‘metaphorical” which helps to identify the literal
meaning in the cases, when it is not listed as the first sense. For instance,
the entry of the adjective frischgebacken ‘freshly baked” contains two senses.
The first one is marked as figurative. The figurative sense is activated when
the adjective is used with role nouns. For instance, nouns expressing pro-
fession such as frischgebackener Priisident ‘newly elected president” or marital
status such as frischgebackene Ehepaar ‘newly married couple’. The second
sense is unmarked and is the literal one: ‘recently/freshly baked” — as in
frischgebackenes Brot/Kuchen ‘freshly baked bread/cake’.

Heuristic 2. There are adjectives for which none of the senses is marked
as figurative, for example sicher ‘safe/certain’, frech ‘cheeky/bold’, zart ‘del-
icate’. The reason is that all the senses of these adjectives are quite abstract.
In such cases, the literal meaning is equated with the salient meaning. Philip
(2011) defines salient meaning of a word or phrase as the most dominant one
for a particular person, in this case, the lexicographer. For example, the ad-
jective frech ‘bold, cheeky” has one general entry and several subentries. The
general entry defines the adjective as “lacking the necessary respect towards
someone, (a little) disrespectful".® The definitions in the three subentries are

SHere and further: German definitions provided in the DWDS are translated into En-
glish.
®Here and further translated from German.
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the following: (1) act unseemly toward somebody; (2) cheeky, rude, shame-
less; (3) bold, funny, provoking. The first one refers to the adverbial usage
of frech with the verb kommen ‘to come” and can be ignored.

The second and the third definitions differ in their connotations: the
second one has a negative connotation, whereas the third one is positive.
The selection of examples in the DWDS entries for each usage illustrates
this difference: in the second subentry, frech modifies nouns such as Liige
‘lie’, Betrug ‘deception’, whereas in the third one, it combines with artifacts
such as Karikatur ‘caricature’, Zeichnung ‘drawing’. It has been decided to
treat the negative connotation as literal sense of frech. The positive use of
the word is considered slightly figurative and thus collocational.

The definitions of literal senses for all the 48 adjectives are listed in the
Appendix B. The second step in collecting collocation candidates is extract-
ing the nominal bases that have a potential to form a collocation with the
selected adjectives.

5.2.2 Selecting nouns

The choice of the adjectives described in the previous subsection was moti-
vated purely semantically, the main factors being the semantic class and the
level of polysemy of the adjectives. The selection of the nouns, on the other
hand, is fully automatic and is based on the strength of statistical association
between the adjective and the noun. In order to extract the candidates, the
statistical tool of the DWDS, the Wortprofil, has been used (The Wortprofil
was described in detail in section 4.1).

For extracting the corresponding nominal heads for the selected adjec-
tives, only the relation “is an attribute of" in the Wortprofil has been consid-
ered. Figure 5.1 shows a part of the interface of the Wortprofil website: the
top-20 noun bases for the adjective hell ‘bright, light” sorted by the logDice
values.” Already the top twenty collocates give an idea about the different
senses of the polysemous adjective. With artifacts, hell ‘bright” is used in
its literal sense ‘radiating light, not dark”: heller Raum/Anzug/Hose ‘bright
or light room/suit/pants’, the same holds for natural phenomena and ob-
jects such as Licht ‘light’, Flamme ‘flame’, Stern ‘star’, Holz ‘wood’. These
co-occurrences are examples of free phrases, in spite of the fact that the
statistical association between these nouns and the adjective is very strong.

In a large number of phrases in this list, the adjective hell does not retain
its literal meaning. For instance, in combination with the nouns of emotion
such as Aufrequng ‘excitement’, Freude ‘joy’, Empirung ‘outrage’, etc., the
adjective hell takes up the role of an intensifier. In combination with Stimme
‘voice’, hell describes an acoustic property of the noun. These are examples
of collocations.

"DWDS-Wortprofil for “hell”, created via the das Digitale Worterbuch der deutschen
Sprache, <https://www.dwds.de/wp/hell>, last accessed on 23.02.2021.
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ist Adjektivattribut von logDice 11 Freq.

1. Aufregung 9.9 1266
2. Licht 94 1807
3. Freude 9.0 858
4. Holz 8.8 570
5. Stern 8.6 709
6. Farbe 8.4 805
7. Empdérung 8.4 419
8. Wahnsinn 8.0 309
9. Schar 8.0 318
10. Flamme 7.8 284
11. Mitte 7.8 357
12. Kopf 7.7 496
13. Tageslicht 7.5 203
14. Anzug 7.5 301
15. Haut 7.5 266
16 . Begeisterung 7.4 228
17. Stimme 7.3 640
18. Auge 7.3 598
19. Raum 7.3 758
20. Hose 7.2 233

FIGURE 5.1: A screenshot from the Wortprofil: top-20 noun co-
occurrences for the adjective hell ‘bright, light” sorted by the
logDice values.

Apart from that, there is an ambiguous phrase heller Kopf lit. ‘bright
head” which can be interpreted in two ways. Firstly, it has an idiomatic in-
terpretation in which the noun is used figuratively as in ‘a smart person’.®
This is a clear case of metonymy because head stands for person. The second
interpretation of the adjective is literal: ‘a light-colored head’, where head
stands for hair. One of the advantages of the Wortprofil is a quick access to
the examples from the corpus for each phrase. When the user clicks on a
word in the list of co-occurrences, a maximum of twenty example sentences
from the underlying corpus are displayed. This is a quick way to establish
empirically which interpretation of a phrase is dominant. All twenty exam-
ple sentences for the phrase heller Kopf illustrate the idiomatic interpretation
of the phrase. This is an indication that the figurative use of the phrase is

8The English equivalent is ‘bright mind’".
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more dominant than the literal one. See examples (28a)” and (28b)'" that
illustrate that meaning.

(28) a. Beim Schach stofien selbst die hellsten Kopfe rasch an
in  chess bump self the brightest heads quickly against
ihre Grenzen.
their limits

‘In chess, even the brightest minds reach their limits soon.”

b. Dabei gehe es darum, "helle und kreative Koépfe" nach
thereby go it about bright and creative heads to
Deutschland zu holen.

Germany  to bring

‘It was about bringing “bright and creative minds" to Germany.’

The above described functionality of the Wortprofil makes it a suitable
tool for obtaining collocation candidates. Therefore, for each of the 48 ad-
jectives described earlier in section 5.2.1, up to 100 nominal collocates have
been extracted with the help of the Wortprofil. The minimum bigram fre-
quency has been set to five occurrences. For three adjectives, less than one
hundred collocates are available. Those are steinig ‘stony” with 57 nouns,
frischgebacken ‘freshly baked” — 76 nouns, and steil ‘steep” — 99 nouns.

The final dataset consists of 4,732 adjective-noun pairs with 48 distinct
adjectives (collocates) and 3,007 distinct nouns (bases). The next step is
manual annotation of these phrases in order to obtain a gold standard of
free phrases and collocations.

5.3 Annotation

The obtained lists of collocation candidates (4,732 adjective-noun phrases)
were given to two native speakers of German for annotation. One anno-
tator is an experienced lexicographer and an expert on collocations (Isabel
Fuhrmann), the second one is a student of Computational Linguistics with
a solid background in lexical semantics and lexicography (Daniela Ross-
mann). The annotation task at hand is a binary classification of adjective-
noun phrases into collocations and non-collocations. This section describes
in detail the annotation process which is a joint work of Isabel Fuhrmann
(BBAW, Berlin) and Yana Strakatova (University of Tiibingen) supported by
a student assistant Daniela Rossmann (University of Tiibingen). The work
has been briefly introduced in Strakatova et al. (2020).

9In Die Zeit, 07.02.2011, Nr. 06, from the corpus Die ZEIT of the Digitales Worterbuch
der deutschen Sprache, <https://www.dwds.de/d/korpora/zeit>, retrieved on 24.02.2021.

T Berliner Zeitung, 18.02.2002, from the corpus Berliner Zeitung of the Digitales
Worterbuch der deutschen Sprache, <https://www.dwds.de/d/korpora/bz>, retrieved on
24.02.2021.
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5.3.1 Annotation scheme

Figure 5.2 presents an initial decision tree that served as initial guidelines
for the annotation by Isabel Fuhrmann. The annotation is binary as there
are only two labels available: collocation and non-collocation. The first deci-
sion is whether a given phrase is a proper name. The decision depends on
the world knowledge of the annotators and their linguistic intuition. If the
phrase is not a proper name, the annotator moves on to the second step and
has to decide whether the noun is used figuratively. If yes, then the expres-
sion is not a collocations, even if the adjective is used in its literal sense.
The final choice depends on the adjective. If the meaning of the adjective
is literal, the combination should be annotated as a non-collocation. If the
meaning of the adjective is non-literal, then the phrase is labeled as colloca-
tion. It is left open to the annotator to write down any comments to explain
their decision.
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Such binary classification has one major disadvantage: phrases with very
different semantic and, in part, syntactic properties are conflated into one
category of non-collocations. In decision 1, a non-collocation stands for
a proper name. In decision 2, it stands for an idiom because the nominal
base is used in a figurative sense. Finally, decision 3 distinguishes between
collocations and free phrases. Consider the definitions of these three categories
that are based on the numerous definitions presented earlier in section 3.2
adapted for adjective-noun phrases:

* Free phrase is an adjective-noun phrase in which both constituents are
lexically free and used in their literal sense.

* Idiom is an adjective-noun phrase in which either only the nominal
base has a figurative meaning (semi-idiom) or the meaning of both
constituents is figurative (full idiom).!!

* Proper name (named entity) is an adjective-noun phrase used as a
name or a part of the name of an organization, location, holiday or as
a title of a song, a book, a movie, or similar.

Compare free phrases and idioms: free phrases are semantically fully trans-
parent, compositional, and decomposable. Idioms, on the other hand, are
non-compositional and often semantically opaque. Some idioms are syntac-
tically (almost) fixed and non-decomposable, for instance, mit harten Banda-
gen (kimpfen) ‘to play hardball” (lit. ‘to fight with hard bandages’). Ideally,
a distinction between free phrases and idioms should be made. Therefore,
after the annotation was performed by the first annotator, it has been de-
cided to include a more fine-grained distinction for non-collocations in the
annotation scheme. The updated decision tree is depicted in Figure 7.1:
instead of the general category non-collocation, it contains fine-grained cate-
gories proper name, idiom, and free phrase. This tree was used by the second
annotator Daniela Rossmann who started working later than the first one.

Apart from that, one cannot rule out that any of the multi-word expres-
sion types discussed in section 3.2 may occur in the list of co-occurrences,
as all MWEs are characterized by strong statistical association between their
constituents. Therefore, the second annotator was encouraged to suggest
other labels if none of the categories in the annotation scheme is suitable for
the phrase in question.

"The two subtypes of idioms are borrowed from Mel'¢uk’s 2012a classification of
phrasemes presented in section 3.2.2.
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5.3.2 Annotation process

The annotation was performed by the annotators independently, i.e. they
did not communicate with each other until they both completed the task.
The annotators received the lists of phrases sorted by adjectives. Each adjec-
tive was provided with the definition of its literal meaning (see Appendix
B). The annotators were instructed to rely on this definition when making
their decision about the literality of the adjective’s meaning in step 3 of the
decision tree. The decision about the literality of the noun’s meaning was
made by the annotators based on their intuition as native speakers and their
expertise in lexical semantics. The phrases were given for annotation with-
out context.

Ambiguities. As it is possible that some phrases have multiple interpreta-
tions, the annotators were encouraged to use any resources they require to
disambiguate the phrases. They were free to decide what interpretation is
the dominant one for an ambiguous phrase based on the corpus examples
and their intuition. The annotators were also instructed to give comments
and explanations about their choice in such cases.

Adjudication.  During the annotation, the annotators worked indepen-
dently and did not communicate with each other. After the annotation was
completed, all the disagreement cases were identified, compiled with the
notes of the annotators and given back to them for further adjudication. Al-
together, there were 478 cases of disagreement. The annotators went through
all of them in turns, changing the label if they agreed with the opinion of
the other annotator. The disagreement cases were discussed taking into con-
sideration the fine-grained categories. In this way, most of the disagreement
cases were resolved with the exception of 91 cases. These remaining cases
were discussed among the annotators and the author of this thesis and each
phrase was assigned a label. The next subsection presents the results of the
annotation in terms of the inter-annotator agreement scores and discusses
some of the disagreement cases in detail.

5.3.3 Inter-annotator agreement

Based on the results of the independent annotation, the reliability of the an-
notators’ judgements was verified by computing the inter-annotator agree-
ment (IAA) score. Note that only one annotator performed a multiclass
classification. In order to compare the annotation results and be able to cal-
culate the agreement, the fine-grained labels proper name, idiom, free phrase,
term had to be conflated into one category of non-collocations.

The observed IAA for the entire dataset is 90%. However, simple ob-
served agreement is rarely used as the only measure of IAA because it does
not take into consideration the probability of random agreement between
annotators. The standard measure for evaluating the IAA in a binary classi-
fication task with two annotators is Cohen’s Kappa x (Cohen, 1960). Kappa
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x takes into account the probability of chance agreement and is computed
as follows:

_Po—Pe
K= T o De (5.1)

where py is the observed agreement ratio and p, is the expected probability
of agreement if the labels are assigned randomly.

_A+D
Po = N

(5.2)

where A + D is the number of agreement cases and N is the total number
of annotated instances as illustrated in Figure 5.4. The chance agreement is
calculated as presented in formula 5.3.

e () (3 3)
Rater 1
Rater 2 Category 1 Category 2 Total
Category 1 A B B1(A+B)
Category 2 C D B2(C+D)
AT (A+Q) A2 (B+D) N

F1Gure 5.4: Distribution of subjects by rater and response cat-
egory from Wongpakaran et al. (2013, p.3).

If observed agreement pg is much larger than chance p,, the value of
Cohen’s Kappa « is high which would indicate that the annotation scheme
is reliable. For the binary annotation described above the resulting x equals
0.80. A way to interpret x-values is proposed in Landis and Koch (1977) ac-
cording to which x of 0.80 indicates substantial strength of agreement. Boleda
(2006, p. 80) investigates different approaches to interpreting the agreement
values and summarizes them with the following conclusion: “there is little
doubt that an agreement value exceeding 0.8 can be considered to be valid for aca-
demic purposes, but there is wide disagreement as to the meaning of values below
that”. High agreement is an indication that the annotation scheme is reliable.
Now consider agreement calculation for each adjective.

IAA per adjective. The IAA-scores for each of the 48 adjectives are
reported in Table 5.3. The table shows the number of collocations identified
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for each adjectives, the number of synsets an adjective has in GermaNet, ob-
served IAA given in %, and two IAA measures: Cohen’s Kappa and Gwet’s
AC1.'? Cohen’s Kappa defined above is widely used in research, why use a
second measure? The reason lies in the so-called “Kappa paradox" (Feinstein
and Cicchetti, 1990): if the data is imbalanced, the value of Kappa may be
considerably lower than high observed agreement.

Compare Kappa (x) and observed agreement (pg) values for the adjec-
tives teuer (pp=99% vs x=0.0), scharf (pp=92% vs «=0.52), barock (po=85% vs
x=0.0). The difference between the two values is extreme and not intuitive.
This effect can be explained by the influence of trait prevalence (Feinstein
and Cicchetti, 1990). Consider the number of detected collocations for each
of the three adjectives: 1 for teuer, 0 for barock, 94 for sharf. For the first two
adjectives, non-collocations prevail. In contrast, scharf participates mostly in
collocations. For these adjectives, the distribution of labels is highly imbal-
anced which results in unexpectedly low Kappa values. Investigating this
issue, Gwet (2008) comes to a conclusion that Kappa works reasonably well
for data with trait prevalence approaching 0.5. A skewed distribution will
lead to a very low Kappa in spite of high observed agreement. Gwet (2008)
proposes an alternative measure agreement coefficient AC1 which is more sta-
ble than Kappa. The difference between the two measures lies in the way
the chance agreement is computed: compare formulas 5.3 and 5.4. Kappa
evaluates the probability of chance-agreement assuming that all observed
ratings may yield an agreement by chance whereas Gwet’s AC1 measure
reduces “the overall agreement by chance to the right magnitude” (Gwet, 2008,
p-47).

M) . (1_M) (5.4)

’93:2*( N N

Statistical research in various fields supports the hypothesis that AC1 is
more stable than Cohen’s Kappa (Wongpakaran et al., 2013; Feng, 2013;
Konstantinidis et al., 2022) when the data is imbalanced. Therefore, fur-
ther discussion of the IAA per adjective will be based on the AC1 scores
reported in Table 5.3.

Most of the adjectives (35 out of the total of 48) yield AC1 scores over 0.8
which indicates that the distinction between the literal and non-literal senses
of these adjectives is very clear. For three adjectives, the AC1 value equals
1.00: deftig ‘savoury’, frischgebacken ‘freshly baked’, and holzern ‘wooden’.
The literal sense of deftig ‘savoury’ is easy to distinguish from the non-literal
ones: it only applies when combined with food nouns as in deftige Suppe
‘hearty/savoury soup’. The non-literal senses are found in combination
with more abstract nouns. For instance, deftige Strafe ‘severe punishment’
or deftiger Humor ‘crude humour’. Similarly to deftig, the adjective frischge-
backen combines with food nouns such as Kuchen ‘cake’” or Brot ‘bread’ in its
literal sense, and with nouns denoting persons in the non-literal one: Doktor

12The scores were calculated using PyCM library (Haghighi et al., 2018).
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| Adjective | N coll | Synsets | IAA% | Kappa | ACI |
deftig 'savoury’ 59 2 100% | 1.00 1.00
frischgebacken ‘freshly baked” | 73 1 100% | 1.00 1.00
hélzern “wooden’ 1 2 100% | 1.00 1.00
teuer ‘expensive’ 1 2 99% | 0.00 0.99
stiirmisch ‘stormy’ 67 3 99% | 0.98 0.98
blank ‘shiny” 74 4 98% | 0.95 0.97
reich ‘rich’ 32 3 98% | 0.95 0.96
windig ‘windy’ 66 2 98% | 0.96 0.96
steinig ‘stony’ 3 1 96% | 0.65 0.96
rau ‘rough’ 79 4 97% | 091 0.95
grob ‘coarse’ 74 4 97% | 0.92 0.95
schlau ‘smart’ 16 1 96% | 0.86 0.94
blind “blind’ 57 4 97% | 0.94 0.94
knapp ‘scarce’ 79 4 96% | 0.88 0.94
hell ‘bright’ 21 4 96% | 0.88 0.94
leicht “light’ 90 7 96% | 0.73 0.94
tief “‘deep’ 71 6 96% | 0.90 0.93
spit ‘late’ 58 2 95% | 0.83 0.93
starr ‘stiff’ 92 2 94% | 0.67 0.93
hart "hard’ 86 10 95% | 0.72 0.92
sanft ‘mellow’ 87 3 93% | 0.63 0.91
zith "viscous’ 90 2 93% | 0.66 0.91
tot “dead’ 12 3 93% | 0.72 0.91
scharf ‘sharp’ 94 10 92% | 0.52 0.90
siiff ‘sweet’ 54 4 96% | 0.90 0.90
stark ‘strong’ 90 5 93% | 0.77 0.90
dumm “stupid’ 22 3 93% | 0.79 0.89
bitter ‘bitter’ 81 4 92% | 0.73 0.89
offen ‘open’ 80 5 93% | 0.75 0.88
steil ‘steep’ 17 2 92% | 0.76 0.88
karg ‘sparse’ 72 2 93% | 0.81 0.86
arm “poor’ 28 3 91% | 0.78 0.85
barock ‘baroque’ 0 2 85% | 0.00 0.83
miichtig “‘powerful’ 29 4 90% | 0.75 0.80
dunkel ‘dark’ 29 5 89% | 0.70 0.80
rund ‘round’ 29 4 86% | 0.57 0.77
prall “firm’ 51 2 89% | 0.76 0.76
schwarz ‘black’ 30 8 86% | 0.68 0.75
zart ‘soft’ 79 5 85% | 0.64 0.75
wild ‘wild’ 61 6 87% | 0.74 0.74
alt “old” 37 5 83% | 0.64 0.68
frech ‘bold’ 29 2 79% | 0.38 0.67
herrlich “‘wonderful’ 28 1 72% | 0.00 0.63
mild ‘mild’ 84 3 74% | 0.36 0.58
dick ‘thick’ 40 6 70% | 0.33 0.46
frei “free’ 57 9 71% | 0.42 0.40
historisch ‘historical’ 38 2 66% | 0.25 0.38
sicher ‘safe’ 58 4 63% | 0.28 0.26

TaBLE 5.3: TAA per adjective in GerCo: Number of colloca-
tions per adjective (N coll), number of synsets listed in Ger-
maNet (Synsets), observed agreement (IAA%), Cohen’s Kappa
(Kappa), Gwet’s AC1 (AC1). Sorted by AC1 values. The trans-
lations are given for the literal sense of each adjective.



5.3. Annotation 167

‘doctor’, Eltern “parents’. For the adjective hilzern ‘wooden’, only one case
of non-literal sense has been identified: holzernes Dialog ‘awkward dialogue’
(lit. ‘'wooden dialogue’).

The three adjectives with the highest agreement have one thing in com-
mon: low polysemy. One might assume that highly polysemous adjectives
would be more challenging in this task. However, further inspection of the
IAA scores does not support this hypothesis. Adjectives with the lowest
IAA scores that are listed at the bottom of the table show various levels of
polysemy: from herrlich “‘wonderful” and historisch ‘historical” that accord-
ing to GermaNet has only one and two senses, accordingly, to dick ‘thick’
that has 6 senses and frei ‘free’ that has 9 senses in GermaNet. Which other
factors can influence the decision of the annotators? As discussed in Som-
merauer et al. (2020), disagreement among the annotators is an indication of
ambiguities and vagueness in language, especially in semantic annotation
tasks. There are several explanations for the observed disagreement cases
that will be discussed further.

Ambiguity of the phrase. As no context was provided for the phrases,
not all the ambiguities were resolved by the annotators in the same way. For
instance, the adjective alt ‘old” becomes ambiguous when used attributively
as in alter Trainer ‘old coach’: it can either mean “of old age" or “previous".
In the first case, it is a free phrase, in the second one, a collocation. Such
disagreements are resolved in favor of collocations.

Interpretation of the adjective’s meaning. In most cases, it is the main
reason for disagreement. Consider the adjective sicher ‘safe/secure’ that
has the lowest AC1 score of 0.26. Its literal meaning is “not threatened by
danger". This sense was interpreted more loosely by one of the annotators:
in phrases such as sichere Rente ‘secure pension’, sicherer Job ‘secure job” and
sichere Position ‘secure position’, the adjective was interpreted in its literal
sense. The notion of danger was extended from physical danger to a more
abstract interpretation such as ‘danger of being fired/having no money".
During the adjudication, this interpretation was adopted by both annotators
and the phrases were annotated with the label “free phrase".

Another interesting example with an unexpectedly low AC1 score of 0.63
is the adjective herrlich “‘wonderful’. According to both GermaNet and the
DWDS, it has only one sense: ‘magnificent, outstanding, excellent’. How-
ever, one of the annotators discovered a slight shift in meaning from purely
evaluative and vague ‘wonderful” to a more specific sense of “well exe-
cuted/superb" often used by football commentators as in herrlicher Kopfball
‘superb header’ or herrlicher Doppelpass ‘superb double pass’. The difference
between this meaning and the one given as literal is subtle, but there is a
clear pattern detected by a lexicographer and native speaker: when used
with sports terms, herrlich implies not only evaluation as in herrliches Wet-
ter ‘wonderful weather’, but a notion of competence of the person or their
action described as ‘superb’. Therefore, all such cases were annotated as
collocations.
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Interpretation of the noun’s meaning. Not all the disagreement cases
arise based on the meaning of the adjectives. Step 2 in the decision tree
for the annotation requires a judgement about the meaning of the nomi-
nal base of a phrase (see figure 5.2). If the meaning is not transparent, i.e.
is non-literal, the phrase should be annotated as a non-collocation, more
specifically, as an idiom. For instance, the noun Schule ‘school” is polyse-
mous (5 senses in GermaNet). In combination with the adjective alt ‘old’, it
acquires a very specific sense which in English is expressed by the adjective
‘old-school” meaning ‘traditional” or ‘earlier’. In this case, alte Schule should
be annotated as an idiom as in example (29a).'3

(29) a. “Die Spezialeffekte sind total alte Schule", sagt Smith.
the special-effects are totally old school says smith

‘The special effects are totally old school’, - says Smith.’

b. Doch es gibt diese alte Schule nicht mehr.
yet it exists this old school not more

‘But the old school is not there anymore.’

c. In meiner alten Schule kannte ich so gut wie jeden.
inmy  old school knew I sogoodas everyone

‘I knew almost everyone in my old school.”

However, in some contexts, alte Schule can either be a free phrase or a col-
location, as in examples (29b)'* and (29¢)'® respectively. In example (29b),
old school is a free phrase as both constituents retain their literal meanings:
a building/institution that has existed for many years, whereas in example
(29¢), it is a collocation: old ~ former, previous. In sum, depending on the con-
text, there are three possible annotations for the phrase: free, collocation, or
idiom. The annotators have reached an agreement by annotating this phrase
as an idiom, i.e. non-collocation.

The polysemous noun Herz ‘heart” is another example of such ambiguity:
it has 6 senses in GermaNet. In combination with wild ‘wild’, it acquires a
metaphorical meaning denoting a person’s character or nature as in example
(30).16

3In Die Zeit, 01.12.2013, Nr. 49, from the corpus Die Zeit of the Digitales Worterbuch der
deutschen Sprache, <https://www.dwds.de/d/korpora/zeit>, retrieved on 23.03.2021.

411 Die Zeit, 19.10.2017, Nr. 04, from the corpus Die Zeit of the Digitales Worterbuch der
deutschen Sprache, <https://www.dwds.de/d/korpora/zeit>, retrieved on 23.03.2021.

>In Die Zeit, 23.07.2012, Nr. 30, from the corpus Die Zeit of the Digitales Worterbuch der
deutschen Sprache, <https://www.dwds.de/d/korpora/zeit>, retrieved on 23.03.2021.

1In Berliner Zeitung, 15.02.1997, from the corpus Berliner Zeitung of the Digitales
Worterbuch der deutschen Sprache, <https://www.dwds.de/d/korpora/bz>, retrieved on
08.04.2023.
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(30) “Das Wetter am Valentinstag  war eher etwas fiir wilde
the weather on Valentine’s-Day was rather somewhat for wild
Herzen als fiir romantische Seelen.
hearts than for romantic  souls

‘The weather on Valentine’s Day was more for wild hearts than
romantic souls.”

In contrast to the phrase alte Schule, wildes Herz has only one reading.!” The
issue of how to annotate it arises not from the variety of interpretations
that depend on the context, but rather on the decision of the annotators on
whether to treat this sense of the noun as literal and label it as collocation or
non-literal and label it as an idiom. The final decision was to annotate the
phrase as an idiom.

Further annotation of non-collocations

A more fine-grained annotation of non-collocations depicted in Figure 7.1
was performed systematically only by one of the annotators. The other an-
notator made comments to justify their decision, but those comments were
not consistent enough to be compared with the labels given by the second
annotator. Therefore, no IAA scores could be computed for the fine-grained
distinction among the non-collocations. All the labels in the final dataset
were assigned based on the comments of the annotators and the discus-
sion during the adjudication. The labels are the following: free phrase, idiom,
proper name, technical term. Note a new label that was not present in the an-
notation decision tree, technical term. This label was suggested by the second
annotator in the process of annotation. During the adjudication, it has been
decided to include the new label in the annotation. All the categories will
be discussed in detail in the next section (5.4).

Summary. Collocations are traditionally placed in the grey area be-
tween free phrases and idioms in terms of lexical restrictedness. The task
of identifying collocations is highly challenging. However, the results of the
inter-annotator study show that clear definitions and straightforward guide-
lines make it possible to reach substantial agreement in the task of binary
classification of phrases into collocation and non-collocation. The disagree-
ment cases are systematic and exhibit patterns that are based on ambiguities
of the adjectives” and nouns’ meanings.

7The phrase is also used as a proper name or as part of a proper name in the titles
of movies, songs, and books. However, its meaning remains the same: "unruly charac-
ter/nature (of a person)".
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5.4 Analysis

The final dataset GerCo (German Collocations) comprises 4,732 adjective-
noun phrases with 48 unique adjectives and 3,007 unique nouns.'® The
distribution for the binary labels is the following: 2,505 collocations and
2,227 non-collocations. Figure 5.5 shows the distribution of the binary labels
in the GerCo dataset per adjective. The numbers for the more fine-grained
classification are presented in table 5.4.

| Label | Number | Distinct adjs | Distinct nns |

collocations 2,505 47 1,837

free phrases 1,979 48 1,471
idioms 145 35 116
proper names 43 14 42

terms 18 6 17
free/idiom 37 14 35
free/proper 5 4 5
free/term 1 1 1

TaBLE 5.4: GerCo dataset overview: number of instances for
each label and number of distinct adjectives and distinct nouns
per label.

There are four labels for non-collocations: free phrase, idiom, proper name,
and (technical) term. Apart from that, there are 42 ambiguous cases in which
the label varies depending on the context and which could not be resolved in
the process of adjudication: free phrase or idiom, free phrase or proper name, free
phrase or term. Each of the groups will be inspected and described separately
in the following sections.

5.4.1 Collocations

Figure 5.5 illustrates the distribution of collocations in GerCo per adjec-
tive. The distribution is strikingly imbalanced for a large number of adjec-
tives. Adjectives such as frischgebacken ‘freshly baked’, scharf ‘sharp’, or starr
‘rigid” mostly participate in collocations, whereas barock ‘baroque’, hilzern
‘wooden’, and feuer ‘expensive’ tend to occur in free phrases. There is a
weak positive correlation between the number of senses of an adjective in
GermaNet and the amount of collocations the adjective is a constituent of
in GerCo (Spearman r = 0.38). This indicates that the level of an adjective’s
polysemy plays only a secondary role in its collocability: an adjective with
only two senses such as starr ‘rigid” participates in more collocations than
an adjective with 10 senses such as hart “hard’.

Remember that in the data selection process, three relational adjectives
were included in the dataset: barock ‘baroque’, steinig ‘stony/rocky’, and

8The dataset can be downloaded here: https://doi.org/10.57754/FDAT. rr563-my238.
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historisch “historical’. It was motivated by the fact that such adjectives can
acquire non-relational readings and thus form collocations. The adjectives
barock ‘baroque’ and historisch ‘historical” have two senses both in GermaNet
and the DWDS and were expected to participate in collocations. This is true
for historisch: 38 collocations were identified. In a number of cases, it ac-
quires the sense ‘historic’, as in historische Entscheidung ‘historic decision’.
Other examples illustrate the sense ‘ancient, old” as in historischer Stadtkern
‘historical city center’. For the adjective barock, on the other hand, no collo-
cations were identified. Its second sense ‘odd, peculiar’ is not represented in
the dataset. Finally, the adjective steinig that has only one sense both in Ger-
maNet and the DWDS participates in two collocations: with nouns Prozess
‘process” and Lebensweg ‘life journey’ in the sense ‘difficult’.

It is important to keep in mind that the characteristics of the corpus
used for the extraction of collocation candidates affect the results (see sec-
tion 3.4.1). The underlying corpora for the Wortprofil are to a large extent
comprised of newspaper articles. Although the news domain can be quite
varied, not all word senses are equally represented there. It results in the
imbalanced distribution of collocations and free phrases for some adjectives.
Consider the adjective scharf: 94% of the phrases with this adjective are col-
locations. The literal meaning of the adjective — “good at cutting or pierc-
ing, pointed", is found only in four phrases out of the total of 100: scharf
+ Gegenstand/Klinge/Messer/Schwert ‘sharp object/blade/knife/sword’. An-
other sense of scharf in German is “spicy, hot" as in spicy chili/soup/food.
According to both annotators, it is a highly frequent sense in daily com-
munication.'” However, the dataset does not contain any examples of that
sense. It does not imply that newspapers do not mention spicy food in their
articles. Rather, such phrases are not frequent enough and thus the statisti-
cal association is not strong enough to be captured by the logDice measure.
As a result, this sense of the adjective is not represented in the top-100 co-
occurrences available in the Wortprofil.

The examples discussed above are cases of regular polysemy when a
non-literal sense of an adjective is productive and is found in numerous
phrases. The dataset also contains a few examples of very specific collo-
cations that are so highly lexicalised that they have a dedicated Wikipedia
article. One example is wilde Ehe (lit. “wild marriage”’) which is a colloquial
term for ‘common-law marriage’. According to the DWDS, this expression
is becoming obsolescent. Another example is fotes Gleis lit. ‘dead track’
that stands for a train track that is no longer in use. They could be treated
as technical terms. However, both annotators labeled them as collocations
because the use of these expressions is not limited to one domain. There
is a number of phrases that at the last step of the the decision tree could
not be labeled neither as collocations nor as free phrases exactly for that

9This adjective caused a discussion among the lexicographers who are native speakers
of German as to which sense is the literal one: ‘sharp” or ‘spicy’. This indicates that both
senses are almost equally dominant in the mental lexicon of native speakers. However,
the sense ‘sharp’ is listed first both in the DWDS and Duden (https://www.duden.de/
rechtschreibung/scharf, last accessed on 14.04.2023) and is thus considered to be the most
literal sense.
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reason: their meaning is highly specific and they are used in one particular
domain. This group of phrases labeled technical terms is described in the
next subsection.

5.4.2 Technical terms

Terms were not suggested as a label option before the annotation and thus
are not a part of the decision tree. The 18 expressions labeled in the final
version as terms were identified in a data-driven manner. In the process of
annotation, it became clear that some expressions do not fall into any of the
categories from the annotation scheme. They were identified in the last step:
the meaning of the base is literal, the meaning of the modifier is non-literal
— so they might be considered collocations. However, the meaning of one
of the constituents and/or the expression as a whole is very specific and its
use is restricted to a particular domain. The meaning of such examples is
sometimes not clear even to native speakers without additional information
such as Wikipedia or dictionaries specialised in specific domains. Technical
terms from the following domains were identified in the GerCo dataset:?"

* Vision, e.g. Blinder Fleck ‘blind spot’ — is an obscuration of the visual
field.

* Astronomy, e.g. Dunkle Energie ‘dark energy” — an unknown form of
energy.

