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Abstract

This thesis concerns the automatic acquisition of semantic classes for adjectur work
builds on two hypotheses: first, that some aspects of the semantics of \atjeante not to-
tally unpredictable, but correspond to a set of denotational types (seroksses). Therefore,
adjectives can be grouped together according to their semantic classmdStwat the seman-
tic class of an adjective can be traced in more than one linguistic level. In yartithe
morphology-semantics and syntax-semantics interfaces are explorelddsrthat lead to the
acquisition of the targeted semantic classes.

Since we could not rely on a previously established classification, a méjot isfdevoted to
defining an adequate classification. The classification proposal iseg#stough an iterative
methodology. By combining deductive and inductive approaches, wieesfrom an initial
classification based on literature review to a final classification propcaaktkes advantage of
the insight gained through a set of experiments.

Each iteration consists of three steps: (a) a classification proposal is (bpd@umber of clas-
sification experiments, involving human subjects and machine learning teelsniape carried
out; (c) through the analysis of the experiments, advantages and ateswvdifahe classification
proposal are identified.

We present a total of three iterations. The first one starts with a classifidad®ed on liter-
ature review. A Gold Standard is built and tested against results obtairedytha series of
unsupervised experiments. The analysis suggests a refinement ofsiéadtion. The second
iteration uses the refined classification and validates it through a new siandéesk performed
by human subjects and a further set of unsupervised experiments.

The third iteration incorporates three significant modifications: first, a{atgé&e human anno-
tation task with 322 human subjects is carried out. For this task, the estimatesnagtef<
0.31 to 0.45) is very low for academic standards. Thus, the achievemegitadfie linguistic
data is revealed as a major bottleneck. Second, the architecture usesl doitdimatic classifi-
cation of adjectives is modified so that it allows for the acquisition of multiple elgso as to
account for polysemy. The best results obtained, 84% accuracy,imppon the baseline by
araw 33%. Third, a systematic comparison between different levels ofditngdescription is
performed to assess their role in the acquistion task at hand.
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Chapter 1
Introduction

This thesis concerns the automatic acquisition of semantic classes for adjec@iur goal is
to acquire lexical semantic information, that is, semantic information that is sptecdiword
or groups of words. The thesis fits into the Lexical Acquisition field within Cotafional
Linguistics, a field that has received much interest since the beginning ofribties.

The main hypothesis underlying the approaches developed Lexicalighomu is that it is
possible to infer lexical properties from distributional evidence, takea generalisation of
a word’s linguistic behaviour in corpora. The need for the automatic atiquisf lexical in-
formation arised from the so-called “lexical bottleneck” (Zernik, 1991NIfP systems: no
matter whether symbolic or statistical, all systems need more and more lexicahation in
order to be able to predict a word’s behaviour, and this information is vargt and costly to
encode manually.

The information we want to acquire regards the semantic class of adjectvesresearch
it builds on two hypotheses: first, that some aspects of the semantics of \zfjeate not

totally unpredictable, but correspond to a set of denotational typegefbine, adjectives can
be grouped together according to their semantic type (class), a paranateetivill specify

more concretely in Chapter 3. Second, that the semantic class of an asljntibe traced in
more than one linguistic level. In particular, the morphology-semantics ariedbsgemantics
interfaces will be explored for clues that lead to the acquisition of the tafget®mantic classes.

This chapter offers motivations for the present line of research, suisesdhe approach taken
to tackle it, and highlights its main contributions. It also offers an overview ®fr#maining
chapters.

1.1 Motivation

The initial motivation for our research arose in developing an NLP systerG&talan within
the GLiCom group. The core of this system, named CatCG, consists of 4 sernmally
written grammars that assign part of speech and syntactic information to C&tata (see
Section 2.2.1). The system does not necessarily yield completely disambiguafmit, as
most statistical taggers and parsers do.

In an advanced development stage of the tool, we observed that a loigbriion of the re-
maining ambiguity in part of speech tagging involves adjectives; an estimateedibtan the
corpus used for this thesis (see Section 2.1.1) is 55% of the remaining ambiduitl of the
ambiguity involves adjective and noun readings of the same word, whiclvggsened when
ambiguous words cooccur. An examplegeneral francéswith 4 possible readings corre-
sponding to different part of speech assignments listed under (1.1).

(1.1) a. generg); francegy;
‘general,y; Frenchg; one’
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b. general,., francegy;
‘French,q; general,.,’

c. generaly frances .,
‘#generaly; French/Frenchmap,,,’ or

d. generalyy, francésoun
‘#*French/Frenchmap,... general .’

The most plausible reading is ‘French general’, as in (1.1b), but rgéfreench one’ (as in

el problema general francesthe general French problem’), as in (1.1b) is also a possible
reading. The other variants would be really weird. To solve the ambiguityaat feartially,
given the data in (1.1)rancescould be disambiguated to adjective using a general rule that
prefers postnominal modification for adjectives. As we will see in Chaptgo8tnominal
modification is the default in Catalan.

However, some very frequent adjectives prefer prenominal modificaéie in examples in

1.2).

(1.2) a. petitg; animal,oun
‘small animal’ (and not: ‘#brute child’)

b. sol,4 inspectof,un
‘only inspector’ (and not: ‘#inspecting sun’)

C. grangg; secretsoun
‘big secrets’ (and not: ‘#secret pimples/grains’)

Moreover, the noun-noun construction that we discard for (1.1d)sslequent in Catalan than
in English, but also occurs, as witnessed under (1.3). It cannotifmmiy discarded.

(2.3) a. la paraula corder
‘the word corder’

b. la part nord
‘the northern part’

c. un penyalar color de plom
‘a plumb-colour mountain’.

Intuitively, adjectives such gsetit, sol, andgran are semantically different froffrancés and
francésshares similarities with adjectives suchitaia (‘Italian’) or evencapitalista(‘capital-
istic’). However, in most computational dictionaries (including the one use€C&tCG), all
these words are assigned the sameaddigctive Any distinctions have to be made either on a
lemma basis (overseeing the common properties of groups of lemmata), orghbasis (thus
losing discriminative power).

These difficulties arose within a symbolic processing tool; however, theuifés concern
statistical systems as well, for the information available for statistical system®isitdisr the

general tag or the individual lemma or word form. Indeed, the noun/adgemtnbiguity, as well
as verb/adjective ambiguity for participles, have long been recognisihe asost problematic
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for humans as well as for NLP tools in languages like English and Germarmt(glat al., 1993;
Jurafsky and Martin, 2000; Brants, 2000).

The observation of general tendencies in syntactic behaviour of adjgdtiat correspond to
broad semantic properties led us to the task faced in this thesis, namely, te pusemantic
classification of adjectives. Identifying the class of a particular adjectivéd serve as an
initial schema for its lexical semantic representation, that could be furthelaped using

manual or automatic means. As we will see, the semantic classes corresgmnddsense
representations, so that they can be exploited for word sense disambigaatis.

Adjectives play an important role in sentential semantics. They are cruci@ddtarmining
reference of NPs. If in a particular context several students aimdrdahe NP[(1.4) can be
uttered to point to a particular one.

(1.4) l'estudiant sord
‘the deaf student’

Conversely, they help establish properties of entities. If we hear a senlika (1.5), we can
quite safely infer that the (invented) object referred tarimaiis an edible physical object.

(1.5) this maimai is round and sweet

A semantic classification like the one we propose in this thesis is a first stepractérdsing

their meaning. A good characterisation of adjective semantics can help ydesftfents in a
given (con)text in dialog-based tasks or Question Answering systenaddition, it can help
in Information Extraction tasks, through attribute extraction. Semantic claasesso be used
for basic tasks such as POS-tagging, to solve difficulties such as theexerplified in this

Introduction.

The semantic classification is established through an iterative process ih aigarticular

classification is proposed, manual annotation and machine learning exptriane performed,
and the analysis of both tasks provides feedback to the proposal, indilatirs or difficulties

in several aspects of the classification.

1.2 Goals of the thesis

The goals of this thesis are the following:

e To define a broad, consistent, and balanced semantic classificatidor adjectives
The definition of a semantic classification for adjectives is a controversidénfeom a
theoretical point of view. We define a classification based on literatureweand em-
pirical exploration, and revise it according to the results obtained with madéamning
experiments.

e Totest the feasibility of the classification task by human8ecause no previously estab-
lished Gold Standard existed that we could rely on for the machine learniegiments,
a major effort has involved the establishment of a reliably labeled set oftadis. To
achieve this goal, proper methodologies have to be developed for theifajltasks:

3
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— to gather human judgments with respect to the semantic class of adjectives

— to assess agreement among judges for the task, and to analyse sbdisagree-
ment.

e To test the feasibility of the classification task by computershe thesis aims at au-
tomating the task of semantically classifying adjectives. The task is automatedfthrou
the use of unsupervised and supervised machine learning technigungsseveral pieces
of information that we encode in the form of features. Within this goal, twgeals can
be distinguished:

— to develop an adequate architecture for the acquisition of multiple classastso
account for polysemy.

— to test the strengths and weaknesses of several linguistic levels ofptiescfmor-
phology, syntax, semantics) for the task at hand.

1.3 Structure of the thesis

The thesis is divided into seven chapters. The first chapter is this Imtioduand the remain-
ing chapters contain the information summarised in what follows.

Chapter|2/presents the tools and the data sources used in this thesis.

Chapter 3 discusses several theoretical approaches to the lexical semantigectivad, and
their relationship to the goals and proposals of this thesis. It focusessonptere grammar,
formal semantics, and ontological semantics, as well as the treatment ofivedgamantics
within NLP resources such as WordNet. It also offers an overviewaxfipus work on Lexical
Acquisition for adjectives. The first classification is proposed in this rap

Chapter 4 explains the methodology and results of three manual annotation experirfieents,
cusing on a large-scale web experiment designed for the last Gold &lankdgrovides a
thorough discussion of agreement measures and proposes ancipjoraasess agreement for
the data gathered through the web experiment.

Chapter|5/concerns two unsupervised experiments directed at refining and vajidagitlas-
sification proposal. In these experiments, over 2000 adjectives arereldsand results are
analysed through coffmparison with the Gold Standard sets and exploddtiba character-
istics of the obtained clusters. As a result of these experiments, the cktgsifiproposed in
Chapter 3 is altered.

Chapter|[6 reports on a series of supervised experiments that allow for the acquisitionl-
tiple classes per adjective, thus accounting for polysemy. The semansifickt®on task is
viewed as a multi-label classification task, and the classification is performebisteps:
first, binary decision on each of the classes. Second, merging of theduali decisions to
achieve a full classification.

Chapter|7/finishes the discussion with some conclusions and directions for futiearcs

For clarity purposes, a list of of acronyms and other abbreviations inséds document is
provided in pagi.
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1.4 Contributions

The main contributions in this thesis are listed below.

e A semantic classification proposal for adjectives in Catalan that has bma&dage, is
based on a unique parameter, and can be traced at different levelgwétio descrip-
tion. The classification is valid for Romance languages in general. Theeslpssposed
correspond to coarse sense distinctions for particular adjectives.

e Three sets of manually annotated adjectives, totalling 491 lemmata.

e A method to ellicit semantic classes from naive subjects, defining a webigrerso
as to distribute the annotation load and gather large amounts of data (Chapteth
actual experiment, we have gathered data from 322 subjects regardisgrtiantic class
of 210 adjectives (32 to 59 responses per lemma, depending on theajecti

¢ A method to assess the degree of agreement among the subjects with respetask
defined in the web experiment (Chapter 4). Three contributions are mitide whis
method:

— A weighting scheme that is based on an explicit model of the task. The weighting
scheme accounts for partial agreement with respect to polysemy judgraedts,
can be generalised to other tasks involving polysemy.

— A sampling approach that allows the computation of confidence intervalsdor th

mean agreement values with different measures. This approach igédpprdor
experiments in which a large number of subjects participate.