* Philosophy, e.g. Historischer Materialismus ‘Historical materialism” —
the term used to describe Karl Marx’s theory of history.

* Economics, e.g. spiites Geschiift ‘late trading’ — the trading that happens
after the stock market closes.

* Legal terms, e.g. freier Triger ‘independent sponsor” — institution that
provides personnel and material resources for services and is not a
public or administrative body.

5.4.3 Free phrases

In free phrases, both the modifier (adjective) and the head (noun) retain
their literal meaning and the modifier is not lexically bound to the head.
They form a large group in the GerCo dataset comprising 41% of all the
phrases. As discussed in section 5.2.1, the distinction between literal and
non-literal meaning is quite straightforward when the literal meaning is
concrete (spatial and perceptional adjectives) which is reflected in the high
IAA for such adjectives. The confusion is high for the adjectives that do not
have a concrete sense such as sicher ‘secure’ (see section 5.3.3) or frech ‘bold’
(see section 5.2.1).

20The definitions stem from the dedicated Wikipedia articles.
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5.4.4 Idioms

During the annotation, idioms are identified in step 2 of the decision tree
(figure 5.2). If the head is has a figurative meaning, the phrase is labeled
as idiom. This definition follows Mel’¢uk (2012a)’s notion of an idiom. A
closer inspection of the identified idioms shows that this category is not
homogeneous. The following types of idioms can be identified in GerCo:

Semi-idioms

In semi-idioms, the meaning of only one constituent is figurative (Mel'¢uk,
2012a). The semi-idioms in GerCo follow a similar pattern: the ad-
jective retains its literal meaning, whereas the noun does not: (1)
nouns from the semantic field ANIMAL referring to people, for example
dumm + Gans/Kuh/Ziege lit. ‘stupid goose/cow/goat’, frecher Hund lit.
‘cheeky/naughty dog’, schlauer Fuchs lit. ‘clever fox’; (2) metonymy where
a part of the body refers to a person: schlauer Kopf lit. ‘smart head’, freche
Zunge lit. “‘cheeky/rude tongue’.

Full idioms

In full idioms, both constituents are used in a figurative sense (Mel ¢uk,
2012a). There are two kinds of full idioms: decomposable and non-
decomposable.

Decomposable idioms are idioms in which the meaning is composed of “id-
iomatic meanings of its parts” (Nunberg et al., 1994, p. 507). In such phrases,
the meanings of both constituents are figurative, but they can be mapped
onto parts of the actual meaning of an idiom. For instance, in the idiom bit-
teres Erwachen “bitter awakening” which means ‘unpleasant realisation’, bitter
refers to unpleasant and awakening refers to realisation. Both constituents add
to the meaning of the whole phrase.?!

Most of the phrases annotated as idioms in GerCo fall into this category.
The most typical semantic fields of the noun bases in decomposable idioms
in GerCo are:

* ANIMALS: alter Hase lit. “old rabbit’ — an experienced (alt) person (Hase);
armes Schwein lit. “poor pig’ — someone (Schwein) who is pitied (arm);
blindes Huhn lit. ‘blind chicken” — an ignorant or stupid (blind) person
(Huhn); harter Hund lit. ‘hard dog’ — a tough (hart) person/man (Hund);
schwarzes Schaf lit. ‘black sheep’ — a different, odd schwarz) member of
a group (sheep).

* BoDY: wildes Herz lit. ‘wild heart” — passionate (wild) character (Herz);
starke Nerven lit. ‘strong nerves’ — ability (Nerven) to endure a lot (stark).

ZINote the difference between the terms decomposability and transparency of an idiom.
Decomposability refers to the possibility of segmenting the idiomatic meaning into the
same (syntactic) structure the actual meaning of an idiom has. Transparency refers to a
relation between the idiomatic and literal meaning of an idiom. For instance, the idiom to
saw logs is transparent on the basis of similarity between its literal and idiomatic meaning;:
the sound of snoring is compared to the sound of sawing logs (Sailer, 2021).
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® ARTIFACT: bitterer Kelch lit. ‘bitter cup’ — something (Kelch) unpleasant
(bitter); blindes Werkzeug lit. ‘blind instrument’ — an unaware (blind)
person used by someone (Werkzeug); (mit) offenen Karten (spielen) lit.
‘(to play with) open cards’ — to be (Karten spielen) honest (offen).

* SUBSTANCE: dicke Luft lit. ‘thick air” which means ‘tense atmosphere’;
bittere Arznei lit. ‘bitter medicine’ that stands for ‘unavoidable negative
measure’.

Non-decomposable idioms are holistic units the meaning of which cannot
be simply decomposed into figurative meanings of its parts. Examples in
the GerCo dataset are actually parts of larger idiomatic units. For instance,
the phrase harte Bandage lit. "hard bandage’ is a part of the idiom mit harten
Bandagen kiampfen fig. ‘to play hardball’. It means ‘to use every means pos-
sible to achieve a goal’, so mit harten Bandagen refers to every means possible.
Similarly, the adjective-noun pair offenes Messer lit. ‘open knife’ is a part of
the idiom ins offene Messer laufen (lassen) ~ ‘to (let someone) walk straight
into a trap” where offenes Messer stands for trap.

5.4.5 Proper names

Proper names were identified in most cases already in the first step of
the annotation. According to Mel’¢uk (2012a), complex proper names
are compositional and are a subgroup of clichés. This category in GerCo
contains geographical names such as Schwarzes Meer ‘the Black Sea’ and
Totes Meer ‘the Dead Sea’, Wilder Kaiser “Wild Kaiser Mountains’; art objects
such as Das Schwarze Quadrat “The Black Square” and schwarze Madonna
‘Black Madonna’; institutions such as Freie Universitiit, Alte Pinakothek, Altes
Rathaus.

One category of proper names posed a challenge to the annotators. It
is comprised of movie titles that were not known to the annotators. For
instance, Bitterer Reis ‘Bitter Rice” and Bitterer Honig ‘A Taste of Honey” (lit.
‘bitter honey’) are movie titles, but might as well be free phrases. The movie
title Die Siiffe Haut “The Soft Skin” (lit. "sweet skin”) might be a collocation or
an idiom or a free phrase in a certain context. However, the inspection of the
corpus examples containing these phrases shows that they refer only to the
titles of the movies, therefore, a single label proper name could be assigned
to them.

5.4.6 Ambiguities

During the adjudication, some of the disagreement cases could not be re-
solved because of their ambiguity. This concerns only the disagreement on
the fine-grained labels for non-collocations. There are two groups of am-
biguous phrases:

¢ Free phrase/proper name: for instance, der Arme Poet “The Poor Poet’
is a painting by Carl Spitzweg, and the majority of the examples in
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the corpora refer to the painting. However, there are also examples
that have nothing to do with the painting. Other examples of this kind
of ambiguity from GerCo are blinder Fisch ‘blind fish” (part of a book
title), wilder Schwan “wild swan’ (book title).

* Free phrase/idiom: this type of ambiguity is quite common - 37
phrases in GerCo were annotated as free/idiom. In these phrases,
both constituents can be used either literally or metaphorically. For
instance, runder Tisch ‘round table’ can refer to a table of round shape
(free phrase) or to a meeting of equal partners (idiom). More examples
are bitter Frucht ‘bitter fruit’, schwarzes Brett ‘bulletin board” (lit. ‘black
board’), hartes Holz lit. “hard wood’ can be used in the sense ‘to be
made of hard wood” when describing a person.

There are examples in which an adjective in a figurative meaning com-
bines with a number of semantically related nouns that can be either
used in their literal sense or metaphorically: steinig + Pfad/Strecke/Weg
‘rocky path/route/road’. The metaphoric interpretation refers to a dif-
ficult phase in life. Another productive in metaphors adjective is steil
‘steep’: steil + Hohenflug/Sinkflug/Steigflug/Sturzflug ‘steep + flight/ de-
scent/ascent/nosedive’. These nouns are metaphors for increase/rise.
There is a large body of research on the ambiguity between literal and
tigurative meaning of idioms, see Sporleder et al. (2010); van Ginkel
and Dijkstra (2020); Haagsma et al. (2020); Wagner (2020).

5.4.7 Concreteness

It has been observed in Strakatova and Hinrichs (2019, p.106) that abstract
nouns tend to form more collocations than concrete ones. In order to in-
vestigate this observation on a larger scale, for all the nouns in the GerCo
dataset, concreteness scores were obtained. The scores stem from Koper
and Schulte im Walde (2016), a collection of over 350,000 German words
with ratings of concreteness, arousal, imageability, and valence. Koper and
Schulte im Walde (2016) calculate the ratings automatically using a super-
vised learning algorithm. The distribution of the concreteness scores for the
nominal bases in the GerCo dataset presented in Figure 5.6 supports this
observation. The lower the score, the more abstract a noun is: the most ab-
stract noun in the dataset is Bemiihen ‘effort’ with the concreteness score =
0.90 and the most concrete one is the noun Kochliffel ‘cooking spoon” with
the concreteness score of 8.60.

There is a tendency for nominal heads of collocations to be more abstract
in comparison to free phrases: the mean concreteness score for collocations
is 4.2. For free phrases, the mean value is higher — 5.74. However, there is
no clear-cut boundary between the two categories. There is an overlap of
collocations and free phrases with medium concreteness scores. Examples
of collocations and free phrases are found in both extremes. Among collo-
cations, the most concrete noun is in the pair siiffer Vogel ‘sweet/nice bird’
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(8.18); among free phrases, the most abstract one is in the phrase freche Zu-
mutung ‘unreasonable/cheeky demand’ (1.50). Concreteness mean values of
nouns for each fine-grained label are reported in Table 5.5.

| Label | Concreteness mean |
collocations 4.28
free phrases 5.60
idioms 5.74
proper names 5.95
terms 4.66
free/idiom 5.55
free/proper 6.56
free/term 6.75

TABLE 5.5: Mean concreteness scores of nouns in GerCo dataset
for each label.

Among the unambiguous phrases, proper names and idioms yield rather
higher scores as well. Figure 5.7 illustrates the distribution of concreteness
scores for the idioms in the GerCo dataset. The nominal bases of most
idioms belong to concrete semantic fields such as SUBSTANCE, ARTIFACTS,
ANIMALS, FOOD, BODY PARTS:

e teures Pflaster lit. ‘expensive paving/cobble’, fig. ‘locality or region
associated with high cost of living’;

* tote Hose lit. ‘dead pants’, fig. ‘boredom, lack of activity, variety, or
entertainment; nothing (more) going on.’;

* alter Hase lit. “old rabbit’, fig. “person highly experienced in a particular
discipline or function’;

* hartes Brot lit. ‘hard bread’, fig. ‘a heavy, arduous, physically or men-
tally stressful job’

* offenes Ohr (haben) lit. ‘(to have) an open ear’, fig. ‘to listen to some-
one’s concerns willingly’;
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F1iGure 5.7: Distribution of concreteness scores for idioms in
the GerCo dataset.

5.5 Experiments: automatic binary classification

The classification scheme for adjective-noun combinations proposed in this
thesis was evaluated in terms of inter-annotator agreement and in a thor-
ough qualitative analysis of disagreement cases and of identified categories
(collocation, free phrase, idiom, proper name, technical term). This section will re-
port the results of machine learning experiments conducted with the GerCo
dataset. The aim of the experiment is twofold: testing the robustness of
the proposed classification and evaluation of various models of automatic
collocation identification. The experiments have been published in Straka-
tova et al. (2020), the technical implementation of the experiments has been
performed by Neele Falk, one of the authors of the paper.??

As the dataset is imbalanced in terms of fine-grained categories (see Ta-
ble 5.4), only two categories that have more than 1,500 instances will be
distinguished in the experiments: collocations and free phrases. Therefore, the
task at hand is a binary classification of adjective-noun phrases into free
phrases and collocations. It will be investigated what feature representa-
tions provide a useful source of information to solve the task. In the first
experiment, the features are represented as lexical association measures. In
the second line of experiments, static and contextualized word embeddings
will be used.

22The data can be downloaded from http://hdl.handle.net/11022/0000- 0007 - DABA- 2.
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5.5.1 Data

The first step in data preparation is enriching the dataset with context. This
is motivated by use of context-aware representations in the second exper-
iment. For each AN phrase in the dataset, a context sentence has been
extracted from one of the following corpora: Wikipedia (dumps from 2017,
2018, 2019), the One Million Posts Corpus (Schabus et al., 2017; Schabus and
Skowron, 2018), the German proceedings from the EuroParl corpus (Koehn,
2005; Tiedemann, 2012) and the German Political Speeches Corpus (Bar-
baresi, 2018). All the corpora are publicly available. In total, 3,652 sentences
were extracted: one sentence per phrase. The main criterion was the length
of the sentence, the limit was set to a minimum of 15 and maximum of 30
tokens.

Six different data splits were created in order to compare the perfor-
mance of the models for all the 48 adjectives. In each split, the adjectives
in the training and the test sets do not overlap. In this way, the models’
ability to generalize can be investigated. Figure 5.8 shows the distribution
of collocations and free phrases for each adjective. For most adjectives, the
distribution is imbalanced.

In order to examine whether additional information about the meaning
of the adjective helps to classify, the definitions of the literal sense of each
adjective (listed in Appendix B) was taken into consideration in the second
experimental setup. Thus, every training instance includes an AN phrase,
one context sentence, definition of the adjective’s literal sense, and a label: 1
for collocation, 0 for free phrase.

A random sample of 200 instances (83 free phrases, 117 collocations) was
given to two native speakers and students of linguistics to measure human
performance on this task. Based on the average number of correctly annotated
instances of both annotators, the accuracy was computed. It equals 0.83.

5.5.2 Experiment 1: association measures

As presented in section 3.4, automatic collocation identification is tradition-
ally based on a variety of lexical association measures (AMs). These mea-
sures are computed on the basis of the individual and joint frequencies of
the base and its collocate. Based on the calculated AM scores, collocation
candidates extracted from a corpus are ranked: the higher the score, the
stronger is the lexical association between the two words. High AM scores
are an indication that a phrase might be a collocation.



5.5. Experiments: automatic binary classification 181

yosuoisiy
PR
SELE
yolal
Heyds
uiazjoy
BETRIS
Jieis
103
ddeuy
3doleq
Jeds
uayj0
qolb
I3
|unp
(IEL]

piim
puni
Mey
AIp
Zlemyds
Bryoew
e

|1218
wue
1919
uez

nel
Auelq
yues
1944

Baex
gns
priw
1iels
puliq
ya1pIsy
yosiwinis
wwnp
yez
Biuials
Bipuim
Biysp
yoaly
nejyos
uadeqabydsily
Jjead

El free phrase
B collocation

T T T
o o o o o
[ce] <t (@]

100 A

Aouanbauy

F1Gure 5.8: Class distribution for each adjective in the test set, from Strakatova et al. (2020, p. 4372).



182 Chapter 5. Dataset of collocations and free phrases

There are two approaches to classifying phrases into collocations and free
phrases using AMs. The traditional approach is to set a cut-off threshold:
any phrase that has an association score above the threshold is classified as
collocation, and the rest of the phrases are non-collocations. In the second
approach proposed by Pecina (2008), AM scores can be used as features in
a machine learning classification setting. In the experiments conducted by
Pecina (2008), this method outperformed the traditional approach by a large
margin. Building on this evidence, the experiment with the GerCo data set
reported in Strakatova et al. (2020) relies on AM measures as features in a
linear and a nonlinear classifier.

As a first step, co-occurrence frequencies of all adjective-noun pairs,
42,445,060 pairs in total, have been extracted from a number of treebanks:
Wikipedia 2017 and Wikipedia 2018 (de Kok and Piitz, 2019) and de-
cowl6ax (Schifer and Bildhauer, 2012; Schéfer, 2015). Association measure
scores for the extracted phrases are computed using the UCS-toolkit?
developed by Evert (2004). The following 22 AMs are available in the
toolkit: log.likelihood, Dice, Jaccard, MI, MI2, MI3, MS, Poisson.Stirling,
average.MI, chi.squared, chi.squared.corr, frequency, gmean, local.MI,
odds.ratio, odds.ratio.disc, random, relative.risk, simple.ll, t.score, z.score.
The scores are normalized and scaled between 0 and 1 in order to be used
as features in the classifiers.

First, the classical approach is tested: the threshold for each AM is tuned
on the training set. Each AN pair in the test set is classified depending on
the best threshold. Based on a combination of the individual predictions of
each AM classifier, the final prediction is made according to the majority
vote (Bishop, 2006).

Secondly, following Pecina’s (2006) method, Strakatova et al. (2020) use
AMs as input for training both linear and non-linear classifiers which pre-
dict the class based on a combination of AMs associated with a given AN
pair. The classifiers” weights are optimized to minimize cross-entropy loss
on the training dataset. An adjective-noun pair is encoded as a vector of
22 dimensions, with each dimension corresponding to a type of association
strength.

The linear classifier is based on a Support Vector Machine with a Radial
Basis Function (RBF) kernel and 12 regularization.?* The nonlinear classifier
is a feed-forward neural network with one hidden layer of size 4 and a ReLU
non-linearity and apply early stopping. Hidden layer size was tuned on
validation (for details see Strakatova et al. (2020, p. 4376). Each classifier was
trained all data splits, and overall performance was evaluated by averaging
the results across these splits.

The results are displayed in Table 5.6. The majority class (collocation)
baseline is not outperformed by any of the classifiers. These results indicate
that association measures alone are not able to differentiate between collo-
cations and free phrases. Combining the association measures and mapping

Bhttp://www.collocations.de/software.html, last accessed November 22, 2019
24Using standard implementation of sklearn (Pedregosa et al., 2011).
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| model | validation accuracy | test accuracy |
majority baseline 0.5408 0.5344
majority vote of threshold-classifiers 0.5350 0.5003
linear classifier (SVM) 0.5319 0.5028
combined AMs with nonlinear classifier | 0.545 0.5256

TABLE 5.6: Average validation and test accuracy on all splits
with association measures, from Strakatova et al. (2020, p.
4372)

them into a new feature space does not improve the performance. This re-
sult is not surprising and a plausible explanation lies in the way the GerCo
dataset was created. Remember that both collocations and free phrases stem
from n-best lists compiled in the Wortprofil. Thus, most of the AN pairs in
the dataset, both collocations and free phrases, exhibit high statistical asso-
ciation between their components. The results support the hypothesis that
lexical association measures alone do not suffice for differentiating between
collocations and free phrases as the latter may also exhibit strong lexical
association.

5.5.3 Experiment 2: word embeddings

Since the results of the first experiment indicate that additional semantic
information is necessary, in the second line of experiments, Strakatova et al.
(2020) use a richer source of semantic information, more specifically, word
representations or word embeddings.

Word embeddings capture semantic information about words by en-
coding information about similar words and words they frequently appear
with. Static word embeddings, such as GloVe (Pennington et al., 2014) or
Word2Vec (Mikolov et al., 2013), derive a word’s meaning from its usage
across a large body of language (corpora). However, a significant drawback
of static embeddings is the deficiency in handling multiple meanings, as
all senses of a word are compressed into a single vector. This problem can
be remedied by computing dynamic representations of words conditioned
on local context (Peters et al., 2018; Devlin et al., 2019). Such contextual-
ized representations are dynamic in the sense that they are able to capture
different meanings of a word depending on the context.

The second line of experiments in Strakatova et al. (2020) tests whether
semantic representations of words are capable of differentiating between
free phrases and collocations. Additionally, the amount of contextual in-
formation required for accurate classification is analyzed. Strakatova et al.
(2020) hypothesize that if the sense of the adjective is primarily determined
by the noun it modifies, static word representations would suffice to solve
the task. If the phrase is ambiguous in isolation or nearby words from the
local context have a great impact on the meaning of the adjective, contextu-
alized embeddings are likely to perform better. Also the impact of adding
the definitions of the literal meaning of the adjectives is analyzed.
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Strakatova et al. (2020) create four setups. In each of them, a nonlinear
classifier with one hidden layer and a ReLU non-linearity is trained given
different feature representations as input:

* adj + noun
* adj + noun + context sentence
¢ adj + noun + sense definition of the adjective’s literal sense

* adj + noun + context sentence + sense definition

The experiments with static embeddings make use of pretrained
word embeddings?® trained with the finalfrontier utility?® on subcorpora
(Wikipedia, taz, EuroParl) of TiiBa D/DP (de Kok and Pititz, 2019). For
extracting contextualized embeddings, the bidirectional transformer (BERT)
is used (Devlin et al., 2019). The experiment relies on the bert-base-german-
cased model, trained by deepset.ai’” on corpora of different domains. See
further technical details in Strakatova et al. (2020).

An AN phrase is represented by concatinating the word embeddings of
the adjective and the noun. Since BERT splits some words into smaller sub-
word units, a single embedding for a word is obtained by averaging the
corresponding subword embeddings. A context sentence and a sense defi-
nition are encoded with a bi-directional LSTM that takes the corresponding
word or word piece embeddings as input. For more technical details consult
Strakatova et al. (2020).

| setup | embeddings | validation accuracy | test accuracy |

majority baseline 0.5457 0.5087
phrase static 0.8445 0.7138
phrase contextualized | 0.8857 0.7415
phrase + context static 0.8357 0.7123
phrase + context contextualized | 0.8608 0.7337
phrase + definition static 0.8426 0.71

phrase + definition contextualized | 0.8705 0.7390
phrase + context + definition | static 0.8414 0.7112
phrase + context + definition | contextualized | 0.8645 0.7338
phrase + context + definition human 0.83

TaBLE 5.7: Averaged results on the validation and test splits
for different setups with static vs. contextualized embeddings,
from Strakatova et al. (2020, p. 4374).

25https ://finalfusion.github.io
26h‘c‘cps ://9ithub.com/finalfusion/finalfrontier
27https ://deepset.ai/german-bert
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The results are shown in Table 5.7. Contextualized representations
slightly outperform static embeddings. Adding the context and/or the
literal sense definition does not improve the general results. However,
Strakatova et al. (2020) do not rule out a possibility that the additional
information improves the classification for some adjectives and reduces it
for others. Whether this is true or not, the results indicate that the type
of information might not be robust enough to generalize well for different
adjectives.

Table 5.8 presents the accuracy for selected adjectives that were either
difficult to classify or exhibited significant performance variations across
different embedding types or configurations. For both types of word repre-
sentations similar adjectives pose a challenge: frischgebacken ‘freshly baked’,
karg ‘sparse’, michtig ‘powerful’. The adjective frischgebacken stands out: it
did not pose any challenges to the human annotators, but its corpus fre-
quency is low which makes it challenging for the models. Incorporating
contextual information improves classification accuracy for both embedding
types. Including the sense definition further enhances performance for con-
textualized embeddings. However, for the adjective karg ‘sparse’, the effect
is reversed: adding context and sense definition does not improve perfor-
mance and even leads to a decline when using static embeddings.

static embeddings contextualized embeddings

per-class Accuracy per-class Accuracy
adjective phrase +context +sensedef | phrase +context +sensedef
steinig ‘stony’ 0.08 0.12 0.15 0.85 0.9 0.79
karg ‘sparse’ 0.21 0.21 0.15 0.25 0.25 0.25
frischgebacken ‘freshly baked’ | 0.27 0.31 0.31 0.12 0.27 0.38
miichtig ‘powerful’ 0.3 0.39 0.27 0.25 0.25 0.25
windig ‘windy’ 0.45 0.45 0.47 0.31 0.31 0.4
frech ‘bold’ 0.46 0.4 0.34 0.39 0.39 0.42
schlau ‘smart’ 0.66 0.63 0.54 0.11 0.11 0.11
dumm ‘stupid’ 0.7 0.54 0.59 0.17 0.22 0.25
mild ‘mild’ 0.7 0.77 0.69 0.8 0.74 0.69
prall ‘firm’ 0.67 0.61 0.61 0.5 0.61 0.56
deftig ‘savoury’ 0.86 0.84 0.84 0.81 0.86 0.95
herrlich “‘wonderful’ 0.83 0.86 0.91 0.5 0.52 0.59
tot ‘dead’ 0.52 0.49 0.6 0.88 0.78 0.85
teuer ‘expensive’ 0.65 0.64 0.74 0.89 0.8 0.92

TaBLE 5.8: Sample of adjectives with test set accuracy, from
Strakatova et al. (2020, p. 4375)

There are adjectives that are hard to model only for one embedding type.
For instance, steinig ‘stony’ is a difficult adjective for static embeddings (best
result 0.15) whereas contextualized embeddings perform much better (best
result 0.9); the adjectives dumm ’‘stupid” and schlau ‘smart” are difficult for
contextualized embeddings, but easy for static representations. Strakatova
et al. (2020) come to the conclusion that contextualized embeddings, over-
all, show more significant improvements when additional context and sense
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representations are included, whereas models based on static embeddings
often experience a decline in accuracy. These representations seem to de-
pend more heavily on the noun. Despite the expectation that static embed-
dings might struggle with polysemous adjectives, they remain quite effective
in classifying AN pairs into collocations and free phrases.

5.5.4 Discussion

The experiments by Strakatova et al. (2020) reveal that using word embed-
dings as features outperforms approaches based on association measures.
The best performance (contextualized, phrase only) on the test dataset is
0.74 which is 9% less than human accuracy. However, this result is 24%
higher in comparison to the baseline. The accuracy of all the tested mod-
els that rely on word embeddings is higher than 0.71. All the models are
capable of detecting meaning shifts in the adjective under the influence of
its head noun. Note that the models were tested on adjectives they did not
see in the training sets which means that they are capable of generalizing
in two thirds of the cases. This indicates that the annotation scheme for
classifying AN phrases into collocations and free phrases presented in this
chapter is quite robust. A closer examination of the models” performance
for individual adjectives shows that the results are not homogeneous: shifts
of meaning in some adjectives such as deftig ‘savoury” and mild ‘savoury’ are
detectable, whereas some adjectives such as karg ‘sparse’ pose a problem to
all the models in all the setups. This maybe due to the fact that the nominal
bases of karg in free phrases are more varied than in collocations which con-
fuses the model. In contrast, the nominal heads of deftig in free phrases are
homogeneous and belong to the semantic class Foop.?®

Additional context brings only a slight improvement which suggests that
almost all the necessary information is contained in the bigram itself and
the head noun suffices for distinguishing between a collocation and a free
phrase in most cases. This insight goes in line with the results of the IAA
study described earlier in section 5.3.3: the annotators received the AN pairs
for annotation without context and the agreement was substantial.

5.6 Summary

This chapter described the construction of the gold standard dataset of Ger-
man adjective-noun phrases (GerCo) that contains 2,505 collocations and
2,227 non-collocations. The inter-annotator agreement is substantial which
indicates that the annotation scheme represented as a decision tree is re-
liable. The robustness of the annotation scheme is further backed up by
machine learning experiments conducted on the GerCo dataset that yield as
best result accuracy of 0.74 in the task of binary classification of AN pairs
into collocations and free phrases. In both IAA study and ML experiments,

2Gee the discussion about lexical diversity in the next chapter (section 6.2.1).
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a perfect agreement/accuracy could not be achieved. In most cases it can be
explained by the ambiguity of either one or both elements of the phrases.

The main goal of creating a new dataset of adjective-noun phrases was to
provide a semantically motivated empirical basis for studying the relations
between the constituents of adjective-noun collocations and free phrases.
The next chapter describes how the theoretical frameworks discussed in
Chapter 4 are combined into one annotation scheme for semantic annota-
tion of adjective-noun pairs.
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Chapter 6

Attributes in adjective-noun
phrases

The nature of institutionalized phrases such as collocations is different from
that of free phrases. In the latter, the restrictions are only of semantic nature
(Wanner, 1996) licensing phrases such as in example (31a) and preventing a
language speaker from creating phrases like example (31b). The noun rain
being a PHENOMENON and pain being a STATE permit the combination with
the adjective incessant, whereas the ARTIFACT teapot does not allow for it.

(1) a. incessant rain, incessant pain
b. *incessant teapot

Collocations, on the other hand, are restricted lexically: the nouns rain and
pain semantically allow their combination with an intensifier, but the choice
of the acceptable intensifier is unpredictable as illustrated in (32a) and (32b).

(32) a. heavy rain —? exquisite rain
b. exquisite pain — ? heavy pain

As the main objective of this thesis is to establish an inventory with a broad
semantic coverage, both collocations and free phrases should be taken into
account. The GerCo dataset described in the previous chapter contains both
types of phrases and is thus a suitable empirical basis for the task. A poten-
tially suitable inventory of relations has been proposed in Chapter 4. More
specifically, the set of attributes available in the lexical-semantic net Ger-
malNet provides a promising basis for the sought inventory. In this chapter,
this proposal will be tested.

The difference between collocations and free phrases in terms of lexical
restrictedness suggests that their annotation can be approached differently.
In all the free phrases in GerCo, the adjectives retain their literal meaning.
For example, the adjective schwarz ‘black’ carries its color sense in all the
phrases identified in the previous annotation step as “free’: black jeans, limou-
sine, shirt, etc. The relations in collocations are unpredictable and have to be
annotated manually as the only information available in GerCo is that the
meaning of the adjectival modifier in collocations is non-literal, and most
adjectives in the dataset are highly polysemous.

This chapter begins with a detailed description of semantic annotation of
the GerCo dataset with attributes. The gold standard dataset was given the
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acronym GerCoAt (German Collocations with Attributes) is then analysed
with regard to the status of the phrases: what relations are characteristic
of collocations? are they different from those typically encountered in free
phrases? These questions will be first discussed in section 6.2 where a qual-
itative analysis of the dataset will be presented. Sections 6.4 and 6.5 will
address these questions in a series of machine learning experiments with
the created dataset. Apart from that, this chapter explores the possibility
of creating a general annotation template for nouns that would facilitate
lexicographic work on collocations that will be presented in section 6.3.

6.1 Annotation process

The annotation of the GerCo dataset has been performed separately for col-
locations and free phrases. In both cases, two human annotators annotated
the data independently from each other so that inter-annotator-agreement
(IAA) could be calculated. The two annotators are native speakers of Ger-
man and advanced students of Computational Linguistics with a solid back-
ground in lexical semantics familiar with the phenomenon of collocation.
They received detailed guidelines for the annotation and were encouraged
to use any additional resources as necessary (such as the DWDS, GermaNet,
Wikipedia, etc). The initial inventory proposed in Chapter 4 had to be mod-
ified after the first round of annotation based on the disagreement between
the annotators. During the adjudication, the annotators worked together
with the author of this thesis and two colleagues at the University of Tiibin-
gen, Prof. Dr. Erhard Hinrichs and Neele Falk. The labels from the initial
annotation scheme were discussed and adjusted.

As discussed in the previous chapter, ambiguity is a common feature of
collocations. In order to avoid differences in the interpretation of the phrases
during annotation, for each adjective-noun pair, a context sentence has been
extracted from publicly available corpora (Strakatova et al., 2020). The total
of 3,652 pairs were provided with a context sentence with the length be-
tween 15 and 30 words. The sentences had been extracted automatically,
and manually controlled by three linguists.

The semantic annotation is performed in three stages: (1) annotation of
the collocations by two annotators (section 6.1.1); (2) adjudication of dis-
agreement cases and adaptation of the annotation scheme (section 6.1.2); (3)
semi-automatic annotation of the free phrases (section 6.1.3).

The initial annotation scheme is based on the artificial concepts from the
adjectival taxonomy in GermaNet as described in sections 4.5.1 and 4.5.2.
For convenience, the table containing all the artificial concepts available in
GermaNet that was presented in section 4.5.1 is also presented below (table
6.1). In total, there are 80 artificial concepts.

The names of artificial concepts in GermaNet are noun-adjective com-
pounds such as altersspezifisch ‘age-related” and gewissheitsspezifisch
‘certainty-related’. They were changed into names more typical for at-
tributes by dropping the adjectival head of the compounds in the following
manner:
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* altersspezifisch ‘age-related” — Alter ‘age’
* gewissheitsspezifisch ‘certainty-related” — Gewissheit ‘certainty’

e dauerspezifisch ‘duration-related” — Dauer ‘duration’

6.1.1 Initial annotation of collocations

The empirical basis for testing this attribute inventory, the dataset GerCo,
contains 48 distinct adjectives. The majority of them are polysemous and
belong to at least two synsets in GermaNet.! Three adjectives in the dataset
do not have any instances of collocations and are only represented by free
phrases: steinig ‘stone’ , barock ‘baroque’, and teuer ‘expensive’. These adjec-
tives will be annotated in the third step of the annotation which is described
in section 6.1.3.

In the annotation guidelines,” each attribute has been defined and pro-
vided with examples of adjective-noun pairs. In order to avoid biasing the
annotators, the examples in the guidelines contain adjectives that are not
present in the GerCo dataset, see examples (33a), (33b), and (33c) for illus-
tration.> One attribute was added to the scheme that is not present in the
set of GermalNet artificial concepts, namely, type, as in green tea is a type of
tea.

(33) a. age — number of lived years (for living beings but also for inani-
mate objects). E.g.: young woman, new car

b. certainty — clarity, certain knowledge, without doubt. E.g.: pre-
dictable outcome, clear rejection

c. duration — temporal extension. E.g.: longtime cooperation

The task was explained to the annotators, and they were instructed to read
the list of the available attributes with the definitions and examples and
make sure that the meaning of each attribute is clear and unambiguous.

Altogether, the annotators were asked to complete three tasks:

1. Select the suitable attribute for each adjective-noun phrase in context.
The list of phrases for annotation is given per adjective, summing up
to 45 lists. In each list, all the attributes from GermalNet available
for the adjective are provided. For each attribute, its definition and
a couple of examples are given. If none of the suggested attributes
reflects the conveyed meaning in a given phrase, it should be annotates
as “unknown” and a suggestion of an attribute should be made in the
comments section.

'Except for the adjectives frischgebacken “freshly-baked’, steinig ‘stony’, schlau ‘smart’, and
herrlich “‘wonderful’.

2The guidelines are presented in Appendix C.

3The attributes and definitions are given here in English. The original ones in German
are presented in Appendix C.
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sem class \ artificial concepts = attributes ‘

Perceptional Helligkeit ‘brightness’, Farbe ‘color’, Ger&usch
‘sound’,  Geschmack ‘taste’, Geruch ‘smell’,
Oberfléche ‘surface’, Sicht ‘sight’

Spatial Dimension ‘dimension’, Richtung ‘direction’,
Lokalisierung ‘localisation’, Herkunft ‘origin’,
Raumverteilung ‘spatial distribution’, Form ‘shape’,
Existenz ‘existence’

Temporality-related Zeit ‘time’, Geschwindigkeit ‘speed’, Alter ‘age’,
Gewohnheit ‘habit’, Dauer ‘duration’

Motion-related Bewegung ‘movement’

Material-related Beschaffenheit “texture’, Zustand ‘state’,

Stabilitat ‘stability’, Konsistenz ‘consistency’,
Reife  ‘ripeness’, Feuchtigkeit ‘dampness’,
Reinheit ‘purity’, Gewicht ‘weight’, Physik
‘physics’, Chemie ‘chemistry’, Temperatur ‘tem-

perature’
Weather-related Klima ‘climate’, Landschaft ‘landscape’
Body-related Belebtheit “life’, Konstitution ‘constitu-

/ 4

tion’, Krankheit “‘affliction’, Geschlecht ‘sex’,
Korpergefiihl ‘desire/feeling’, Aussehen ‘appear-
ance’, Kdrperzustand ‘bodily state’

Mood-related Gefiihl erweckend ‘emotion-stimulus’, Gefihl
empfindend ‘emotion-experienced’

Spirit-related Intelligenz ‘intelligence/attention’, Wissen ‘knowl-
edge/experience’

Behaviour-related Charakter ‘behaviour/character’, Tier ‘animal spe-

cific’, Geschicklichkeit ‘skill’, Beziehung ‘relations’,
Sympathie ‘sympathy’, Neigung “inclination’
Social-related Schicht ‘stratum’, Institution ‘institution’,
Religion ‘religion,” Land ’state,’ Region ‘region,’
Aufgabe ‘role’

Quantity-related Zahl 'number,’ Menge ‘quantity,’ Kosten ‘costs,
Ertrag ‘return’
Relational Geltung ‘validity,” Gewissheit ‘certainty,” Bedarf

‘requirements,” Wirksamkeit ‘effectiveness,” Aufwand
‘difficulty /energy requirement’,” Funktionalitat
‘functioning,” Sicherheit ‘security, Geordnetheit
‘order,” Verkniipfung ‘linking,” Ubereinstimmung
‘correspondence,’ Genauigkeit ‘accuracy,’
Vollsténdigkeit ‘completeness,” Ursache ‘cause,
Bezug ‘reference’, Zutréglichkeit ‘tolerability’

General Steigerung ‘intensity’, Bewertung ‘evaluation’, Norm
‘norm’

Pertainyms ‘derived from’

Privative defined by negation

TaBLE 6.1: Semantic classification of adjectives in GermaNet:
it consists of 16 semantic classes and 80 artificial concepts that
are direct hyponyms of the semantic class nodes.
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2. Disambiguate the adjective’s sense based on the senses in GermaNet.
Each adjective is provided with all its sense IDs from GermaNet and
the definitions of each sense.

3. Disambiguate polysemous nouns based on the sense IDs in Ger-
maNet and specify the noun’s semantic class. The monosemous
nouns were assigned the corresponding sense IDs and semantic
classes automatically.

Additionally, the annotators were instructed to mark idiomatic uses of
the phrases as well as free phrases, proper names, metaphors, etc. As the
original GerCo dataset had been annotated without context, it is possible
that there are ambiguous phrases that are not collocations in the given con-
text sentence.

6.1.2 Collocations: Agreement and adjudication

Altogether 1,994 adjective-noun pairs with the status “collocation” in the
GerCo dataset were manually annotated. 1,259 phrases got full agreement
which makes up for ~ 63% of the data, Cohen’s kappa (Cohen, 1960): k=0.59,
and Gwet’s AC1 Gwet (2008) discussed in section 5.3.3 of 0.62. Table 6.2
shows raw agreement as well as Kappa and Gwets’s AC1 values for each
adjective and the number of attributes available for each adjective. There
are always at least two attributes available because the “unknown” label
was suggested as an additional option for all the adjectives.

Polysemy of the adjectives does not seem to influence the agreement
much. For instance, for the adjective stark ‘strong’, six attributes are listed,
and the agreement is 93%. For the adjective frischgebacken ‘freshly baked’,
on the other hand, there is zero agreement, although there are only two at-
tributes to choose from. Thus, agreement is rather a matter of interpretation
of the available labels. In the case of frischgebacken, its collocational meaning
is the same in all the phrases — “recent”. One annotator labeled that meaning
with the attribute time, while the other one used the label unknown in order
to distinguish this collocational meaning from the literal one. However, it is
entirely possible that both collocational and literal meanings of an adjective
select the same attribute. In the case of freshly baked, it chooses the temporal
dimension of, say, both bread and parents.

It has been decided to perform the adjudication in the same manner as
for the binary annotation of GerCo (section 5.3.2). More specifically, instead
of dismissing all the disagreement cases which is also a common practice
(Hartung, 2015), to discuss them until an agreement is reached.

Adjudication and adjustment of labels

Adding new labels. During the adjudication, a few changes were made in
the attributes inventory based on the disagreement cases. First of all, two
new labels have been added as they had been repeatedly suggested by both
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] adj \ attr \ AC1 \ Kappa \ TAA% ‘

herrlich “‘wonderful’ 2 1.00 1.00 100
holzern “‘wooden’ 3 1.00 1.00 100
schlau ‘smart’ 2 1.00 1.00 100
windig ‘'windy’ 3 0.960030746 | 0 96
stark ‘strong’ 6 0.920601858 | 0.861573955 | 93
prall “full’ 3 0.908289242 | 0.763636364 | 92
grob ‘coarse’ 5 0.907032339 | 0.846491228 | 93
frech ‘bold’ 2 0.881081081 | 0.620689655 | 91
hell “bright’ 6 0.877675841 | 0.818181818 | 90
stiirmisch ‘stormy’ 3 0.868677228 | 0.840593142 | 91
leicht ‘light’ 7 0.854710128 | 0.734863702 | 87
mild ‘mild’ 4 0.832052312 | 0.800897593 | 87
knapp “scarce’ 6 0.802956758 | 0.77329589 84
dunkel ‘dark’ 6 0.79666246 0.777607362 | 83
karg ‘sparse’ 5 0.795454545 | 0.682132964 | 82
alt “old’ 4 0.792797237 | 0.669291339 | 83
starr ‘ridig’ 3 0.733015495 | 0.41130092 78
arm ‘poor’ 3 0.713527851 | 0.693181818 | 85
tief ‘deep’ 4 0.703018626 | 0.483236477 | 75
sicher ‘safe’ 4 0.701765412 | 0.372746936 | 74
schwarz ‘black’ 10 | 0.697160883 | 0.630769231 | 73
historisch “historical’ 4 0.575311151 | 0.554371002 | 71
bitter ‘bitter’ 5 0.559863421 | 0.480228928 | 64
zih “viscous’ 4 0.548337632 | 0.352517986 | 63
scharf ‘sharp’ 12 | 0.545926072 | 0.488234424 | 58
reich ‘rich’ 6 0.498039216 | 0.208480565 | 56
rau ‘rough’ 7 0.485311921 | 0.422680412 | 55
blind ‘blind’ 5 0.478814786 | 0.115044248 | 56
rund ‘round’ 5 0.453687609 | 0.484052533 | 56
dick ‘thick’ 6 0.452042861 | 0.475396163 | 54
frei ‘free’ 9 0.42464323 0.408798283 | 49
dumm ‘stupid’ 4 0.411764706 | 0.393939394 | 60
zart ‘tender’ 7 0.39827105 0.377990431 | 48
steil ‘steep’ 3 0.373913043 | 0 50
siifd ‘sweet’ 6 0.349881797 | 0.293739968 | 45
tot ‘dead’ 4 0.33640553 0.368421053 | 50
spat ‘late’ 2 0.316573102 | 0 55
wild *wild’ 7 0.264671223 | 0.205163043 | 35
blank ‘shiny’ 5 0.239994136 | 0.221621622 | 41
offen ‘open’ 6 0.23965492 0.223735772 | 35
sanft ‘soft’ 5 0.165001427 | 0.161650903 | 31
hart ‘hard’ 10 | 0.124929339 | 0.09023882 23
deftig ‘savoury’ 4 -0.061662198 | 0 39
michtig ‘powerful’ 4 -0.093978616 | -0.025316456 | 11
frischgebacken ‘freshly baked” | 2 -1 0 0

TABLE 6.2: Annotation of collocations with attributes: the num-
ber of available attributes (attr), Gwet’s AC1 value (AC1), Co-
hen’s Kappa value (Kappa) and raw inter-annotator agreement

for each adjective in % (IAA%).



6.1. Annotation process 195

annotators, namely the labels manner (Ger. Art und Weise) and description
(Ger. Beschreibung).

manner — the way in which an action is carried out/performed, e.g.
graceful movement.

description — the way in which an concrete or abstract entity is de-
scribed, e.g. lively discussion.

The introduction of the two attributes is also prompted by the findings of
the case studies in chapter 4. The labels are borrowed from the inventory of
Frame Elements (section 4.4.1).

Another new label is naturalness (Ger. Naturbelassenheit). This attribute
had to be introduce for examples such as wilde Kiiste ‘wild coast’, wilde Natur
‘wild nature’, wilde Rose ‘wild rose’. The adjective wild in the sense ‘not
tamed, free-living, freely occurring in nature, natural, not changed by hu-
mans’ is modeled in GermaNet under the artificial concept tierspezifisch
‘animal-related” which, on the one hand, cannot really be seen as attribute.
Secondly, it cannot be applied to the examples listed above that include
noun from semantics fields other than ANIMAL.

The following examples caused a very long discussion as to what at-
tribute to assign to them:

* freie Natur ‘outdoor nature, the outdoors’. The adjective does not refer
to any particular aspect of the noun Natur. Nor is it a type of nature.
The native speakers rather judge the adjective here as semantically
empty because it only emphasizes the meaning of the noun.

* freie Wildbahn is almost identical to the previous expression. It is usu-
ally used as a prepositional phrase in freier Wildbahn ‘in the wild’. The
noun is never used without the modifier, which makes this phrase
highly lexicalized.

* schwarze Nacht ‘black/dark night’. The adjective emphasizes the al-
ready existing aspect of the noun’s meaning: being dark is the defining
aspect of the noun night.

All the examples listed above have in common that the adjective’s semantics
is (almost) empty. This observation is reminiscent of Mel'¢uk (2015)’s Lex-
ical Function Epit discussed in sections 4.2.1 and 4.6. Therefore, the label
epithet has been added to the annotation scheme to accommodate these
phrases.

Finally, label rigidity (Ger. Rigorositit) was introduced for examples
such as starre Arbeitszeiten ‘fixed working hours’” and scharfe Regeln ‘strict
rules’. Both for starr and scharf, the meaning ‘unyielding, incapable
of change, strict’ is modeled in GermaNet under the artificial concept
erziehungsspezifisch ‘upbringing-related” which the annotators did not
find fitting the examples in the dataset.



196 Chapter 6. Attributes in adjective-noun phrases

Splitting labels.  The label suggested by GermaNet for adjectives such
as grob ‘coarse’, dick ‘thick” and hélzern ‘wooden’, is Beschaffenheit which is
a very abstract notion that can be translated as ‘quality, condition, state,
nature, consistency, composition, texture’. At the same time, GermaNet
also has an artificial concept Konsistenz ‘consistency’ at the same level as
Beschaffenheit. However, it rather seems to be a hyponym of Beschaffenheit
than its co-hyponym. This intuition is backed up by the modeling of these
attribute nouns in GermaNet illustrated in Figure 6.1 where Konsistenz is
indeed a hyponym of Beschaffenheit. Based on this insight, the annotators
came to an agreement to define Beschaffenheit as “die Struktur, Textur einer
Sache”, in other words, simply texture in examples such as grober Salz
‘coarse salt’; consistency remains a separate attribute on the same level
with texture in examples such as zihe Brei ‘viscous porridge’. Finally, in
examples such as holzerne Tiir ‘wooden door’, the adjective expresses what
the noun head is made of, a material, so an additional attribute is introduced,
namely, material.

Merging labels. As presented in Table 6.1, there are six social-related arti-
ticial concepts in GermaNet. Two of those, Schicht ‘stratum” and Institution
‘instituition’, were identified for the adjectives in the GerCo dataset. There
was also a third option because according to the modeling in GermaNet,
some adjectives belong directly to the upper node (semantic class) sociAL-
RELATED without an artificial concept in between. An example of such a case
is the adjective schwarz ‘black’ in the sense of ‘having a dark skin tone’. This
leads to an uneven hierarchy in the annotation inventory: a category and its
subcategories are present in the same inventory which leads to the following
problem. For adjectives that do have an artificial concept in their modeling,
for instance, reich ‘rich’ (artificial concept stratum), it would be perfectly
acceptable to be annotated with a more general label social-related, and
thus, there are two equally acceptable attributes for one item. There are
two strategies for solving this.* The first one is to only use the fine-grained
artificial concepts, but then it would be necessary to introduce a label that
covers those adjectives that do not have an artificial concept in their hierar-
chy. The second one is to merge all the fine-grained artificial concepts into
one general label. The annotators agreed to the latter because most of the
examples they annotated in the GerCo dataset already belonged to a more
general attribute social. This solution is in no way universal, and different
data might require a different approach.

Two labels available in the inventory caused an extensive discussion:

emotion-experienced — a feeling or an emotion experienced by a person.
E.g.: happy child, sad people;

emotion-stimulus — a feeling or an emotion caused by external factors.
E.g.: sad movie, pleasant news

%A third option would be to allow multiple labels for one item.
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Attribut, Eigenschaft,
Feature, Merkmal,
Spezifikum

@

Beschaffenheit, Qualitat

@

Qualitat einer Sache

O

Konsistenz

FIGURE 6.1: Screenshot from the online application GermaNet
Rover (Hinrichs et al., 2020): the hierarchy for the noun Konsis-
tenz which is an indirect hyponym of the noun Beschaffenheit.
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Examples given in the guidelines are quite straightforward: sad people is in-
terpreted as people who themselves experience the emotion of sadness. In
such phrases, the nominal head expresses the experiencer of the emotion ex-
pressed by the modifier. In the case of a sad movie, the external factor movie
is the stimulus for the emotion of sadness experienced by someone. The
nominal head is the trigger of the emotion expressed by the adjective. This
distinction suggested in GermaNet is completely justified. Warren (2003)
suggests that there are implicit links between adjectival modifiers and their
heads. For the adjective sad, there are three types of links: experiencing (34a),
causing (34b), and manifesting (34c). These links correspond to the two artifi-
cial concepts in GermaNet: experiencing = emotion, causing = stimulus.

(34) a. sad girl: experiencing sadness
b. sad song: causing sadness
c. sad eyes: manifesting sadness

However, not all phrases in the dataset are as straighforward as the ones
listed above. The collocations that caused confusion are with the adjective
bitter ‘bitter’, for example bitterer Fazit ‘bitter conclusion” and bitterer Abend
‘bitter evening” as shown in table 6.3.

| | bitter conclusion | bitter evening |

Annotator 1 | emotion-stimulus emotion-experienced
Annotator 2 | emotion-experienced | emotion-stimulus

TaBLE 6.3: Disagreement example: annotation of two colloca-
tions with the adjective bitter.

It is unclear which of the two labels is suitable for these phrases. In bitter
conclusion, conclusion does not cause bitterness, but rather the person who
makes a conclusion experiences bitterness. In the second example, bitter
evening is a evening during which someone experiences bitterness. It has
been decided to merge the two labels into a more general label emotion and
not to make a finer distinction between the underlying links.

Heuristic. The approach taken in this thesis aims at maintaining an
even level of hierarchy of attributes. Thus, some sort of heuristic is needed
for making a decision about the granularity of the labels. A concept frame
structure in Barsalou (1992)’s sense can serve as such and has proven to be
useful during the adjudication process. Consider figure 6.2 that presents a
sketch for a concept frame for the noun evening. Basically, the annotator’s
task is to represent the meaning of the head noun in terms of attributes and
check the levels of the nodes in the hierarchy. For instance, figure 6.2 depicts
a possible frame structure for the noun evening where the attribute feeling
is at the same level as the three other ones.

Similarly, for the noun conclusion, a frame structure presented in figure 6.3
is suggested. These frames are in no way final and can be extended depend-
ing on the collocates of the nouns. After the annotation of the dataset is
tinished, it will be possible to create more reliable templates for such frames
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evening

L

temporal weather emotion activity

late windy bitter quiet

FiGure 6.2: A sketch of the frame structure for the noun
evening with attributes and their possible values as adjectives.

of nouns. As each noun is annotated with its sense ID and with its semantic
class, generalized templates can be created for the semantic classes present
in the dataset. For instance, the semantic class of the noun Abend ‘evening’
in GermaNet is Zeit ‘time’. There are also other nouns from the same se-
mantic class in the dataset: e.g. Jahr ‘year’, Nacht ‘night’, Winter ‘winter’,
Wochenende ‘weekend’. Based on the annotation of these nouns and their
collocates, a template for the nouns from the semantic class Zeit ‘time” will
be created. The templates will be discussed in section 6.3.

conclusion
evaluation emotion manner
positive bitter simple

FiGure 6.3: A sketch of the frame structure for the noun con-
clusion with attributes and their possible values as adjectives.

“Unknown” cases.  The label unknown was introduced for the cases
when GermaNet does not have a suitable label in the modeling of a given
adjective. For example, the adjective deftig lit. ‘hearty, substantial’ combines
in its literal meaning with nouns from the semantic class Foop. When used
collocationally, as in deftige Strafe ‘stiff punishment’, the adjective functions
as an intensifier. However, the intensity meaning is not (yet) modeled for
the adjective deftig in GermaNet. GermalNet includes only two senses for
the adjective deftig as presented in example (35).

(35) a. Synsetl: [deftig, derb, rustikal] in the sense ‘nutritious, substantial
(food)’

b. Synset2: [deftig, herzhaft] in the sense ‘rough and direct; rustic’

The annotators were asked to mark all such cases as unknown.
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Another example is the adjective hell lit. ‘bright’. GermaNet models
4 senses: ‘bright/luminous’, ‘bright (describing sound)’, ‘lucid (sane)’,
‘smart’. There are, however, two more senses: (1) ‘intense, of high degree’
as in helle Emporung ‘sheer outrage’ and helle Freude ‘sheer joy’; (2) positive
evaluation as in helle Zukunft ‘bright future’. Thus, for helle Freude and helle
Emporung, the label unknown was changed to intensity; for helle Zukunft, it
was changed to evaluation.

All the phrases annotated as unknown by at least one annotator, 676 in
total, were then given to the annotators again. In most cases, the labels
already available in the inventory of attributes were used.

The annotation described in this section has been performed for colloca-
tions. The second half of the GerCo dataset comprised of free phrases has
undergone a different annotation procedure that was partially automated.
It will be described in the next subsection.

6.1.3 Annotation of free phrases

The constituents of free phrases, in contrast to collocations, retain their lit-
eral meaning (5.4.3). For each adjective in the GerCo dataset, their literal
meaning had been defined before the annotation (see the discussion in sec-
tion 5.2.1 and the definitions in Appendix B). For example, the adjective
rund ‘round’ is defined as “spherical, circular, ring-shaped, without corners
and edges”.> It retains this meaning in all the phrases marked as ‘free’ in
the GerCo dataset: e.g. runder Fleck ‘round spot’, runder Ball ‘round ball’,
runder Knopf ‘round button’, etc. The attribute corresponding to this sense
of the adjective is shape. Consider a different adjective: blind ‘blind” — “with-
out sight, vision”, as in blindes Kind ‘blind child’, blinder Hund ‘blind dog’.
The corresponding attribute is health, and thus all the free phrases with
the adjective blind can be annotated with this attribute. In this manner, each
adjective that has instances of free phrases in the GerCo dataset has been
assigned a label from the annotation scheme. All the free phrases were then
labeled automatically.

Two relational adjectives, barock ‘baroque’ and steinig ‘stone’, have been
completely excluded from the dataset. The decision has been motivated by
the fact that the relations between such modifiers and their head nouns are
different from those of descriptive adjectives (see section 2.1) and should
rather be accommodated by an inventory of relations in noun-noun com-
pounds because relational adjectives denote objects and not properties. Both
adjectives are modeled in GermalNet as belonging to the semantic class of
PERTAINYMS. The artificial concepts in their modeling are pointers to the se-
mantic classes of the nouns the adjectives are derived from: EVENT for barock
and NATURAL OBJECT for steinig.

The third relational adjective in the dataset, the adjective holzern
‘wooden’, is different. Although it is denominal as well, it belongs to
the adjectival semantic class sUBSTANCE and the artificial concept in its

STranslated from German.
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modeling is texture. The difference is most likely motivated by the fact
that the adjective holzern denotes the same relation in all free phrases inde-
pendently of the noun it combines with, namely, the relation made-of as in
holzerne Decke “‘wooden ceiling’, hilzener Kasten “‘wooden box’, hilzerne Puppe
‘wooden doll’. In contrast, the adjective barock can be in various relations
with its head nouns, e.g. denoting style in barocke Fassade ‘baroque facade’
= facade in baroque style, typical for in barocke Lebensfreude ‘baroque zest
for life” = zest for life typical for baroque epoch.

In order to safeguard against errors in ambiguous cases that are context
dependent, all the free phrases were checked manually. Only a few cases of
collocations, proper names, and idioms were identified. Manual verification
shows that the automated approach to free phrases is highly reliable. The
total of 1,425 free phrases were annotated by the same two annotators who
worked with the collocations. Additionally to attributes, each head noun
was annotated with its semantic class, as it had been done for the nouns in
collocations.

6.1.4 Semantic classes of nouns

The annotators’ task included assigning a semantic class to each head noun
based on the semantic classes available in GermaNet. The agreement on this
task was 92% and all the disagreement cases were successfully resolved. The
tendency for disagreement cases is similar to the one for the adjectives: apart
from the level of polysemy, a major source of confusion is the abstractness of
the nouns” meanings. Semantic classes that were most frequently confused
are EVENT, COMMUNICATION, and COGNITION. Apart from that, the semantic
class ARTIFACT is often confused with various classes when annotating am-
biguos nouns such as Kunst ‘art’, Roman ‘novel’, Satire ‘satire’.® Consider the
noun Kunst ‘art’: it may either denote an ability or a skill in which case its
semantic class is COGNITION, or product of an activity - ARTIFACT. The se-
mantic classes will be later used for creating general templates for grouping
adjectival collocates in section 6.3.

6.1.5 Summary

The initial annotation inventory was solely based on the semantic classifi-
cation of adjectives in GermaNet. In the process of adjudication, the dis-
agreement cases indicated some disadvantages of the initial scheme and, as
a result, it was slightly changed: new labels were added, too fine-grained
labels were merged into more general categories. The overview of the re-
sulting inventory consisting of 49 labels is presented in table 6.4.

®0One example stands out, namely holzernes Pferd ‘wooden horse’, where the meaning of
the nominal head is shifted from horse as an animal to an object that looks like a horse — see
discussion of such phrases in Kamp and Partee (1995).
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| attribute | example free | example collocation
age alte Dame ‘old lady’ -
appearance | sanftes Gesicht ‘gentle face’ | blanker ~Oberkdrper ‘bare
torso’
brightness dunkles  Zimmer  ‘dark | -
room’
certainty - windiges Versprechen
‘windy promise’
character frecher Bursche ‘cheeky fel- | scharfer Hund ‘fierce dog’
low’
climate textitstiirmischer =~ Herbst | raue Region ‘rough region’
‘stormy autumn’
color schwarzer Rock ‘black skirt” | -
completeness | - offene Rechnung ‘open ac-
count’
consistency | zihe Masse ‘thick mass’ dicker Nebel “thick fog’
constitution | starker Mann ‘strong man’ | ziher Bursche ‘tough guy’
cost teueres Auto ‘expensive | freier Eintritt ‘free en-
car’ trance’
description | freche Antwort ‘impertinent | raue Poesie ‘rough poetry’
answer’
dimension tiefes Loch ‘deep hole’ knappes T-Shirt ‘tight t-
shirt’
duration - alter Freund ‘old friend’
effort - leichter Sieg ‘easy victory’
emotion - bitteres Lachen ‘bitter smile’
epithet - freie  Wildbahn ‘(in) the
wild’
evaluation herrlicher Tag ‘wonderful | siiffes Kind ‘sweet child’
day’
function - scharfe Munition ‘live am-
munition’
health blinder Pianist ‘blind piano | -
player’
importance | - historische Entscheidung
‘historic decision’
intelligence | schlauer Junge ‘smart boy” | -
intensity mildes Sonne ‘mild sun- | grober Fehler ‘grave mis-
light’ take’
manner - wilder Tanz “wild dance’
material hélzerne  Decke ‘wooden | -
ceiling’
movement starrer Korper ‘rigid body’ | wildes Wasser “wild water’
naturalness | wildes Tier ‘wild animal’ wilde Kiiste “wild coast’

Continued on the next page
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Table 6.4: Continued from previous page
attribute example free example collocation
power michtige Familie ‘powerful | starke Gruppe ‘powerful
family” group’

precision - grobe Abschitzung ‘rough
estimation’

quantity karge Rente ‘meager pen- | reiche Ernte ‘rich harvest’

sion’

rigidity - starre  Vorgaben  ‘rigid
guidelines’

security sichere Distanz ‘safe dis- | -

tance’

shape runder Mond ‘round moon’ | -

smell - siifSer Geruch ‘sweet smell’

social reiche Verwandten ‘rich rel- | offener Brief “public letter’

atives’

sound - tiefe Stimme ‘deep voice’

space - offenes Feld ‘open field’

speed - stiirmische Industrial-
isierung ‘rapid industriali-
sation’

stability - starke Wiihrung ‘strong cur-
rency’

state totes Tier ‘"dead animal’ -

surface blankes Aluminium ‘shiny | blinder Spiegel ‘cloudy mir-

aluminium’ ror’

taste siifSes Brotchen ‘sweet bun’ | milder Kiise ‘mild cheese’

temperature | - milder Abend ‘mild
evening’

texture grober Sand ‘coarse sand” | dicker =~ Pullover  ‘thick
pullover’

time spiter Abend ‘late evening’ | alter Name ‘old name’

tolerability - milde Seife ‘mild soap’

type schwarzer Tee ‘black tea’

validity - blinder  Passagier ’stow-
away’

weight leichtes Gepiick ‘lightweight | -

TaBLE 6.4: Inventory of attributes after adjudication with ex-
amples from the dataset.
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6.2 Gold standard dataset GerCoAt

6.2.1 Overview

The resulting gold standard dataset referred to by the acronym GerCoAt
(German Collocations with Attributes)’” contains 3,305 adjective-noun
phrases® that are either collocations or free phrases. The dataset provides
two kinds of annotations: (1) relations between the modifier and the head
— 49 relations in total, and (2) semantic classes of the nouns — 23 classes
in total. Table 6.6 presents an overview of the gold standard GerCoAt.
More than half of the dataset is represented by collocations. The number
of semantic classes of head nouns is equal for both collocations and free
phrases. All the semantic classes listed in GermaNet are represented in the
dataset which indicates that both collocations and free phrases are semanti-
cally highly diverse. However, the number of attributes is much higher for
collocations (40 attributes) than for the free phrases (29 attributes). The fact
that almost all the attributes from the inventory are present in collocations
(41 out of the total of 49) shows that the relations between the constituents
of collocations are very diverse.

Each adjective in the dataset combines with nouns from various seman-
tic classes. Table 6.5 illustrates the variety of nominal semantic classes for
each attribute identified for the adjective bitter ‘bitter’. In order to find
this information for other adjectives, consult the full dataset available at
https://doi.org/10.57754/FDAT.76krc-egt63.

| | collocations free phrases |

phrases 1,870 1,435
unique nouns 1,358 1,073
unique adjectives 45 45
attributes 41 29
sem classes nouns 23 23

TABLE 6.6: Overview of the GerCoAt dataset.

Concreteness. Mean concreteness scores of the nouns for each attribute
are presented in figure 6.4. The scores are taken, as in the previous chap-
ter (see section 5.4.7), from the collection of affective norms by Koper and
Schulte im Walde (2016). The attributes with the most concrete nouns are
surface (6.84), color (6.8), material (6.75), and appearance (6.73). These at-
tributes are typical for nouns from the semantic classes ANIMAL, ARTIFACT,
NATOBJECT, SUBSTANCE, etc. The most abstract attributes are speed (3.31),
epithet (3.33), rigidity (3.5), and intensity (3.58) characterizing nouns of
COGNITION, COMMUNICATION, EVENTS, FEELING, etc.

“The data can be downloaded here: https://doi.org/10.57754/FDAT.76krc-egt63
8 All the idioms, proper names, named entities, and technical terms have been excluded
from the final dataset.
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|adj noun | attribute | NN-semClass | status

bitter Erinnerung emotion | cognition collocation
‘memory’

bitter Kommentar emotion | communication | collocation
‘comment’

bitter Erfahrung ‘ex- | emotion | event collocation
perience’

bitter Gefiihl ‘feeling’ | emotion | feeling collocation

bitter Realitiit ‘reality’ | emotion | location collocation

bitter Abend ‘evening’ | emotion | time collocation

bitter Notwendigkeit intensity | attribute collocation
‘necessity’

bitter Trine ‘tear’ intensity | body collocation

bitter Kritik ‘criticism’ | intensity | communication | collocation

bitter Niederlage ‘de- | intensity | event collocation
feat’

bitter Enttiuschung intensity | feeling collocation
‘disappoint-
ment’

bitter Kailte ‘cold’ intensity | natPhenomenon | collocation

bitter Feind ‘enemy’ intensity | person collocation

bitter Armut ‘poverty’ | intensity | possession collocation

bitter Feindschaft "hos- | intensity | relation collocation
tility”

bitter Ende ‘end’ intensity | time collocation

bitter Geschmack taste attribute free
‘taste’

bitter Mandel ‘al- | taste food free
mond’

bitter Schokolade type food collocation
‘chocolate’

TaBLE 6.5: Exmples of nouns from each semantic class per
attribute encountered with the adjective bitter ‘bitter” in the
GeCoAt dataset.
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Polysemy. As discussed in Chapter 5, one of the main characteristics of
the GerCo dataset is the high level of polysemy of the adjectives. This feature
is reflected in the variety of attributes that the adjectives in the dataset can
select. Figure 6.5 gives an overview of the number of attributes for each
adjective in the GerCoAt dataset.

There are four adjectives in the dataset that select only one attribute: frischge-
backen ‘freshly baked” and spiit ‘late’” — the attribute time; teuer ‘expensive’
— cost; herrlich ‘wonderful” — evaluation. The rest of the adjectives have at
least two options when combined with nouns with the adjective hart “hard’
being the most polysemous as it has 12 attributes to choose from. Appendix
I provides a detailed overview of adjectival senses found in the dataset with
examples, corresponding artificial concepts in GermaNet, final attributes af-
ter assigned after the adjudication, and collocational status of each sense.
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FIGURE 6.4: Mean concreteness scores for the nominal bases for
each attribute in GerCoAt.
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Lexical diversity of attributes. In the Meaning-Text Theory (see section
4.2.1), Lexical Functions are divided into the two groups standard and non-
standard based on two criteria: broadness of the domain and broadness of
range of a function. The two criteria will be employed for characterizing
the attributes as well. No strict grouping into standard and non-standard
attributes is intended here because the gold standard is not large enough to
make such assumptions. It is, however, large enough to outline the tenden-
cies in the lexical diversity for the attributes, both in terms of adjectives that
select the attributes (=range) and the semantic classes of nominal bases that
are characterized by the attributes (=domain).

The domain and the range are measured here in terms of entropy instead
of raw counts. The reason for that is the imbalance of both the number of
adjectives for each attribute and the number of semantic classes. For in-
stance, when relying on raw counts, the attributes evaluation and sound
are equally varied in terms of range (table 6.7): both attributes are repre-
sented by six different adjectives in the dataset. However, the inspection
of the data shows that 62 out of the total of 96 phrases with evaluation
are represented by the adjective herrlich “‘wonderful’, and 19 by the adjective
siif§ ‘sweet’, the rest of the adjectives only have a few instances. In contrast,
the distribution of adjectives for the attribute sound is much more balanced.
Similar examples can be found in the distribution of semantic classes. For
example, taste and security both have 10 semantic classes, but the former
is highly imbalanced with 50 out of the total of 68 instances belonging to the
class Foop.

In order to take into account such imbalances, the measure of entropy
(6.1) was adopted here from Kilgarriff (2006) where it was proposed to mea-
sure collocationality of words.

H(x) = =) p(x) xloga(p(x))) (6.1)

Applied to range, entropy H(x) indicates how much information is contained
in the distribution of adjectives for a given attribute. For the domain, the
distribution of semantic classes of the nominal bases is taken into considera-
tion. The lower the entropy, the less information there is in the distribution.
For the above discussed examples: the entropy of the range for evaluation
(1,5) is less than for sound (2,4), which means that the latter is semantically
more varied in terms of its range. Similarly, the domain for security (H=2,6)
is more diverse than for taste (H=1,6).