— The use of entropy as a measure of intra-item agreement. This measwserdp
the controversy of a particular item, and has been used to identify kindgsuftaes
that are particularly difficult.

e The use of unsupervised techniques (clustering) to re-define théfickssn proposal
(Chapter 5). Although unsupervised techniques have been usedéauredark in Lexical
Acquisition (see for instance Schulte im Walde (2006)), the results areatiypicsed to
assess, not to modify the targeted classification.

e An architecture to acquire semantic classes including polysemous classas€C6).
The task has been viewed as a multi-label classification task, and the chdEsifis
achieved in two steps: first, a binary decision on each class. Then, angefgthe
decisions. The architecture can be adapted to other tasks involving pglyse

e A detailed study of the performance of different levels of linguistic desionpwith re-
spect to semantic classification, in the setting of a supervised machine leaxpied-
ment.

e Generally, the use of the manual annotation tasks, the feature analysibeamachine
learning experiments as tools for linguistic research.
All the data gathered is freely available to the research community (upoasetpthe author).

Parts of the material presented in this thesis have been published orramtlgurnder submis-
sion for publication, as will be signaled at the relevant points in the disqussio






Chapter 2
Tools and resources

This chapter summarises the most relevant characteristics of the resanct¢ools used for
the development of the PhD: the data sources (corpus and adjectibas&tare described in
Section 2.1 and the tools used for various purposes are describedionSz2.

2.1 Data

2.1.1 Corpus

All experiments are based on a 14.5 million word fragment of the CTILC c@r(morpus
Informatitzat de la Llengua Catalan®&afel (1994)), developed at the Institut d’Estudis Cata-
lans. The corpus has been semi-automatically annotated and handeshrpeoviding lemma
and morphological information (part of speech and inflectional featuitisan EAGLES-like
tagset). Structural information is only provided at the text and parademeh (no sentence
delimitation).

2.1.1.1 Distribution of texts across genre and topic

The whole CTILC corpus contains over 50 million words from over 3,30&texitten between
1833 and 1988. It is a traditional corpus, with pre-defined criteria wipeet to its content,
defined in terms of genre (for literary texts: 30.6% of the corpus) and (émicon-literary

texts: 69.4% of the corpus). Within literary texts, the genre distribution is asrsin Table

2.1. Table 2.2 lists the distribution of non-literary texts across topics (R&@#)1

genre % texts % words

Essay 12,3 13
Narrative 29,9 60
Poetry 27,6 11
Theater 30,1 16

Table 2.1: Distribution of literary texts in CTILC across genres.

The fragment we use in the PhD is the set of most modern texts (1960:1988)rtunately,

we cannot access their metadata, so we cannot know the distributionresgertopics within

the fragment. Assuming that it is quite similar to the overall distribution, we casé® some
of the characteristics of these data that will affect the whole acquisiticzepso

First, there are no texts corresponding to transcriptions of oral diseourhe closest to that
kind of discourse we get are fragments of theater, but they are only lameneentage of the

!Punctuation marks are ommited from the word count. With punctuation nerlcount is 16.5 million words.
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topic % texts % words
Philosophy 4 6
Religion and Theology 8,2 10,2
Social Science 15,6 19,1
Press 18,6 12,3
Natural Science 6 7,6
Applied Science 13,1 15,3
Art, Leisure, Sports 9,3 9,6
Language and Literature 9,3 7,6
History and Geography 9,8 12
Correspondence 6,1 0,5

Table 2.2: Distribution of non-literary texts in CTILC across topics.

corpus (about 5% of the overall volume), and literary oral discours®arse has little to do
with real oral discourse.

The linguistic behaviour of adjectives in formal written text is presumably glifferent from

the behaviour in spontaneous spge&'he differences possibly affect the choice of features
when carrying out lexical acquisition experiments, and also the relatefllngss of each of
them. Unfortunately, we do not have access to a sufficiently large onalis@f Catalan to be
able to check these differences or assess their impact in our task.

The lexical choice is also affected by the kind of text the corpus is baseckestain adjectives
are more prototypical of spontaneous speech, and will hardly appéarniral written texts
(such as swear adjectives), so the lemmata selection will be affected. spistas related to
a second important characteristic of the data: precisely the distributiontdf/pes. Note the
high influence of literature in the corpus, as opposed to other genre8%3ff the texts are
literary, as opposed to for instance only 12.9% press.

Regarding the topic distribution, first note that the definition of topics is higtéglamic (Phi-
losophy, Language and Literature, History and Geography...), withaosmall proportion of
non-academic concepts, such as press or leisure. Also note that, in femsls, religion has
a weight similar to that of press: 10.2% vs. 12.3% within non-literary texts,ishaeligion
occupies 7.1% of the overall corpus. This characteristic again affedétalechoice, so that
adjectives related to the topics covered have a much higher frequenay @rth.C fragment
than in other kind of corpora.

As an example, compare the rank of three religion-related adjectives iMTih€@agment and
in CUCWeb, a Catalan corpus built from the Web (Boleda et al., 20@8)shown in Table 2.3.

adjective translation  CTILC CUCWeb

religiés religious 99 251
catolic Catholic 218 358
eclesiastic ecclesiastical 603 998

Table 2.3: Rank of three religion-related adjectives in two corpora.

2This fact and the two examples that follow were brought to my attention leg@y Guy, personal communi-
cation, October 2003.
3Interface available atttp://www.catedratelefonica.upf.es/cucweb
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“Religious” adjectives are higher-ranked, and thus comparatively magk frequent, in CTILC
than in CUCWeb. Of course, Web corpora are also biased towardindertds of texts (pre-
sumably, adjectives having to do with Computer Science are much more ffiteiguea \Web
corpus than in a traditional corpus). There is no such thing as a balaogaas, because there
are no universal balance criteria. However, given that all corpogebiased, a description of
their content is essential to be able to place the results within a given comteodrr tase, we
have to take into account that the kind of language we have access tgthiwicorpus is
formal written text belonging to literature and certain academic fields.

2.1.1.2 Linguistic processing

The CTILC corpus has been manually corrected, so that it is a resatttcehigh-quality.
However, it only provides lemma and morphological information. We used Ga#Gsuite of
Catalan processing tools developed at the GLiCom group (Alsina et aR),20(add a syntac-
tic level of annotation to the corpus. CatCG comprises a tokenizer, a compalatiotionary,
a morphological tagger and a shallow parser.

We only needed the last tool, because all the previous steps were atre@azhed in the re-
source. However, we had to adapt many formatting aspects of the corfnesable to add
syntactic infromation. The steps we followed were:

e adapt the segmentation of the corpus data to meet the format of CatCG

e enhance the computational dictionary with missing lemmata (this step was not strictly
necessary, but was done for completeness)

e translate the morphological tagging used in the CTILC to the tagging used irGCatC

e parse with the shallow parser

We thus obtained a disambiguated, manually corrected morphological tagghey @LiCom
format, so as to be able to parse the corpus. More details on the kind ahation encoded in
the corpus and the CatCG tools can be found in Section 2.2.1.

2.1.2 Adjective database

Roser Sanroma developed a database of Catalan adjectives (Sar®08)a, he selected a
particular set of lemmata from a corpus and manually encoded morpholodaahation with
respect to derivational type (whether an adjective is denominal, dev@rhot derived) and the
specific suffix in case the adjective is derived. She included 2540 adjedti the database.

She initially extracted all adjectives that appeared at least 25 times in a srmatiereint of
CTILC (8 million words) than the one we have considered. The list obtainesl pruned
according to linguistic criteria. She manually coded the derivational typeecddiective (de-
nominal, not derived, participial, or deverbal), as well as the suffix efdérived adjectives.
For more details on the selection criteria and the information included in the databee
(Sanroma, 2003).

In initial experiments (see Chapter 5) with a 10 frequency threshold fectines, it was clear
that the data were too sparse for results to be useful. We decided to dstafiliher threshold,

9
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requiring at least 50 occurences, and selected from Roser Sasrdatabase all those adjec-
tives that occured more than 50 times in our fragment of the CTILC. Beddasfragment is
almost double than the one Roser Sanroma used, we only lost 10% of thergataloubling
the threshold. The final database we used consisted of 2291 lemmata.

Note that this list includes some gerunds and participles with a predominantlyyimgcdifinc-
tion. In GLIiCom’s computational dictionary, participles are only encodeceassy not as ad-
jectives. This decision is based on two arguments: first, the high complexéy {er humans)
in disambiguating between the two categories (Marcus et al., 1993; JueafdkMartin, 2000;
Brants, 2000). Second, participles share the functions of adjectivkgeabs.

Therefore, the verb/adjective ambiguity for participles is partially solvedeasyntactic level:
verbal participles carry out the same functions as any verb form, whietadl participles the
same functions as any adjective. The only distinction that is not solved is thtediffacult one,
namely, distinguishing between a verbal participle and an adjectivaMpagsbien they work as
noun complements. See Section 3.1.3 for further discussion on delimitatidemsb

For our experiments, we considered a participle as an adjective if it hadfahe syntactic
functions of an adjective, namely, pre- or post-nominal modifier, preslicha copular sen-
tence, or predicative complement.

2.1.3 Adijectives in the working corpus

This Section describes the distribution in the corpus (Section 2.1.1) of the lermulaided in
the adjective database (Section 2.1.2). The general frequency distmilofi adjectives in the
corpus is, as expected, Zipfean, as shown in FiW{“Z.l.

This distribution, where most items are very unfrequent but some itemstaeenety frequent,
is typical of many linguistic phenomena. Table |2.4 presents this effect in a coneete
way, showing that two thirds of the adjectives in the database have les@3Bawccurences
(17.2 per million), while less than 8% have more than 1,000 occurences. Gragjéctives
have more than 5,000 occurences. The three most frequent adjectiesdatabase ato
(‘good’; 12,650 occurenceshou (‘new’; 13,500 occurences), argtan (‘big, great’; 19,551
occurences).

Frequency lemmata %lemmata cumulative %lemmata

50-99 739 32.2 739 32.2
100-249 800 34.8 1539 67.0
250-499 332 14.4 1871 81.4
500-999 238 10.4 2109 91.8
1000-5000 174 7.6 2283 99.3
>5000 15 0.7 2291 100

Table 2.4: Frequency distribution in numbers.

These frequencies are not evenly distributed. Morphology plays a mamin explaining

“The two graphics in the lower part of the figure are boxplots. The relgarwve three horizontal lines,
representing the first quartile, the median, and the third quartile, resplgcirhe dotted line at each side is at most
1.5 times the length of the rectangle, and values that are outside this rengge@esented as points (Verzani, 2005).
We will encounter this kind of representation many times in the thesis, as itésnplete representation of the
distribution of feature values for a variable.

10
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Figure 2.1: Frequency distribution of occurences.

frequency distribution of adjectives, as will be further explored in thisitheTable 2.5 sum-
marises the number of lemmata and total occurences represented by daEmofphological
types coded in the database.

Tablel 2.5 shows that there are many more denominal lemmata (types) than aeyotifieh

types (37.5%). The ratio for the number of occurences (tokens),Jeayis similar to the ratio
for the number of lemmata, if a bit lower (33.9%), which shows that on aeedegominal

adjectives tend to have a lower number of occurences than the regéctiaes. The tendency
is the reverse for not derived adjectives: they cover 37.5% of therences, while only having
22.6% of the lemmata.

Deverbal and participial adjectives have an even greater diffetagivesen their type and to-
ken rations than denominal adjectives: 22.5% lemmata and 16.1% occufengasticipial
adjectives, and 17.4% lemmata (the smallest class) and 12.5% occurenotsefodeverbal
adjectives. Thus, on average deverbal and participial adjectieethatleast frequent classes.
The means depicted in the last column of the table confirm this analysis.

The data in Table 2|5 indicate that derived adjectives in Catalan are moreousifeumber of
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Morph. type type %type token %token mean

denominal 860 37.5 310,524 339 361.1
not derived 515 22.5 342,365 374 664.8
participial 517 22.6 148,017 16.2 286.3

deverbal 399 17.4 114,255 125 286.4
total/general 2291 100 920,821 100 152.5

Table 2.5: Distribution of lemmata and occurences according to morphological type.

lemmata) but less frequent (humber of occurences). Converselgerioed adjectives are less
numerous but more frequent.

If one accepts that more frequent elements of a category are more pio&btynot derived

adjectives are the core of this part of speech. This explains the gedtdation that not de-
rived adjectives (particularly some prototypical classes, such ascsilmyr, and temperature
adjectives) have received in the literature, as opposed to derivertiaege(see Chapter 3).

However, the large number of derived lemmata in Catalan and other Romagcedges war-
rants more attention to the semantics of these adjectives. Note that Dixor) (8ibds that
across languages, “Typically, a higher proportion of adjectives thanuns and verbs will be
derived forms”.