Table 6.7 displays the range of the attributes in the GerCoAt dataset:
entropy and the number of adjectives for each attribute. The most lexically
diverse attributes are description and intensity. In contrast, the attributes
age, color and a few others are represented only by one adjective in the
GerCoArt: alt ‘old” and schwarz ‘black’ respectively. Bear in mind that during
the selection of adjectives, semantic classes of adjectives were balanced: per
each semantic class, three adjectives were selected to make sure that the
dataset is heterogeneous. All adjectives are polysemous, and the fact that
the final dataset is unbalanced indicates that the meanings tend to shift
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TABLE 6.7:

| attribute | entropy | n adjectives
age 0 1
color 0 1
duration 0 1
health 0 1
importance 0 1
material 0 1
naturalness 0 1
security 0 1
temperature | 0 1
weight 0 1
cost 0.082836553 2
speed 0.543564443 2
shape 0.577653903 2
state 0.636211337 3
movement 0.764114055 3
power 0.80609147 2
intelligence 0.922259647 2
consistency 0.954434003 2
validity 0.985228136 2
space 0.996791632 2
brightness 0.99867467 2
smell 1 2
stability 1 2
precision 1.26273173 3
surface 1.268265045 3
completeness | 1.295737801 3
rigidity 1.324531805 3
texture 1.493162865 4
tolerability 1.5 3
evaluation 1.527874642 6
taste 1.56906161 4
constitution 1.632105718 4
quantity 1.789236952 5
epithet 1.871602261 6
effort 1.886308282 4
function 1.891061112 4
climate 1.910036815 4
time 1.93657298 7
emotion 2.031186251 7
certainty 2.126271749 6
social 2.132684057 5
appearance 2.271233797 7
dimension 2.328519303 7
manner 2.363752358 8
sound 2.371895669 6
type 2.59297866 8
character 3.122459275 11
intensity 3.994002812 24
description 4.163897057 30

The range of attributes in the GerCoAt dataset: en-
tropy and the number of unique adjectives per attribute.
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TABLE 6.8:

| attribute | entropy n semclasses |
smell 0 1
manner 0.205592508 2
material 0.336073374 5
health 0.453716339 2
appearance | 0.824980257 3
space 0.905587262 3
speed 1.198192411 3
stability 1.251629167 3
temperature | 1.325011211 3
weight 1.459147917 3
character 1.460527218 4
tolerability 15 3
taste 1.590367989 10
age 1.694051166 6
climate 1.750413285 8
function 1.879964949 5
effort 1.969811065 5
color 1.980089233 8
surface 2.081556038 7
duration 2.084962501 5
power 2.106597425 11
intelligence | 2.106734298 7
sound 2.155221529 5
naturalness | 2.176698209 7
constitution | 2.28166966 7
importance 2.292071752 6
shape 2.32260112 12
consistency | 2.352217001 6
type 2.449311833 8
state 2.491960614 14
validity 2.521640636 6
security 2.607925867 10
dimension 2.657350164 14
completeness | 2.661226256 7
epithet 2.682588731 8
movement 2.693020192 9
social 2.711882222 14
rigidity 2.813076647 11
cost 2.847622736 15
brightness 2.987553173 13
emotion 3.003692615 13
time 3.021390994 16
precision 3.037230147 11
texture 3.127152387 11
description 3.189365884 18
quantity 3.221219268 15
intensity 3.335940103 18
certainty 3.34078638 16
evaluation 3.8455914 20

The domain of attributes in the GerCoAt dataset:
entropy and the number of semantic classes per attribute.
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towards a small set of attributes: description, intensity, character, type,
sound, and manner.

Table 6.8 shows the broadness of the domain for each attribute in terms
of entropy and the number of semantic classes of the nominal bases. The
most diverse attributes are evaluation, certainty, intensity, quantity,
description, whereas smell, manner, and material are more homogeneous.
This might correlate with the status of phrases if for a given adjective, the
attribute present in free phrases is restricted to fewer semantic classes than
the attribute present in collocations. According to table 6.6, there is an equal
number of semantic classes in collocations and free phrases: 23 classes. The
general entropy of semantic classes both for collocations and free phrases is
also almost equal: 3.86 and 3.71, respectively. However, zooming into the
semantic class entropy for each adjective shows that such balance does not
hold for all the adjectives. Table 6.9 compares the semantic class entropy
for each adjective in the dataset between collocations and free phrases. The
greatest difference is found in adjectives stark ‘strong’ and spiit ‘late’: the
entropy is higher in collocations. For much fewer adjectives, the situation is
reversed; for instance, the entropy for schlau ‘smart” and and herrlich “won-
derful” is higher in free phrases.

Collocations versus free phrases. Figure 6.6 depicts the distribution of col-
locations and free phrases across all the attributes in the GerCoAt dataset.
The distribution is highly unbalanced. First of all, it is unbalanced in terms
of the number of instances per attribute: intensity has over 450 instances,
description and social - over 200 phrases, but more than half of the at-
tributes have less then 100 instances. Secondly, there are attributes that are
found overwhelmingly either in collocations or in free phrases. The number
of attributes equally present in both types of phrases is very small.

The following discussion will start with attributes that are typical for
collocations and that were challenging for the annotators, followed by the
attributes found mostly in free phrases. The balanced attributes will be
discussed last.

6.2.2 Attributes in collocations

Collocations are highly diverse in terms of the relations that hold between
their constituents. This section will discuss the most challenging attributes.

Intensity denotes intensification or diminution of the most salient property
of the modified noun. In the GerCoAt dataset, this attribute is one of the
most diverse attributes in terms of its lexical realization: as shown in table
6.7, 24 adjectives in the dataset can select it. Bear in mind that this attribute
can only describe nouns that have a feature that can be intensified. As table
6.8 shows, the domain of this attribute is very broad covering 18 semantic
classes out of the total of 23 available in GermaNet. The most frequent
semantic class for this attribute is EVENT as in dickes Lob ‘high praise’, deftige
Strafe ‘severe punishment’, grober Unsinn ‘utter nonsense’, starker Einfluss
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collocations free phrases

adjective entropy | n semclass | entropy | n semclass | difference
stark 3.454242311 | 15 0 1 3.454242311
spiit 3.108028908 | 13 0.183122068 | 2 2.92490684
hart 2.676730902 | 14 0 1 2.676730902
blind 2.76774325 | 8 0.453716339 | 2 2.314026911
blank 3.188539673 | 13 1.105013997 | 3 2.083525676
bitter 3.041123937 | 14 1 2 2.041123937
starr 3.21828966 | 14 1.251629167 | 3 1.966660492
offen 3.075252072 | 12 1.148834854 | 3 1.926417218
scharf 3.145435202 | 14 1.378783493 | 3 1.766651709
siifs 3.037156818 | 11 1.347792586 | 8 1.689364232
leicht 3.141656531 | 17 1.459147917 | 3 1.682508614
deftig 1.936278124 | 5 0.297472249 | 2 1.638805876
mild 3.288566682 | 15 1.657742727 | 4 1.630823956
reich 3.074198347 | 10 146731624 | 4 1.606882107
alt 3.207142961 | 12 1.694051166 | 6 1.513091795
zart 3.670276897 | 15 2.173557262 | 7 1.496719635
frei 3.447392523 | 14 2.022579762 | 5 1.424812761
dick 3.107257305 | 11 1.806156463 | 7 1.301100841
wild 3.091012236 | 14 1.913890987 | 6 1.17712125
miichtig 2.772017969 | 10 1.720190233 | 8 1.051827736
tot 2.725480557 | 7 1.707547375 | 8 1.017933182
sanft 3.248359626 | 13 2.251629167 | 5 0.996730459
rund 2.984697003 | 10 2.133046511 | 11 0.851650492
zith 2.755734257 | 12 1.950212065 | 4 0.805522193
stiirmisch 2.512896066 | 9 1.792487689 | 4 0.720408377
schwarz 2.614786979 | 8 1.980089233 | 8 0.634697747
sicher 3.182576621 | 14 2.573568764 | 10 0.609007857
dunkel 3.28418372 | 11 2.742674139 | 11 0.541509581
frischgebacken | 0.529360865 | 2 0 1 0.529360865
tief 3.086474159 | 14 2.636463246 | 10 0.450010913
prall 1.78067213 | 5 1.370950594 | 3 0.409721535
windig 1.902174814 | 7 1.625814584 | 4 0.276360231
rau 293375442 | 13 2.686278124 | 7 0.247476295
knapp 2.78396923 | 11 2.68418372 |9 0.09978551
dumm 2 5 1.971912754 | 7 0.028087246
grob 2.381598663 | 10 2.36711147 | 6 0.014487194
frech 216197818 |5 2.229871195 | 7 -0.067893015
hell 2.855953643 | 10 3.009336101 | 12 -0.153382458
karg 1.659458321 | 7 1.932156076 | 6 -0.272697755
holzern 0 1 0.336073374 | 5 -0.336073374
steil 1.505876256 | 5 1.866139923 | 6 -0.360263668
historisch 2.764201431 | 8 3.381190239 | 15 -0.616988808
arm 1.162533673 | 5 1.840540331 | 5 -0.678006658
herrlich 2.05881389 |5 3.157376474 | 13 -1.098562584
schlau 0.811278124 | 2 2.195375354 | 6 -1.384097229
barock - - 2.466246459 | 10 -
teuer - - 2.843945069 | 15 -
steinig - 1.118078209 | 3 -

TaBLE 6.9: Entropy of nominal semantic classes for each adjec-
tive in the GerCoAt dataset: for collocations and free phrases
sorted by the difference in entropy values (column “differ-
ence”).
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FIGURE 6.6: Distribution of collocations and free phrases in the
GerCoAt dataset for each attribute. Sorted by the total number
of instances an attribute has in the dataset.
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‘strong influence’, etc. Intensity is also a frequent attribute of the nouns
of FEELING such as Angst ‘fear’ or Freude ‘joy’. These semantic classes are
obvious candidates for having the attribute intensity. There are, however,
some examples that are less straightforward, such as PERSON.

One such example has been already discussed in chapter 4: dicke Freunde
‘close friends’. The reference is made to the relationship — friendship, not the
friends as human beings. Similar examples are found in GerCoAt: bitterer
Feind 'bitter enemy’, dicke Kumpels ‘best buddies’. Another kind of reference
is to the occupation or rather typical activity of a person: scharfer Kritiker
‘harsh critic” is someone who criticises harshly. There are also a few TIME
nouns that can be characterized in terms of intensity: e.g. tiefer Winter
‘deep winter” and tiefe Nacht ‘deep night’, where the modifier intensifies the
temporal aspect of the nominal base.

The meaning of intensification has been discussed in literature on collo-
cations before: Mel’¢uk (1996) includes the meaning of intensification in the
inventory of Standard Lexical Functions as Magn. The same idea is advocated
in van der Wouden (1997) who notes that most intensifiers in languages are
of collocational nature. He illustrates this observation with a list of adverbs
that can serve as intensifiers, as well as a few adjectives and idioms. van
der Wouden (1997) emphasizes that the reason behind selecting a certain
intensifier for particular bases can be explained as there is a pattern based
on a common metaphor. For instance, the choice of the adjective in deep
sleep is motivated by the metaphor “sleep is an abyss”: to fall asleep. It is
outside of the scope of this thesis to look for such patterns and explanations
of the choice of collocates, but the GerCoAt dataset does provide rich data
for investigating this issue.

Description/ manner. The two attributes borrowed from FrameNet have
been shortly discussed in section 4.4.2: both of them have basically the
same meaning. They differ only in terms of the nouns they characterize:
description is an attribute of abstract entities such as Poesie ‘poetry” and
Schinheit ‘beauty” and manner describes events such as Tanz ‘dance” and Kuss
‘kiss’. The distinction is very subtle and, therefore, the two categories can be
merged into one. In terms of domain broadness, the attribute description
is highly varied: it is found in 20 different semantic classes. Its range is also
very broad with 30 various adjectives as its values.

Both attributes refer to a quality or characteristic that cannot be reduced
to a more specific attribute defined in the annotation guidelines. They may
be compared, in a way, to the Lexical Function Bon from the Meaning-Text
Theory (see section 4.2.1) which is defined as subjective evaluation. How-
ever, they are semantically more rich and cannot be reduced to a positive
or negative subjective evaluation. Consider the following examples: zarte
Poesie “soft/tender poetry’, raue Schonheit ‘rugged beauty’, wilder Tanz ‘wild
dance’, stiirmischer Kuss ‘passionate kiss’ (lit. ‘stormy kiss’). A wild dance
does not contain a positive or negative connotation, or at least not without
a context. It simply conveys the manner of the dance. Similarly, soft poetry
is a description of the manner in which a piece of poetry is subjectively
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perceived. The same holds for passionate kiss and rugged beauty.

The two attributes seem very generic. However, an attempt to create
more fine-grained attributes for such examples failed: only deadjectival at-
tributes specific to each phrase such as wildness, softness, ruggedness,
etc. were suggested by the annotators. Thus, no intermediate level of gran-
ularity could be found. As stated in (Ruimy et al., 2001) and discussed in
section 4.3.1 of this thesis, the semantics of abstract entities is very complex.
The manner/description dimension of their meaning thus incorporates a
large number of very specific characteristics denoted by specific adjectives.

Certainty is the dimension of a noun’s meaning that expresses how confi-
dent the speaker is about the existence of the noun or of some salient aspect
of the noun’s meaning. First of all, it is represented by the adjective sicher
‘certain’ that basically expresses epistemic modality, i.e. “the degree of con-
fidence that the speaker has in the state of affairs expressed by a particular
utterance” (Pustejovsky and Batiukova, 2019, p.273) Consider the example
sicherer Tod ‘certain death’:

(36) “Eine Lungenentziindung bedeutet den sicheren Tod fiir  einen

“a  pneumonia means the certain death for
Python”, erkldrte die Biologin.
a python”, explained the biologist.

‘Pneumonia means certain death for a python,” the biologist ex-
plained.’

In example (36),” the speaker expresses her certainty about the event of
death taking place in the future. Consider a different example:'?

(37) Manche Anleger lassen sich von windigen Versprechen
some investorslet  themselves of windy  promises
locken.
lure.

‘Some investors are lured by windy promises’

The sentence in (37) illustrates the opposite polarity of the attribute: a windy
promise is unlikely to be fulfilled, thus extending the category certainty to
adjectives that are not considered epistemic modal adjectives, but convey a
similar meaning.

Effort refers to the energy or work needed to carry out an action, to achieve
a goal. Consider the collocation leichte Aufgabe ‘easy task’ (lit. ‘light task’):
the adjectival modifier selects the attribute directly from the semantic struc-
ture of the noun: the effort to fulfill a task.

9In Die Zeit, 18.03.2016 (online), from the corpus Die Zeit of the Digitales Worterbuch der
deutschen Sprache, <https://www.dwds.de/d/korpora/zeit>, retrieved on 15.11.2021.

101n Die Zeit, 17.04.2017, Nr. 14, from the corpus Die Zeit of the Digitales Worterbuch der
deutschen Sprache, <https://www.dwds.de/d/korpora/zeit>, retrieved on 15.11.2021.
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Function refers to the use or purpose of an entity.!! Most of the nominal
bases in this category belong to the semantic class of ArTIFACTS and all
the collocations are highly lexicalized: e.g. totes Gleis ‘dead track’, scharfe
Munition ‘live munition’.

(38) a. totes Gleis ‘dead track’” — TELIC role: attribute function
b. totes Tier ‘“dead animal” — FORMAL role: attribute state

Artifacts are functional words (Pustejovsky and Batiukova, 2019, p.159), the
availability of the TELIC dimension in their semantic structure makes the
collocation in (38a) interpretable. Compare it to (38b): the qualia template
for the semantic type ANIMAL does not have a telic dimension, thus the
modifier selects its FORMAL dimension.

Validity refers to the property of being legal. What makes it remarkable
is that all the collocations labeled with that attribute are highly lexical-
ized. Consider the example blinder Passagier ‘stowaway’ (lit. ‘blind pas-
senger’): the modifier blind has a very specific meaning in this collocation
not found in any other combinations. Another adjective that selects this
attribute, wild ‘wild’, is quite productive in that sense and combines with
a few nouns to express validity: wild ‘wild” + Siedlung ‘settlement’/ Parken
‘parking’/Miillkippe ‘waste dump’/Ehe ‘marriage’. As it has only 5 instances
in the GerCoAt dataset, it could be considered a specification of the social
aspect.

Type.  This category was borrowed from FrameNet and already shortly
discussed in chapter 4. In the GerCoAt dataset, it is mostly represented
by nouns from the semantic classes ARTIFACT and FOOD, similarly to the
examples from the case study in chapter 4. Unlike other labels in the anno-
tation scheme, type cannot be referred to as attribute. Consider the example
schwarzer Tee ‘black tea’: the adjective does not select one particular aspect of
tea, but targets a number of them: mainly its processing, which, however,
also influences its color, flavour, effect. Thus, type should be seen as
a relation rather than an attribute — the hyponymic relation between the
adjective-noun phrase as a whole and the noun head:

(39) a. black tea is_a_type_of tea
b. light beer is_a_type_of beer
c. black comedy is_a_type_of comedy

Indeed, all the three examples are listed in the Princeton WordNet'? as direct
hyponyms of their head nouns. In German, such phrases sometimes become
closed nominal compounds with an adjectival modifier: schwarzer Tee —
Schwarztee ‘black tea’, bittere Schokolade — Bitterschokolade ‘bitter chocolate’.

Similarly to effort, it is a specification of the TELIC dimension of a noun’s qualia
structure.
2http://wordnetweb.princeton.edu/perl/webwn, last accessed on 05.08.2023
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6.2.3 Attributes in free phrases

The annotation of free phrases did not pose any problems to the annotators
(see section 6.1.3). The attributes in free phrases refer mostly to physical
properties of entities. van der Wouden (1997) points out that certain mean-
ings expressed by modifiers are rarely collocational: for instance, color and
material names. The GerCoAt dataset provides empirical support for this
observation and extends it to other meanings: shape, texture, dimension,
surface, brightness, taste. Such meanings are referred to by Mel'¢uk
(1999) as LF-constants, i.e. meanings that are expressed in non-constrained
phrases. LF-constants have the same expression for any base: for instance,
the adjective rund ‘round’ can be used to describe shape of any noun that
has this dimension and a corresponding shape (resembling a circle). Thus,
the adjectives selecting these attributes are lexically not highly varied in the
GerCoAt dataset although the number of instances is rather high (see table
6.7): color and material have entropy equal to 0, brightness and shape
less than one.

One attribute deserves a more detailed discussion, namely, material. In
the GerCoAt dataset, the attribute material is represented by the denominal
adjective holzern ‘wooden’. In the German wordnet’s taxonomy of adjectives,
holzern ‘wooden” is a hyponym of the node beschaffenheitsspezifisch
‘texture-related’. The adjective is connected to the synset of the noun it
is derived from, Holz ‘wood’, via the lexical relation pertains to. Among
other adjectives listed under beschaffenheitsspezifisch ‘texture-related’,
there are more similar examples: steinern ‘stone’, kupfern ‘bronze’, silbern
‘silver’, etc. All those adjectives are relational, and the common assumption
about relational adjectives is that they are not property-denoting. Therefore,
strictly speaking, the attribute material is not an attribute, but a relation. As
it is straightforward that the relation is made_of for all the material-related
adjectives listed above, it was decided to keep it in the inventory.

6.2.4 Mixed attributes
The attributes discussed further are found both in free phrases and colloca-
tions.

Evaluation refers to a subjective positive or negative assessment of an entity
(concrete or abstract), process, or action. The phrases in (40) illustrate this
attribute with free phrases and, in example (41) — with collocations.

(40) a. herrlicher Wein “wonderful wine’
b. herrlicher Duft “‘wonderful scent’
c. herrliches Wetter “‘wonderful weather’

(41)

o

dummes Gefiihl ‘dumb feeling’
b. helle Zukunft ‘bright future’
c. siifle Katze ‘sweet cat’
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For some phrases, it is possible to give a more precise interpretation of
which aspect is being evaluated: for wine, it is likely its taste, however, it
could also be its quality. The positive evaluation of weather can refer to the
temperature, the precipitation, the wind, or the sun, etc. The collocations
in (41) pose an even greater challenge due to the level of abstractness of the
head nouns feeling and future. The nominal base in the collocation sweet cat,
on the other hand, is not abstract. However, the modifier sweet does not
provide a lot of additional information about the noun. Its only role is to
indicate a positive evaluation by the speaker.

Social.  The label social stands for “social aspect”. It is a generaliza-
tion over a few more fine-grained attributes such as nationality, status,
occupation, assets, religion, etc. The more general category social has
been included in the inventory in order to maintain an even level of gran-
ularity. For instance, some of the phrases cannot be reduced to the more
specific categories listed above: freies Land ‘free country’ and freie Biirger
‘free citizens’.

Other attributes that are almost equally frequent both in collocations
and free phrases are quantity, climate, dimension. The latter is rather
unexpected to be found in collocations as it refers to physical properties
of concrete objects. In fact, it is a rare case where an adjective has a more
abstract meaning as its literal meaning and acquires a concrete meaning
when combined with concrete objects: the adjective miichtig ‘massive’. Its
literal meaning is ‘powerful” as it is derived from the noun Macht “power’.
When combined with nouns such as building, wall, tree, it selects the attribute
dimension from their semantics.

6.3 Nominal bases in collocations and free
phrases

Abstract nouns are more prone to taking collocates than concrete ones. The
analysis of the gold standard dataset GerCo in section 5.4.7 provided empir-
ical support for this observation. A more detailed account of nominal bases
in collocations and in free phrases is presented in this section. More specif-
ically, the discussion will focus on the semantic classes of nouns and the
typical attributes for the nouns of different classes. The main motivation for
this analysis is to identify trends in the collocational behavior of nouns. The
trends will be presented in the form of rough templates for each semantic
class based on the frequencies in the gold standard dataset.!?

Figure 6.7 depicts the distribution of collocations and free phrases across
the semantic classes in the gold standard dataset GerCoAt. Similarly to the
distribution across attributes (figure 6.6), three groups of semantic classes

13A possible application of such templates is in lexicography. Using ready-made tem-
plates with potential attributes for each semantic class of noun would facilitate the process
of grouping the numerous collocates extracted automatically.
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can be identified: (1) present to a large extent in collocations; (2) present to
a large extent in free phrases; (3) mixed. The three groups will be discussed
further and, for each of them, one example of an annotation template will
be presented. The templates for all the classes are presented in Appendix D.

Collocational semantic classes

The semantic classes of nouns that exhibit a tendency to form collocations
are EVENT, COMMUNICATION, COGNITION, FEELING, QUANTITY, ATTRIBUTE, RE-
LATION. In this section, one of them will be discussed, namely, the template
for the semantic class EVENT displayed in figure 6.8. The length of the dashed
bars in the figure corresponds to the proportion R of each attribute for the
given semantic class based on the GerCoAt dataset (formula 6.2):

R = Nattribute (6.2)

Ninstances

where the number of instances of the attribute intensity for the seman-
tic class EVENT (#,4tipyte) is divided by the total number of instances of the
semantic class EVENT (1,s¢ances)- Only the attributes with R higher than 1%
have been considered in the templates. All the attributes with scores lower
than that have been merged into the category other.

As shown in figure 6.8, the most frequent attribute for EVENT nouns is
intensity, followed by description, manner, and certainty. Apart from
that, events can have emotional, social, temporal, financial aspects, etc. It
does not imply, that every event noun has all of these attributes. Consider
the examples from the dataset: the noun Licheln ‘smile’ has the attributes
emotion (bitter ‘bitter’), evaluation (siif ‘sweet’), intensity (leicht ‘light’),
intelligence (schlau ‘smart’), and manner (sanft ‘soft’). The noun Strafe
‘punishment’, on the other hand, only has one attribute intensity for all
its collocates: deftig ‘severe’, hart ‘hard’, scharf “harsh’, mild ‘mild’.

Semantic classes in free phrases

The most non-collocational semantic classes are FOOD, ANIMAL, SUBSTANCE,
and NAT OBJECT, i.e. mainly concrete entities. Such nouns are expected to
be mainly characterized in terms of the four qualia roles (see section 4.3.1).
Consider the template for the semantic class Foop depicted in figure 6.9. The
most typical attribute is taste, followed by type which is, strictly speaking,
not an attribute. However, as it is a recurrent pattern for adjectives to modify
food nouns in that way, it is worth including in the template. Apart from
that, Foop is characterized by quantity, texture and consistency, it may
have a cost, and a temporal aspect. For instance, Brei ‘porridge’ has the
attributes taste (siiff ‘sweet’) and consistency (zih ‘thick’) in the GerCoAt
dataset.

Mixed semantic classes
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event_template

intensity

description

other

manner

certainty

emotion
social 7]

cost ]

time

rigidity ]
speed
security
evaluation

importance

epithet

FIGURE 6.8: Attribute annotation template for nouns from the
semantic class EVENT based on the frequencies in the gold stan-
dard dataset GerCoAt.

food_template

taste !

type | |
quantity i

texture | |
consistency |
cost |

time ||

state ||

shape ||

intensity ||

evaluation ||

dimension ||

FIGURE 6.9: Attribute annotation template for nouns from the
semantic class FOOD based on the frequencies in the gold stan-
dard dataset GerCoAt.
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person_template
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state

time

power

intelligence

charakter i

age
health [—-— 77777~ !

certainty [T T T

other | i

evaluation 3
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effort 7"
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appearance |~

FIGURE 6.10: Attribute annotation template for nouns from the
semantic class PERSON based on the frequencies in the gold
standard dataset GerCoAt.

Semantic classes such as LOCATION, PERSON, ARTIFACT, TIME, GROUP, BODY,
and NAT PHENOMENON are almost equally frequent both in collocations and
in free phrases. The reason for that is that these classes are indeed of dual
nature and comprise both concrete entities or abstract concepts. Figure 6.10
presents the annotation template for the nouns from the semantic class PER-
SON. As expected, the prevailing attribute is social, followed by state,
reflecting the dual nature of the nouns in this semantic class: social and
biological. Moreover, some nouns are ambiguous and can either refer to a
human being or their social role depending on the modifier: the example
mentioned a few times in this thesis is the noun Freund ‘friend’. In the Ger-
CoAt dataset, the reference is made to a friend’s social role (=friendship)
by the collocates alt ‘old” and dick ‘close’, as well as to a friend as a human
being by the adjective tot ‘dead’.

Other semantic classes in this group are also represented by both con-
crete and abstract entities. ARTIFACTS such as Komddie ‘comedy” and Brief
‘letter” are less concrete than Sonnenbrille ‘sun glasses” and Teppich ‘carpet’.
Similarly, the semantic class BopY includes concrete nouns such as Mund
‘mouth” and Haut ‘skin” as well as body-related states and processes such as
Schlaf “sleep” and Fieber ‘fever’.

General remarks

The templates have been created for each of the 23 nominal semantic classes.
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They reflect the major tendencies in the combinatorial behaviour of nouns
modified by adjectives. These templates can be seen as rough concept frames
that were discussed in Chapter 4 in section 4.5. As the selection of the data
for the dataset was systematic and balanced (three adjective per semantic
class, for details see section 5.2), the resulting dataset is unbiased and is ex-
pected to manifest the general tendencies in language. Therefore, the tem-
plates can assist lexicographers in semantic grouping of adjectival collocates
of nouns.

6.4 Machine learning experiments

Similarly to the previous chapter (see section 5.5), the robustness of the
annotation scheme will be tested in a number of machine learning experi-
ments. In contrast to the binary classification task with categories collocations
and free phrases, the new task is way more challenging as the classification
scheme contains 49 labels. A conventional multi-class classification is hardly
feasible with such a small dataset. The experiments in this section are in-
spired by those reported in Hartung et al. (2017) and rely on composition
functions.

The main assumption in Hartung et al. (2017, p. 56) is that “adjectives,
nouns and attributes (via attribute nouns) can be embedded in the same semantic
space”. In other words, the models learn a composed representation based
on the adjective and noun vector, which is intended to reveal the implicit
attribute in an AN phrase. This representation should be as close as possi-
ble to the vector for the corresponding, gold-standard attribute. For exam-
ple, applying the function to the input words grob ‘coarse” and Sand ‘sand’
should result in a vector that is close to texture.

In this approach, the vector space in which adjectives, nouns and at-
tribute vectors are located plays an important role. It is expected that mod-
els will perform differently for collocations versus free phrases, since the
function has to induce a semantic shift for adjectives in a collocation if the
original vector of the adjective does not represent the shifted meaning. In
contrast, the function does not need to perform a large meaning shift for ad-
jectives in free phrases because the individual vectors already show a high
degree of similarity in the underlying vector space.

Two experiments are conducted. First, the overall success of two com-
position models in the attribute-selection task is explored with different
amounts of training data. Based on the results of the first experiment, the
best model and the best training setting are selected for the second experi-
ment. More specifically, the performance of the model is tested separately
for collocations and free phrases.

The work reported in this section has been carried out by the author
of the thesis in collaboration with Eva Huber and Neele Falk who were
responsible for the technical implementation of the experiments, and Prof.
Erhard Hinrichs who gave theoretical and conceptual advice at each step of
the experiments.
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6.4.1 Data

The gold standard dataset GerCoAt described above is the empirical bases
for the experiments. However, the size of the dataset is quite small con-
sidering the number of labels (see Table 6.6). A higher number of training
samples could significantly improve the performance of the models as neu-
ral networks generally benefit from large training data.

Recall that during the annotation, the annotators were instructed to an-
notate lexical unit IDs in GermaNet for all the adjectives and nouns in the
dataset. Thus it is possible to automatically extract semantically related lem-
mas from GermaNet.!* The attributes annotated in the original dataset are
expected to hold between semantically related adjectives and nouns. This
logic applies both to free phrases and collocations. For instance, the orig-
inal dataset contains the collocation tiefer Ton ‘low-pitched sound” whose
attribute is sound. This particular sense of the adjective tief has a dedicated
entry in GermaNet. The antonym of this sense of tief is the adjective hoch
‘high-pitched’. In this way, the phrase hoher Ton "high-pitch sound” is au-
tomatically constructed annotated with the attribute sound. Additionally, it
is also possible to substitute the noun with a semantically related LU, for
instance, a co-hyponym of the given sense of the noun Ton in GermaNet
is Pfeifen ‘whistle’. Based on that, two more phrases are constructed: hohes
Pfeifen ‘high-pitched whistle” and tiefes Pfeifen ‘low-pitched whistle’, both
annotated with the attribute sound.

Consider another example: the free phrase schwarze Hose ‘black pants’.
The adjective can be substituted by its co-hyponyms such as blau ‘blue’,
gelb ‘yellow’, rot ‘red, etc. The noun is sibstituted by its hyponyms such as
Schlaghose ‘flared trousers’” and Stoffhose ‘cloth pants’, and its co-hyponyms
such as Bluse ‘blouse” and Pullover ‘sweater’. All the new phrases are anno-
tated with the same attribute as the original phrase, color.

In this manner, for all the LUs in the original dataset, semantically re-
lated adjectives and nouns are extracted from GermaNet using conceptual
(hypernymy and hyponymy) and semantic (synonymy and antonymy) relations.
The resulting new phrases are annotated automatically with the attributes
from the original phrases.

In order to eliminate nonsensical phrases that inevitably get constructed
in the automatic augmentation, the adjective-noun phrases are filtered by
their bigram frequencies in a large corpus consisting of several German tree-
banks (Wikipedia 2017 and Wikipedia 2018 (de Kok and Piitz, 2019), and the
corpus DECOW16AX (Schifer, 2015; Schifer and Bildhauer, 2012)). The fre-
quency threshold has been set to five.

4https://github.com/Germanet-sfs/germanetpy, last accessed on 28.08.2023.

15Co-hyponyms introduce an especially large amount of noise into the data. For instance,
a co-hyponym of the adjective alt ‘old” in the sense ‘existing for a long time” is the adjective
isochron ‘isochronous’. Adding this adjective to the sample resulted in the nonsensical
phrase isochrone Freunde ‘isochronous friends’.
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Two augmented datasets have been created which, from the smallest to
the biggest, include incrementally more types of semantically related LUs:'®

¢ augmented small: synonyms, antonyms and hyponyms

* augmented large: synonyms, antonyms, hyponyms, co-hyponyms
and hypernyms

The exact numbers for each dataset are presented in Table 6.10. Five dif-
ferent train/dev/test splits are created in order to make sure that different
samples of the datasets are tested. For each split, the training data is filtered
such that no adjectives or nouns overlap between training and dev/test sets.

| data | phrases | adj| nn |
original 3,094 46 | 2,030
augmented small 18,783 655 | 7,264
augmented large 84,305 | 2,152 | 14,669

TaBLE 6.10: Data overview: augmented and filtered by fre-
quency.

6.4.2 Models

Both composition functions used in the experiments take the input vector
for the adjective a and the input vector for the noun n and compose them
to retrieve a representation for the hidden attribute p. The vector of the
hidden attribute has the same embedding dimension, d, as a and n. The
composition models are trained to minimize the cosine distance between
the composed representation of the hidden attribute p and the vector of the
correct attribute p:

argmin(1-cos(p,p)) (6.3)

Transformation Weighting Model (TWM) This model was proposed in
Dima (2019), who compared it to various other composition functions on the
task of reconstructing the corpus-induced vectors of short phrases on which
it has produced the best results. In this model, a number ¢ of non-linear
transformations T € R*24*@ are applied to the concatenated input vectors a
and n resulting in a matrix H of ¢ transformed composed representations:

H=g(T[a;n] +B) (6.4)

These transformed representations are weighted into a final representa-
tion p with a double-tensor contraction and a third order tensor C e R4

16Augmented datasets can be downloaded here: https://owncloud.gwdg.de/index.php/
s/PXK1LRG7UJ0OBOB2.
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p=C:H+b (6.5)

Dropout is applied to the transformed representations in H and a ReLU

non-linearity is used. The different transformations allow capturing differ-

ent interactions between the input vectors. The number of non-linear trans-

formations is smaller than the size of the input vocabulary, thus the model

is forced to reuse similar transformation-weighting combinations for similar
inputs.

Full Weighted Additive Model (FWAM) This model, developed by Gue-
vara (2010), was the best-performing model on the task of attribute selection
in Hartung et al. (2017). The core of this model lies in a position-specific
transformation of the input vectors a and n: two linear maps, one for the
modifier (A) and one for the head (N), are trained and applied to the corre-
sponding input vectors. The transformed vectors are combined via addition:

p=Aa+Nn (6.6)

The linear maps are initialized with identity matrices so that the model
starts off with simple addition.

6.4.3 Training and evaluation

As described in the previous section, the models are trained to create com-
posed representations that are close to the underlying hidden attribute of
the AN phrases. The final composed representations are normalized to unit
length. Note that the vectors of the adjectives, nouns and attributes origi-
nate from the same vector space. Following the evaluation by Baroni and
Zamparelli (2010) for a related task, a rank-based evaluation is conducted.
More specifically, a sorted list of all possible attributes is computed based on
the cosine similarity between the composed representation and the attribute
vectors. The rank of a given test instance equals the position of the correct
attribute in that sorted list.

For each attribute, the F1-score is computed considering the most similar
(F1@1) and the five most similar (F1@5) vectors. The F1-scores are averaged
and the Fl-macro for each rank is reported. The models are trained with
early stopping.

In the experiments, pretrained word embeddings with subwords are
used. They are provided by finalfusion!” and were trained with the skip-
gram algorithm Mikolov et al. (2013). The embeddings were trained on the
the corpus TiiBa-D/DP de Kok and Piitz (2019).