The tendency shown in Table 2.5 would probably be more extreme if lesspreint adjectives
were taken into account, as the 50-occurence threshold representc@rgnces per million
word, which is not very low.

Details on the distribution of particular suffixes within each derivationalcle#t be given in
Chapter 4 (Section 4.2.1).

2.2 Tools

2.2.1 Shallow parser

As explained in Section 2.1.1, the corpus was parsed with the shallow pacteded in
CatCG. It is a manually developed grammar written in the Constraint Grammar liemma
(Karlsson et al., 1995), and compiled with Connexor’s commercialoolgintime.

The parser is a functional shallow parser, that is, it assigns functisrtdagords without actu-
ally building a tree structure. For instance, a noun may be tagged as Sbbjeet indication
of which verb it is the subject of is provided, even if there is more than aite fverb in the
sentence (as is case in e.g. embedded clauses).

For some functions, partial structural information is provided. One of tlofypical ex-
amples is the nominal modifier function for adjectives. CatCG will indicate arctwdjeis

a pre-nominal modifier or a post-nominal modifier, but not the actual hBad.instance, in
both examples (2.1a) and (2.1b) the adjecbiancwould be tagged as postnominal modifier,
although in example (2.1a) it modifiésrre and in (2.1b) it modifiesnarbre

In this case, morphology is a clear indicator of the hesre is a feminine noun, so that

Shttp://www.connexor.com/
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blancgets the feminine agreement suffixand is thus realised ddancain (2.1a). Conversely,
marbreis a masculine noun, so thatanc appears in the masculine form in (2.1a). However,
if both nouns were masculine, it would not be possible to disambiguate the dredihdeed
CatCG does not provide any clue with respect to the head other than tohgadirien which it
should be looked for (left or right of the adjective).

(2.1) a. undorre demarbreblanca
a towerof marblewhite

‘a white tower of marble’

b. unatorre demarbreblanc
a towerof marblewhite

‘a tower of white marble

Figure 2.2 shows an example of the kind of information available in the corjpiisvés used
to model the data for the experiments explained in Chapters E@wd 6.

Word Trans. Lemma Morph. info Function
El the el masc. sg. article pre-head det.
llenguatge language llenguatge masc. sg. common noun  subject
d of de preposition post-head mod.
aguests these aquest masc. pl. demonstr. det.  pre-head det.
Versos verses vers masc. pl. common noun  post-prepositionmod.
és is ser 3rd. p. sg. pres. ind. verb  main verb
poc little poc adverb pre-adjective mod.
respectuds respectful respectués masc. sg. adjective predicate

full stop punctuation

Figure 2.2: Extract of the CTILC corpus.

The annotation provided by GLiCom’s shallow parser is, thus, a kind cfprdified depen-
dency grammar. Function tags either indicate a traditional syntactic functioh,as subject

or main verb, or the part of speech of the head of the phrase a wordhslinnstancepocis
tagged as an adjective modifier, which indicates that it structurally belonlys phrase headed
by an adjective. Because the adjectigspectud$unctions as a predicate, apdcdepends on

the adjectivepocbelongs to the predicate. However, recall that only the direction of thé hea
is indicated pocis a pre-adjective modifier, thus its head is to be found to its right), so that if
there were another adjective with another function it would not be podsilidentify the head

of the adjective modifier without further processing.

SLegend:
masc. masculine
sg. singular
pl. plural
demonstr. demonstrative
det. determiner
mod. modifier
p. person
pres. present
ind. indicative
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The kind of annotation provided by CatCG of course affects the kind ofrimftion that can
be extracted from the corpus. For instance, we can recover informiuarapproximates
nonrestrictivity (see Section 3.6.1.1), because we know whether artiagljesca pre-nominal
or a post-nominal modifier. However, we can only identify its head with hécsjsso that we
cannot estimate the distance to the head (information about adjacencgciesS.6.1.3) in a
reliable manner.

CatCG does not always provide fully disambiguated output: there usuaibine some degree
of syntactic ambiguity in cases where the rules that apply cannot uniquelyfidan appropri-
ate function tag. This property increases the noise caused by automatitgpdrhe syntactic
properties of adjectives will be further explored in Sections 3.1.2 and.3.6.1

2.2.2 CLUTO

The clustering tool used for the experiments reported in Chapter 5 is CLH&pis, 2002),

a freely availablé software package. It is highly parametrisable with respect to clustering
method, similarity metric, clustering criterion, and other parameters of the ¢hgprocedure.
More details about the options used will be offered in Section 5.1.3, whahd®s an overview

of the clustering technique.

CLUTO also provides facilities for exploration and understanding of tealt& On the one
hand, information of each cluster with respect to size, properties of teeecl{similarity of ob-
jects among them and with respect to other clusters), and predominanefean the other,
several graphics that allow the user to visualise the structure of the ahgstard the distri-
bution of feature values. The handbook for CLUTO (Karypis, 20@#)tains quite detailed
documentation of all the aspects mentioned. Recently, a freely availableicabpersion of
CLUTO, gCLUTO, has been developed.

2.2.3 Weka

The tool used for the experiments reported in Chapter 6 is Weka (Wittenran#,22005),
a freely availabl® Java software package with several graphical interfaces. It inglombest
of the algorithms used nowadays in the Machine Learning community for ctadifi, from
Bayesian classifiers to ensemble classifiers, as well as several closaggorithms. It also
offers feature selection and association algorithms, and some visualisatibities for input
and output data.

Weka can be used as a stand-alone tool, to perform individual expésilfieplorer interface)
or massive experiments (Experimenter interface), or its functions caalleel rom a console
or embedded in the user’s code. It also facilitates evaluation, offeriaggerof evaluation pro-
cedures (cross-validation, train/test, holdout method) and evaluation sn@tcdcuracy, infor-
mation theory measures, kappa, per-class recall and precision, &st&xpkerimenter interface
provides a significance test for comparing the performance of two algwith

At http://glaros.dtc.umn.edu/gkhome/views/cluto
8At http://www.cs.waikato.ac.nz/ml/weka/
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2.2.4 Other tools

The architecture of the experiments (Chapters 5 and 6), from datatextraefile management,
was developed using the Perl programming Iandﬁa@e CGI module was used in the imple-
mentation of the Web experiment. The data obtained during the Web Gold Staxgeriment
(Chapter 4) was stored and processed in several ways within a MS$#deeabase. For most
statistical analysis purposes, implementation of agreement measures phit graduction,
the open source R language and environment was used (R Developarernigam, 200@.

%See e.ghttp://perldoc.perl.org/
®Homepagehttp://www.r-project.org/
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Chapter 3

Adjective semantics and Lexical
Acquisition

From the beginning, | concentrated on the understandimgpods not words such
as ‘all’, ‘and’, and ‘necessarily’, but rather words such as ‘yelloWwook’, and
‘kick’.

Marconi (1997, p. 1)

This chapter is devoted to theoretical considerations about adjectivaficiason. The lit-
erature on adjectives is scarcer than literature on nouns, and mucdersttean literature on
verbs, both in theoretical and computational linguistics. In addition, thees dot exist a
single, well-established classification proposal for adjectives. Wewevdighe literature and
performed empirical research to define a classification that could beiagsigr our purposes.
Such a classification is subject to a series of constraints, that we revieve lBntering the
discussion of the literature.

General constraints The classification should b&oad, that is, its parameters should cover
most adjectives. This excludes for instance an organisation in terms efyamfsuch as that

in WordNet, for we have seen in Section 3.5.1, that this property is only afdico a small
subset of adjectives. It should also bensistent which means that its parameters should be
established at more or less the same level of description for all adjeciivesclassification
proposed within the SIMPLE project (Section 3.5.2), which mixes formal séosaand de-
notational categories, is prone to problems where the two parameters davecd natural fit.
Another inconsistent classification is the one established in some desagitivenars (Section
3.2), which mixes morphological, syntactic and semantic criteria.

Finally, the classification should Hmlanced in the sense that the classes should not be enor-
mously different in size. From the perspective of Natural Languaged3sing, the partic-
ularities of a handful of adjectives can be manually established, so thatithao need for
automatic acquisition. From a theoretical perspective, if one of the parenustied in the clas-
sification distinguishes a very small subset of adjectives from a largeolgetgeous body of
other kinds of adjectives, its usefulness to draw central distinctions atheirgsemantics can

be questioned.

Linguistic constraints  The first linguistic constraint requires the classification to be of a se-
mantic nature, that is, classes should define broad, core semantictehatias. However,
the characteristics should have correlates in other levels of descriptiom,as morphology
and syntax. That constraint provides an empirical handle for semantidptés (contrary to
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purely denotational approaches such as Dixon (1982)), and a sugatiled for competing the-
ories. It also allows linguistic theory and NLP systems to exploititwephology-semantics

and syntax-semanticsinterfaces for adjective classification, establishing regularities at mor-
phology and syntax that provide insights into semantics.

Related work in Lexical Acquisition for English and German verbs (Merkb &tevenson, 2001;
McCarthy, 2001; Korhonen, 2002a; Schulte im Walde, 2006) has ikgglihe syntax-semantics
interface. The idea is to test to what extent syntactic differences pomddo semantic differ-
ences, under the assumption that semantically similar predicates will tend teetsmalarly

in relevant syntactic aspects. This hypothesis is commonly attributed to HE9G8), and has
led to fruitful insights in research on lexical semantics (see, e.g., LevBB{l¢h verb classes).

The morphology-semantics interface is not as “popular” in linguistic thend/NLP as the
syntax-semantics interface. However, the relationship between morjpdallpgocesses and
regular meaning effects has been repeatedly noted since the beginstuglies on language.
Some morphological processes, such as derivation, have a cleaglatieely stable semantic
effect.

These interfaces can be exploited in two directions: to induce semantic fpesdeom mor-
phological and syntactic properties, and to exploit semantic propertiesdacplinguistic be-
haviour. The general goal of predicting properties at one level fsoyperties at another level
is common to linguistic theory.

NLP constraints The results of the research presented here are intended to be uskdPfor
purposes, which imposes further constraints on the task. Note that ¢ime wiain constraints

within NLP is again coverage, because the classification should apply tonatidéa contained

in a particular computational dictionary. This aspect has been mentiongd aba general

constraint. Also, in NLP, higher priority is assigned to higher frequeingnpmena, due to the
difference in goals with theoretical linguistics (Nirenburg and Raskin42p0111).

The concrete setting of the NLP resources available for a particulardgegand the system
used also have to be taken into account. CatCG, the NLP system for Catatelogkd at the
GLiCom group (see Section 2.2.1), is symbolic in nature. In addition, symbaotizlealge is
interpretable and can be manipulated by trained linguists, so that automaticpliyeacinfor-
mation can be checked and enhanced. We therefore aim at symbolicsalattes than, e.g.,
probabilities across patterns. Probabilistic information can be added iacaudas modules or
versions of the system.

A second main constraint imposed by the NLP setting is the use of automatic meadsde
classes (as opposed to manual classification) and, relatedly, a limitationamdat and kind
of information that can be used to perform automatic acquisition. A particulpusdqSec-
tion/2.1.1) will be used, annotated with morphological and shallow syntacticniafiion. An

additional source of information is a database of adjectives (Section 2viti?)nformation

on derivational morphology. This constraint relates to the requiremenit axploiting inter-
faces between levels of linguistic description mentioned above: the requiréntieoretically
motivated, but also methodologically convenient.

These constraints were born in mind in assessing the proposals fromalsgaditions. In
what follows, we first summarise the characteristics of adjectives in Cadalarpart of speech
(Section 3.1) and then review the treatment of their semantics in differers:fidibcriptive
grammar (Section 3.2), formal semantics (Section 3.3), ontological semaf&ctidn 3.4),
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and Natural Language Processing resources (Section 3.5). Sedidis8usses the kind of
classification that is aimed at in this PhD, and how different aspects of viewved research
fit into the desired classification. Section [3.7 provides a review of previouk on Lexical
Acquisition for adjectives. The chapter ends with a general summaryi¢g8ec8).