The embeddings for attributes are precomputed as a centroid of a para-
phrase for each attribute. Thus the vector for character, for example, was

17h‘ctps ://finalfusion.github.io/pretrained
8The embeddings have a dimension of 300 and were trained with negative sampling and
a context size of 10.
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computed as the average of the vectors for character, trait, personality, tem-
perament, behaviour, reaction. The paraphrases are stem from the annotation
guidelines (see Appendix C). The dropout rate and the number of transfor-
mations in the transformation weighting model were tuned on the develop-
ment sets.!”

6.4.4 Experiment1

Table 6.11 reports the results averaged over all splits. As baselines, a nearest
neighbour search was performed based on a) the vector of the adjective, b)
the vector of the noun and c) the centroid of the adjective- and noun vector.

| | Flel1 | F1@5 |
baselines
adjective 0.092 0.278
noun 0.141 0.357
avg. phrase | 0.157 0.438
original data
FWAM 0.219 0.552
TWM 0.230 0.495
augmented small
FWAM 0.227x | 0.505
TWM 0.350% | 0.578+
augmented large
FWAM 0.238 0.557%
TWM 0.427+1 | 0.623

TABLE 6.11: Average results on the random test set splits: macro

Fl-score at rank 1 and at rank 5. The TWM with the largest

training dataset significantly outperforms all other experimen-
tal settings.

Statistical significance (p < 0.05) was computed using the paired-
bootstrap test (Efron and Tibshirani, 1994), comparing (1) whether the
difference for the same model trained on the different training data is
significant (significance is marked with a + in the table) and (2) whether the
best model is significantly better than all the other models (significance is
marked with a t in the table).

The results show that both composition functions outperform all base-
lines. With respect to data augmentation, the results show that automatic
enrichment is helpful for several models. The largest improvement can be
seen for the TWM: on the original data set, the model can only achieve a
macro-F1 score of 0.23 despite a lexical overlap; with the large synthetic
training data, there is an improvement of about 20 percent.

1950 transformations, 0.4 dropout rate. Dropout rates were tuned between 0.0 and 0.8 in
increments of 0.2. The number of transformations was tuned given the following options:
10, 30, 50, 100, 200
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Comparing the composition functions reveals that the TWM outper-
formes FWAM for all datasets. The gap between the performance of the
two composition functions increases with more training data. This suggests
that the TWM has a higher generalization power when more training data
is available, as it has the flexibility to use different combinations of its
parameters for different AN combinations. The positive influence of more
training data can be seen more clearly when looking at the results for rank
1.

Since the TWM trained on the largest training set achieves the highest
performance, that model will be used in the next experiment. For each
experiment, we create three random train/dev/test splits with no lexical
overlap.

6.4.5 Experiment 2

In this experiment, the attributes are investigated with regard to the phrases’
collocational status. The performance of the model is tested on the attributes
that are encountered both with free phrases and collocations (mixed attributes
discussed in section 6.2.4). The number of instances of collocations and free
phrases per attribute is balanced.

The overall results are presented in Table 6.12. The difference in per-
formance between collocations and free phrases supports our hypothesis
that literality of meaning is an important factor in modelling attributes in
AN phrases. When the meaning of the phrase is literal, it is easier for the
model to correctly predict the attribute: e.g. freundlicher Hund ‘friendly dog’
is predicted as character, or herrliche Kombination ‘great combination” as
evaluation. However, the model faces a challenge when tasked to predict
attributes in collocations: e.g. in siiffer Hund ‘sweet dog’, taste is predicted
instead of evaluation, or in raue Witterung ‘rough weather’, surface is pre-
dicted instead of climate. The difficulty for collocations is increased by the
absence of lexical overlap between the training and test data: the model does
not see similar examples in the training set that it can learn from.

| | F1@1 | F1@5 |

free phrase | 0.74 | 0.91
collocation | 0.51 | 0.73

TaBLE 6.12: Overall results for free phrases vs. collocations:
macro Fl-score at rank 1 and at rank 5.

The detailed results for each attribute are presented in Table 6.13. Al-
though the overall tendency is clearly toward better performance for free
phrases, there are some exceptions. Several examples indicate that there is a
phenomenon that can be referred to as the dominance of the non-literal sense re-
flected in the embeddings. For instance, the attribute climate is represented
in collocations by the adjective karg. Its literal sense is ‘sparse” expressing
quantity, but the collocational sense of ‘barren” when describing natural
objects like mountains, hills, islands, etc. is well-established in the German
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language and does not pose any problems for the model to predict the cor-
rect attribute climate. Another example is the adjective reich ‘rich”: both of
its attributes, quantity as in ‘rich income/harvest’” and social as in ‘rich
family /banker’, are correctly predicted which indicates that both senses are
equally present in the embedding.

free phrases | collocations
attribute Fl@l | Fl@5 | Fl@l | F1@5
character 0.86 093 | 036 | 0.71
climate 0.26 055 | 094 | 0.97
dimension 0.80 098 | 043 | 0.82
evaluation | 0.89 | 0.97 | 0.33 | 041

power 0.73 096 | 0.00 | 0.28
quantity 0.50 090 | 0.77 | 0.97
social 0.88 1.00 | 0.50 | 0.79
time 096 | 098 | 0.72 | 0.90

TABLE 6.13: Results for free phrases vs. collocations for each
attribute: macro Fl-score at rank 1 (@1) and at rank 5 (@5).

6.4.6 Summary

This study investigated which factors have an effect on the success of at-
tribute selection in adjective-noun phrases in distributional semantics. A
composition function which is flexible enough to use different parameter
combinations for different types of phrases can benefit from an automatic
enrichment of training data (Experiment 1). The composition model can
accurately predict attributes that occur in free phrases, if enough training
data is available. However, collocations pose a problem for the distribu-
tional models. As it is less likely for similar adjective-noun combinations
to be encountered in training, the models cannot easily generalize for un-
seen data (Experiment 2). Another insight gained from Experiment 2 is that
there are some attributes that are predictable in free phrases as well as in
collocations. These attributes occur frequently in both the original and the
augmented datasets and can be selected by many different adjectives.

6.5 Modifying the level of granularity

The annotation scheme discussed until this point can be considered rather
fine-grained with almost 50 labels available. Modifying the level of granu-
larity for this inventory is feasible in the direction of higher generalization,
i.e. merging the labels into more coarse-grained categories. This step may
resolve the issue of high imbalance of the categories that is characteristic of
the GerCoAt dataset. The additional level of granularity introduced for the
GerCoAt dataset is based on the taxonomy of adjectives in GermaNet: using
the top-nodes as coarse-grained attributes — 16 categories in total.
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This layer of annotation has been used in machine learning experiments
on attribute selection in adjective-noun phrases presented in Falk et al.
(2021). The inventory of labels is based on the top-nodes in the adjectival
taxonomy in GermaNet as illustrated in figure 6.11.

perception

T

sound ... taste

tief . salzig
"deep’ "salty’

FIGURE 6.11: A part of the taxonomy of adjectives in GermaNet
for tief ‘deep” and salzig ‘salty’. The top node perception is
used as an attribute label (Falk et al., 2021, p.241).

In this manner, an inventory comprising 16 labels has been extracted
from GermalNet. The label set is presented in table 6.14 with the corre-
sponding fine-grained attributes from the original annotation scheme. The
coarse-grained label that comprises the highest number of fine-grained
attributes is relation: it includes 11 specific attributes. In contrast,the
attributes emotion, climate, society, etc. are mapped to only one or two
fine-grained categories. Three of the coarse-grained categories stand out
as they cannot be aligned with the top-nodes in GermaNet: intensity,
evaluation, and manner. The first two labels are subcategories of the
top-node klasseniibergreifend ‘general’” which is way too general and
is practically undefinable. The third attribute, manner is not a part of
GermaNet taxonomy of adjectives at all.

In terms of balance, the dataset with the coarse-grained granularity is
slightly more balanced than the original one. Figure 6.12 depicts the distri-
bution of phrases across the coarse-grained labels. There are six categories
that have less than 100 instances. Intensity, however, remains the most
frequent category. The most collocational categories are intensity, manner,
relation, and emotion.

The experiments on automatic prediction of attributes in Falk et al. (2021)
further support the hypothesis that due to the idiosyncratic lexical behavior,
collocations are more challenging for neural models than free phrases. In or-
der to test this, Falk et al. (2021) use a subset of the dataset balanced in terms
of the amount of collocations and free phrases for each attribute. The sub-
set contains the following attributes: climate, quantity, time, society,
location, behaviour, evaluation. The models are trained on two auto-
matically augmented datasets: small (21,498 AN pairs) and large (232,398
AN pairs). In order to explore the impact of lexical memorization on the
attribute selection task, the experiment is conducted in three lexical settings:
(1) No overlap The validation/test and training have distinct vocabulary.
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coarse-grained \ fine-grained

behaviour character, naturalness, power
body appearance, health, constitution
climate climate
evaluation evaluation
feeling emotion
intensity intensity
location space, dimension, shape
manner manner, description
motion motion
mind intelligence
perception co'lor, smell, taste,
brightness, sound, surface
quantity quantity, costs
accuracy, certainty, stability,
relation difficulty, safety, rigf)rous.ness,
completeness, functionality,
importance, validity, compatibility
society social
material, texture, consistency,
substance .
temperature, state, we1ght
time duration, time, age, speed

TABLE 6.14: Second layer of annotations in the GerCoAt

dataset, based on GermaNet.
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(2) Modifier overlap The validation/test and training share modifiers (ad-
jectives). (3) Head overlap The validation/test and training share heads
(nouns) (Falk et al., 2021, pp. 243-244). Table 6.15 shows the results of
the experiments. In all settings, a model’s performance is better for free
phrases than collocations. However, Falk et al. (2021) report that despite the
commonly perceived idiosyncrasy of collocations, there are regular patterns
present. For instance, the attribute climate consistently achieves a high F1
score for collocations across all experimental settings, ranging from 0.67 to
0.87. This suggests that the shifts in meaning for adjectives associated with
this attribute follow regular patterns. Another illustration of such consistent
meaning shifts is observed with the polysemous adjective siif§ ‘sweet’. In
its literal sense, it selects the attribute perception as in siiffe Torte/Iee ‘sweet
cake/tea’. However, siiff can also select the attribute evaluation when com-
bined, for example, with nouns from the semantic field PERSON, as in siifSes
Kind ‘sweet child’.

training data fastText BERT
| free phrase collocation | free phrase collocation
small
no overlap 0.66 0.53 0.59 0.44
modifier overlap 0.74 0.57 0.67 0.59
head overlap 0.80 0.73 0.73 0.67
large
no overlap 0.73 0.61 0.62 0.58
modifier overlap 0.84 0.73 0.87 0.72
head overlap 0.75 0.61 0.67 0.63

TaBLE 6.15: Average Macro F1 score for the balanced set in
terms of collocations and free phrases for each training set
(Falk et al., 2021, p.247).

Systematic attributes in collocations such as intensity or evaluation are
predicted with scores higher than 50% on unseen data. Figures 6.13 and 6.14
show the results of the experiments for each attribute in different settings
on the full unbalanced dataset.
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portion of free phrases and collocations for each attribute

motion
body
feeling
intelligence
climate
evaluation
behaviour
quantity
society
time
location
substance
perception
manner

relation

intensity

o

100 200 300 400 500 600

M portion of free phrases portion of collocations

FiGure 6.12: Distribution of free phrases and collocations in
the GerCoAt dataset across the second-layer categories. The
tigure is from Falk et al. (2021, p.243).



235

6.5. Modifying the level of granularity

@G—w@&w

hpo?d

‘(Fre'd ‘T207) e 32 Meq Ul SSUTppaquua d1je)s YIm SjuswitIadxa oY} Jo s)nsal oy, :

jouue??

COG.OE

N

\ S wa
9.72»9 co_wmuo/ coﬁ%v vacwpc. mocmam% coc.omo.. oum;%

€L'0

dejuono pesym delono pow s  dejdano ou m

1X2115B) - T4 0JOBW d1Ngline

apoer®

€1'9 TANDI

ER)

sonet

WO

mﬁ/a_/o

paa0®

£9"
TLOLO

W

10

0

90

A]

80

60



‘Frzd ‘1207) Te 19 [ed Ul sSurppaquus pazIfenixajuod YIm SpUuLWIIadXxa ay) Jo SiNsSaI oYL, :H['9 TINOI]

auew

que® oot = o

Vov

20 \ ns ya8 W 2
v90,.7ﬂ’» Co_,.vm.uo/ (—O@N’m 3 7@.m¢&.k¢ . mucm.va ¢O,,.r0‘mo U.rﬂg,wu TV,.HCNA,G Nur—&w,.” Gcﬁmﬁzﬁ T.y.&/..uOm wG.sv

Chapter 6. Attributes in adjective-noun phrases

236

90

delyono pesym delano powr dedsrnooum

1439 - T} oldew =1ngliie

0

70

€0

¥0

S0

9'0

'



6.6. Summary 237

6.6 Summary

The gold standard dataset GerCoAt described in this chapter contains lex-
ical and semantic information about more than three thousand German
adjective-noun collocations and free phrases in context. There are several
layers of granularity of the manual annotation:

1. Sense IDs: the most fine-grained annotation. Each adjective and noun
has been provided with its sense ID in the German wordnet Ger-
maNet;2V

2. Fine-grained attributes: the annotation scheme contains 49 labels;

3. Coarse-grained attributes: this level of annotation is represented by
16 labels;

4. Literality: binary annotation into two groups: “collocation” and “free
phrase” (described in chapter 5).

The analysis of the data has been performed for levels 4 and 2 of granularity:
the literality and the fine-grained attributes.

Concreteness: the data provides empirical support for the earlier obser-
vations made in chapter 4 of this thesis that the nominal bases in colloca-
tions are on average more abstract than those in free phrases. There are also
noticeable tendencies among the fine-grained attributes: the average con-
creteness scores for the nouns that have the attributes surface, color, and
material are almost twice as high as for the ones characterized by speed,
epithet, rigidity, intensity.

Semantic classes: in the annotation process, a necessity arose to use
some sort of heuristic to make sure that the proposed attributes are of
same level of granularity. Based on the annotated dataset, annotation
templates have been created for each semantic class of nouns. The inspec-
tion of the proposed templates goes in line with the intuition and world
knowledge of the annotators. For instance, the nouns of the semantic
class Foop have the following aspects according to the template: taste,
type, quantity, texture, consistency, cost, time, state, shape,
intensity, evaluation, and dimension.

Attributes: none of the attributes can be considered purely collocational
or not. For that reason, it was important to compile an annotation scheme
accommodating both collocational and non-collocational meanings. Rather,
certain meanings have a tendency to be expressed in collocations, for in-
stance, the meaning of intensification, whereas meanings such as color or
dimension are overwhelmingly expressed in free phrases.

2This layer of annotation could be used as gold standard in tasks on Word Sense Disam-
biguation.
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Various machine learning experiments (reported in section 6.4 and inFalk
et al. (2021)) show that the difference between free phrases and collocation
is also picked up by the tested models. Attributes in collocations are more
challenging for the models to learn than those in free phrases. However, if
a meaning is expressed systematically, the prediction scores are also high
for collocations. Strongly lexicalized collocations such as blinder Passagier
‘stowaway’ (lit. ‘blind passenger’) and helle Zukunft ‘bright future’ still pose
a challenge to the models (Falk et al., 2021).
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Chapter 7

Validating the inventory with
different data

The annotation scheme for adjective-noun phrases described in the previ-
ous chapter was developed based on a very specific dataset (GerCo), where
the adjectives have been selected in a very systematic manner (see section
5.2.1). Notwithstanding, the proposed inventory of attributes is expected to
be general enough to accommodate lexically diverse data in any language.

In order to investigate the generalization power of the label set, an al-
ready existing dataset of adjective-noun phrases have been chosen — the
English dataset HeiPLAS (Hartung, 2015) that has been introduced in sec-
tion 4.5. The dataset is lexically rich: it contains a large number of unique
adjectives and nouns. This chapter investigates to what extent the inven-
tory proposed in the previous chapter of this thesis can accommodate all
the meanings available in the HeiPLAS dataset.

7.1 Overview of the HeiPLAS dataset

The construction of the HeiPLAS dataset (Hartung, 2015) is described in
section 4.5 of this thesis. The AN pairs in HeiPLAS are annotated with at-
tributes that stem from WordNet. Table 7.1 gives an overview of the dataset:
it contains a large number of diverse adjectives and nouns, and, in this re-
spect, differs from the GerCoAt dataset.

| phrases | adjectives | nouns | attributes |
| 1598 | 849 | 923 | 254 |

TaBLE 7.1: Overview of the HeiPLAS dataset.

A much larger number of attributes (254) in comparison to the GerCoAt
dataset can most likely be explained by the finer level of granularity of the
labels. An alternative, yet less plausible explanation is that there are sim-
ply much more various adjectival meanings in the HeiPLAS dataset than in
the GerCoAt dataset. Bear in mind that GerCoAt has only 46 unique adjec-
tives in 3,307 adjective-noun pairs (46/3,307: the ratio is about 0.01) whereas
HeiPLAS contains considerably more diverse adjectives (849/1,598: the ra-
tio=0.53).



240 Chapter 7. Validating the inventory with different data

7.2 Annotation

In order to investigate whether the GerCoAt annotation scheme is applicable
to the new data, the HeiPLAS dataset has been annotated manually on two
levels relying on the guidelines developed in chapters 5 and 6.

1. Level 1: GerCoAt attributes;

2. Level 2: binary annotation into “collocations” and “free phrases”.

Due to time constraints, the annotation has been performed by two an-
notators for the two levels in parallel: one annotator for each level. Thus,
the IAA could not be calculated and only the qualitative feedback of the
annotators who are both experienced linguists will be used for analysis.

7.2.1 Annotation of attributes

This annotation was performed by the author of this thesis. The big advan-
tage of using the HeiPLAS dataset for validation is the fact that it already
has annotations of attributes. All the phrases were grouped according to the
original labels and thus could be annotated in batches of phrases with simi-
lar meaning. There are three cases of mapping of the HeiPLAS attributes to
the ones from the GerCoAt dataset: (1) splitting an attribute with a general
into more specific attributes; (2) merging specific attributes; (3) introducing
new attributes.

Splitting.  There are several examples where the interpretation of an at-
tribute in HeiPLAS is very general and the attribute is mapped to several
more specific ones from GerCoAt.! Such attributes are AGE and SIZE. The
attribute AGE in HeiPLAS has 11 instances in total. As table 7.2 shows,
the single attribute AGE in HeiPLAS is mapped to three different attributes
in GerCoAt. It indicates that AGE is interpreted much more broadly in
HeiPLAS: AGE for the phrase new friend refers metaphorically to the age of
friendship which corresponds to the attribute duration in GerCoAt.

The attribute SIZE in HeiPLAS comprises three different readings: (1) lit-
eral: the physical size of a concrete object as in gigantic redwood that maps to
the attribute dimension in GerCoAt; (2) metaphorical: degree of an abstract
concept as in gigantic disappointment that maps to intensity; (3) metaphori-
cal: amount that maps to quantity as in slender wage.

Merging.  Examples of splitting HeiPLAS attributes are few in compari-
son to the amount of highly specific attributes that had to be merged when

!Note that HeiPLAS does have the attributes corresponding to the ones borrowed from
GerCoAt as well: DEGREE, DURATION, QUANTITY, TIMING.



7.2. Annotation 241

attr HeiPLAS adj nn attr GerCoAt
AGE brand-new  shoe age

AGE little boy age

AGE mature cell age

AGE new car age

AGE new comet age

AGE young people age

AGE new law time

AGE new year time

AGE newborn fear time

AGE recent addition time

AGE new friend duration
SIZE big city dimension
SIZE deep cut dimension
SIZE gigantic redwood dimension
SIZE small car dimension
SIZE gigantic disappointment intensity
SIZE stupendous demand intensity
SIZE large family quantity
SIZE slender wage quantity

TaBLE 7.2: Splitting: Mapping of the attributes AGE and SIZE
from HeiPLAS to the GerCoAt attributes.

aligned with the GerCoAt attributes. For example, the attribute manner com-
prises the total of 77 very specific attributes from HeiPLAS. Several exam-
ples are presented in table 7.3: some of them are indeed simply very fine-
grained, such as CONSPICUOUSNESS, DULLNESS, FELICITY, FRIENDLI-
NESS, and LIVELINESS, whereas some, such as ANIMATION and TASTE,
are both fine-grained and used in a non-literal sense.

Another example is the GerCoAt category dimension that comprises
more specific attributes such as HEIGHT, LENGTH, WIDTH, SIZE and
STATURE. Similarly, the GerCoAt label evaluation comprises NICENESS,
BEAUTY, PLEASANTNESS, QUALITY, WORTHINESS, and a dozen of
other attributes from HeiPLAS.

New. Finally, as expected, the inventory from GerCoAt does not reflect
all the aspects of nominal meanings expressed by descriptive adjectives and
had to be extended. Seven additional attributes were introduced. Table 7.4
provides two examples for each of the new attributes.

e cause — similar to the AGENTIVE dimension in the Qualia Structure
(Pustejovsky, 1991); refers to the origin of an entity, the factors respon-
sible for bringing it about;
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e composition — similar to the CONSTITUTIVE dimension in the Qualia

Structure (Pustejovsky, 1991); refers to the chemical composition of an
entity;

continuity — steadiness and/or regularity of a process or event;

location — refers to spacial characteristics of an entity having to do
with its location such as distance, direction, position;

attr HeiPLAS adj nn attr GerCoAt
ANIMATION sprightly dance manner
CONSPICUOUSNESS  conspicuous necktie manner
DULLNESS dull mood manner
FELICITY clumsy apology manner
FRIENDLINESS cozy room manner
LIVELINESS lively discussion manner
TASTE flashy ring manner
HEIGHT high building  dimension
LENGTH short hair dimension
SIZE immense snake dimension
STATURE tall tree dimension
WIDTH narrow bridge dimension
NICENESS nice day evaluation
NICENESS nice dress evaluation
BEAUTY beautiful country evaluation
PLEASANTNESS pleasant evening evaluation
QUALITY good secretary  evaluation
WORTHINESS worthwhile  book evaluation

TaBLE 7.3: Merging: Mapping of various attributes from
HeiPLAS to the GerCoAt attributes description, dimension
and evaluation.

quality — an objective or subjective estimation of whether something
is correct. In a way; it is inspired by the Lexical Function Ver (Mel’¢uk,
2015) that is an objective qualifier (see section 4.2.1). Objective quali-
fiers are adjectives such as wrong, false, correct, right, i.e. assessments
that can be verified. Subjective qualifiers are those that rather refer to
some standards or expectations of how something should be, such as
perfect, proper, inappropriate.?

2In a way, it can be interpreted as deontic modality expressed by an adjective. As defined
in Pustejovsky and Batiukova (2019), it “expresses an attitude towards how a state of affairs
should be, with respect to social and ethical norms”. See Linden (2012) for a discussion of
deontic modality in adjectives.



7.2. Annotation 243

attr HeiPLAS adj nn new attr
NATURALNESS unnatural death cause
INTENTIONALITY intentional damage cause
PURITY contaminated water composition
COMPLEXITY simple substance composition
CONTINUITY constant pain continuity
CONTINUITY continuous fear continuity
POSITION exterior paint location
DISTANCE near neighbor location
TRUTH false testimony quality
PERFECTION perfect specimen quality
NORMALITY abnormal circumstance relation
DIFFERENCE different meeting relation
SEX female heir sex

SEX male infant sex

TABLE 7.4: New coarse-grained attributes for specific attributes
in HeiPLAS.

* relation - puts the modified noun in context of other entities, a gen-
eral comparison in terms of norm. Typical adjectives that express this
meaning are different, similar, foreign, ordinary, unusual.

* sex — property that distinguishes organisms on the basis of their re-
productive roles.

Not all the attributes from the GerCoAt inventory were used for the
annotation of the English data. For instance, the attributes rigidity,
tolerability, and security are probably too rare or too specific. The
attribute material, on the other hand, is a very frequent property of
concrete objects: all artifacts are characterized by the material they are
made of. However, it is absent from the HeiPLAS dataset.

The resulting dataset, codenamed HeiPLAS+, comprises 1,447 adjective-
noun pairs. The attribute inventory contains 49 labels. The frequency distri-
bution across the attributes is depicted in figure 7.2. Similarly to the German
dataset GerCoAt, HeiPLAS+ is imbalanced in terms of attributes: whereas
the attributes manner, relation, character, intensity have about 100 and
more instances, such attributes as movement, sex, and weight are found only
in a few phrases. The English dataset is lexically more varied than the Ger-
man one. The fact that it is imbalanced in a similar way, indicates that the
imbalance is not an artifact of a particular dataset. First of all, it is a re-
flection of the adjectives” combinatorial behaviour in a language. Secondly,
the skewedness of the data also suggests the attribute manner is indeed very
general. However, as discussed in section 6.2.2, manner can only be split into
numerous highly fine-grained attributes.
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7.2.2 Annotation of collocations

The classification of the adjective-noun pairs into collocations and free
phrases was performed based on the guidelines from section 5.3.1 by a
native speaker of English and a linguist Richard Lawrence, PhD. According
to the definition of collocation adopted in this thesis, there are two types of
collocations: (1) the collocate’s sense is not its literal sense; (2) the collocate
is fully dependent on the base. Until this point, only collocations of the
first type have been investigated. There are more adjectives in the English
dataset than in the German one, which means that there is possibility to
encounter the second type of collocations as well.

(1) Is it a proper name?

/\

Yes No

Non-collocation  (2) Is the meaning of the base literal?

(Proper name) /\

No Yes

Non-collocation  (3) Is the collocate’s meaning literal?

(Idiom) /\

Yes No

(4) Is the collocate dependent on the base?  Collocation
/\ type 1
Yes No

Collocation  Non-collocation
type 2 (Free phrase)

FiGure 7.1: Extended annotation scheme for the classification
of the collocation candidates.
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The decision tree that served as the guideline for annotating collocations in
section 5.3.1 has thus been extended to accommodate collocations of type 2.
Figure 7.1 depicts the new decision tree with the additional step 4: “Is the
collocate dependent on the base?”.

An adjectival collocate is dependent on the base if it can be combined
only with very few nominal bases, for instance, artesian well. (from
definition 6)

The total of 1,447 adjective-noun pairs were classified into 485 collocations
and 961 free phrases. Only a couple of collocations were marked as “type
2” by the annotator, two of them are presented in example (42). The anno-
tator’s intuition that the given adjective-noun pair is a collocation of type 2
is backed up by two factors: usage of the phrase as a typical and often the
only example in the adjectives’ entries in different monolingual dictionaries
and high association score in the Sketch engine in various corpora (Kilgarriff
et al., 2014).

(42) a. ill-gotten gains: the adjective can also be combined with
semantically-related nouns, such as wealth and goods. However,
the phrase is so strongly lexicalized that in Macmillan online
dictionary,” there is no separate entry for the adjective, but only
an entry for the collocation as a whole;

b. cushy job: sometimes the expression cushy number is used instead,
where number=job;

The distribution of collocations and free phrases across attributes is de-
picted in figure 7.2. As the dataset is skewed and contains twice as much free
phrases as collocations, there are no purely collocational attributes. How-
ever, the trends observed in the English dataset are similar to the ones in
GerCoAt:

e typical attributes in collocations are intensity as in exquisite pain, bad
headache; emotion as in acid comment, blue day; speed as in smart pace,
lazy river, etc.

e typical attributes in free phrases are dimension as in large city; quality
as in incorrect calculation; time as in recent addition; texture as in coarse
sand; shape as in straight road; color as in white dress; relation as in
similar price; etc.

e attributes found (almost) equally in collocations and free phrases:
manner as in bouncy tune, soapy compliment, lively discussion; quantity
as in short money, slender wage, ample supply; function as in potent
liquor, powerful drug, ineffectual therapy; evaluation as in rosy prediction,
bright future, nice day.

3https://www.macmillandictionary. com, last accessed on 18.12.2021
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7.3 Conclusion

The GerCoAt inventory of attributes has been successfully applied to a dif-
ferent dataset in a different language — English dataset of adjective-noun
pairs and attributes HeiPLAS.* The mapping of the fine-grained attributes
in HeiPLAS to more coarse-grained ones from GerCoAt was not homoge-
neous. Not all the attributes in HeiPLAS can be considered specifications
of more coarse-grained attributes in GerCoAt. A few attributes in HeiPLAS
were split into several different attributes from GerCoAt. In those cases,
the discrepancy is due to the inclusion of a metaphorical meaning into the
meaning labeled by an attribute in HeiPLAS. For instance, taste as physical
sensation and as aesthetic quality.

Furthermore, as expected, the inventory had to be extended: seven new
attributes have been added. Taking into consideration the high lexical vari-
ety of the English dataset, seven additional attributes are not many.

The extended inventory contains 54 labels that are suitable for classifying
adjectival collocates of concrete and abstract nouns. Note that the scheme
can be applied only to descriptive adjectives. The annotation of two dataset
has shown that practically any attribute can be found both in collocations
and in free phrases. The final extended inventory with definitions, exam-
ples, and additional comments is presented in Appendix E.

It is likely that the inventory is not completely exhaustive and the need
for additional attributes might arise when dealing with unseen data. The
intuition is, however, that there are not many meanings not covered by the
inventory because the HeiPLAS dataset exhibits a very high level of lexical
diversity and makes use of all the attributes available in WordNet covering
all the semantic classes.

The annotation of HeiPLAS AN pairs into collocations and free phrases
has shown that it is challenging to determine whether some pairs should be
annotated as collocations of type 2 or free phrases. Is there a way to opera-
tionalize the restrictedness of use? In Chapter 3, examples similar to cushy
job were discussed in terms of statistical asymmetry (section 3.4.2). It was
suggested that an asymmetric statistical association measure such as AP, or
Dki, can reflect restricted combinability in binary word combinations. The
next chapter will investigate this suggestion in a corpus study.

4The resulting dataset HeiPLAS+ can be downloaded here: https://github.com/
itsobvious/HeiPLASplus/


https://github.com/itsobvious/HeiPLASplus/
https://github.com/itsobvious/HeiPLASplus/
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Chapter 8

Asymmetric AN combinations: a
corpus study

As discussed in section 3.4.2, several statistical association measures
have been proposed that take into consideration the directionality in
co-occurrences. The most recent studies on asymmetric AMs introduced
into collocation research the measure AP (formula 8.1) based on conditional
probabilities (Ellis, 2006; Gries, 2013).

AP = P(outcomel|cue) — P(outcome|-cue) (8.1)

The unidirectional measure AP has been compared to bidirectional ones
in the task of automatic collocation extraction (Garcia et al., 2019). The re-
sults indicate that neither of the AMs can be considered the “best” one in this
task. Moreover, the performance of AP is even lower than that of the bidi-
rectional ones. However, poor performance in one particular task is hardly a
valid reason for discarding the measure completely. One cannot rule out that
a systematic study of this relatively new measure can provide insights into
the nature of words’ combinability that are valuable from lexical-semantic,
lexicographic, and language learning and teaching perspectives.

Until now, this thesis only considered adjective-noun pairs that exhibit
high mutual attraction which is based on the most popular and well studied
statistical association measure logDice. The logDice proved to be effective and
is now integrated into co-occurrence extraction tools such as Sketch Engine
and the Wortprofil. This section will step away from this well-trodden path
and turn to a less studied unidirectional association measure AP. The main
interest of this study does not lie in examination of the measure’s ability to
detect or fail to detect a larger number of “true collocations” in comparison
to other AMs. Rather, the investigation aims at identifying the strengths of
AP. In other words: what types of co-occurrences make their way into the
n-best lists based on AP? This section will provide a qualitative analysis of
German adjective-noun combinations with high AP values.
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8.1 Data

In order to calculate AP scores, co-occurrence frequencies have been com-
puted for all the combinations of adjectives and nouns that are related to
each other via the attributive modifier relation in a number of German tree
banks: Wikipedia 2017 and Wikipedia 2018 (de Kok and Piitz, 2019) and
decowl6ax (Schifer and Bildhauer, 2012; Schifer, 2015).

| word2 -word2 total

word1 a b a+b

-word1 C d c+d
total | a+c b+d a+b+c+d=n

TaBLE 8.1: Contingency table of observed frequencies. a is the
frequency of a bigram, a+c is the frequency of the noun and
a+b is the frequency of the adjective

In total, there are 42,445,060 pair types. The created data sample will
be analysed manually which is highly time consuming. Out of this purely
practical consideration, a minimal frequency cut-off is set: only the pairs
with a frequency > 400 will be investigated. Apart from that, all the pairs
containing digits and special characters have been removed. These steps
reduced the size of the sample to 36,945 AN combinations. For these pairs,
three scores are computed based on the notation in contingency table 8.1:

* unidirectional AP; (8.2): indication for right-predictive co-occurrences

of the type collocate base, e.g. artisian well

APy = AP(wi[wp) = —— b

a+c b+d (8.2)

¢ unidirectional AP, (8.3): indication for left-predictive co-occurrences
-

of the type collocate base, e.g. good omen

APZ = AP(ZUQ|Z01) = P - (83)

* bidirectional logDice (8.4): does not distinguish between left-predictive
and right-predictive co-occurrences, e.g. strong feeling

2a
(a+c)+(a+b)

logDice =14 +1logoD =14 +log, (8.4)
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The next section will explore two subsets of the data sample and present
a comprehensive analysis of left- and right-predictive adjective-noun com-
binations. The results of the study will be shortly summarized in section
8.2.3.1

8.2 Asymmetric combinations: n-best lists

The traditional method in research on statistical association measures im-
plies creating n-best lists of candidates by sorting them based on the calcu-
lated scores: the higher the score, the stronger the association between the
two elements is. The goal of this exploratory study is not limited to de-
termining which n-best list contains a greater number of true collocations.
Rather, it aims at examining what types of multi-word expressions are found
based on these measures and what challenges arise depending on the mea-
sure. Each list will be manually annotated using the categories described in
Chapter 5: proper name, free phrase, idiom, technical term, and collocation.

The sample should be large enough to be able to make generalizations
about asymmetric AN combinations. The frequency cut-off threshold of 400
is quite arbitrary. A similar approach has to be taken for setting the number
of examples to investigate, n will be set to 600. Therefore, for each type
of asymmetry, 600 top combinations based on the calculated scores will be
considered.

8.2.1 Left-predictive co-occurrences

The first 600-best list is based on the scores of AP;. The values of this asym-
metric measure can vary between -1 and 1. The closer the value is to one,
the stronger is the predictive power of the base word, in this case, a noun.
Within the top-600 scores, the values of AP; lie between 0.5579 and 0.99999.
Twelve phrases are excluded due to lemmatizer errors leaving 588 phrases
for manual annotation.