3.1 Adjectives as a part of speech

Adjectives can be defined as a morphosyntactic class which in Catalanttzrdlanguages
present a set of relatively homogeneous morphological and syntaetiacthristics (see Pi-
callo (2002) for Catalan, Demonte (1999) for Spanish, and Huddlest®allum (2001) for
English; for a typological perspective, see Dixon and Aikhenvald 420 his section reviews
their main morphological and syntactic characteristics, as well as problenaimitthg the
class of adjectives from that of nouns and verbs, focusing on Catalan

3.1.1 Morphology

The main morphological characteristics of adjectives in Catalan are sumciariskat follows
(see Badia i Margarit (1995) and Picallo (2002)).

Inflection: adjectives inflect for number and most of them for genéeonomic, econdmica,
economics, economiqu§gconomic(al)’) vs. alegre, alegreq‘joyful’). They do not
inflect for tense or mood, contrary to verbs.

Agreement: their inflectional properties in a particular occurrence depend on theriaaa or
determiner they modify, that is, they do not have inherent gender or mfedtares, but
agree with a nominal head with respect to gender and number.

Derivation: there are many deverbal and denominal adjecti@basiu(‘abusive’; fromabusar
‘abuse’),economidq‘economic(al)’; fromeconomia‘economy’). Many adjectives admit
derivation through the degree suffissim(netissim‘very clean’), though not al*agri-
colissim ‘very agricultural’). Those which admifssimgenerally also admit diminutive
suffixes such asetor -6: netet, petitd‘cleanminutive » ite giminutive )

Composition: they can form so-calledopulative composi®icallo, 2002, 1645), that is, com-
pounds obtained by juxtaposition of two adjectivetarobscur ‘light-dark’, agredol¢
‘sweet-sour’, and intervene in a productive Noun + Adj compositiorc@ss, where a
notion of inalienable possession is necessamgros ‘big-bottom’, but not*samarreta-
gros ‘big-T-shirt’.

Openness:they are an open (productive) class of words, mainly through theatienivand (to
a lesser extent) composition processes mentioned in the previous pasagrap

3.1.2 Syntax

Adjectives have two main syntactic functions: they act as predicates ormodifiers. Even
though more detailed syntactic environments can be identified (Yallop et &8b)2@entify
over 30; see Section 3.1.2), they are specialisations of these two functions
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The default function of the adjective in Catalan is that of modifying a noum;défault po-
sition is the postnominal one, as in most Romance languages Picallo (2002npkes are
taula gran ‘big table’, arquitecte técnigc‘technical architect’ anélement constitutidconsti-

tutive element’. However, some adjectives can appear prenominally, maidy wsed non-
restrictively (so-called “epithets”; see Section 3.6.1G)an taula‘big table’ is possible, but
not*técnic arquitecte, *constitutiu element

Adjectives can also function as predicates, be it in a copular sentexame (3.1a)) or in
other predicative contexts, such as adjunct predicates (example)(3.1b)

(3.1) a. Aquestotxeésmolt maco.
This car is verynice.

‘This car is very nice.

b. la vaig veureborratxa
herPAUX-1pssee drunk

‘| saw her drunk’

Table[ 3.1 lists the main syntactic functions for adjectives together with their distnibin

the corpus. Note that post-nominal modification covers an overwhelming itgagérthe

cases (62.7%), and that predicative functions are much less fretilmmhominal modifica-
tion (21.7% opposed to 78.3% of the cases). The latter fact is to be exgemtethe formal

register and written form of most texts in the corpus used, as mentionedtioré2d.1.1.

Function Cases| Subfunction Cases %Tota

Modifier 927,203 Post—nominal mogli_fier 742,375 62.7%

(78.3%) | Pre-nominal modifier | 184,828 15.6%

. 256,467| Copular sentence 129,531 10.9%
Predicate

(21.7%) | Other environments | 126,936 10.7%

Table 3.1: Distribution of adjective syntactic functions in the CTILC.

Complements to adjectives are expressed as PPs or clauses, anddiséipreis dropped when
the complement is expressed as a clause, as exemplified in (3.2).

(3.2) a.Orgullés dela sevafilla
Proud of thehis daughter

‘Proud of his daughter’

b. Orgullés quela sevéfilla treballimolt
Proud thatthehis daughtemworks much

‘Proud that his daughter works hard’

Adjectives rarely have more than one complement, but there are some(jgad€$0, Bonet
and Sola (1986)], taken from p. (2002)):

(3.3) a.Dependentdela sevadonaenmoltescoses
Dependentof thehis wife in many things

‘Dependent on his wife in many aspects’
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b. Superior a en Joanenmatematiques
Superior to the Joanin maths

‘Superior to Joan in maths’

Adjectives are modified mainly by adverbs: degree adveesr{ca ‘so rich’, massa nettoo
clean’) or other kinds of adverbpredominantment agricolamainly agricultural’).

3.1.3 Delimitation problems

Adjectives as a part of speech can not always easily be distinguistrachbuns and verbs. As
for the adjective-noun distinction, in some cases human-referring agje¢tict” as nouns, as
can be seen in examplesin (3.4):

(3.4) a. Therich and the poor

b. EI cec va marxar.
Theblind PAUX-3psgo

‘The blind (man) went away.’

Whether in these caseih or cecare morphologically nouns (have undergone conversion)
or adjectives acting as nouns is subject to debate. In Catalan and otimemB® languages,
the difficulty is greater than in English, because of the general possibilithezfdless noun
phrases” (again, whether there is a phonologically null head in thestraotions is a matter

of debate):

(3.5) a. Havierbuidat lesduesampollesja dexeresi la deconyac
Had emptiedthetwo bottles, theof sherryandtheof cognac

‘They had emptied both bottles, the sherry bottle and the cognac bottle.’

b. La Brunavolel cotxe verd,perojo prefereixoel  blau.
Brunawantsthe shirtgreenbut | preferthe blue.

‘Bruna wants the green shirt, but | prefer the blue one.’

c. El blau ésel meucolor preferit.
Theblue is themy colourfavourite.

‘Blue is my favourite colour.

In example/(3.5a), the two headless NPs contain a determiner and a preybdgiticase headed
by de (‘of’). In example (3.5b), the headless NP contains a determiner andjaatiae. Note
that it is superficially identical to the first NP in example (3.5c), in wHitéu is arguably a
true noun. This case is quite uncontroversial, but there are casesahwaitaso clear-cut, like
the following (all adapted from CTILC):

(3.6) a. DeGaulleno podiaveurehomescomPicassam Jean-PauBartre perque eren
De Gaullenotcouldsee men like Picassmr Jean-PauBartre becausavere
comunistes
communists
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Category | #Lemmata %
Adjective or noun 5532 32%
Total adjectives 17281 100%

Table 3.2: Adjective-noun ambiguity in GLiCom’s computational dictionary.

‘De Gaulle could not stand men like Picasso or Jean-Paul Sartre babayssere
communists’

b. hauriad’essemnarelacié d'igual a igual
shouldof-be a relationshipof-equalto equal

‘It should be an equal-to-equal relationship’

C. era unentusiastauniversitari a la sevamanera
wasan enthusiastof-universityto thehis way

‘He was a university enthusiast in this way’

d. he parlatdela glesti6 ambnaturals del pais
havetalkedof the questionwith native-peoplef-the country

‘| have talked about this question with people from the country.’

e. Els cabaretgsoén]ocupats permilicians,no pas perjoves burgesos
Thecabaretgare] occupiedoy soldiers, notNEG by youngbourgeois

‘Cabarets are filled with soldiers, not with young bourgeois men.’

For instance, it is not easy to determine wheth&turalsis an adjective or a noun in example
(3.6d), or whether in (3.6e) the headaseor burgesos Carvalho and Ranchhod (2003) discuss
a very similar example in Portuguesena joven ciganaould be a young woman that is gipsy
or a gipsy woman that is young. Note that in all these cases the NPs refenank. Inflective
properties do not help in these cases, because although nouns exbibigdinder in Catalan,
for human referring nouns there are usually both feminine and masculisiene of the nouns
(e.g.,nenfor ‘boy’ and nenafor ‘girl’).

As can be seen in Tahle 3.2, 32% of adjective lemmata in GLiCom’s computatictiahdry
have an additional nominal reading. Of course, in many cases the distmati®not controver-
sial for humans (are rather of the (3/5b-3.5c) type). However, thiesepts a huge problem for
NLP purposes. The same problem arises in other Romance languagestdoce Portuguese
(Carvalho and Ranchhod, 2003). Also in Germanic languages the delimitdtibe nominal
and adjectival category causes problems in automatic and manual annotanrts (2000)
shows that nouns and adjectives are involved in 42.2% of the diffesdratereen two human
annotations of a German newspaper corpus, and the third pair with higiméstd confusion
rate is the noun-(attributive) adjective pair.

The other edge is represented by the adjective-verb distinction, fofeens that in Romance
languages share inflection with adjectives: past and present partiigle@dation from more
verbal to more adjectival constructions in which past participles takegpgiten in examples

(3.7a-3.7¢}.

1we will concentrate on past participles, rather than present particilése dormer are most productively used
as adjectives. There are 513 past participles as opposed to 14atgageiples in the adjective database used for
this PhD (see Section 2.1.2).
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(3.7) a. Algu  ha abatut el soldat
Someondasshot-downthe soldier

‘Someone has shot the soldier down’

b. El soldat ha estatabatut perl’'enemic
Thesoldierhasbeenshot-downby the-enemy

‘The soldier has been shot down by the enemy’

c. El soldat ha estatabatut
Thesoldierhasbeenshot-down

‘The soldier has been shot down’

d. Dema enterrerel soldat abatut perl’enemic.
Tomorrowbury  thesoldiershot-downby the-enemy

‘The soldier that was shot down by the enemy will be buried tomorrow’

e. Dema enterrerel soldat abatut.
Tomorrowbury  thesoldiershot-down

‘The shot-down soldier will be buried tomorrow’

Example((3.74) is a fully verbal construction. Example (3.7b) is a cleaiveas®te the agen-
tive by-phrase). Example (3.7c) could be a passive or a copular sententefEbsoldat ha
estat molt trist GltimameriThe soldier has lately been very sad’. Examples (3.7d) land (3.7¢)
represent exactly the same dichotomy in the nominal, as opposed to venalindon Cata-

lan, a past participle occuring within a noun phrase can occur with artiegbgphrase, as in

3.7d).

In many cases, a past participle used as an adjective undergoesia staéning, thus arguing
for an adjectival entry in addition to the verbal entry. In Catakbgtutalso means ‘depressed,
blue’. Therefore, sentences (3.7c) and (3.7e) are ambiguous contExt. In sentences (3/8a)
and [(3.8b), parallel to (3.7c) and (3.7ahatutis unambiguously used as an adjective.

(3.8) a. El soldat ha estatmoltabatut Ultimament
Thesoldierhasbeenvery depressethtely

‘The soldier has lately been very depressed’

b. Aquellsoldat tanabatut emva fer pena.
That soldierso depressethe PAUX-3psdo sorrow.

‘| felt pity for the very depressed soldier.

(3.9) a. #Elsoldat ha estatmoltabatut  perl’enemic
Thesoldierhasbeenvery shot-dowrby the-enemy

‘The soldier has been shot down by the enemy’

b. #El soldat ha estatabatutper la malaltiade la sevamare
Thesoldierhasbeenvery depressetly the illnessof the his mother

‘The soldier has been depressed by the illness of his mother’
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Category #Lemmata %
Adjective or verb 3934 16.7%
Total adjectives 23591 100%

Table 3.3: Adjectival and verbal participle forms in the CTILC corpus.

c. El soldat ha estatabatut a causadela malaltiadela sevamare
Thesoldierhasbeendepressetb causeof theillness of thehis mother

‘The soldier has been depressed because of the illness of his mother’

Note that in this useabatutis gradable, which it is not when acting as a true participle (3.9a).
Also, it does not admit hy-agentive phrase (3.9b), although it does admit other causal adjuncts
(3.9¢). The phenomenon of so-called ‘adjectival passives’ suah(@s7e) has been well stud-

ied in English (Bresnan, 1982; Levin and Rappaport, 1986; Bred®®%). Prefixation with

un, prenominal modification, modification wittwo or too much complementation with a di-

rect object, and heading of concessional relative phrases beginitimigoweverare behaviours

that distinguish adjectival from passive uses of the past participlediogao Bresnan (1995).

However, even with these tests, the fact remains that the semantic distincgorerasubtle,
and their syntactic distribution very similar. This characteristics makes it difficureat the
distincion with automatic means, and also causes it to be controversial fonswsaescribed
in the literature|(Marcus et al., 1993; Jurafsky and Martin, 2000; Br20B0). In fact, in the
corpora such as British National Corpus and the Penn TreeBankigped&ied tags are used
to tag participial forms so as to bypass this difficult matter.

In the GLiCom computational dictionary, an even more radical approackés tgarticiples

are uniformly tagged as verbal forms. The adjective/verb ambiguity is impliotixed at the

syntactic level, in deciding whether they act as nominal modifiers or main Merisstance.

The manual tagging of the CTILC corpus provided by the Institut d’Est@ditalans does
distinguish between adjective and participle functions.

Based on the manual tagging, the scope of this ambiguity can be determitdgl 3Tashows
that 16.7% of the adjective lemmata that occur in the CTILC are participlesahdiesconsid-
ered to be lexically ambiguous between an adjectival and verbal use.

In the research undergone here, these criteria were approximatadiseeCatCG does not dis-
tinguish between adjectival and verbal readings of participles. Parsciplkh an adjectival
syntactic function (noun modifier, predicate in a copular sentence oicptedn other con-
structions) were considered to be instances of adjectives. Particidesdp@erbal syntactic
functions were not taken into account for the experiments.

3.2 Adjectives in descriptive grammar

In this section, we follow the discussion in Picallo (2002). It is represesmtatf the kind
of treatment adjectives undergo in descriptive grammars, and facilitatdattbduction of
relevant notions for the characterisation of adjectives.

The definition of adjectives as a part of speech in Picallo (2002, p.)is42Zsed on semantic
and pragmatic properties:
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The adjective is the part of speech which is used to attribute propertiesetttian

or to classify , in different ways, concrete or abstracts objects, evariisesses,
states, or actions which nouns denote. One of the main objectives of tbéthse
adjective is to contribute to delimit the class or kind of entity that the noun des-
ignates (Kamp 1975:153). It can also contribute to distinguish a particulity en
among all the others in its same class or kifd.

She proposes a three-way classification:

e qualitative Qualificatiug
e relational e relacig

e adverbial &dverbialg

Picallo states that the classification is based both in interpretative and syfeadtices, thus
implying that the syntax-semantics interface is at play in the classification. ‘éowee rela-

tionship between semantic and syntactic characteristics remains quite implicit is¢hesion

except for some concrete properties. The relationship between symiaseanantics for ad-
jectives will be discussed in Section 3.6.1. We now turn to discussing theslpssposed by
Picallo in more detail.

3.2.1 Qualitative adjectives

Qualitative adjectives “name properties of the entities that nouns denote. awidjective,
one or more qualities of an object are expressed, which, in a particulatigitwr context, the
spealﬁr wants to distinguish among many other actual or possible possibifitezslo (2002,

1646)3

The definition of the class is again semantic (“properties of entities”) angnpaac (“the
speaker wants to distinguish”). Some of the examples she providé®aévolbenevolent’,
triangular ‘triangular’, resistentresistant, strong’blanc‘white’, agradable‘nice’.

Picallo further proposes a subclassification of qualitative adjectivespatational grounds,
based on Dixon (1982) (Picallo, 2002, 1648-1651): dimension, palysioperties, speed and
position, age, colour and shape, character, and evaluation. Agaisiates that this division
allows for a description of morphosyntactic and lexical properties. Hewshe only discusses
adjective ordering. According to her, the following groups accourttfe ordering of adjectives
in Catalan (ordering according to closeness to the head noun):

group | colour and shape adjectives (in that order)

24’ adjectiu és la part de I'oracié que s'empra per atribuir propietatsaentitat o per classificar de maneres
diverses els objectes concrets o abstractes, els esdevenimentscelsps, els estats o les accions que denoten els
noms. Un dels objectius principals de I'Gs de I'adjectiu és contribuir a delifaitelasse o el tipus d’entitat que el
nom designa (Kamp 1975:153). També pot contribuir a distingir una epététular d’entre totes les altres de la
seva mateixa classe o tipus.” My translation (GBT).

8 “Els adjectius qualificatius anomenen propietats de les entitats que denatemeslsAmb I'adjectiu s’expressa
una o diverses qualitats d’un objecte que, en un context o situacio deaesnel parlant vol distingir d’entre moltes
altres possibilitats actuals o possibles.” My translation (GBT).
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group Il polar adjectives (age, physical properties, dimension and speedaitidip)

group Il character and evaluation adjectives

She claims that the hierarchy states a neutral order which can be altetebgs not provide
any empirical evidence nor discusses the kind of mechanisms that alter Alti@ugh order

considerations will affect our classification (see Section 3.6.1.3), onlyatdss, not intra-class
ordering constraints will be taken into account.

This subclassification raises a further issue that will arise again in thesdiscil namely, cov-
erage. Dixon’s classification covers the most prototypical adjectivegsjdes not account for
the rest of the lemmata. For instance, adjectives sudsaserre(‘left’), sublim(‘sublime’),
total (‘total’) can not be placed in this classification. A richer classification isiadeas will
be argued in Section 3.4.

The main feature that characterises qualitative adjectives accordingatoR#& gradability.
However, not all qualitative adjectives are gradable (an exceptiotid’roantions istriangu-
lar). This raises the issue of whether it is a property of the class or justod #gems.

Relatedly, Picallo states that qualitative adjectives typically have antonymararatganised
around a scale between two polespotar scale. A typical polar scale is the size scale, formed
among others byetit-mitja-gran(‘small-medium-large’). Picallo mentions thelativity of

the domain to which the adjective applies: a long box is not of the same size iag stiteet.
This aspect was discussed by Kamp (1975) awtipienessf the meaning of the adjective,
who points out that not all referents can be placed in a particular positidgheoscale. Oth-
erwise, sentences such &kis man is neither tall nor shomvould be contradictory. Scalar
adjectives are typically gradablegry small/cold/sholt but again, not all scalar adjectives are
straightforwardly gradable.

Colour or shape adjectives are the most cited non-gradable scalativedjed@hese are called
complementargcales, because they do not consist of two poles, but a set of ralatadered
items. Picallo states that exemples like those in (3.10), which are abundamatamdl, are not
counterexamples, although she does not provide further arguments.

(3.10) a. La Mariaté la caramés rodonaque la Lluisa
TheMaria hasthefacemoreround thanthelLluisa

‘Maria has a rounder face than Lluisa’

b. els ous erenben blancs.
theeggswerewell white.

‘The eggs were completely white.’

Scalar properties of complementary scales are different to polar séaesypical scalar ad-
jectives, augmented degrees of a position in a scale lead to the following pasiiy hot

— burning). Because colour and shape adjectives are not ordered, it sedmstias being

graded with the degree adverbs is the quality itself (roundness in exampla(8vhiteness in
example[(3.10b), with no clear implications for the other elements in the scale. hdwtever,

that it is also possible to compare elements of the same scale, as in example (3.11)

(3.11) La Mariaté la cara més rodonagque quadrada
Mariahas thefacemoreroundthan square
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‘Maria’s face is more round than square’

Data such as examples in (3.10) and (3.11) show that colour and stjeptivad are gradable,
at least in Catalan.

The crucial question with respect to gradability and scalar organisationmibdabextent these
properties hold for the whole class of adjectives, or just for a coupteaibtypical adjectives.
The discussion about order (groups |, Il, 1ll) seems to indicate tbhagah adjectives are po-
lar, only those in group Il. As we will discuss in Section 3!5.1, most adjestigeen in the
gualitative class are just not organised according to polar or antonylatioreships.

3.2.2 Relational adjectives

Relational adjectives have been tackled in Romance descriptive gramieasiasince Bally
(1944, 8147, pp. 96-97), who called thewjectifs de relation

Picallo characterises these adjectives by means of two properties,aet&y one semantic:

e they can only act as postnominal modifiers. This property will be examineddtidh
3.3.2.1.

¢ they “do not express qualities that can be adscribed to an object in a maximatimal
degree, but express entities. In [NPs suchestructura molecularthe molecular struc-
ture’] the entity denoted by the nominal head is put in relationship with anotitdy e
denoted by the adjective” (Picallo, 2002, 1667).

The view that relational adjectives denote objects, or are quite equitaleouns, is implicit
in the termpseudoadjectivegsed by Postal (1969) to refer to this class, and has been given a
derivational syntactic analysis in Levi (1978).

As will be explained in Section 3.3.2.1, we analyse relational adjectivesragingrelation-
shipswith a kind of “shadow argument” (Pustejovsky, 1995, pp. 62-67), tmeinal embedded
in the meaning of the adjective. This view is consistent with other studies omthargics of
relational adjectives (Fradin and Kerleroux, 2002; McNally and Bql2684).

Due to this particular kind of denotation, according to Picallo, they are ramtaiple, so that
they do not admit the superlative suffssim nor degree modifiers. Also, they do not derive in
itat, a suffix expressing property, which can be affixed to some qualitatives

One of the issues about relational adjectives is their denominalness: & tiestessary and
sufficient feature? Picallo says that most relational adjectives arerdealp with exceptions,
but does not dwell further on the issue. There are denominal adjectivieh are clearly
intersective, such agergonydq'shy’; derived fromvergonya ‘shyness’). Other adjectives are
not (synchronically) denominal but truly relationddelic ‘bellic, of-war’, botanic ‘botanical,
of-plants’, etc.

“no expressen qualitats que es puguin adscriure a un objecte en gram maninim, siné que expressen
entitats. En [sintagmes nominals castructura moleculafes posa en relacié 'entitat que denota el nucli nominal
amb una altra entitat que denota I'adjectiu” My translation (GBT).
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Thus, denominalness is neither a necessary nor sufficient conditienrédational adjective.
The crucial feature for this class is of a semantic nature, namely, the objatibnship denota-
tion. The relationship between morphology and semantics will be taken upftini$8d.2. We

defer the discussion of syntactic properties concerning relationaltagigto Section 3.6.1.

A final note about the semantics of relational adjectives: It has oftem heted that relational
adjectives can perform an argumental function, as in example (3.12&h s semantically
guite equivalent to “the Pope visits”. In other cases, such as (3.12beldtionship cannot be
considered to be argumental.

(3.12) a. la visitapapal
thevisit Papal

‘the Papal visit’

b. el cotxepapal
thecar Papal

‘the Papal car’

Picallo (see also Bosque and Picallo (1996)) treats this functional dyolydataerms ofclasses
of relational adjectives: thematic adjectives act as arguments (examp2ea))3.dlassificatory
establish other kinds of relationships (example (3.12b). However, abdwsshown in the
examples in (3.12), some (if not all) relational adjectives can perform footttions, and the
kind of relationship established depends on the head noun, not on tlot\adje

3.2.3 Adverbial adjectives

The third class, adverbial adjectives, is very shortly discussed, #ddknowledged that they
are an “heterogeneous group of adjectives” (Picallo, 2002, fBﬂ!B)ey are negatively defined,
by neither expressing properties nor denoting entities. The only poshiaecteristic is that
most of the adjectives in this class can enter an adverb deriving preidessnent

Picallo discusses three subclasses:

Modal: They express notions related to modality. These are casepdisible'possible’,
necessarinecessary’ presumptealleged’. It is however problematic tharesumptds
included in this group, as it does not relate to modality, but to speaker attfed&gection
3.3.2.2). Modal adjectives modify propositions or events, rather thawiéhdils.

Aspectual: They modify temporal semantic featuress freqlents atacs romans a les tribus
germaniquesthe frequent Roman attacks to the Germanic tribas’visitant assidua
frequent visitor’. These adjectives modify events (Larson (1998);3ection 3.3.2.1).

Circumstancial: “modifiers of the nominal entity which indicate, be it the situation of its
referent (in the space or time), be it the manner in which an object is peccer pre-
sented” (p. 1683) For instanceuna ullada rapida al manuscrita quick look at the
manuscript’ I'avis previ‘the previous warning’la propera cantonadéahe next corner’
(Picallo, 2002, ex. 101, p. 1683).

S“grup heterogeni d’adjectius” My translation (GBT).
S“modificadors de I'entitat nominal que indiquen, bé la situacié del sareaf (en I'espai o en el temps), bé la
manera en que es percep 0 es presenta un objecte” My translation.(GBT)
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Adjectives in this class have the property that their arguments are notypicta, individual-
denoting arguments. Most of them typically modify propositions or eventiitegy nouns, or
have to do with indexical properties of the utterances (time, space).