The very first aspect that stands out is that over 80% (475 out of 589) of
the base nouns in the list are compounds. This is not surprising: the more
specific the compound is, the higher is the probability that it combines with
a small number of adjectives.

The distribution of labels in the list is presented in table 8.2. The major-
ity of the left-predictive combinations are proper names such as Deutsche
Umuwelthilfe ‘Environmental Action Germany’, Olympische Sommerspiele
‘Summer Olympic Games’, and Europiisch Siidsternwarte ‘European South-
ern Observatory’. Another well represented category comprises technical
terms such as frei Arztwahl ‘right to choose a physician’ and vorliufige
Vollstreckbarkeit ‘preliminary enforceability’. The distinction between terms
and free phrases in this list is quite vague due to the fact that the nouns are
very specific compounds. For instance, in the phrase lokales Kleingewerbe

IDescribed data samples can be downloaded here: https://github.com/itsobvious/
asymmetric-ADJ_NN.


https://github.com/itsobvious/asymmetric-ADJ_NN
https://github.com/itsobvious/asymmetric-ADJ_NN
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| Label | Number | Examples |

proper name | 240 Olympische Sommerspiele ‘Summer Olympic
Games’, Schwibisch Gmiind, (der) Letzte Mo-
hikaner ‘The Last of the Mohicans’, Hohe
Tatra ‘High Tatras’, Vereinigtes Konigreich
“United Kingdom’

term 208 vorliaufige Vollstreckbarkeit “preliminary en-
forceability’, chronische Polyarthritis ‘chroni-
cal polyarthritis’, absoluter Nullpunkt ‘abso-
lute zero’, Neue Sachlichkeit ‘new objectivity’
free phrase 65 passender Staubsaugerbeutel ‘suitable vacuum
cleaner bag’, neuer Teilnehmerrekord ‘new
attendance record’, verschiedene Veranstal-
tungsformen ‘various event formats’, langer
Bliitenstiel 'long flower stem’, frither Sonntag-
morgen ‘early Sunday morning’

collocation 40 reine Formsache ‘mere formality’, gesunder
Menschenverstand ‘common sense’, stehende
Owvation ‘standing ovation’, schwere Kopfver-
letzung ‘serious head injury’

idiom 28 innerer Schweinehund ‘one’s weaker self’,
eierlegende  Wollmilchsau ‘something that
meets all requirements’, ewige Jagdgriinde
‘happy hunting ground’, fliegende Untertasse
‘flying saucer’

cliché 6 zu guter Letzt ‘last but not least’, gutes Gelin-
gen ‘good luck’, herzlichen Gliickwunsch ‘con-
gratulations’, gute Besserung ‘get well soon’
compound 1 rote Beete ‘beetroot’

TaBLE 8.2: Left-predictive AN combinations: distribution of
labels in the sample.

‘local small business’, the base itself might be considered a term. An
indication for that is the existence of a Wikipedia article explaining what
Kleingewerbe means in legal terms. Examples of free phrases in the list are
durchschnittliche Haushaltsgrofle ‘average household size’, passender Staub-
saugerbeutel ‘suitable vacuum cleaner bag’, angegebener Qualifikationspunkt
‘specified qualification point’. These phrases are not established technical
terms, their base nouns are simply very specific compounds.

Over forty phrases were annotated as collocations. In some of them, the
meaning of the base is literal whereas the meaning of the collocate is not
literal, as in schwere Kopfverletzung ‘serious head injury’ (lit. ‘heavy’) and fes-
ter Ensemblemitglied “permanent ensemble member” (lit. ‘solid”). Apart from
such typical examples of collocations, there are AN pairs that are highly
lexicalized as illustrated in (43).
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(43) a. The first example is freie Wildbahn which stands as a whole for
‘wild” as in ‘in the wild’. This is a part of the fixed phrase in der
freien Wildbahn.

b. Similarly, iible Nachrede is a lexicalized phrase which can be trans-
lated as ‘defamation, slander’.

c. The collocation reine Formsache ‘mere formality” is also highly lex-
icalized.

d. The pair letzte Ruhestitte ‘last resting place’ is slightly more flexi-
ble than the two examples above. The noun allows modification
by a few other adjectives, e.g. wiirdig ‘worthy/dignified’, ewig
‘eternal’, and endgiiltig ‘final /ultimate’. However, the phrase is
still highly asymmetric with a AP; value of 0.92.

e. Similarly, in the phrase friilhe Morgenstunde ‘early morning
hour’, a number of adjectival modifiers is acceptable: gestrig
‘yesterday’s’, heutig ‘today’s’, kiihl ‘cool’. However, the morpho-
syntactic form is fixed: in most examples, the noun and,
therefore, its adjectival modifier are used in plural form as
in friilhe Morgenstunden ‘early morning hours’, and alternative
translations are ‘small hours” and ‘wee hours’. AP; value for this
pair is 0.92.

Among highly asymmetric left-predictive phrases there are also idioms.
Typical idioms are those in which the base noun has a figurative meaning,
for instance hissliches Entlein ‘ugly duckling” where Entlein refers to a per-
son and not an actual duck. Two examples are combinations in which the
base noun is a non-compositional compound such as innere Schweinehund
‘weakness of will, laziness” which literally means ‘inner dog-pig’ and can be
used as an insult. Another example is eierlegende Wollmilchsau ‘something
that meets all requirements” which literally means ‘egg-laying pig that gives
wool and milk’.

The remaining six AN pairs were first marked as unknown:

(44) a. the pair gut+Letzt is only used in the phrase zu guter Letzt which
stands for ‘last but not least’.

b. The pair eigen+Bekunden is only used in the phrase nach eigenem
Bekunden which can be translated as ‘by someone’s own admis-
sion’.

c. The pair eigen+Gutdiinken is only used in the phrase nach eigenem
Gutdiinken which can be translated as ‘as someone sees fit’.

d. gutes Gelingen ‘good luck’, herzlichen Gliickwunsch ‘congratula-
tions’, gute Besserung ‘get well soon” are phrases used in particu-
lar social situations.

Examples in (44) can be considered clichés in the sense of Mel'¢uk (2012a):
both lexically and semantically restricted phrases. Clichés are composi-
tional. According to Mel’'¢uk, proverbs and complex proper names also
belong to the category of clichés.
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Summary. The exploratory study of the asymmetric statistic association
measure AP; for AN pairs in German shows that this measure is capable
of detecting various types of multi-word expressions. It is especially suit-
able for detecting proper names and technical terms. Free phrases can also
be highly asymmetric when the base is a very specific nominal compound
such as Staubsaugerbeutel ‘vacuum cleaner bag’. The measure also detected
a number instances of collocations, idioms, and clichés. Their number is
quite low compared to terms and proper names, therefore, the measure is
not very successful at extracting them. However, it would be very useful
for language learners and lexicographers to know that a given AN pair is
highly asymmetric and the use of the nominal head is extremely restricted.

8.2.2 Right-predictive co-occurrences

The second 600-best list to explore contains right-predictive AN pairs, i.e.
those in which the use of the collocate is highly restricted, based on the
measure AP,. A high AP, value is an indication of asymmetry and, thus,
of restrictedness of the modifier. The values in the list lie between 0.4131
and 0.9999. Note that the lower score is lower than that in the left-predictive
list (0.5579) which means that left-predictive asymmetry is more common
in German than the right-predictive one.> Apart from that, in contrast to
left-predictive pairs, this list contains fewer compound nouns (65 in total).
This is a reflection of the asymmetry: in right-predictive combinations, it is
the adjective that is very specific.

During the annotation, 59 errors were identified including lemmatizer

errors and typos, they will be excluded from further analysis. The manual
annotation has been performed by the author of this thesis. The distribution
of labels in the data sample is presented in table 8.3.
Roughly a half of the combinations were annotated as technical terms. There
are 87 proper names and a small number of idioms in the data sample. The
second large group of right-predictive AN combinations is represented by
collocations.

Collocations.

There are various subgroups of collocations identified in the data sample
and the lower the value of AP,, the more vague is the distinction between a
collocation and a free phrase because the amount of acceptable head nouns
rises.

First of all, there is a number of asymmetric right-predictive collocations
in which the adjective’s use is highly restricted and the adjective is used in
a non-literal sense. In such cases, the difference to a free phrase is clear
and follows the logic underlying the decision tree in chapter 5 (Figure 7.1).
Consider a few examples:

(45) a. brenzlige Situation ‘tricky situation” (lit."burnt’), AP, = 0.83

2There are 1,057 AN phrases with AP; value > 0.413.
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| Label | Number | Examples |

term 256 molare Masse ‘molar mass’, rheuma-
toide  Arthritis  ‘rheumatoid  arthritis’,
festverzinsliche ~ Wertpapiere ‘fixed-income
securities’, zinsloses Darlehen ‘interest-free
loan’, glykidmischer Index ‘glycemic index’
collocation 182 brenzlige Situation ‘tricky situation’, himmel-
weit Unterschied ‘stark difference’, klirrende
Kilte 'biting cold’, mulmiges Gefiihl ‘queasy
feeling’, faustdicke Uberraschung ‘huge sur-
prise’

proper name | 87 Timmendorfer Strand, (der) Gestiefelte Kater
‘Puss in Boots’, Briihlsche Terrasse ‘Briihl’s
Terrace’, Sixtinische Kapelle ‘Sistine Chapel’,
Fruchtbringende Gesellschaft ‘Fruitbearing So-
ciety’, Das Wohltemperierte Klavier “The Well-
Tempered Clavier’

idiom 15 gordischer Knoten ‘Gordian knot’, zweischnei-
diges Schwert ‘double-edged sword’, trojanis-
ches Pferd “Trojan horse’, (am) seidenen Faden
(hiingen) “(to hang by a) thread’

TaBLE 8.3: Right-predictive AN combinations: distribution of
labels in the sample.
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b. faustdicke Uberraschung "huge surprise’ (lit."thick as a fist’), AP, =
0.69

c. klirrende Kilte ‘biting cold” (lit.’clanking’), AP, = 0.57
d. klangvoller Name ‘famous name’ (lit."sonorous’), AP, = 0.54

In these collocations, the non-literal meaning of the modifier has become
dominant. Moreover, the adjectives in these particular meanings have a
strong preference for a very limited number of nouns.

Secondly, there is a large number of combinations in which the adjective
retains its literal meaning, which is its only meaning according to the DWDS
and GermaNet illustrated by example (46) and (48).

(46) geraume Zeit ‘fairly long time’, AP, = 0.98
unverrichteter Dinge ‘empty-handed’, AP, = 0.96
unerfindliche Griinde “unknown reasons’, AP, = 0.95
helllichter Tag “broad daylight’, AP, = 0.95
himmelweiter Unterschied ‘stark difference’, AP, = 0.94

sehnlichster Wunsch ‘fondest wish’, AP, = 0.89

-0 & n TP

In extremely asymmetric combinations (AP>>0.8), the restrictedness is obvi-
ous: in each pair in example (46), only very few paraphrases are possible
and none of them can compete with the given noun. In example (46e), the
adjectival modifier himmelweit expresses intensification and can be trans-
lated into English as ‘enormous’. Its combinability is extremely restricted:
the adjective is mostly used with the noun Unterschied. According to the
Wortprofil,® it is the only possible head noun. In the corpus underlying
this study, the family size of himmelweit in attributive position is 21 and the
distribution of frequencies is zipfian as there are only five examples with
frequency higher than 1: Ferne ‘distance’ (2), Niveauunterschied 'difference of
level’ (2), Liicke ‘gap’ (2), Abstand "distance’ (9), Unterschied ‘difference” (620).
Mel’¢uk (2023, p. 46) terms such LUs unilexemes, i.e. LUs that appear “only
in one particular collocation (or in a handful of collocations)”.

Some of such highly asymmetric right-predictive AN pairs are extremely
restricted and have a fixed morpho-syntactic form. Consider example (46b):
the phrase unverrichteter Dinge is only used adverbially in genitive case of
its plural form as illustrated in example (47).4

(47) “Die Fahrer mussten
the-NOM.PL driver-NOM.PL must-PST-PL
unverrichteter Dinge abreisen.

without-achieving-GEN.PL thing-GEN.PL leave-INF
‘The drivers had to leave empty-handed’

S<https://www.dwds.de/wp/himmelweit>, last accessed on 14.06.2023

“In Berliner Zeitung, 10.05.2003, from the corpus Berliner Zeitung of the Digitales
Worterbuch der deutschen Sprache, <https://www.dwds.de/d/korpora/bz>, retrieved on
14.06.2023.
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Another type of highly restricted AN combinations is shown in (46f).
The adjectival modifier is used in superlative form of the adjective sehnlich
‘fervent’. The preference for the superlative form is also reflected in raw
corpus frequencies: positive form sehnlicher Wunsch — 125; superlative form
sehnlichster Wunsch — 575. The DWDS entry for sehnlich® also gives as ex-
ample the superlative form of the adjective in combination with the noun
Wunsch.

Now consider a few collocations with less restricted adjectives.

(48) . missliche Lage “difficult situation’, AP, = 0.68

a
b. ungebetener Gast ‘uninvited guest’, AP, = 0.54

c. landliufige Meinung ‘general opinion’, AP, = 0.45
d. erschwinglicher Preis ‘reasonable price’, AP, = 0.44

The lower the AP, score, the easier it is to substitute the base by a different,
but semantically related noun. If for the adjective misslich, the Wortprofil
provides the total of 28 possible nominal bases, for erschwinglich, 50 options
are listed (see Appendix G). The more options there are, the closer is a com-
bination to a free phrase rather than a collocation. The boundary between a
collocation and a free phrase for AN pairs in which the adjective retains its
literal meaning can be drawn on a purely quantitative basis by defining re-
strictedness in terms of AP, value. In this study, the cut-off value has been set
to 0.4, therefore, all AN combinations that make it to the list and that are not
technical terms, proper names, or idioms should be considered collocations.

However, there is still one large group of phrases that could not be as-
signed to any of these categories. During annotation they were labeled
unknown. Following the logic described in the previous paragraph, these
phrases should be considered collocations. They can be roughly divided
into three groups:

1. Participles

— Participle I: schallendes Gelichter ‘roaring laughter’, aufgehende
Sonne ‘rising sun’, vertrauensbildend Mafinahme ‘trust-building
activity’, kochendes Wasser ‘boiling water’.

— Participle II: rausgeschmissenes Geld ‘wasted money’, vorgefasste
Meinung ‘preconception’, durchzechte Nacht ‘drunken night’, an-
geleint Hund ‘dog on a leash’, gezapftes Bier ‘drought beer’.

2. Pertainyms, e.g. hellseherische Fihigkeit ‘clairvoyant ability’, alkoholis-
cher Getriink ‘alcoholic drink’, tatkriftige Unterstiitzung ‘active support’,
leibliches Wohl ‘physical well-being’.

3. Compounds, e.g. pflegebediirftiger Mensch “person in need of care’, kreb-
skrankes Kind ‘child suffering from cancer’.

Shttps://www.dwds.de/wb/sehnlich, last accessed on 17.06.2023.
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The first and the largest group consists of pairs with a present (I) or past (II)
participle as modifier. As discussed in section 2.2, both types of participles
are considered adjectives in German when used attributively. Consider a
few examples. Present participle aufgehend ‘rising’ is derived from the verb
aufgehen which is highly polysemous. The verb has 9 senses in GermaNet
and 14 senses in the DWDS; just to name a few: ‘to tally’, “to rise’, ‘to sprout’,
‘to open’. Its combinability with nouns as subjects is thus highly varied:
Rechnung ‘invoice’, Kalkiil ‘calculation’, Sonne ‘sun’, Vorhang ‘curtain’, Saat
‘seed’, Tiir ‘“door’. However, the derived present participle aufgehend is much
more selective than the verb itself and has a strong preference® for the noun
Sonne ‘sun’. A similar observation holds for the participle kochend ‘boiling’.
The verb it is derived from, kochen, can be used transitively by taking a
human being as subject (Koch ‘cook’, Oma ‘grandma’) in the meaning ‘to
cook’ or intransitively, and take food nouns such as Suppe ‘soup’ as subject
in the meaning “to boil’. The derived present participle kochend exhibits a
preference” for the noun Wasser ‘water” and, thus, intransitive use.

Past participles exhibit similar behavior. For instance, the past partici-
ple gezapft ‘tapped”: compared to the participle, the verb it is derived from
(zapfen) combines with a much larger variety of direct objects: Bier ‘beer’,
Sprit ‘fuel’, Benzin ‘petrol’ Strom ‘electricity’, Wasser ‘water’.® A shift in
meaning is also found in participles, for instance, in the collocation raus-
geschmissenes Geld “wasted money” where the participle is derived from the
verb rausschmeiffen whose literal meaning is ‘to throw away’. When this
verb takes Geld ‘money’ as its direct object, the meaning shifts to a less lit-
eral ‘to waste’. The derived participle is used only in the non-literal meaning
‘wasted” with Geld ‘money’ as its head.’

The second group is much smaller, ten combinations in total. The adjec-
tival modifiers are pertainyms, i.e. they are derived from nouns and retain
the meaning of the noun. For instance, alkoholischer Getriink ‘alcoholic drink’
is a drink that contains alcohol. Pertainyms were so far excluded from study
of AN combinations in this thesis because the main focus lies on descriptive
adjectives. Relational adjectives such as barock ‘baroque’ that were discussed
in previous chapters (section 5.2 and 6.1.3) are different from the examples
given here in terms of their combinability. There is a large variety of possi-
ble heads for barock,'" but the pertainyms such as alkoholisch ‘alcoholic’ and
hellseherisch ‘clairvoyant” are extremely selective and their combinability is
restricted. This selectiveness should be recognized.

Finally, there is a number of compound adjectives that made it to the

®https://www.dwds.de/wp/aufgehend, last accessed on 26.06.2023.
“https://www.dwds.de/wp/kochend, last accessed on 26.06.2023.
8https://www.dwds.de/wp/gezapft, last accessed on 26.06.2023.
https://www.dwds.de/wp/ rausgeschmissen, last accessed on 26.07.2023.
Ohttps://www.dwds.de/wp/barock, last accessed on 26.06.2023.
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n-best list that belong to the semantic field KORPER ‘body’: schwerbehin-
derter Mensch ‘severely handicapped person’, krebskrankes Kind ‘child suffer-
ing from cancer’, pflegebediirftiger Mensch ‘person in need of care’, demen-
zkranker Mensch “person with dementia’. They have a very limited combin-
ability: only combination with nouns denoting living beings is possible for
such adjectives. However, it is unclear whether this kind of restrictedness
can be compared to any discussed before. The constraints are predictable:
any living being can suffer from cancer or be in need of care. The intuition
here is that such phrases are not collocations, but rather free phrases al-
though the AP, value is quite high. For consistency sake, this group should
also be labeled as collocation.

8.2.3 Conclusion

This chapter investigated unidirectional statistical association measure AP
by applying it to German adjective-noun combinations. There are two types
of asymmetric combinations: left-predictive in which the noun acts as predic-
tor of its modifier and right-predictive in which the modifier is the predictor
of its head. The first type is to a large extent represented by proper names
and technical terms, whereas the second one is typical for technical terms
and collocations.

Bedeutung ewnG

sehr, unendlich weit

BEISPIELE:
das ist ein himmelweiter (= sehr groer, gewaltiger) Unterschied

ich sah mich plétzlich himmelweit von dem Ziele meiner Hoffnungen geriickt [ » G. KeLLer, Gr. Heinridy, 4,273]

Zwei Welten, zwei himmelweit verschiedene, scheinbar uniiberbriickbare Welten! [ » NasL, Ortliebsdie Frauen, 248]

Thesaurus

www.openthesaurus.de (11/2022)

> Synonymgruppe
~enorm - 2 exorbitant - 2extrem - » gewaltig - 2 grol - himmelweit (eingeschrénkter Gebrauch) - »
immens - #imposant - »machtig - ~riesig ® ~krass ugs.

> Synonymgruppe
himmelweit (eingeschrankter Gebrauch) e sehr weit Hauptiorm+ 7 kilometerweit ugs.- ~meilenweit

ugs.

F1Gure 8.1: DWDS-entry for the adjective himmelweit.

Both measures provide additional information about AN combinations and
their restrictedness which should be reflected in their dictionary entries and
statistical sketches. When it comes to dictionary entries, it is often the case
that typical combinations for a given lexical unit are listed. However, it
is never stated explicitly which combinations are highly restricted. This
is especially important for left-predictive combinations. Consider the pair
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hat Adjektivattribut & .~ logDice 11 Freq.
1. regional 9.0 4778
2. fein 8.7 3697
3. gravierend 8.5 2142
4. wesentlich 8.4 5269
5. kulturell 8.3 3676
6. signifikant 8.2 1249
7. fundamental 8.1 1304
8. entscheidend 8.0 4125
9. erheblich 7.8 3492
10. grosse 7.5 1571
11. gewaltig 7.5 1361
12. qualitativ 7.5 834
13. grundlegend 7.4 1200
14. genetisch 7.3 847
15. markant 7.2 734
16. geschlechtsspezifisch 7.1 496
17. betrachtlich 7.0 717
18. deutlich 6.9 4885
19. kraB} 6.8 552

0. himmelweit 6.8 418

Ficure 8.2: Top-20 adjectival collocates for the noun Unter-
schied

himmelweiter Unterschied ‘enormous difference”: the adjective’s entry in the
DWDS!! is presented in figure 8.1

The definition of the adjective’s only sense is ‘very, endlessly broad” and
an only example in which it is used in an attributive function is with the
noun Unterschied. It does not explicitly say that it is actually the only possi-
ble nominal head for it. However, this information is reflected in the “The-
saurus” part of the entry by marking it as having a restricted use (Ger.
eingeschriinkter Gebrauch). Now consider the Wortprofil'? for the head noun
Unterschied presented in figure 8.2.
All the possible modifiers can be sorted by the logDice measure (as presented
in the figure) or by raw frequency. However, as discussed above, logDice is
a bidirectional measure and only indicates that there is mutual attraction
between two elements. It might be useful, especially for language learners,

Hhttps://www.dwds.de/wb/himmelweit, last accessed on 02.07.2023.
Phttps://www.dwds.de/wp/Unterschied, last accessed on 02.07.2023.
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to include the unidirectional information into the word sketch as well. Ac-
cording to the sketch based only on logDice and raw frequency, there is no
way to know that the use of himmelweit is much more restricted than the use
of the adjective krass that has the same logDice value and almost the same
raw frequency.

It is not clear what exact AP value is high enough for a phrase to be
considered restricted. Obviously, negative values indicate that the presence
of the cue, in this particular case, the presence of an adjective reduces the
chance of its co-occurrence with the given head. Proximity to 0 shows that
the presence of an adjective does not make any difference. AP cannot and
should not substitute logDice. Both measures are highly useful additional
sources of information about the combinability of words.

Correlation with logDice. The correlation AP; and AP, with logDice was
first computed for the full sample of 36,945 AN combinations. The visual-
izations are presented in Figures 8.3 and 8.4. For both measures, Pearson
and Spearman correlation scores indicate a positive correlation. Spearman
correlation is much higher, especially for AP,, which suggests that the re-
lation between logDice and AP is not linear, but monotonic. In order to
investigate this more closely, the computation was repeated only for the two
top-600 lists. The results are visualized in Figures 8.5 and 8.6. Both Spear-
man and Pearson scores show no correlation between the directional and
bi-directional measures. This suggests that after a certain threshold, asym-
metric measures such as AP} and AP, manage to detect co-occurrences that
have a strong directional association that is missed by the logDice measure.
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logDice

0.0 0.2 0.4 06 08 1.0
dp1

Ficure 8.3: Correlation between AP1 and logDice scores in
the AN combinations with frequency > 400. Pearson=0.184,
Spearman=0.376

logDice

0.0 0.2 0.4 0.6 0.8 1.0
dp2

Ficure 8.4: Correlation between AP2 and logDice scores in
the AN combinations with frequency > 400. Pearson=0.373,
Spearman=0.877
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FiGure 8.5: Correlation between AP1 and logDice scores in

the 600-best list of left-predictive AN combinations.
son=0.003, Spearman=-0.01.

14

124

10 1

logDice

0.4 0.5 0.6 0.7 0.8 0.9
dp2

FiGure 8.6: Correlation between AP2 and logDice scores in
the 600-best list of right-predictive AN combinations. Pear-

son=0.021, Spearman=0.023.
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8.3 Attributes in asymmetric AN combinations

A sample of free phrases and collocations resulting from the study presented
in this chapter provides a perfect opportunity to challenge the annotation
scheme of attributes suggested in this thesis. It may be especially informa-
tive because this sample also contains participles (present and simple) and
pertainyms.

All the collocations and free phrases from both 600-best lists are anno-
tated by the author of this thesis relying on the annotation guidelines and
definitions of attributes provided in Appendices C and E. The final subsam-
ple contains 220 collocations and 66 free phrases. In total, 52 labels were
used to annotate those AN combinations. Table 8.4 presents the distribution
of labels and examples from the sample illustrating each attribute.

| attribute | num | examples |

time 31 jihes Ende ‘sudden end’, friiher Sonntag-
morgen ‘early sunday morning’

intensity 29 drakonische Strafe ‘draconian punish-
ment’, gdhnende Leere ‘gaping empti-
ness’

evaluation 21 klangvoller Name ‘resounding name’,
gute Regierungsfithrung ‘good gover-
nance’

social 20 freie Platzwahl 'free seating’, europiiis-
che Ethnologie ‘european ethnology’

activity-T 17 gehiitetes Geheimnis ‘guarded secret’,
angegebener Qualifikationspunkt ‘stated
qualification point’

manner 12 stromender Regen ‘pouring rain’,
friedliche Koexistenz ‘peaceful coexis-
tence’

relation 11 untergeordnete Rolle ‘minor role’,
verschiedene Veranstaltungsform ‘various
event types’

cause 10 aufgeworfene Frage ‘question raised’,
ungebetener Gast ‘uninvited guest’

function 10 lobendes Wort ‘praising word’, raus-
geschmissenes Geld ‘wasted money’

other 10 atomwaffenfreie Welt ‘world free of nu-
clear weapons’, vierthiochste Spielklasse
‘fourth highest league’

activity® 10 aufgehende Sonne ‘rising sun’, knurren-
der Magen 'growling stomach’

Continued on the next page
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Table 8.4: Continued from previous page

attribute

number

examples

number

8

erster Profivertrag ‘first professional
contract’, zweite Jahreshiilfte ‘second half
of the year’

type

darstellende Kunst ‘performing art’,
alkoholisches Getriink “alcoholic bever-

4

age

epithet

freie Wildbahn ‘(in the) wild’, weite
Ferne ‘far distance’

health

demenzkranker Mensch “person with de-
mentia’, behinderter Mensch ‘disabled
person’

quantity

geraume Zeit ‘fairly long time’, durch-
schnittliches  Jahreseinkommen ‘average
annual income’

quality

gesunder Menschenverstand ‘common
sense’, passender Staubsaugerbeutel ‘fit-
ting vacuum cleaner bag’

color

dunkelblondes Haar ‘dark blond hair’,
griiner Klee ‘green clover’

dimension

mundgerechtes Stiick ‘bite-sized piece’,
langer Bliitenstiel ‘long flower stem’

emotion

brenzlige Situation ‘hairy situation’,
rabenschwarzer Tag ‘dismal day’

has-topic*

gymnastische Ubung ‘gymnastic exer-
cise’, musikalische Friiherziehung ‘early
musical education’

importance

integraler Bestandteil ‘integral ele-
ment’, wesentliche Vertragspflicht ‘essen-
tial contractual obligation’

location

linke Brustseite ‘left chest’, rechte Maus-
taste ‘right mouse button’

climate

bewolkter Himmel ‘cloudy sky’, trocken-
ster Monat ‘driest month’

certainty

irreparable Schaden ‘irreparable dam-

age’, unkalkulierbares Risiko ‘incalcula-
ble risk’

appearance

gebiickte Haltung ‘stooped posture’,
schmerzverzerrtes Gesicht ‘pain dis-
torted face’

completeness

volle Montur ‘full gear’, gesamtes Bun-
desgebiet “entire federal terrotory’

duration

ewige Verdammnis ‘eternal damnation’,
schnellste Rennrunde ‘fastest lap’

Continued on the next page
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Table 8.4: Continued from previous page

attribute number | examples

has-manner-of- 2 elektrischer Fensterheber ‘electric window

functioning* regulor’, bildliche Darstellung ‘visual
representation’

stability 2 festes Ensemblemitglied ‘permanent

ensemble  member’, wechselvolle
Geschichte ‘chequered history’
validity 2 strafbare Handlung ‘criminal offence’,
zuliissiges Gesamtgewicht “permissible to-
tal weight’

effort 2 unwegsames Gelinde

material 1 feinsandiger Strand ‘fine sand beach’

age 1 junger Nationaldemokrat “young national
democrat’

brightness 1 hellichter Tag ‘bright day’

consistency 1 zerlassene Butter ‘melted butter’

constitution 1 ausdauernde Pflanze ‘enduring plant’

has-no-part* 1 schnurloses Telefon ‘cordless phone’

naturalness 1 streunender Hund ‘stray dog’

sex 1 weiblicher  Haushaltsvorstand ~ ‘female
head of household’

shape 1 lockiges Haar ‘curly hair’

sound 1 schallendes  Gelichter  ‘resounding
laughter’

has - 1 hellseherische Fihigkeit ‘clairvoyant

specialization* ability’

speed 1 kometenhafter Aufstieg ‘meteoric rise’

temperature 1 lauwarmes Wasser ‘lukewarm water’

TABLE 8.4: Attributes in asymmetric AN phrases (“attribute”),

number of instances of each attribute in the sample (“num”),

examples from the data sample (“examples’): collocations are

depicted in bold. The symbol + marks new suggested relations.

The symbol * marks relations borrowed from Dima (2019) orig-
inally suggested for NN compounds.

The majority of labels stem from the inventory presented in Appendix E.
As the sample contains pertainyms and participles, a few new relations had
to be introduced.

Pertainyms. As discussed in previous chapter (see section 6.2.3), some
denominal adjectives are not listed in GermaNet under the semantic
class PERTAINYM, but under a different suitable semantic class. It was
exemplified by the attribute material for the adjective holzern ‘wooden’.
The new sample provides further examples: leidvolle Erfahrung ‘painful
experience’ derived from the noun Leid ‘suffering’ is listed under emotion;
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katholische Soziallehre ‘catholic social doctrine” — under the semantic class
SociaL. In such cases, the phrases in the sample were annotated with
according attributes. However, there are also examples of pertainyms
that could not be assigned to an adjectival semantic class in GermaNet
and are directly linked to the nouns they are derived from: e.g. elektrisch
‘electric’ is linked to Elektrizitit ‘electricity” or musikalisch ‘musical’ is linked
to Musik ‘music’. The inventory of relations suggested in this thesis can
easily accommodate descriptive adjectives that denote properties, but
most pertainyms do not denote properties but rather objects. Section 2.1
suggested that inventories of relations in noun-noun compounds might be
applied in such cases. This question is outside of the scope of this thesis.
Nevertheless, it would be a wasted opportunity not to try that approach for
a small number of AN phrases with pertainyms as modifiers in the sample.
The inventory of NN compounds suggested in Dima (2019) is considered
and the following relations are borrowed: has-specialization, has-topic,
has-manner-of-functioning, has-no-property. Example (49) illustrates
how such relations are interpreted.

(49) a. elektrischer Fensterheber ‘electric window regulator”: elektrischer
Fensterheber has-manner-of-functioning Elektrizitiit

b. musikalische Friiherziehung ‘early musical education”: musikalische
Friiherziehung has-topic Musik

c. schnurloses Telefon ‘cordless phone’: schnurloses Telefon has-no-part
Schnur

Note that the last example (49¢) is different from the first two as the adjec-
tive actually denotes an absence of a part: a telephone without a cord. The
inventory in Dima (2019) only has the relation has-part. Most likely, the
opposite meaning is rarely found in NN compounds and is expressed in
German by adjectives termed privative in GermaNet, i.e. “denominal adjec-
tives defined by negation”.!® Although the compound Schnurlostelefon does
exist, its frequency is lower than that of the corresponding adjective accord-
ing to the DWDS frequency scale. An alternative interpretation could be the
relation manner-of-functioning: schnurloses Telefon manner-of-functioning
Schnur.

Participles. A number of combinations with participles as modifiers were
annotated with labels that were underrepresented in the GerCoAt dataset
described in chapter 5, namely, the attributes function as in example (50a)
and cause as in example ( 50b). Already in chapter 4 (section 4.3.2), it has
been noted that these meanings are rarely expressed by descriptive adjec-
tives. However, they were kept in the inventory and were successful at
accommodating participles.

(50) a. aufgeworfene Frage ‘question raised”: cause
b. rausgeschmissenes Geld ‘wasted money”: function

Bhttps://uni-tuebingen.de/en/142852, last accessed on 12.09.2023.
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A group of participles required introducing new relations. Present par-
ticiples, as in example (51a), denote an activity performed by their head
noun (head noun is a subject): stomach growls. Past participles, as in exam-
ple (51b), denote an activity done to their head noun (head noun is a direct
object): someone guards the secret. In the first case, relation activity was in-
troduced; in the second, the relation activity- is used, where the symbol
“-” marks that the roles are reversed.

(51) a. knurrender Magen ‘growling stomach’
b. gehiitetes Geheimnis ‘guarded secret’

A more fine-grained distinction is needed for such examples which should
stem from an inventory developed for verb-noun combinations. For in-
stance, the relation in growling stomach can be described in terms of the
standard Lexical Function Son “X emits its characteristic sound” (Mel’¢uk,
2015, p. 232). Relations in verb-noun combinations are outside of the scope
of this thesis; however, this topic will be shortly discussed in the final chap-
ter (section 9.2).

Summary.  This small scale study of attributes in asymmetric AN com-
binations has shown that the inventory of attributes compiled in this thesis
is robust and capable of accommodating examples from various semantic
classes. It has also shown a few limitations, more specifically, that relational
and participial adjectives require a different approach. The next chapter will
continue this discussion in a more general manner by outlining possible re-
search directions that could tackle the identified gaps.
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Chapter 9

Conclusions

9.1 Discussion and conclusions

This thesis has focused on adjective-noun collocations and free phrases and
their semantic properties, more specifically, on lexical-semantic relations
that hold between a head noun and its adjectival modifier.