3.2.4 Summary

The discussion of descriptive grammar has served to introduce relewaoépts regarding
adjective classification. The morphology-semantics and syntax-semamgidades, implicitly

used at several points in the discussion, are central to the work peddegre. Denotational
aspects (what kinds of meanings do adjectives have?) are also a cemitarn. Some of
the distinctions will also be adopted, namely, the distinction between qualitativeetional

adjectives. Adverbial adjectives will not be separately considengdyii be lumped together
with qualitative adjectives, on the basis that they too denote attributes (etlesyifare not

properties of individual, but of events or propositions) and that theitagyic behaviour is
similar to qualitative adjectives (see Section 3.6.1).

3.3 Adjectives in formal semantics

3.3.1 Lexical semantics within formal semantics

Formal semantics as stemming from the Fregean philosophical tradition hesnt@ted on
structural aspects of language meaning (such as logical connectsies, teodality, polarity, or,
above all, quantification), and has consciously neglected most of lexicargics| Because
since Frege (1892) the main emphasis is placed on truth conditions, and thanisecs for
determining a truth value for a proposition expressed in a sentence froamtggpompositional
semantics), “only issues that lend themselves to truth-conditional treatmeeatided to the
inventory of formal semantic tasks” (Nirenburg and Raskin, 2004, 4).10

Frege distinguished between two aspects of measi@gsdSinn) anddenotationBedeutuny

A famous example is the distinction betweabie morning staandthe evening starBoth refer
to the same celestial body (the planet Venus), but it can be that a pestdmtws thatenus
is the morning stadoes not know tha¥enus is the evening stavioreover, there is more to the
meaning oimorning starthan the fact that it refers talénote¥the planet Venus. ltis its sense.

Richard Montague turned the philosophical work on the semantics of h#nguages into
a methodology for doing research in linguistics (his works are gatheredama@son (1974)).
This methodology is called model-theoretic semantics, because it is basefinimgde model
of the world and explicitly listing all the objects and relations holding among objedtsat

model.

The meaning of words is extensionally defined: the denotation of a partiaular, for instance,

is the set of objects to which it can truthfully be applied. For instance, thetdion ofball

is the set of objects in the model that are balls. The denotation of a particutaitive verb

is the set ofpairs of objects to which it can be applied. For instance, if John loves Mary and
Mary loves Bill, the corresponding model specifies as denotation for tidaeesthe pairs of
individuals{<john, mary>, <mary, bill>}. If the set of pairs in the denotation of, e.bgetrays

is the same as the set of pairs in the denotatidowes there is no way to distinguish, within a

"For a review of the treatment of lexical semantics in philosophical sensast¢ Marconi (1997, ch. 1).
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particular model, the meaning of these two verbs.

From this very architecture it follows that formal semantics accounts footdéons or exten-
sions, not forsensesn Fregean terms. Moreover, senses are not even in its researchmprog
“One of the radical aspects in Montague’s work was the relegation of ofiéestical semantics
to a separate empirical domain” Partee (1996, p. 34).

One kind of device that was introduced to deal with this problem within philoisapseman-
tics, and later imported into linguistic semantics, is the meaning postulate. A measiupp®
stipulates a relation between lexical items, or more precisely, between th@atiens of the
lexical items. For example, “all individuals that belong to the denotatidmasheloralso be-
long to the denotation ainmarried meh

Meaning postulates cover the inferential aspect of meaning: assuming toaplete set of
meaning postulates can be defined, we would be able to derive the validitier#rines such
as that in example (3.13).

(3.13) a. These are cows

b. = These are animals

The main problem with meaning postulates, as Marconi (1997, p. 19) puthifitisa meaning-

less (that is, uninterpreted) linguistic symbol cannot be made meaninghdibg connected,
in any way whatsoever, to more uninterpreted symbols. If you don’t kibimese, a Chinese
definition for a Chinese word will not make you understand the word.” Nioé¢ meaning

postulates are relationships between predicates of a language, nothetvneepts.

Marconi also remarks that, from a cognitive point of view, it can be edgtnat we “know

something about words such as ‘book’, ‘table’, and ‘on’ that is ngtwaed by the meaning
postulates for these words . .. What we know is, very briefly, how tdyaguzh words in the real
world.” Inferential knowledge, although a part of lexical semanticsptsatl there is to lexical

semantics. In addition, it is not clear that meaning postulates are the besb watablish or

represent inferential properties of words: we will see an alternati@eation 3.4.

Formal semantics is generally not adequate to treat many aspects of lexiaattics. In this
framework, the meaning of words is typically an a@)m-low does this general inadequacy
reflect in the case of adjectives? This is the topic of the next Section.

3.3.2 Adjective classes from entailment patterns

Partee (1996, p. 34) precisely explains the treatment of adjectives“agamnple of the kind
of lexical semantics” that is done in formal semantics.

The parameter that has been universally used in formal semantics sintagde (1974) to
classify adjectives is thegntailment pattern. Montague himself claimed (based, according
to him, on work by Kamp and Parsons unpublished at the @ir’(’rejt “The denotation of an

8 A joke that runs in formal semantic circles The meaning of life is life primdor in the formal semantics
notation, meanings of words are represented by the word followed byna gymbol:life’ represents the meaning
of life.

9The relevant pieces of research were later published as Kamp (48@%arsons (1970).
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adjective phrase is always a function from properties to propertiesh{&dyue, 1974, p. 2]@
| shall refer to this definition aBenotation 1

To account for the semantics of nominal modification, he definemtkesection functionn
(3.14):

(3.14) [Function] H such that for some property P, H(Q) is, for eveopprty Q, the property
possessed by a given individual with respect to a given possible Wenhdl only if the
individual possesses both P and Q with respect to that possible world.

This function achieves a result analogous to simple property intersecti@m gproperty such
asred, and another property suchlaall, the application of the intersection function will result
in a predicate applicable to entities having the propextiand the propertpall.

Why does he posit an intersectibmctioninstead of using simple property intersection? One
of the main reasons is that there are adjectives which do not behavedik&lontague first
cites adjectives such &g, which are clearly not intersective in the sense that a big flea is not
necessarily a big entity (while a red flea is certainly a red entity). To acdoutitese cases,
Montague proposes a weaker versiorDahotation 1, namelyDenotation 2 “the denotation

of an adjective is a function that always assigns to a property one ofdm(splerties@

But again, there are some adjectives which do not adjust even to thistmassumptiontalse

friend, reputed millionnaire ostensible allypossible presidentlleged intruder(Montague’s
examples, p. 211). The solution Montague finds more suited to his purisaseesort to the
general intersection function presented|in (3.14), together with some nyepostulates for
adjectives. In the following, A stands for an adjective and N for a nddiontague, 1974, p.
212).

(3.15) every ANisaN
(3.16) an AN is a N such thatthat N is A
(3.17) every N such that that N is Ais a AN

The core distinctions that Montague made have been used throughsegjsebt research on
adjectives in formal semantics. This work has focused on the two firttilptess, establishing
a classification as foIIO\/\E

Intersective or absolute or restrictive adjectives: Those likered or married, that can be de-
scribed in terms of intersection and adjust to the three postulates: a reddmtiéshing
that is a ball and is red.

10A property is the denotation of a unary predicate. A noun sudhlae denotes a property, and a noun with a
maodifier, as in “big table”, also denotes a property. This is why the intdosefunction takes as input a property
and outputs a property.

Note to that respect that a big flea is a flea.

12Note that Montague did not name the classes. | will use the first term ébratass; see Hamann (1991) for an
overview of the treatment of adjective semantics in formal semanticameaplanation of the other terms.
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Subsective or relative adjectives:Those likebig, that do not adjust to postulate (3.16). As
mentioned above, a big flea is not something that is big. Hoewver, a big fldkess ao
that postulate (3.15) is m@t.

Intensional or nonpredicative adjectives: Those likealleged that do not adjust to any of the
three postulates, so that their denotation is a quite unconstrained propertyptrty
function. An alleged intruder is not necessarily an intruder (postulat&)j3.dand it is
even almost ungrammatical to say something #deat intruder is allegedpostulate
((3.16)). In fact, a striking property of intensional adjectives is thag ttennot be used
as predicates (hence the tenonpredicativg¢ in many languages, including English and
Catalan.

The rest of the Section is devoted to discussing some problems with this chatesific

3.3.2.1 Intersective vs. subsective adjectives

The distinction between intersective and subsective adjectives is véipuliifo make and to
use for classificatory purposes. In fact, Lahav (1989) argueshbeg are no truly intersective
adjectives because “their semantic contribution to the meaning of the wholddh thiey are
embedded varies non-systematically across linguistic contexts” (Lah2®, 281). 14 The
variation in meaning, according to Lahav, depends on the head nounhceaiext.

For instance, he argues, the truth conditionsXas redare different depending on whether X
is a bird or a table (in the first, but not in the second case, it has to be itahatliour), an
apple or a watermelon (an apple has to be red outside, a watermelon indidelseaor a car
(a red house only needs the outer walls to be red, but a car needs thlesutace, including
doors and roof). Following this line of reasoning, not only the parts tteate or the origin of
the colour, but also the shade is different depending on the head ased:face does not have
the same colour as a red car.

According to Lahav (1989, 266), thus, “the applicability conditions of djective are a patch-
work of merely related, and not uniform, conditions”. These conditiopedd fundamentally
on the head noun, similarly to size subsective adjectives.

Difficulties in determining applicability conditions grow if the head noun doesdesiote a
tangible entity. Take for instance adjectafeatut which in one of its senses can be translated as
“depressed”. It can be argued thet professor abatuta depressed teacher” is both a professor
and depressed, so that it seems that the adjective is intersective. éfpthewnouns that appear
with ‘abatut’ in the CTILC corpus are mostly abstract nouaispectq‘aspect’),estil (‘style’),
anim (‘mood’), actitud (‘attitude’), cor (‘heart’). It really is difficult to decide whether an
aspecte abatut anaspectesuch that thimspectds abatut that is, whether the adjective meets
meaning postulat@l@?

The treatment of adjective semantics in terms of entailment patterns is problentatt inis
not clear how to use postulates (3.16) and (3.17) as a criterium for atasisifi, and more so
if we consider abstract head nouns. In addition, it is not clear, froemaastic point of view,

13size adjectives were given an intersective analysis in Kamp (197%Beetion 3.3.2.1.

This characteristic is also termegincategorematicitysee Picallo (2002, fn. 18, p. 1653).

5The difficulty was attested in a real classification experiment with humaregjdge first Gold Standard exper-
iment reported in Section 4.1 below.
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that it is possible to draw the line between intersective and subsectivdiegged\ote to this
respect that intersective and subsective adjectives are groupdeom the class of qualitative
adjectives in the semantic classifications established in descriptive grameatin(B8.2.1).

Entailment patterns are also problematic in another respect: they leaventedewasantic dif-
ferences among adjectives uncovered. As Louise McNally (p.c.) putubsectivity comes
in many flavours”, and the source of the subsective behaviour ispedsy different for the
different flavours. Kamp (1975) initiated a line of research aimed attgsimg as intersective
apparently subsective adjectives. He analysed scalar adjectiveashig. In his accountbig
is intersective but bears a context-dependent index determining thesdaridomparison that
is being used in each occurence. This analysis corresponds to the inthitanbig flea is big
for a flea that is, in relation to the standard size of fleas.

At least two further kinds of apparently subsective adjectives haea becently given an
intersective analysis. The first kind of adjective can be terevht-modifyingand it has
been independently modelled as intersective in two theoretical framewtwksal seman-
tics (Larson, 1998) and Generative Lexicon (Pustejovsky, 199%5iliBo, 1999). Both anal-
yses have many points in common, mostly the fact that they “broaden” the llskinature
of the noun to explain the subsective behaviour of these adjectivepldiexhe analysis in
Larson (1998) and then comment on Bouillon (1999).

Larson (1998) discusses the two readings of a sentence like (3.18).
(3.18) Olga is a beautiful dancer

In one (intersective) reading, Olga is both beautiful and a dancer. elrotier (subsective)
reading, Olga is a dancer, but what is beautiful is the way she dandepgndently of whether
Olga is beautiful or not.

Intuitively, the ambiguity involves more whaeautifulis modifying (the individual Olga or
her dancing) than the lexical semantics of the adjective. That is, it inveheesemantics of
the noun, rather than that of the adjective. To account for this intuitiorsdreargues that the
noundancerhas an event argument corresponding to the event of dancing, in adidittbe
individual argument for the person to which it is applied. An adjectivehsaagbeautifulcan
modify either of the arguments, giving rise to the ambiguity in example (3.18rB8al{3.19)
reproduces schema (13) in Larson (1998), which sketches the tWsasaf the sentencé®

(3.19) a. Qe[dancing(e,olga) ...beautiful(olga,C)] (“Olga is beautiful”)
b. Qe[dancing(e,olga) ...beautiful(e,C)] (“Dancing is beautiful”)
This analysis explains the intersective properties of the adjective whileataiime time ex-

plaining its subsective behaviour in terms of entailment patterns.

Bouillon (1999) discusses a similar casgeux maire(‘old mayor’), that has two interpreta-
tions: one in which the individual described amire ‘mayor’ is aged, and another one in
which the mayor job is “of long standing”, that is, the individual, though restassarily old,

18Q is a quantifier that binde. C is the reference class to determine whether Olga is beautiful or not. The
analysis becomes more concrete in the paper, but the schéma inigstifjciently illustrative for the purposes of
the present discussion.
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has been mayor for a long time. The analysis that Bouillon proposes is similgiriinta the
Larsonian analysis, in that she posits several arguments for thermaivm Of interest here are
the individual argument and an event argument for the process afiteadity. When combin-
ing it with adjectivevieux which selects for those two kinds of argum@lthe adjective can
modify either of the arguments, yielding the two interpretations. Bouillon’s aisafyoes one
step further than Larson’s, in positing event arguments for a nmaire (‘mayor’), which is
not directly event-denoting.

The second kind of apparently subsective adjectives that have bexmap intersective anal-
ysis are relational adjectives (McNally and Boleda, 2004). Their maipegoties have been
reviewed in Section 3.2.2. They have not received much attention in foemelrgtics or gener-
ative linguistics (though see Levi (1978), Bosque and Picallo (1996 Faadin and Kerleroux
(2002)) From the point of view of formal semantics, they can be treatsdlasective because
of their entailment patterns, as depicted in example (3.20) (McNally and B2664, ex. 1,
p. 179).

(3.20) a. El Marti és arquitecte tecnic.
‘Marti is a technical architect’

b. | El Marti és arquitecte.
C. [~ #EIl Marti és técnic.

(3.20a) entails that Marti is an architect (meaning postulate (3.15)) bihatoie is technical
(meaning postulate (3.16)); indeecnic sounds rather anomalous when appliedMarti.
Técnicis not a prototypical intersective adjective.

McNally and Boleda (2004) suggest for relational adjectives an aisaieng the lines of Lar-
son’s analysis for event-modifying adjectives. Under their analysiatioaal adjectives are
properties okinds not of individuals |18 They posit an implicit kind argument for all common
nouns, so that “objects realize the kinds of things that nouns desciaN4lly and Boleda
(2004, p. 188)). Relational adjectives modify the kind argument, not tfieidual argument,
which accounts for the entailment patterns shown in (3.20).

In fact, Bouillon proposes that it selects for a singktted typeargument, a complex type composed of an
individual and an event. Dotted types are one of the technical devicedid in the Generative Lexicon frame-
work (Pustejovsky, 1995). They account for the fact that somelsvdenote two different kinds of entities “at the
same time”: a book is something that is both a physical entity and a pieceoafiafion. The two kinds of entities
interact, as irEve believes the bo¢Bouillon, 1999, ex. (9a), p. 152), in which what Eve believes is thermédion
contained in a physical object.

8Kinds “are modeled as special types of individuals” (Krifka et al., 1995,68). Some NPs can be said to
provide a ‘teference to a kind-a genus— as exemplified in [3.21]. The underlined noun phrases (N[3.21] do
not denote or designate some particular potato or group of potatoeattoert the kind PotatdSplanum tuberosum
itself. [An NP of this type] does not refer to an “ordinary” individual @bject, but instead refers to a kind.”
(Krifka et al., 1995, p. 2; examples in (3.21) reproduce their exasip (1))

(3.21) a. The potatwas first cultivated in South America.
b. Potatoesvere introduced into Ireland by the mid of the 17th century.
c. The Irish economy became dependent upon the potato

See Carlson (1977) and Krifka et al. (1995) for further informatiboua kinds.

1%The intuition is present in Bosque and Picallo (1996) [and Picallo (2002)inEtance, (Picallo, 2002, 1667)
asserts that relational adjectives “usually refer to generic objects veiieceto which the reference of the nominal
head is delimited” (“Solen fer referéncia a objectes genérics respisctpials es delimita la referencia del nom
que és el nucli del sintagma.” My translation (GBT).). However, neitterk develops this intuition into a specific
semantic analysis.
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This analysis also accounts for a number of properties of relationaltagigcThe most promi-
nent one is the fact that they can appear in predicative positions uaderestricted circum-
stances, namely, when the subject refers to a kind rather than an iradividate that while
(3.20¢) is anomalous, (3.22) is perfectly natural.

(3.22) La tuberculosi pot ser pulmonar.
‘Tuberculosis can be pulmonary’

In (3.22), La tuberculosidoes not denote an entity, but a kind, gndmonarrestricts its de-
notation to one of its subkinds. McNally and Boleda’s analysis thus capheeadassificatory
flavour of relational adjectives, noted by many researchers: if treepraperties of kinds, their
main function will be to establish subkinds, that is, to further classify entitiesv the analysis
technically works is not relevant here (see McNally and Boleda (2004))

Event-modifying and relational adjectives show that a semantics for adjs&olely based on
inferential patterns obscures crucial differences in the types oéstibisy found in adjectives
of natural languages. To account for these differences, a rithetigring of the semantics of
the nouns is needed. Also, compositional devices that allow differens kihdomposition of

the meaning of the adjective and its (hominal or other) argument have tosblwped.

The discussion of adjectiveed shows that, even for prototypical intersective adjectives, the
postulates do not strictly hold. Although some intersective adjectives arpesttharred (e.g.,
‘solter’ bachelo), what we learn is that the line between subsective and intersectiveiagi§ec
is very difficult to draw, if at all possible. Meaning postulates 3.15 and 8dk6not easily
be used as criteria for classification. A further argument for blurringdtstinction is that no
syntactic class properties distinguish subsective from intersectivetimdgcdNone of parame-
ters discussed in Section 3.6.1 yield consistent differences betweeratiezsand subsective
adjectives. If neither entailment patterns nor syntactic behaviour poeideliable means to
distinguish between subsective and intersective adjectives, the distihetsaim be abandoned
for the present purposes. The two kinds of adjectives will be colldgtiederred to as inter-
sective or qualitative.

3.3.2.2 Intensional adjectives

The same examples for intensional adjectives are given over and gaer. former andal-
leged(as in most textbooks on formal semantics, such as Dowty et al. |(1984pjn_61996),
Heim and Kratzer (1998), Chierchia and McConnell Ginet (2000))ntdgue further mentions
false reputed ostensibleandpossible It is indeed a short list compared to the 17,281 adjective
lemmata in GLIiCom’s computational dictionary.

From a truth-conditional point of view, adjectives sucHaser or allegedare indeed remark-
able, and their behaviour should be analysed and explained. Howesrdicism can be made,
from both a theoretical and a practical point of view, of the fact that thie semantic division
within the adjective category separates (and thus characterises) sivalypercentage of the
category from the rest. This is so because the vast majority of adjectwebat adjectives are
supposed to do: specify a property of its argument. It may be a very typigperty, such as
red or large, or a not so typical property, such astonom'autonomous’ orsubaltern‘minor,
auxiliary’ (for personnel); but it is a property, and thus most adjestadjust at least to the
inferential behaviour encoded in meaning postulate|3.15.
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In addition, intensionality, like subsectivity, comes in many flavoukstmer has to do with
contrasting times of utterance and referenftiéeged reputedandostensibleappeal to the atti-
tude of the speakePossibleraises issues of modalitifalseis a so-called “privative” adjective
(Partee, 2001), that is, it belongs to the reduced subset of nongtigdiwhich entail the nega-
tion of the nominal property. The reasons for each of these kinds aftadje not adjusting to
any of the meaning postulates presumably have to be traced back to difeteces.

In fact, we find in the literature proposals to reanalyse some intensionaitigdfeas inter-
sective or subsective. Partee (2001) analyses privative adgstiah agake counterfeit or
fictious Recall from Section 3.3.1 that intensional adjectives can not be ussghtstic pred-
icates. Privative adjectives have the remarkable property that, althbagtare arguably non-
predicative in meaning (a fake gun is not a gun), they can be useddisaies, as in example
(3.23) (Partee, 2001, ex. (10a)).

(3.23) Is that gun real or fake?

Partee also argues that the very interpretability of example (3.23) is a ghatleemains un-
explained with an intensional analysisfake She further uses data from NP-split in Polnish

to argue that syntactically, privative adjectives are grouped with stibs@djectives, not with
intensional adjectives. To explain these pieces of data, she propaskkdexpands¢oerce$

the denotation ofjunto include both fake and real guns. Once the coercion has taken place,
nothing prevents the adjective from modifying the noun in an intersectiye wa

Partee claims that the default denotatiorgah only includes real guns, “as is evident when
one asks how many guns the law permits each person to own, for instamc®). (However,
the default denotation is highly context-dependent: in a toys store, preésutha manager
would ask “how many guns are there left?”, not “how many fake gunsheme left?”. Thus,
the coercion can be triggered by other, contextual factors, apant [frguistic cues. Partee
acknowledges that “the extension of nouns is quite ‘adjustable’ ”; thettog $s presumably
one of the cases where the extension is adjusted.

Modal adjectives such gmssiblebear some resemblance to privative adjectives. They have an
intensional meaning: a possible president is not necessarily a pre@dsttlate (3.15)). They
have the characteristic that explicitly introduce possible worlds. Howtwey,can be used as
predicates. The examples that follow are attested in the CTILC corpus.

(3.24) a. Noéspossiblefer uncasamenliaic?
Notis possibledo a marriagelay?

‘Isn’t it possible to have a lay marriage?’

b. Espossiblequenecessiti®l cotxe
Is possiblethatyou-needthecar

‘You may need the car’

c. Lapau no éspossible
thepeacenotis possible

‘Peace is not possible’
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d. Quants? Lavaluaci6 del nombresifos possiblegueno hoés,ens
How-many?The-evaluatiorof-the number,if werepossiblethatnotit is, us
ajudaria a fixarelstermesdel procés
would-helpto fix theterms of-theprocess

‘How many? The evaluation of its number, if it were possible, which it is notjldio
help us fix the terms of the process’

e. ...serveixersimés no, pera mostrarquins mitjansdiversificatsdetransicié
...serve, if morenot,for to show whichmeans diversified of transition
resultenpossibles
result possible

... [they] serve, at least, to show which diversified transition meansdut to be
possible’

Becauseossiblemainly modifies proposition-denoting constituents, the most typical environ-
ment for predicativpossiblds the case where the subject is a clause, either an infinitival clause
(example/(3.24a)) orthat-clause (example (3.24b)). However, cases with noun phrase subjects
are also possible, as in examples (3/24c) and (3.24d). Predicativenusiber environments
than the copular sentence are also attested (example|(3.24¢e)). The sdieetapther modal
adjectives, such as necessarnecessar{‘necessary’) ocontingent(‘contingent’). | will not
pursue an intersective analysis of modal adjectives. | just want to ketinair their syntactic
behaviour remains unexplained if we assign them to the intensional claiss|yponpredica-

tive. Further syntactic arguments regarding semantic classification aigiGection 3.6/1.

3.3.3 Summary

In this Section, we have argued that the treatment of adjective meaningnalfeemantics is
not adequate for our purposes. Entailment patterns raise interestiagogsefrom a logical

point of view, and uncover behaviours (such as those of intensidijedtaves) that have to be
analysed and explained. However, if used on their own, entailment pakttaevesthree main
problems.