Classification of AN co-occurrences.  As the concept of collocation is
extremely fuzzy and collocations are treated very differently in literature,
the statistical and semantic criteria for differentiating between adjective-
noun collocations, free phrases, idioms, technical terms, proper names, and
clichés were defined. Only AN pairs that have high statistical association
scores between their elements, in other words, co-occurrences, were consid-
ered. Guidelines for manual annotation of AN co-occurrences presented in
a form of a simple decision tree were developed. A high inter-annotator
agreement score shows that the proposed annotation scheme is reliable, and
the task is feasible for human annotators. Several iterations of annotation
were performed before the guidelines are finalized as presented in Figure
H.1 (see Appendix H for more details and examples). The first iteration is
presented in Chapter 5, it was a joint effort of Isabel Fuhrmann, Daniela
Rossmann, Dr. Alexander Geyken, Dr. Lothar Lemnitzer, Prof. Dr. Er-
hard Hinrichs, and the author of this thesis. It resulted in compiling a large
dataset of German free phrases and collocations GerCo. The second iter-
ation was performed on a different data (the dataset of English AN pairs
HeiPLAS) as described in Chapter 7 by Richard Lawrence, PhD and the au-
thor of this thesis. Finally, the third iteration presented in Chapter 8 on yet
another data sample (asymmetric AN pairs) was performed solely by the
author of this thesis.
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Inventory of lexical-semantic relations. A major effort in this thesis was
dedicated to describing and classifying the lexical-semantic relations in AN
collocations and free phrases. Four theoretical frameworks were compared
in a small-scale case study described in Chapter 4. Based on the study’s
findings, an initial inventory of relations was compiled that takes into ac-
count two criteria: semantic coverage and granularity. Such relations are
referred to as attributes in this thesis. Attributes are abstractions over spe-
cific properties of nouns that are usually expressed by adjectives (Hartung
et al., 2017). For instance, the attribute color is an abstraction over the ad-
jectives blue, green, white, etc.. The initial inventory of attributes was largely
borrowed from the German lexical-semantic net GermaNet and applied to
the constructed collection of collocations and free phrases GerCo. The an-
notation was performed by two students of linguistics Daniela Rossmann
and Eva Huber. Based on the disagreement cases between the annotators,
the scheme was further adapted by the author of this thesis with the input
from Neele Falk and Prof. Dr. Erhard Hinrichs.

The semantically annotated dataset GerCoAt allows to draw a compar-
ison between free phrases and collocations in terms of semantic relations
that hold between their constituents. Application of the developed annota-
tion scheme to a different set of data (HeiPLAS+) performed by the author
showed the need to add a few more categories. The final inventory con-
sisting of 54 attributes presented in Appendix E provides a broad seman-
tic coverage and takes into account both concrete and abstract nouns. Ac-
cording to Mel’¢uk (1999), only the meanings that are frequently expressed
arbitrarily are worth accounting for and regular meanings found predomi-
nantly in free phrases are of no interest. This thesis shows that any lexical-
semantic relation from the inventory can be found in collocations. There
are, indeed, certain tendencies: the meaning intensity is often expressed
collocationally whereas the meaning of, say, color is mostly expressed in
free phrases. However, there are also examples that do not reflect these
tendencies. The distribution of collocations across attributes in GerCoAt
and HeiPLAS+ shows that collocations are ubiquitous, and arbitrary lexical
preferences exist for nouns from various semantic fields. For instance, in the
collocation kohlrabenschwarzes Haar 'jet-black hair’, the attribute is color.

Attributes and Lexical Functions. = The compiled inventory of attributes
has only partial overlaps with the theoretical frameworks compared in
Chapter 4. Consider the Meaning-Text Theory and the inventory of LFs
tirst. Note that the compiled inventory does not take into consideration
polarity that is expressed in the MTT by the LF Anti. However, it can be
added to the inventory if required. Figure 9.2 presents an intuition on the
overlaps beween standard LFs and attributes from the compiled inventory.
There are two direct mappings. The label intensity is largely inspired
by and fully corresponds to the standard LF Magn. The second category is
epithet that has been completely borrowed from the LF inventory. That
leaves three standard LFs: Bon, Pos, and Ver.



272 Chapter 9. Conclusions

Magn = intensity

Pos
quality Ver Bon evaluation
manner
Epith
epithet

FIGURE 9.2: Intuition for mapping of the meanings covered by
Standard Lexical Functions (in blue font) to the attributes from
the compiled inventory.

The LF Bon overlaps with the attribute evaluation only in clear cases of
positive evaluation, as in wonderful weather; negative evaluation as in horri-
ble weather would be described by the complex LF AntiBon. However, also
phrases such as playful mood and shabby clothes are annotated as Bon and
AntiBon respectively in the LexFunc dataset (Espinosa-Anke et al., 2019).
The approach taken in this thesis does not license seeing them as instances
of evaluation, but rather of description. Hence, the LF Bon only partially
overlaps with the attributes description and evaluation from the inven-
tory. The highly specific LF Pos is fully mapped to evaluation.

The objective qualifier Ver and its antonym AntiVer defined in Mel’¢uk
(2015) as “as it should (not) be”, correspond to a large extent to the
label quality. For instance, this holds for the following examples from
HeiPLAS+: true believer, false testimony/accusation. The two adjectives carry
the meaning of ’(not) being in accordance with fact or reality’. Compare
them to a few examples of Ver from LexFunc: disarming smile, shrewd
businessman, or sharp tool. Judgements of the type ’a smile should be
disarming’, ‘a businessman should be shrewd” or “a tool should be sharp” are
very subjective. The approach in this thesis tries to avoid this subjectivity
and classifies the three examples as follows in terms of attributes:

(52) a. disarming smile - manner,
b. shrewd businessman - intelligence,
c. sharp tool - shape
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The analysis presented above does not support the conclusion made ear-
lier in section 4.6 that LFs are extremely fine-grained and are, thus, difficult
to distinguish from each other. It is true that, in some cases, the distinc-
tion between, say, Bon and Ver is fuzzy because they express very specific
meanings, but there is more to it. The confusion has also to do with mean-
ing partitioning. As examples (52a-c) show, the LF Ver combines different
meaning: e.g. shape, intelligence, manner. However, it cannot be seen
as a coarse-grained generalization over these attributes. In fact, it can refer
to any property of a noun that the speaker would find relevant for describ-
ing how something should (not) be. Note that this does not hold true for
examples such as wrong answer or true believer where the adjectives indeed
express the meaning of how something should be according to certain rules
or criteria. This explains the large overlap of the LF Ver with the attribute
quality. The same holds for the LF Bon: the major overlap is with the at-
tribute evaluation and other less obvious cases of evaluation such as playful
mood are accommodated by other categories.

As for the non-standard LFs, they are extremely fine-grained as they are
expressed in form of precise definitions. They may overlap with any of the
attributes with the exception of those that fully overlap with standard LFs:
intensity and epithet.

Attributes and qualia roles. Now consider the qualia roles from the the-
ory of the Generative Lexicon. Figure 9.3 shows an intuition about the align-
ment between the four qualia dimensions and the attributes. Attributes re-
terring to physical properties of entities such as color and shape can be
seen as specifications of the FORMAL qualia dimension (Pustejovsky, 1991).
As figure 9.3 illustrates, there is a large number of labels that can be aligned
with the FORMAL role. In contrast, the CONSTITUTIVE and TELIC dimensions
are represented only by three attributes each, and the AGENTIVE dimension
has only one. Considering the wide lexical variety of the studied datasets,
the intuition is that the pattern ATTRIBUTIVE ADJECTIVE + NOUN is not the
typical way of expressing the three qualia dimensions.

Similarly, Sorokin et al. (2015) show that relations in nominal compounds
map well to the qualia roles, with FORMAL role having the largest amount
of specifications whereas the TELIC and AGENTIVE dimensions remain un-
derrepresented. It was already noted in Chapters 4 (section 4.3.2) and 8
(section 8.3) that the meanings of function which belongs to the telic qualia
dimension (T) and of origin which belongs to the agentive dimension (A)
are mostly activities. These meanings are more likely to be expressed by
verbs as examples (53a-d) illustrate, or by participles as was illustrated in
example (50) in the previous chapter.

(53) a. A:to bake a cake T: to eat a cake
b. A: to build a house T: to live in the house
c. A: to write a book T: to read a book
d. A:to brew beer T: to drink beer
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FORMAL ROLE AGENTIVE ROLE

type sex

consistency age

texture health cause

dimension color

shape smell

surface taste

weight brightness

appearence temperature

constitution sound

CONSTITUTIVE ROLE TELIC ROLE
material function
composition power

quantity compatibility

F1GURE 9.3: Mapping of the meanings covered by Qualia Roles
to the categories from the GerCoAt inventory.

It is much more difficult to find corresponding adjective-noun phrases.
Adjectival taxonomy in GermaNet does contain the nodes ursachenspezi-
fisch 'cause-related” and funktionalitiitsspezifisch ‘function-related’. The hi-
erarchy of the former is flat and goes only one level deeper: the node has
44 direct hyponyms such as the denominal adjectives wetterbedingt ‘due to
the weather” and ernidhrungsbedingt 'due to nutrition’. The node "function-
related” has a larger family size: there are 196 hyponyms in total going up
to five levels deep. Most of the adjectives under that node are deverbal ones
with the suffix -bar as in zusammenklappbar "foldable” and drehbar ‘rotatable’.
This shows that the two meanings can be expressed by adjectives, but the
group of possible lexical units is very homogeneous as they are either de-
rived from nouns or from verbs.

There is a large number of categories that could not be mapped to any of
the four qualia dimensions. The labels intensity and manner/description
describe an inherent property of nouns denoting states, processes and
events. These categories together with character and intelligence resem-
ble specifications of the FORMAL role as they are capable of distinguishing
the noun within a larger domain. Consider the attribute character: a
shy person is distinguished from a confident person. However, the FORMAL
dimension of a person can also be represented by adjectives referring to
physical properties of a PERSON such as fall and short; or blond and brunet;
or old and young. Should there be a distinction between physical FORMAL
role and abstract FORMAL role? Apart from that, one attribute stands aside
as it either addresses more than one dimension or it is not clear without
context which dimension is selected, namely evaluation.
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Attributes and Frame Elements.  Finally, the alignment with Frame Ele-
ments (FEs) is partially possible, especially for those attributes that could not
be mapped to qualia roles, the ones typically describing abstract nouns such
as processes, states, and events. Most of the attributes that do map to qualia
roles have their equivalents among FEs: e.g. color, material, dimension,
age. However, they are found not in all possible frames, e.g. in the frame
“Clothing” the FE MATERIAL is present, but not COLOR, or DIMENSION, or
Cost. It has already been advocated in Gamerschlag et al. (2014) that a
combination of Frame Semantics with Concept Frames could provide much
richer semantic representations: both the participants of situations (Frame
Elements) and attributes are necessary for representing events, concepts,
and states of affairs as frames.

Statistical asymmetry.  Chapter 8 studied a statistical property of some
MWEs that has not yet received much attention in research, namely, asym-
metry. A corpus study was conducted in order to determine what types of
asymmetric AN co-occurrences make their way into the n-best lists based
on an asymmetric statistical association measure AP. It showed that AP pro-
vides additional information about restrictedness in AN combinations: it
is very effective at extracting the so-called unilexemes, i.e. lexical units that
have a highly restricted combinability. For instance, the German adjective
himmelweit ‘enormous’ has a very strong preference for the noun Unterschied
‘difference’ and is unlikely to be used to describe semantically related nouns
such as Diskrepanz ‘discrepancy’ or Kontrast ‘contrast’. This is reflected in the
value of AP computed based on corpus frequencies.

9.2 Future work

This thesis proposes an inventory of relations that hold between the ele-
ments of adjective-noun combinations. Such relations are referred to as at-
tributes in this thesis. The proposed annotation scheme is robust and capa-
ble of accommodating descriptive adjectives from various semantic classes,
but it is not exhaustive. In order to obtain a complete picture about the
meanings expressed by adjectival modifiers, relational adjectives and par-
ticiples should be taken into consideration.

Relational adjectives or pertainyms have been only shortly discussed in
this thesis. Relations in pertainyms have been studied and several invento-
ries have been proposed (see Warren (1984). Apart from that, as this thesis
suggests, relations developed for noun-noun compounds can be applied to
AN phrases with a pertainym as modifier. This is especially relevant for
languages that do not rely on compounding as much as German and En-
glish, for instance Russian. Russian does license compounding as well, but
a common way to express the meanings corresponding to compounds in
English or German is building phrases with relational adjectives, as well as
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prepositional phrases or nominal phrases in Genitive case.! A few exam-
ples of phrases with relational adjectives in Russian are presented in (54).
The proposed relations are borrowed from the inventory of NN compounds
proposed in Dima (2019).

(54) a. karton-n-aja korobka; relation material
paper-ADJ-INFL box
‘paper box’
b. vesen-n-ij den’; relation time
spring-ADJ-INFL day
‘spring day’

c. dver-n-ajarutchka; relation is-part
door-ADJ-INFL handle

‘door handle’

d. moloch-n-yjkoktejl; relation has-ingredient
milk-ADJ-INFL cocktail

‘milk cocktail’

Apart from that, relational adjectives can acquire descriptive readings and
form collocations as for instance, volchij appetit® lit. ‘wolf’s appetite’ which
means ‘ravenous appetite’.

Participles were shortly discussed in the previous chapter (section 8.3).
It was noted that they express meanings that are not present in the de-
veloped inventory of relations as they either denote an activity performed
by their head noun (head noun is a subject) or an activity done to their
head noun (head noun is a direct object). A more fine-grained distinction is
needed for such examples which should stem from an inventory developed
for verb-noun combinations. For verbal collocations, an inventory of about
20 standard LFs has been developed by Mel’¢uk (2015). Mel’¢uk (2015) dis-
tinguishes standard LFs for the following meanings: causation (to strike fear),
phase (fo open fire), realisation/fulfillment (to meet the demands), involvement
(a car hits), manifestation (scorn drips), proximity (storm gathers), preparation
(to load a program), degradation (milk turns (sour), characteristic sound (wind
howls), obstruction (economy stagnates), cessation (voice breaks), excessiveness
(engine races). Those simple LFs can be further combined into complex ones.

Naturally, the question arises whether the inventory of LFs can accom-
modate the variety of meanings expressed by in verb-noun pairs. Or is its

LA comparison of English compounds and Russian relational adjectives is presented in
Mezhevich (2002).

2Such adjectives, derived mostly from animate nouns are sometimes referred to as pos-
sessive adjectives. They express the meaning of belonging in their literal sense: volch’ya lapa
="a wolf’s paw’
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coverage limited, similarly to the adjectival LFs? Assuming that this is the
case and there is a large number of meanings not reflected in the LFs, what
approach should be used to expand the inventory? Can a wordnet be used
following the approach to adjective-noun phrases in this thesis? Both Word-
Net and GermaNet classify verbs into the following semantic classes:?

e Possession ¢ Contact
* Location ¢ natural Phenomenon
* Emotion e Creation
® Social Verbs
¢ Change
* Body .
e Cognition ¢ Consumption
e Communication e Perception
¢ Competition e Stative Verbs

In order to get a sense of whether and how information about relations in
verb-noun pairs is reflected in the wordnets, consider three examples:

* light-verb construction to make a decision: in WordNet, the verb fo
make has 49 senses one of which corresponds to ”“perform or carry out”
with the examples to make a decision/a move/advances/a phone call. Its
semantic class is CREATION. The corresponding collocation in German
is Entscheidung treffen (lit. 'to meet a decision’), the verb’s sense is not
modelled in GermaNet as it is too specific.

* causation to strike fear: in WordNet, the verb’s semantic class is PER-
CEPTION, whereas its definition is “cause to experience suddenly”.
Thus, the causation meaning is only reflected in the definition, but
not in the semantic class of the verb. The German equivalent is more
straightforward: Angst ausldosen 'to cause fear” where the verb auslosen
in that sense belongs to the semantic class CREATION.

e characteristic sound wind howls: the verb to how! (German heulen) is
a hyponym of the node to make noise in Wordnet, and of the node alge-
meines Gerdusch general sound” in GermaNet. However, the semantic
tields are different: commuUNICATION in WordNet versus PERCEPTION in
GermaNet. Obviously, with regard to wind, the more suitable semantic
class is PERCEPTION.

The examples presented above indicate that both wordnets provide rel-
evant semantic information for verbs, but not in a consistent way. The se-
mantic classes of verbs in both WordNet and GermaNet can be considered
as potential labels for coarse-grained classification of verbal collocations. For
adjectives, this thesis relied on a more fine-grained classification one level
below the semantic classes. Following the same path for verbs would be

S3Further fine-grained classification in the two lexical-semantic nets differs to various
degrees.
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more challenging due to the complexity of verbal hierarchy. Verbal taxon-
omy is much deeper than the adjectival one. Moreover, the semantic classes
listed above are not part of the verbal taxonomy,* and there are verbs that do
not inherit the semantic class of their hypernyms. For instance, the synset
[bekommen, erhalten, erfahren] 'to get, receive’ in GermaNet belongs to the
semantic class STATIVE VERBS, whereas its direct hyponym empfangen "to re-
ceive’ belongs to COMMUNICATION. On a more fine-grained level, the cate-
gories are not as consistent as the artificial concepts integrated as nodes in
the adjectival taxonomy.

Morphosyntactic form.  This thesis studied bigram co-occurrences be-
cause it focused on the relations that hold between the base and its collocate.
Neither a broader context, nor morphosyntactic forms were considered in
this work apart from relying on the context to semantically annotate collo-
cations. However, examples from corpora suggest that there are adjective-
noun co-occurrences that tend to have a fixed morphosyntactic form. For
example:

(55) a. dicke Freunde ’close friends”: this collocation is mostly used in
plural form as opposed to, say, enger Freund ’close friend’;

b. in freier Natur/Wildbahn ’in the wild” is fixed as a prepositional
phrase.

c. the pair gut+Letzt is only used in the phrase zu guter Letzt which
stands for ‘last but not least’.

Flexibility of form, or, in this case, its rigidity, is one of the defining char-
acteristic features of multi-word expressions. Collocations are considered to
be flexible, but does this hold true for all types of collocations? It would be
interesting to conduct a study on such tendencies for other collocations and
compare them to other MWEs and free phrases.

4Remember that in the adjectival taxonomy, semantic classes are the unique beginners
and thus are directly integrated into the hierarchy of adjectives (see section 4.5.1)
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Appendix A

Most frequent frame elements
from FrameNet: top-50

| frame element | frequency | | frame element | frequency |
Time 818 Domain 73
Place 685 Containing_event 71
Manner 663 Name 60
Degree 479 Period_of_iterations | 58
Means 450 Event_description 54
Purpose 402 Role 54
Explanation 380 Event 53
Duration 273 Cognizer 51
Depictive 266 Speed 51
Circumstances 263 Distance 50
Agent 209 Iterations 50
Frequency 185 Subregion 49
Descriptor 161 Ground 47
Result 157 Direction 40
Instrument 132 Speaker 40
Entity 112 Experiencer 39
Source 102 Addressee 38
Goal 92 Attribute 36
Path 92 Patient 36
Theme 90 Area 34
Medium 82 Protagonist 34
Topic 81 Activity 33
Cause 80 Beneficiary 33
Type 79 Material 33
Particular_iteration | 77 Re-encoding 33

TaBLE A.l: Frame Elements sorted by their frequency in
FrameNet. Frequency stands for the number of frames in
which a given frame element is found in FrameNet
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Appendix B

Literal senses of the adjectives in
the GerCo dataset

| Adjective Definition
alt gibt das Alter, die Lebensjahre an
arm Gegenwort zu reich; ohne Geld, mittellos
barock entsprechend der Bedeutung von Barock
bitter Geschmacksbezeichnung (herb schmeckend)
blank glanzend, strahlend
blind ohne Sehvermdogen
deftig kraftig u. nahrhaft
di gibt den Abstand zwischen zwei gegeniiberliegenden
ick . . .
Seiten eines Korpers an
dumm ohne Verstand, toricht
dunkel ohne Licht, lichtarm, finster; Gegenteil zu hell
frech es jmdm. gegeniiber in herausfordernder Weise an der
notigen Achtung fehlen lassend, (ein wenig) respektlos
frei unabhangig
frischgebacken | eben erst gebacken
grob Gegenteil von fein; rau, derb
hart Gegenteil von weich; fest, keinem Druck nachgebend
hell Gegenwort zu dunkel
herrlich prachtvoll, hervorragend, ausgezeichnet
historisch die Geschichte betreffend, geschichtlich
holzern aus Holz
karg gering, nicht reichlich
knapp nicht reichlich, kaum ausreichend
leicht Gegenwort von schwer, von geringem Gewicht
maéchtig Macht besitzend, einflussreich
mild sanft, weich
nicht mit einem Schliissel zugeschlossen,
offen .
nicht verschlossen
prall dick und straff gespannt
rau uneben, nicht glatt
reich wohlhabend, vermogend, begititert,
viele Werte besitzend
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rund kugelformig, kreisformig, ringformig,
ohne Ecken und Kanten
sanft ausgeglichen und friedfertig
scharf gut schneidend; Gegenteil von stumpf
schlau mit viel Verstand und List
schwarz von vollig dunkler Farbung, (nahezu) alle Lichtstrahlen
absorbierend, kein Licht reflektierend
sicher nicht von Gefahr bedroht, ungefdhrdet
spat am Ende eines Zeitabschnitts
stark viel Kraft besitzend (physisch, einflussreich)
starr unbeweglich, steif
. oft bis zur Senkrechten nach oben ansteigend oder
steil
nach unten abfallend
steinig reich an Steinen
stiirmisch stark windig, mit Sturm
sufs wie Zucker, Honig schmeckend
teuer hoch im Preis, viel Geld kostend, kostspielig
. von oben (weit) nach unten reichend, sich weit
tief
nach unten erstreckend
tot gestorben, nicht mehr am Leben
wild nicht gezahmt, freilebend;
windig mit Wind, voller Luftbewegung
zdh schwerfliissig, zahfliissig
zart fein, weich, diinn (Material)
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Appendix C

Initial guidelines

In the following task you will be presented with a list of adjective-noun
collocations. A context sentence is given for each collocation to help avoid
ambiguity. You will be asked to perform the following subtasks (see next
page for an example annotation):

1. Choose the suitable attribute for a given noun phrase, e.g. in hohe
Stimme the adjective hoch refers to Ton, whereas in hohe Miete the at-
tribute is Quantitat. Altogether there are 56 attributes available for
the given dataset. You will find the list of all the attributes with their
definitions and examples/comments after the example.

For each adjective, a list of possible attributes will be given (the blue ta-
ble in the upper left corner). However, there may be cases where none
of the suggested attributes is suitable, such cases should be marked
as “unknown”. In the column “comments”, you can suggest an ad-
ditional attribute from the list of all attributes or, if none of them is
suitable, your own suggestion or a paraphrase (see example for hohe

Jagd).

2. Disambiguate the adjective’s sense given a list of GermaNet senses
and their lexical id numbers. The definitions of the senses and the
id numbers are provided for each adjective in the green table on the
right. You need to enter the corresponding adjective’s id number for
each example.

3. If a noun has more than one sense, disambiguate the noun’s sense
and assign the corresponding lexical id number. The nouns that
have more than one sense in GermaNet should be disambiguated: the
number of senses is given in round brackets next to the noun, e.g.
“Stimme(4)”. In such cases, you are required to look up the noun
in GermaNet and choose the correct lexical id number and the cor-
responding semantic class. For example, for hohe Stimme: NN lex
unit=40408, NN sem class=Kommunikation. Please, make sure that
you enter the lexical unit id number and not the synset id.
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Appendix D

Annotation templates for semantic
classes

animal_template

state

,,,,,,,,,,,,,,,,,,,,,,,,,,,

naturalness

intelligence

color

evaluation i

charakter | |
health ||
shape |
material ||
emotion |

dimension !

brightness | |

Ficure D.1: Annotation template: semantic class ANIMAL.



308 Appendix D. Annotation templates for semantic classes

artifact_template

material
dimension
brightness
shape

cost

color

other " 3

description [T 7T 3

surface [(ZZZZTT07C 3

time [ZZ°2°30

age

texture
evaluation 7T
type [0
movement [T/
state !
quantity
security [

function !

FiGUure D.2: Annotation template: semantic class ARTIFACT.

attribute_template

intensity
description
certainty
other

taste
brightness
sound
charakter

security
importance Z--70
evaluation
dimension

constitution
type

time CZT
texture Z-0
social ——T

smell -7
rigidity —-T
power T
movement iZ7
emotion I

Ficure D.3: Annotation template: semantic class ATTRIBUTE.
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appearance
intensity
state

shape
brightness
texture
dimension
other
evaluation
constitution
color
surface
precision
description

consistency

body_template

b 4
| I
| 4
| I
b 4

Ficure D.4: Annotation template: semantic class BODY.

intensity
description
rigidity
certainty

evaluation

precision
intelligence

emotion

quantity
social
charakter
security
importance

cost

cognition_template

[S—

FiGure D.5: Annotation template: semantic class COGNITION.
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communication_template

description | oo a

intensity |

intelligence | B

rigidity | a

emotion

certainty | 1

social

movement [
time

duration |~

quantity |}

evaluation | |

FiGure D.6: Annotation template: semantic class COMMUNICA-
TION.

event_template

intensity |~~~ oo

description

other N

manner

certainty |

emotion

social ]

cost

time
rigidity ]
speed ||
security ]

evaluation

importance ||

epithet

FiGure D.7: Annotation template: semantic class EVENT.
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feeling_template

intensity | i

description | i

evaluation | !
certainty | |
time |
emotion |
social ||
security ||
rigidity ||
duration ||

cost ||

FiGure D.8: Annotation template: semantic class FEELING.

food_template

taste | !

type |1
quantity | i

texture |

consistency | |
cost |

time |}

state ||
shape [
intensity ||
evaluation |}

dimension ||

Ficure D.9: Annotation template: semantic class FOOD.
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group_template

social

power | i

time [

other

quantity

intelligence ]
effort | ]

cost I
description |
certainty |___ |
age |

precision |__ i

intensity __

FiGure D.10: Annotation template: semantic class GrRouP.

location_template

climate
dimension
social

brightness
security
space
evaluation

other
description !
time

shape
rigidity
naturalness

state
movement 273
intensity CZZ3

cost
surface (23
epithet (3
color {75
certainty (=3

Ficure D.11: Annotation template: semantic class LOCATION.
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description

intensity

social

time

power

naturalness

evaluation

certainty

motive_template

FiGure D.12: Annotation template: semantic class MOTIVE.

brightness
dimension
texture
surface
climate
shape
quantity
type

state
material

description

natObject_template

___________________________________________________

______

______

FiGure D.13: Annotation template: semantic class NATOBJECT.
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Appendix D. Annotation templates for semantic classes

intensity

climate

brightness

temperature

evaluation

description

sound

consistency

dimension

natPhenomenon_template

Ficure D.14: Annotation template: semantic class NATPHE-

NOMENON.

social

state

time
power
intelligence
charakter
age

health
certainty
other
evaluation
emotion
constitution
effort
intensity
duration
description

appearance

person_template

==

Ficure D.15: Annotation template: semantic class PERSON.




Appendix D. Annotation templates for semantic classes

315

texture

dimension

taste

naturalness

state

evaluation

climate

age

plant_template

Ficure D.16: Annotation template: semantic class PLANT.

quantity

intensity

certainty
social
security
description
evaluation
effort
time

taste
stability
rigidity
function

completeness

possession_template

Ficure D.17: Annotation template: semantic class POSSESSION.
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Appendix D. Annotation templates for semantic classes

intensity
quantity
time
stability
importance
dimension
certainty
precision
completeness
state
social
movement
function
evaluation

consistency

quantity_template

FiGure D.18: Annotation template: semantic class QUANTITY.

relation_template

intensity
rigidity

social

description
cost
certainty
validity
quantity
power
material
evaluation

emotion

FiGure D.19: Annotation template: semantic class RELATION.
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shape_template

precision
texture )
evaluation 7!
description 7}

surface |

quantity [~
power [_7
movement [~
material =0
constitution [
completeness [~

Ficure D.20: Annotation template: semantic class SHAPE.

substance_template

surface |TT T T T TTTTTTTTTTTT T oo

dimension |~~~ T

texture ! 3

cost |

consistency |

brightness -~ """ """ TTTTTTTTTTOA

weight T
type
tolerability )
temperature )
color T

taste

state

shape ]
climate ]

certainty ]

FiGure D.21: Annotation template: semantic class SUBSTANCE.
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time
description
temperature
emotion
climate
brightness
speed
rigidity
other
quantity
intensity
social
evaluation

completeness

time_template

FiGure D.22: Annotation template

evaluation
emotion
texture
state
shape
constitution
taste
naturalness
movement
description
brightness

age

Tops_template

Ficure D.23:

: semantic class TIME.

Annotation template: semantic class Tors.
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Appendix E

Inventory of relations in
adjective-noun phrases

The next pages contain the entire inventory of attributes created based on
the CerCoAt and HeiPLAS+ datasets. The definitions of the attributes in
part stem from the glosses in the Princeton WordNet!, they are marked as
(WN).

thttp:/ /wordnetweb.princeton.edu/perl/webwn



ective-noun phrases

j

d

i0ms in a

Appendix E. Inventory of relat

320

oM Suiyiswos ysijdwodde 3I10339(/T
Jo A31sus Jo 10| B'SaJINba. Jusuoddoayl yumBullesp|  jusuoddo ybnog 4amsup Aspa 10 wuoyad 03 pasinbau y4om Jo ASiaud ayy
leyisaljdwi juauoddo ybnoj e :uossad sse|owas
m.\..: uoys \b:m.:\b\o uoIsualxs _mLOQEmu uoT3eanp|9tr
9zIs ‘93ue y3PvYy UOTSUSWIP|GT
43n1 ppO1q “Utp3UNOW da3}s ‘Yipim ‘yidua| uipn|ul 393(qo ue jo apnijuSew
22UDIIU3 33.4f UDI AAISUIAXD (NM) Yyriom |eriarew Sulney jo Aliadoadayy 3s02(yT
quans| K3 TnuT3uoo|€l
350U Jupssaou} ‘ujpd Jup3suo Jossa20.d e Jo Allie|n3au Jo/pue ssauipeals
199[qo9lewiueul[uoTanyTasuoD| gt
40]j1d y03m ‘31nbYf 3031/2p ue Jo 8uiaq SulAl| e jo dnayew |eaisAyd
10 Uly} ‘ssowi 21y} A11503sIA ‘Ajisuap| ADUS3STSUOD|TT
21Nn10nJ1S uabAxo| Aius uejo uoiisodwod |ea1waYIaY) 03sI9y4| uoT3ITsodwod|Qf
e1|END 9Y31 U] UOISUSWP BAIIN}ISUOI 3Y] O} JB[lWIS aind ‘121om palbuiwnIu0I
UnoJIID (NM) papaausi 1eyy SuiylAians [sseuszaTduoo|g
uado 96p.4anod anjsuayasdwos| Bulaey ‘aui3us pue a3a|dwod Sulaq 4o 91e1s 3y}
(NM) 1991434 J0 Jwisuedy 1o 3wd A3yl 1ysi| IoT10o(g
11om 3n|q 'ssa.p pa 9yl woJysy|nsaJ 3eyy sSulyl joainglie |ensiae
App Apuim ‘4awiwins A131ns SUOI}pu0d Jay3ieam 93eWTTO(/
JNOIABYS(Q S,2U0BWOS Jnolneyaq JiPY3 Ie930®IRYD|(9
0} J9JoJ Jey3 saipuadoud |esodwal sapn|oul os|e pl1y2 1uaipaqo ‘bop aJaif| 10 (NM) @uoawos joainjeu [enpiAlpul Juasedde
ay1saulap 1eyl Aladoud o13s1ua1oeseyd
*8ujueaw s,unouayy jo 12adse jualjes 1gNop INoy1m ‘@3pajmoud uielsad ‘Aye|d Kjute3xso|g
9WOS 4O JO UNOU 3Y} 40 3IUIISIX3 Y3 Inoge S| Jayeads 10413 SNOJAGO “Y103P UID1IBI
9Y3 Judplu0d Moy sassaadxa :A1ljepow d1waisid]
2in1on.S abowpp 1noge 31 8uiBuliq Joya|qisuodsas osned|y
eI[enD 9yl Ul Uoisuswip anlluaSe 8yl 01 e |IWIS|  jpuoIuaIul ‘YIp3ap [pinipUUN $1032€} 3y} ‘A113U Ue Jo u18140 3y} 03 SJJRI
$saJp patojoa-1ybi| ‘Wood yipp 8u110]02 j0 Ayisuajul Jo3y3i|jodduasald ssaulybTaq|g
juapnis puojq ‘pj1yd wijs Sulaq 8uinl| e joaoueleadde [eusexeayl| Soueaesdde|g
s109[qo @jewueul pues3uloqSulAl| 104 1p2 mau ‘Apo| pjo sJeaA paAl| Jo Jaquinu abe(T
Juswwod sa|dwexa uoniuiysp ainqune




321

ective-noun phrases

j

d

101S 11 a

Appendix E. Inventory of relat

, s|ewlue Joj pajedllsawop Sulpqse| sssuTeanizeu|Qg
[WIUD pjim “24nbU paysnojun yonssuewny Aq paloaye 3uiaq jo Ajsadoiday)
boyf buinom ‘a2nf p1b1i uol1eso| Jo/pue uonyisod jo adueyd juswaaAou|gg
|el91ew e jo apew 3uiaq jo Aladoadayl (NM) 193[qo [eaisAyd TeTiojeu|(gy
buij122 uapoom
e Jo dnaxew ay3 ojul s308 1eyl adueisqns
pesy |eujwouayljo moyayl paq1isap si Aylus ue Jo pawloysad/ino Iouueu|/g
A1320d ybnod 2oupp pjim
pa14Jed Sl uoI1e ue yaiym ui Aemayy
‘uoiyisod ‘uondauIp UOT3edOT|9Z
1uIDd J01423X3 ‘pUNOs JUDISIp| ‘@IUEISIP SE YINS UO13eI0|SH Y1IM Op 03 Sulney
A311U3 ue Jo So13S14dRIRYD [B1oRdS 03 SJ9)94
Buiuesw J19Y1 ul JUsWIR Alljigepeld EEYEETY K3Tsue3ut|gy
uipa 3ybiy ‘ayaopoay pnq
eaney ApeaJje 1ey3 s1uN [BI1X3| S9Z14910BIRYD
2afojdwa (NMW) @ousiadxe wouy1yoid|sousbTTT93UT g
juabijja3uiun ‘piys 1upws| Pue pueisiapun o1 {pusyaidwod o1 AlljIge syl
uoisioap (NM)@10uU oouejzoduT gy
2110351y “QUBW3[3 [0213142| 30 Ayliom pue juersodwi ueq jo Alljenbays
Sureq8ulal| e jo pulw pue Apoq Jo uoilIpuod yateay|ge
3/dnoa aj1143fu] ‘uosiad Ayl pay
auibua buoujys u4onbif juazod Ajua uejo asodind soasnayy uoT3oUNI |
“ 8ulylswos| uoT3zenTeAS|QZ
Pi1y>y2ams A103y3 [nf1nb3q JO JudWISSase 9A11eaU J0 dA13IsOd 9A13I3([g NS
peay [euiwou Ja1yIpow aAIssaldxe payai|d 39yaTde|eT
ay1jo Sujuesaw syl 03 Sulylou IsOW|e saINQLIIU0 |  yuasnd pnoud ‘uoruido ajquiny
11 pue mo| AJ9A S J31J1poW 9Y3 JO PEO| J13UBLIIS 3Y}
App3y1}0 uoirdadiad s,2u0aWos S9q1IISBP 9]E1S [eUOII0WS PUB dAIIIRYe uoT3ows QY

an|q annda(peayl Aq 03 paisdjeu ssaupps :Abp

an|q uise unou peay ayl 0} UOIIL[3J JUBIYIP BBARY
10 fuos.tad pos ujse unou peayayl Aq pasuaiiadxa
9q ued UOIl0WR 3y} Jood dA13d3[pe 9yl Aq passaudxa
uoissedwod 4383143 [pwiup :jpwiup Jjood ujse

unou peay ayl Aq pasas8ia) Jay3e 9q ued uojowa Ay}

Aop
an|q ‘uosiad pos ‘[pwup jood




ective-noun phrases

dj

wons mma

Appendix E. Inventory of relat

322

awdofanap sanow poads|yy
pidpJ ‘3s14 2140930 W 10 (NMW) suaddey Suiypwos yaiym e ajese
(Nm) (s3uiya soeds|¢gy
main 2jwpiound ‘wool Ardwz uami1aq Aem awos u| papunog Ajjensn) eaue
p|1Ya pnoj ‘a310A [|DWS Suiyowos Sulieay Jo uollesuas ayy punos|zy
219 ‘yijeam TeToos|1¥
$an1IbjaJ Yot ‘vapy apjndodun| ‘Avseindod ‘uonednaso ‘Avjeuoiieu ‘Aadiuye
se yans A@120s uewny o3 Suiieau sajsadoud
(NMW) waoj snoasesd ul sjeatwayd Jenoiled TT2Ws|Qpy
|[2Ws 12aMS “UaMo|f ssajio0po Aq paie|nwiis aieasouayy ur sioydasas
AJ012B4|0 UBYM S3|NSDJ 1BY] UOIIBSUSS BY)
Ysap punoJ ‘afiuy dibys 9UI|IN0 “4N03U0D ‘wloy |enjeds adeys|eg
T — $3|0J4 9A13ONpoudal J1BY3 Jo Siseq X9s|8¢
9yl uoswsiuedio saysinduiisip yeyy Ayadoud
uonpnyis )S1J Jo Ja3uep wou)sa.) Suleq A3yTanoes|/g
snoJabupp ‘22upisip afos
sauyjapinb Aupqixey A3TpTbhTI|9€C
pib11 ‘uoiapinbad 32143s ‘3sn(pe pueadueyd 013|qe ulaq jo Apadoud
wJou Jo swJdl ul uosiiedwod |esauad e ‘sal1ilud uoT3eToI|gE
Y2004ddo J9Y10 JO 1X31U02 Ul unou payipow ayi sind
ua4affIp ‘azis pappupls
uoijpuop unowe K3iTtyuenb|ye
snoJauab ‘sasupuif 1ybi3
9q p|noys Jadoud 40 3994402 S1 SUIYIBWOS JBYIDYM AatTenb|gg
Suiylowos moy Jo suoile129dxs J0 SpJepuels awos 0} ABojodo JO UOI1eW 1159 dA1I3[gNS 40 9A1193[q0 ue
JajaJ Jay3ed Jeyiasoyyale sialylfenb an13da(qns ‘paiylien a1pridoiddp ‘4amsup buoim
90 Ued Jey) SJUaWISSasSe aJe sualyi[enb aA1a[qo
uoj3pwilsa Adeanaoe uoTsToaxd|gg
ybnoJ ‘quawainspaw 3104n230
Ajjwnf (NM) @auanpjul uljjosauod jo uoissassod aamod|T¢g

|nfiomod “Quapisaid yoam




323

ective-noun phrases

dj

wons ima

Appendix E. Inventory of relat

abobbn| 1y31| 10 Aneay Buiaq jo Aysadoud ayl 3ybTom|yg
1ybramiybi| ‘pooj Arpbay
e39| Suiaq jo Aysadoada A3TpTTRA
ainspaw [nfmpjun ‘Aduow A11p eS| Supqofa " HPT €S
pazijeaixa| Ajysiy aJe Asya se (spunodwod aseq od&3afzs
J0) suolled0]|od shem|e a.e sasedyd yons 91e|0d0Yd 210j020Y2 yipp ‘D23 ¥2pjq| [EUIWOU S| puedjoym eseasesyd ay3 usamiaq
Jo adAy e siaie|0o0yd yJep ‘ea) foadA) bsjealdoe|q uoljeaJ djwAuodAy e Inq ‘Ayadoud e jou
awbpu pjo ‘buiuana aip| 109dse |esodwa) swT3|TS
(NM) (@3aueisgns e J0 S1UaN1IISUOD ||BWS 3Y) 2INn3x93(Qg
uinab auif ‘pups asipoa| 30 ddeys pueazisayl 03 30dsas YHM Aje123dsd)
Suiylawos jo uoilisodwod [eaisAyd ayy
6 (NM) JuswuoliAus| sxn3zezeadusl|gy
a3omyoy butusna piny - Apoq e Jo ssaup|0 JO SSaUl0Y O 39183p Y}
dnos A , yinow 93sel|gy
nos AINonbs "Unq 33ams 931 UI3JUBISCNS B WOJ) PAUIRIGO UOIIBSUSS B
UOISIA pUB Yano3 y1oq sapnjoul £ , 8 (NM) 103[qo |euoisuawip ooegans|/y
wniuiwnio Aulys "auois 4onod -994y3 e 0 AJepunoq J91No |eUOISUBWIP-OM] Y3
do “low! (NM) s2anqize S3e3s|9y
100p Uad0 ‘jbwiiub poap ulew s3| 01 193dsaJ Y1im st Suiyiswos Aem ayy
(NM) uoinlersen Jo adueyd KyTTTgRas|sy

A2ua44n3 Buouis ‘9314d uazouf|

wouJj 994y pue Sulanpud Suieq jo Ayijlenbayy







325

Appendix F

Frames for the bases in the sample

FE1 Aggregate

Definition: This frame contains nouns denoting Aggregates of Individuals.
The Aggregates may be described by an Aggregate_property.

Core FEs:

o Aggregate - This FE identifies the collection of entities that are the
Aggregate.

* Individuals - This FE identifies the people or things that form the
Aggregate.

Non-Core:

Aggregate_property - This FE describes a property of the Aggregate
rather than the Individuals and is used to tag the adjective that modi-
ties the aggregate noun when it is unambiguous.

Container_possessor - The location or political locale that the Organi-
zation is contained within.

Domain - The relevant Domain as it pertains to the Aggregate.

Name - The term used to refer to the Aggregate.

FE2 Animals

Definition: The LUs in this frame refer to biological entities other than
human beings and plants, which are labeled by the FE Animal.

Core FEs:
* Animal - The living organism belonging to the kingdom Animalia.
Non-Core:

* Characteristic - The living organism belonging to the kingdom Ani-
malia.
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* Descriptor- A characterization of the Animal not covered by another
frame element.

¢ Origin - The location from which the Animal originated.

E3 Biological area

Definition: This frame contains words that denote large ecological areas as
well as smaller locations characterized by the type of life present-in other
words, geography locations as defined by biota.

Core FEs:

* Locale - This FE identifies a stable bounded area, and is typically the
designation of the nouns of Locale-derived frames.

Non-Core:

¢ Constituent_parts - Constituent_parts make up a Locale.

¢ Container_possessor - Container_possessor is the location of which
the Locale is a part.

* Descriptor - Any description, characteristic, or property of the Locale
which is not covered by more specific FEs.

¢ Formational_cause - Formational_cause brings about the features of
the Locale.

¢ Name - This FE indicates the Names of Locales.

* Relative_location - Relative_location identifies a place in respect to
which a Locale is located.

F4 Body parts

Definition: This frame covers words for Body_parts belonging to a Pos-
sessor, which may be characterized by a Descriptor. The location of the
Body_part may be identified in terms of its Attachment or its Orienta-
tional_location. A Subregion of a Body_part may also be indicated.

Core FEs:

* Body_part - This Frame Element is the Body_part.

e Possessor - This Frame Element denotes the Possessor of the
Body_part.

Non-Core:
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E5

Attachment - The Attachment is the larger body part to which the BP
is attached.

Orientational_location - This Frame Element describes the location of
the Body_part with respect to the inherent orientation of the body (or
the larger body part) the Body_part is attached to.

Descriptor - This Frame Element is used for a characteristic or de-
scription of the Body_part. Note that Descriptor is not an FE of the
same character as other FEs. Specifically, rather than filling a slot, it
identifies a modifier of its head noun.

Subregion - This FEidentifies the Subregion of the Body_part referred
to by the target.

Calendric unit

Definition: Words in this frame name the different parts of the calendric
cycle, both man-made and natural. The Unit (e.g. Tuesday) specifies some
time period as part of a specific larger temporal Whole (Tuesday of next
week), or may be resolved to an exact time span by a Relative_time (next
Tuesday).!

Core FEs:

Relative_time - Relative_time is used for the word or words that locate
the time with respect to an identifiable reference point.

Unit - The calendric unit that is denoted. LUs in this frame all denote
the Unit.

Whole - Whole is used for the larger unit of which the target word
names a part.

Non-Core:

Count - The number of intervals of the specified type.

Landmark_period - The time-expression that is used to establish when
the Trajector_event occurred.

Name - Name is used for the name of a day (month, etc.). Note that
only the word (or words) that is the name is (are) tagged, not the target
word.

Salient_event - An event saliently associated with a particular calen-
dric unit.

Trajector_event - An event that is located by the Calendric_unit ex-
pression.

'The definition in FrameNet is much longer. For the complete definition, consult
FrameNet.
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F6 Clothing

Definition: This frame refers to clothing and its characteristics, including
anything that people conventionally wear.

Core FEs:
¢ Garment - This FE identifes the clothing worn.
Non-Core:

* Body_location - Body_location identifies the place on the body where
the clothing is worn.

¢ (Creator - The individual who created the Garment.

* Descriptor - This FE identifes any description of the clothing besides
Style and Material.

* Material - This FE identifes the material from which the clothing is
made.

* Name - The name given to a specific Garment. Note this is not the
name of a general class of clothing items, but rather an individual
item.

¢ Style - This FE identifes the design, or cut, of the clothing.
* Subregion - This FE identifies a part of the clothing.
¢ Time_of creation - The time at which the Creator makes the Garment.

e Use - This FE identifes the Use for which a Garment is worn or was
made.

* Wearer - The Wearer is the person wearing the clothes, or for whom
the clothes are intended.

F7 Commerce scenario

Definition: Commerce is a situation in which a Buyer and a Seller have
agreed upon an exchange of Money and Goods (possibly after a negotia-
tion), and then perform the exchange, optionally carrying it out with various
kinds of direct payment or financing or the giving of change.

Core FEs:

* Buyer - The Buyer has the Money and wants the Goods.

* Goods - Goods is anything including labor or time, for example, which
is exchanged for Money in a transaction.
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Money - Money is given in exchange for Goods in a transaction.

Seller - The Seller has the Goods and wants the Money.

Non-Core:

E8

Manner - Manner of performing an action
Means - The means by which a commercial transaction occurs.

Purpose - A state of affairs that the agent intends to bring about as a
result of participating in the Commercial Transaction.

Rate - In some cases, price or payment is described per unit of Goods.

Unit - This FE is any unit in which goods or services can be measured.
Generally, it occurs in a by-PP.

Emotion directed

Definition: The adjectives and nouns in this frame describe an Experiencer
who is feeling or experiencing a particular emotional response to a Stimu-
lus or about a Topic. There can also be a Circumstances under which the
response occurs or a Reason that the Stimulus evokes the particular response
in the Experiencer.

Core FEs:

Event - The Event is the occasion or happening that Experiencers in a
certain emotional state participate in .

Experiencer -The Experiencer is the person or sentient entity that ex-
periences or feels the emotions.

Expressor - The Frame Element Expressor marks expressions that in-
dicate a body part, gesture or other expression of the Experiencer that
reflects his or her emotional state. They describe a presentation of the
experience or emotion denoted by the adjective or noun.

Reason - The Reason is the explanation for why the Stimulus evokes a
certain emotional response.

State - The State is the abstract noun that describes a more lasting
experience by the Experiencer.

Stimulus - The Stimulus is the person, event, or state of affairs that
evokes the emotional response in the Experiencer.

Topic - The Topic is the general area in which the emotion occurs. It
indicates a range of possible Stimulus.
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Non-Core:

F.9

Circumstances - The Circumstances is the condition(s) under which
the Stimulus evokes its response. In some cases it may appear without
an explicit Stimulus.

Degree - The Degree is the degree to which the Experiencer feels the
emotion.

Empathy_target - The Empathy_target is the individual or individu-
als with which the Experiencer identifies emotionally and thus shares
their emotional response.

Frequency

Manner - The Manner is the way in which the Experiencer experiences
the Stimulus.

Parameter - The Parameter is a domain in which the Experiencer ex-
periences the Stimulus.

Fear

Definition: An Experiencer, Expressor, or State can be described as char-
acterized as having an emotion of fear concerning a particular Topic or as
evoked by a Stimulus.

Core FEs:

Experiencer - The Experiencer is the person or sentient entity that ex-
periences or feels the emotions.

Expressor - The body part, gesture, or other expression of the Experi-
encer that reflects his or her emotional state. They describe a presen-
tation of the experience or emotion denoted by the adjective or noun.

State - The State is the abstract noun that describes a more lasting
experience by the Experiencer.

Stimulus - The Stimulus is the person, event, or state of affairs that
evokes the emotional response in the Experiencer.

Topic - The Topic is the general area in which the emotion occurs. It
indicates a range of possible Stimulus.

Non-Core:

Circumstances - The Circumstances is the condition(s) under which
the Stimulus evokes its response. In some cases it may appear without
an explicit Stimulus. Quite often in such cases, the Stimulus can be
inferred from the Circumstances
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Degree - The extent to which the Experiencer’s emotion deviates from
the norm for the emotion.

Empathy_target - The Empathy_target is the individual or individu-
als with which the Experiencer identifies emotionally and thus shares
their emotional response.

Explanation - The Explanation is the explanation for why the Stimulus
evokes a certain emotional response.

Manner - Any description of the way in which the Experiencer ex-
periences the Stimulus which is not covered by more specific FEs, in-
cluding secondary effects (quietly, loudly), and general descriptions
comparing events (the same way). Manner may also describe a state
of the Experiencer that affects the details of the emotional experience.

Parameter - The Parameter is a domain in which the Experiencer ex-
periences the Stimulus.

Time - The Time when the Experiencer, Expressor, or State can be
described as having said emotion.

FE10 Food

Definition: This frame contains words referring to items of food.

Core FEs:

e Food

Non-Core:

* Constituent_parts - A part of the Food.

* Descriptor - This FE indicates a characteristic or description of the

food.

* Type - This FE identifies a particular Type of the food item.

F11 Entity

Definition: This frame is for words that denote highly schematic entities.

Core FEs:

* Entity - A thing (either abstract or physical) that exists with some

degree of permanence.

Non-Core:
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Constituent_parts - Salient parts that make up the Entity.

e Formational _cause - Formational cause indicates the action that
brings about the features of an Entity.

Name - This FE is used for the Name of an Entity.

Type - This FE indicates what subtype of the general category the
Entity belongs to.

F12 Intoxicants

Definition: An Intoxicant is ingested in order to achieve an altered state of
consciousness.

Core FEs:
¢ Intoxicant - The Intoxicant is ingested.
Non-Core:

¢ Country_of_origin - Country_of_origin identifies where the Intoxicant
is grown or originates.

* Descriptor - Descriptor describes a quality of the Intoxicant.

¢ Type - Type identifies the kind or sort of Intoxicant.

F13 Judgment of intensity

Definition: A speaker characterizes the intensity of an Attribute of an Entity
by a Degree.

Core FEs:

* Degree - A modifier expressing the deviation of the intensity of the
Attribute from the norm or from the value for another Entity. This FE
is incorporated for each LU in this frame.

¢ Entity - The Entity for which a particular gradable Attribute is appro-
priate and under consideration.

Core Unexpressed:
* Attribute - The feature of an Entity which is under discussion.
Non-Core:

¢ Circumstances - Some specification of the circumstances under which
the Entity has a particular Value for the Attribute.
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* Place - The location where the Entity is has the Attribute to a given
Degree.

* Time - The Time during which the Entity is in the state of having a
particular Value for the Attribute.

FE14 Natural features

Definition: The Locale is a geographical location as defined by shape. This
frame includes natural geographic features, including land/ice forms and
bodies of water.

Core FEs:

* Locale - A stable bounded area. It is typically the designation of the
nouns of Locale-derived frames.

Non-Core:

* Constituent_parts - Salient parts of the Locale.

* Container_possessor - The location that the Locale is a part of.

Descriptor - Any description, characteristic, or property of the Locale
which is not covered by more specific FEs.

Formational_cause - Indicates the action (or causer) which brings the
features of the Locale about.

Name - This FE is used for the Names of Locales.

Relative_location - A place that a Locale is located with respect to.

Type - The Type is the subtype of natural feature.

F15 Personal relationship

Definition: The words in this frame have to do with people and the personal
Relationships they are or can be a part of.

Core FEs:

e Partner_1 - That partner in the Relationship who is realized as the
subject of verbs in active form sentences, or of adjectives in predicative
uses.

* Partner_2 - That partner in the Relationship who is not expressed as
the external argument.

* Partners - The joint construal of both Partners in the Relationship.
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Non-Core:

* Degree - Degree to which event occurs

* Depictive - Depictive phrase describing the Partners.
* Duration - The length of the relationship.

* Manner - Manner of performing an action

* Means - An act whereby a focal participant achieves an action indi-
cated by the target.

* Relationship - The Relationship between Partners.

* Source_of_relationship - The source of the relationship.

E16 Plants

Definition: The LUs in this frame refer to biological entities other than
human beings and animals, which are labeled by the FE Plant.

Core FEs:
¢ Plant - The living organism belonging to the kingdom Plantae.
Non-Core:

¢ Characteristic - A quality of the Plant.

* Descriptor - A characterization of the Plant not covered by another
frame element.

* Origin - The location from which the Plant originated.

E17 Point of dispute

Definition:The answer to a Question is under discussion in a Group, which
still has a difference of opinion among its members. The prominence of the
Question relative to others can be indicated by a Status expression.

Core FEs:

* Question - The Question is an open proposition the answer to which
is under dispute.

Non-Core:

* Context - A state or event within which the Question arises as a prob-
lem for the Group.
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Descriptor - A characterization of the Question, often with regard to
its complexity or whether it has been resolved or not.

Domain - The area of human experience which the Question concerns.

Group - The Group are the persons or organizations who have differ-
ent points of view on the Question.

Status - The Frame Element Status is used for expressions that indicate
the relative importance of a Question with respect to the other topics
that are disputed.

Time - The time interval during which the Question exists as a problem
for the Group. The issue at the time was whether or not to relocate the
Rennes-based part of the team to California.

Viewpoint - An individual or individuals from whose point of view
the Question is a point of dispute within the Group.

E18 Precipitation

Definition: Water in some solid or liquid form (the Precipitation) falls from
the sky at a particular Place and Time, lasting for a particular Duration. The
Rate or Quantity of precipitation may also be indicated.

Core FEs:

Place - The area which experiences precipitation.

Precipitation - The water in liquid or solid form that falls from the sky
is the Precipitation. This FE is incorporated in many LUs in this frame.

Time - When the event occurs.

Non-Core:

Duration - The amount of time for which the precipitation event lasts.
Explanation - The Explanation is the reason for the precipitation event.

Frequency - This frame element is defined as the number of times an
event occurs per some unit of time.

Manner - The way in which the precipitation falls.

Quantity - The Quantity is the amount of Precipitation that has fallen
in a precipitation event or events. It is usually measured as the height
that the Precipitation attains if prevented from further movement.

Rate - The Quantity of Precipitation that falls within a certain Dura-
tion.

Temperature - This FE identifies the temperature of the precipitation.
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E19 Purpose

Definition: An Agent wants to achieve a Goal, or an object. A Means has
been created or is used to allow the creator or a user to achieve a Goal. The
Goal is a state of the world that does not currently hold but which the Agent
wants to realize and is planning and/or working towards.

Core FEs:

¢ Agent - The volitional actor who intends to achieve a goal.

Attribute - This FE marks expressions that indicate an Attribute for
which it is the Agent’s goal that it have or reach a particular Value .

Goal - The action or state of affairs that the Agent wants to achieve.

Means - A Means is an object or action that is used or designed to
achieve a particular Goal.

Value - This FE marks expressions that indicate which Value the Agent
wants the Attribute to reach.

Non-Core:

* Domain - This frame element expresses a sphere of activity within
which an Agent has a Goal.

* Restrictor - This FE marks expressions that indicate a spatial or tempo-
ral or individual framework relative to which the Goal is said to hold.
More than one Restrictor can be mentioned.

* Time - This Frame Element expresses a time period during which an
Agent had a particular Goal.

F20 Quantity

Definition: This frame contains nouns denoting Quantities of a specified
Entity and their numerical Values

Core FEs:

* Entity - Entity identifies the concept or substance being quantified by
a Quantity.

* Quantity - Identifies the Quantity-denoting TARGET word.

® Value - Value identifies the numerical amount of the Entity.
Non-Core:

¢ Descriptor - A characterization of the Quantity.
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F21 Rewards and punishments

Definition: An Agent (the punisher or rewarder) performs a Re-
sponse_action on an Evaluee for a Reason, the Evaluee’s actions or
beliefs. Means and Instrument may also be indicated. The goal of the pun-
ishment/reward is to discourage/encourage the actions or beliefs. Words
in this frame presuppose that a judgment of the Evaluee has occurred and
that the Evaluee is (or becomes) aware of the judgment. This judgment
was performed by a cognizer which is either the same as the Agent, or,
minimally, a representative of the same institution.

Core FEs:

e Agent - The Agent is the person doing the rewarding or punishing.

* Evaluee - Evaluee is the person or thing about whom/which a judg-
ment has made and to whom reward /punishment is dealt. With verbs,
the Evaluee is typically expressed as Object.

* Reason - Typically, there is a constituent expressing the Reason for the
Agent’s judgment.

Core Unexpressed:

* Response_action - The reward or punishment given to the Evaluee by
the Agent.

Non-Core:

* Degree - Degree of reward or punishment.

* Depictive - Depictive phrase describing the Agent of the reward or
punishment.

Instrument -The Instrument with which the reward or punishment is
carried out.

Manner - Manner of performing the reward or punishment.

Means -The action that is taken that results in punishment/reward.

Place - Where the event takes place.

Purpose -The Purpose of the reward or punishment.

Result - Result of the reward or punishment.

Time - When the event occurs.
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F22 Sensation

Definition: This frame contains nouns that refer to sensations in different
modalities.

Core FEs:

* Body_part - This FE is assigned to phrases expressing the body part in
which a sensation is located.

Ground - This FE is the perceptual background against which the Phe-
nomenon is experienced by the Perceiver.

Perceiver_passive - This FE is only expressed with certain nouns in
this frame, and then only with the help of a support verb, such as
have: e.g. I have a tingling SENSATION in my hands.

Percept - The FE Percept is used for phrases that express the charac-
teristic property of a sensation. Typically this characteristic property
is described with reference to the entity or phenomenon that produces
the sensation.

Source - This is the entity or phenomenon which gives rise to the
sensation. In cases of veridical sensation, this FE is not typically dis-
tinguished from Percept.

Non-Core:
* Degree - This FE describes how strong the sensation is.

* Descriptor - A characterization of the sensation not covered by a more
specific FE.

¢ Time - The Time when the sensation is perceived.

E23 Shapes

Definition: This frame contains words which describe the dimensional ex-
tent and Shape of a Substance. These words do not make reference to a Part-
whole relationship. There can also be a descriptor of the Shape, Shape_prop.

Core FEs:

¢ Shape - This is the Shape that the Substance is in.

* Substance - A Substance of which pieces can be extracted.
Non-Core:

¢ Count - The number of units of the measured Substance.

¢ Shape_prop - This describes a property of the Shape, e.g. it’s size.
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F24 Similarity

Definition: Two or more distinct entities, which may be concrete or abstract
objects or types, are characterized as being similar to each other. Depending
on figure/ground relations, the entities may be expressed in two distinct
frame elements and constituents , Entity_1 and Entity_2, or jointly as a single
frame element and constituent, Entities. The similarity may be based on
appearance, physical properties, or other characteristics of the two entities.

Core FEs:

* Differentiating fact - A fact about Entity_1 or the Entities that reveals
how Entity_1 is the same or different from other entities. (Note the
contrast with as to’.)

* Dimension - This FE marks constituents which express a property in
respect to which the similarity of the entities is assessed.

* Entities- This FE marks constituents that express the set of objects or
types whose similarity is at issue.

* Entity_1 - When there is an asymmetry, Entity_1 is the entity charac-
terized by its similarity to Entity_2, whose characteristics are assumed
to be known. Entity_1 is often an external argument.

* Entity_2 - When the Entities are expressed separately, Entity_2 is the
one whose characteristics are assumed to be known; it serves as a basis
for establishing characteristics of Entity_1.

Non-Core:

e Circumstances - Circumstances describe the state of the world (at a
particular time and place) which is specifically independent of the
event itself and any of its participants.

* Degree - The extent to which entities are similar to each other, in gen-
eral or with respect to some Dimension(s) The twins are very SIMI-
LAR.

* Depictive - This FE is used for any Depictive phrase describing the
state of the Entities

* Explanation - An inanimate entity or process that causes the similarity.

e Manner - This FE identifies the Manner in which Dimension is similar
or different

* Place - The Place is the general area in which similarity occurs or exists

* Time -This FE identifies the Time when the similarity occurs or exists.
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ist Adjektivattribut von & » logDicel Freq.
1. Wohnraum 8.5 343
2. Preis 7.3 1713
3. Miete 6.9 142
4. Luxus 6.8 53
5. Mietwohnung 6.7 35
6. Wohnung 6.0 328
7. Eintrittspreis 5.9 20
8. Wohneigentum 5.9 17
9. Mietpreis 5.5 13
10. Unterkunft 5.4 32
11. Eigenheim 5.4 13
12. Bleibe 5.2 15
13. Bauland 5.2 1
14. Elektroauto 5.1 12
15. Gesundheitsversorgung 5.0 9
16. Synthesizer 5.0 8
17. Farbdrucker 4.9 7
18. Bodenpreis 4.6 6
19. Einfamilienhaus 4.5 9
20. Kleinwagen 45 8
21. Medikament 4.4 36
22, Sampler 4.4 5
23. Krankenversicherung 4.4 21
24. Digitalkamera 43 5
25. Alternative 4.1 42
26. Wohnen 4.1 15
27. Eigentumswohnung 4.1 6
28. Euro 353 21
29. Kondition 3.3 9
30. Vergniigen 3.2 7
31. Auto 28 39
32. Immobilie 2.8 6
33. Lebensmittel 24 6
34. Modell 22 27
35. Gebiihr 22 5
36. Kredit 22 10
37. Summe 21 12
38. Kosten 21 22
39. Objekt 1.9 12
40. Ausgabe 1.6 18
41. Angebot 1.6 23
42. Energie 1.6 16
43. Kunst 1.4 17
44. Produkt 1.4 16
45. Rahmen 1.3 6
46. Bedingung 1.1 12
47. Gerat 1.0 7
48. Niveau 0.9 8
49. Haus 0.8 20
50. Bereich 0.4 12

FIGURE G.2: A screenshot from the Wortprofil: available nomi-
nal collocates for the adjective erschwinglich ‘reasonable” sorted
by the logDice values. The columns in the table are the follow-
ing: the nominal head, logDice value, frequency in the corpus.
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Classification of co-occurrences

The decision tree presented in Figure H.1 offers a simple procedure for
classifying AN co-occurrences manually. An AN pair is considered a co-
occurrence if the statistical association between its components is strong.
There are two ways of defining what strong means in this case which are both
rather arbitrary: either to determine a particular numeric cut-off threshold
of an association score or to determine a cut-off on the number of word pairs
in an n-best list, i.e. to take into consideration the top-n word pairs ranked
based on the chosen association measure. In AN co-occurrences, the head
(noun) is considered the base and its modifier (adjective), the collocate. The
decision tree is to be applied to a pre-selected list of co-occurrences.

Apart from using a conventional association metric such as logDice, it
is also recommended to compute a directional association metric such as
AP or Dgp. Step 6 in the decision tree inquires whether a given phrase is
asymmetric. In order to make this decision, a numeric cut-off threshold has
to be set.

Definitions of each label for adjective-noun combinations are presented be-
low. This classification scheme is not exhaustive and reflects only the find-
ings from this thesis.

* Proper name is an adjective-noun combination used as a name or a
part of the name of an organization, location, holiday or as a title of a
song, a book, a movie, or similar. Examples: (der) Gestiefelte Kater ‘Puss
in Boots’, (das) Schwarze Meer ‘the Black Sea’

¢ Idiom is a recurrent binary word combination in which either only
the nominal base has a non-literal meaning or the meaning of both
constituents is non-literal. Examples: dicke Luft ‘tense atmosphere’,
schwarzes Schaf ‘black sheep’

* Collocation type 1 is a recurrent binary word combination consisting
of a base (noun) and a collocate (adjective) where the base is used in
its literal sense and the collocate’s meaning is non-literal. Examples:
helle Freude “pure joy’, schwarzer Kaffee ‘black coffee’

* Technical term is an adjective-noun combination the use of which is
restricted to a particular domain. The meaning of the noun is literal.
Examples: vorliufige Vollstreckbarkeit “provisional enforceability’, spiites
Geschiift “late trading’
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* Cliché is an adjective-noun combination the use of which is restricted

to a particular social situation. Examples: gutes Gelingen ‘good luck’,
herzlichen Gliickwunsch ‘congratulations’

Free phrase is a binary word combination consisting of a base (noun)
and a modifier (adjective) where both the base and the modifier are
used in unrestricted senses. Examples: griines Kleid ‘green dress’, her-
rliches Wetter “‘wonderful weather’

Collocation type 2 is a recurrent binary word combination consisting
of a base (noun) and a collocate (adjective) where both elements retain
their literal senses, but the use of the collocate is contingent on the
base. Examples: himmelweit Unterschied ‘stark difference’, geraume Zeit
‘considerable time’

Consider an example. Asymmetry is measured by AP. The cut-off is set
to 0.7. The phrase under consideration is geraume Zeit ‘considerable time”:

1.

oW

54

Is it a proper name? — no
Is the meaning of the base Zeit literal? — yes
Is the meaning of the collocate geraum literal? — yes

Is the meaning of the phrase very specific and restricted to a particular
domain? — no

Is the use of the phrase restricted to a particular social situation? — no
Is the phrase asymmetric? — yes, AP2 = 0.97

Classify as collocation type 2
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Consider a second example. The phrase under consideration is vorliufige
Vollstreckbarkeit ‘“provisional enforceability’:

1.
2.
3.
4.

Is it a proper name? — no
Is the meaning of the base Vollstreckbarkeit literal? — yes
Is the meaning of the collocate vorliufig literal? — yes

Is the meaning of the phrase very specific and restricted to a particular
domain? — yes

. Classify as term

Consider a third example. The phrase under consideration is reife Frucht
‘ripe fruit”:

1.
2.
3.
4.

Is it a proper name? — no
Is the meaning of the base Frucht literal? — yes
Is the meaning of the collocate reif literal? — yes

Is the meaning of the phrase very specific and restricted to a particular
domain? — no

. Is the use of the phrase restricted to a particular social situation? — no

Is the phrase asymmetric? — no, AP1 = 0.03, AP2 = 0.12

Classify as free phrase

Consider a fourth example. The phrase under consideration is dicke Luft
‘tense atmosphere’ (lit."thick air’):

1.
2.
3.

Is it a proper name? — no
Is the meaning of the base Luft literal? — no

Classify as idiom
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Sense definitions of adjectives

Table 1.1 presents sense definitions for each adjective in the GerCoAt dataset
and the corresponding attributes. The sense definitions are based on the
paraphrases in GermaNet and definitions in the DWDS and German Wik-
tionary. The notation in column “art. concept GN” is the following:

artificial concept, e.g. steigerungsspezifisch: the concept comes di-
rectly from the adjectival modeling in GermaNet;

artificial concept, artificial concept, e.g. bewertungsspezifisch, charak-
terspezifisch: both concepts are available in the modeling of the given
adjective;

artificial concept®, e.g. steigerungsspezifisch*: the concept comes from
GermaNet, but it is not avaiable in the GN modeling of the given
adjective AND the given sense is not reflected in the modeling of the
adjective in GN;

artificial concept (artificial concept), e.g. zustandsspezifisch
(belebtheitsspezifisch):  the artificial concept in brackets is the
one from GN modeling of the given adjective sense, the first artificial
concept NOT in brackets is the one selected from the full inventory in
GN and judged more suitable by the annotators;

—- (artificial concept): the attribute does not have an equivalent in
GN, but the given adjective sense is modeled in GN under a different
artificial concept (the one in brackets);

—: the attribute does not have an equivalent in GN and the given
adjective sense is not modeled in GN;
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