On the one hand, they generate a distinction that is very difficult to make aif possible:

intersective vs. subsective adjectives. Clear intuitions can only be elt&m very specific
adjectives that modify concrete objects or humans. Even in these caseagéning of an
adjective changes depending on the noun it modifies and, more genemdjgnte@. Thus,

if taken literally, meaning postulate (3.16) does not apply to any adjective.

Lahav (1989) pushes the argument as far as to deny the possibility obs@impal semantics,
that is, of establishing the meaning of a larger utterance from the meaningpafrits If the
denotation ofred varies in an unpredictable fashion depending on what it modifies, then the
task of compositional semantics indeed faces a dead end. Howeverjftedrsimeaning do

not seem to be truly unpredictable, so that the position can be weakenadrdltat there are

no truly intersective adjectives.

The second problem about using entailment patterns as classification dsitiwadh they leave
major kinds of semantic differences uncovered. As we have seen in thesslign of event-

2This characteristic has been widely acknowledged and referredpiasticity, flexibility, vaguenesssyncate-
gorematiciy etc.
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modifying and relational adjectives, as well as the discussion of interisimpectives, the
reasons for each (type of) adjective not meeting the postulates anefffe each case. If the
members within each class differ both semantically and syntactically in relesspeats, the
classification loses predictive and explicative power.

The third problem is that one of the classes, intensional adjectives,yissuwall. This is a
concern particularly for practical NLP purposes, such as develaplagge-scale lexicon, be-
cause a distinction that only affects a very small number of lexemes will neeheuseful
unless these items are extremely frequent (as is the case with closedatassspeeches, for
instance). In Machine Learning terms, a class that is very small will be diffrgult to suc-
cessfully identify. From a theoretical point of view, however, a verylsadjective semantic
class again raises concerns of predictability and explicability. The inteaisitass was part of
the classification in early stages of the research presented here. literagbandoned for the
reasons explained here and for consistency reasons (the paramaéigashused for the clas-
sification was the ontological type of the denotation, which does not coimgitieentailment
patterns). This process will be explained in Chapter 5.

3.4 Adjectives in ontological semantics

3.4.1 General framework

One of the alternatives for meaning postulates to account for lexical siesyaas Katz's de-
compositional semantics (Katz and Fodor, 1963; Katz, 19@).Katz represents senses of
words as structured entities callsemantic markersThey are trees with labeled nodes, whose
structure mirrors the structure of the sense. The labels identify the seaseeptual com-
ponents For instance, for the verb ‘chase’, some of the labelsarelviTy, PHYSICAL,
MOVEMENT, PURPOSE CATCHING, and the tree structures them so that, @/@yEMENT is a
daughter oPHYSICAL, which is a daughter oACTIVITY (see Marconi (1997, p. 21)).

The idea in decompositional semantics is to describe the internal structusécal lmeanings
with a number as small as possible of semantic markers and their relationshittst sn
constructing more complex meanings the possible inferences are explicittsesped. The
inference “Paul moved” from “Paul chased Bill” is explicitly represenitedtating that the
ACTIVITY denoted by ‘chase’ is of aHYSICAL MOVEMENT type.

According to Nirenburg and Raskin (2004, p. 99), Katz and Fodd#3L%$howed that “the
general lexicon could be represented using a limited number of semanticeteanly if one
agreed to an incomplete analysis of word meaning.” There is always afpthg meaning of
the word, asemantic distinguisheén Katz and Fodor’s terms, left undescribed after a compo-
nential analysis. In fact, Nirenburg and Raskin argue, “if the numbpriofitives is kept small,
descriptions tend to become complex combinations of the primitives that arechiaterpret
and use.” This argument leads Nirenburg and Raskin to defend a stdnsyf semantic prim-
itives with complex interrelations, namely, an ontology. The definition and rotetwlogies
have been analysed for a long time within Philosophy, and further dewklojlin artificial
intelligence (Gruber, 1993).

The integration of an ontology within an articulated theory of lexical and camtipoal seman-

Zlwhether [Katz’s theory is] equivalent to meaning-postulate theory isignof controversy” (Marconi, 1997,
p. 20).
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tics lead to Ontological Semantics, a theoretical framework developed bgi$érenburg and
Viktor Raskin (Nirenburg and Raskin, 2004). One of its main premises iStdxtmeaning in-
volves both linguistic and world knowledge; is necessary for advanm@gatational-linguistic
applications; is extractable and formally representable.” (Raskin andliiNirg, 1998, 136).

One of the main motivations for the theory is precisely the machine tractability oktire-
sentations, so that meanings can be modeled through the computer. In s, thhe agent
of the analysis (the computer) has no access to the world, it becomeslesesr ¢that world
knowledge has to be encoded to provide the framework for inferencatgsthecessay in many
languages understanding tasks.

In Ontological Semantics, there are three so-called static knowledgessotine ontology, the
fact repository and the lexicon (Nirenburg and Raskin, 2004, Chapte®nly the lexicon is
language-dependent.

The ontology “contains the definitions of concepts that are understoedrassponding to
classes of things and events in the world” (Nirenburg and Raskin, 200891). %2 The fact
repository contains entries for instances of these concepts (e.g.\89tinwics for the concept
SPORTSEVENT, or Barcelona for the conceptTy). The lexicon contains the linguistic infor-
mation (not only semantic, but also morphological and syntactic) concemiugl items. The
semantic information in the lexicon specifies the concepts, properties,merties of concepts
included in the Ontology that account for the meaning of a wétd.

Most semantic theories presuppose a tight relationship between syntaemagtics, so that
the output of the syntactic component serves as the input for the semampiorent (Thoma-
son (1974), Katz and Fodor (1963)). Ontological semantics doesaminé to this view;
instead, it claims a high independence between these levels. This aspecinsaocordance
with the work presented here, which heavily draws on the syntax-semanrttickace, as will
be explained in Section 3.6.

Lewis (1972) criticises Katz’'s decompositional semantics. He points ouathed of its rep-

resentational system, which he called “Markerese”, to relate language texthalinguistic

reality. We end up with the same problem that meaning postulates had, namietigftheng a

language in terms of another language only moves the semantic burden &dinsthanguage
to the second one. Remember the learning-Chinese-with-a-Chinese-aligtpmradox stated
in Marconi (1997, p. 19) and cited in Section 3.3.1.

The same criticism can be made of any representation of meaning, hovatvand complex,
and it has been repeatedly noted. Because we do not know how the mpiederts meanings,

22There has been and continues to be much debate in philosophy as toimthaf keality ontologies encode
(e.g., whether properties “exist” independently of individuals, as inréiadist/naturalist debate). To this respect,
Nirenburg and Raskin (2004, p. 135) state:

What ontological semantics aims to reflect is the use of concepts by Isumsathey see them, in-
trospectively and speculatively; and people do talk about propertatimnl entities (unicorns or

Sherlock Holmes), and abstract entities as existing. For us, howeeedettision to include the

abstract and fictional entities in the ontology is not motivated by the factitbaé entities can be re-
ferred to in a natural language. Rather, we believe that languagesfeatorthem precisely because
people have these concepts in their universe.

ZThe lexicon includes an onomasticon, or lexicon of names, that is direckgdimith elements of the fact
repository, rather than the ontology. It corresponds to the view thaepmames denote particular individuals, that
are not placed in the ontology.
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and meanings cannot be directly manipulated, any representation of d ragigaing is just a
translation into another language. The criticism applies, therefore, to gitalsemantics.

However, even if an ontology is uninterpreted, it is a model of the world.adleere here to
the view in Nirenburg and Raskin (2004) that it is necessary from aetieal and practical
point of view to distinguish between extra-linguistic and linguistic conceptsdoiat for the
semantics of words, and to encode the extra-linguistic knowledge in aniefaaition. In fact,
most (if not all) semantic theories dealing with lexical semantics use primitives éxgalicit
or implicit way (as in the Lexical Conceptual Paradigm by JackendoB@)18r the Generative
Lexicon by Pustejovsky (1995)).

Even in formal semantics, the famous prime notation (see footnote 8, pageu8@e viewed
as a way to mark as a primitive every lexical item present in a particular moddéhimean
ontology allows for an explicit definition and characterisation of the semaritiatives used,
and a clear delimitation of world knowledge and linguistic knowledge.

3.4.2 Adjective classes

In Ontological Semantics, “the most crucial taxonomic distinction within the lexii@gory of
adjectives”, as Raskin and Nirenburg (1998, p. 167) put it, “is thelogyebased distinctions
among

e scalar adjectives, whose meanings are based on property ontolamicalpts;
e denominal adjectives, whose meanings are based on object ontolamicajds; and

e deverbal adjectives, whose meanings are based on process oraa:btl:tmggiceptsﬁ4

These distinctions affect the components and structure of their lexica®imraddition to
the ontological type of their denotations. For scalar adjectives, it is sageto identify the
scale affected (for instanceGE for adjectiveold). If the scalar is gradable, a numerical value
for the scale will be coded. If it is not gradable, a literal value corredpg to the relevant
ontological property will be specified (for instanc@AaGENTA for the COLOR attribute of the
adjectivemagenta.

For object- or process-based adjectives, their semantics contains atikrelevant ontolog-
ical entity, together with additional semantic information (for deverbal adjestifor instance,
the semantic role of the nominal argument is encoded). The details of thegintdlgemantic
representation as instantiated in an NLP resource are provided in Se&idn 3

The classification | propose (Section 3/6.3) is very similar to this taxonomy, woitie caveats
that will arise in subsequent discussion.

Raskin and Nirenburg, p. 177 distinguish further subclasses withinrsagjlectives, namely,
numerical scale (of theizetype), literal scale (of theoLOURtype), attitude-based (adjectives
such agyood, superb, importahtand member adjectives (including privative adjectives such
asfake but also other adjectives such asthentic, similar, nominal The entries of the two

Z4plthough the authors refer to the object- and process-based classessrofieheir typical morphological type
(denominal or deverbal), the definition is semantic, as they allow naredkadjectives to be represented the same
way (e.g..eagerrelated towvany).
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last subclasses, although of a scalar type, are more complex, includiexgfmple intersection
of properties for member adjectives. The details are not relevant farédsent purposes.

3.4.3 Summary

The kinds of problems that motivated the Ontological Semantics framewogkrhany points
in common with those that motivate the research presented here. It is posswy that it turns
out to be the most fruitful theoretical proposal for the purposes of thix P

The main points in common are the following. The classification | aim at shouler @large
portion of the lexicon (coverage is an issue), and should accountdan#daning of ordinary
adjectives, defined as all adjectives that occur with a some pre-deterifnevgiency. This
represents “a shift from the usual focus of theoretical linguistics eemional and borderline
phenomena ...to a description of ordinary cases” (Raskin and Nirgnb208, 136). Relat-
edly, the lexical items to be analysed are obtained from corpora, notiioretically biased
selection. Both research in ontological semantics and the resarchtegtbere aim at machine
tractability of representation, so that generalisation is driven by machicelility. Finally,
in both cases the goal is to automate acquisition of semantic information to thet lextgrs
possible.

There are, of course, many differences between the goals and metiieddialowed in this
thesis and in the ontological semantics framev@rkNirenburg and Raskin do not believe
that the syntax-semantics interface can be meaningfully exploited for meanmgsition
and characterisation. This is the most important difference with the réspegsented here,
which heavily relies on the morphology-semantics and syntax-semanticsaggerfowever,
Nirenburg and Raskin (2004, p. 123) admit that there are “grammaticadementic distinc-
tions”, or “semantic phenomena that have overt morphological or syntaetiizations” They
argue: “it seems obvious that there are more lexical meanings than syuligtitictions, or-
ders of magnitude more. That means that syntactic distinctions can at liiest dasses of
lexical meaning . .. rather coarse-grained taxonomies of meanings in teamatber small set
of features” (Nirenburg and Raskin, 2004, p. 124) This is exactlytwhall pursue: adjective
classes in my definition are classes of lexical meaning obtained from quitellensimdoer of
features, that can serve as sketches for lexical semantic entriebfmogient manipulation or
further automated acquisition.

3.5 Adjective semantics in NLP

3.5.1 WordNet

WordNet (Fellbaum, 1998b) is currently the most widely used lexical sensarggource in
NLP. Itis based on a relational view of the lexicon, and thus organisesrtiént words (nhouns,
verbs, adjectives, adverbs) according to one or more paradigmatiallegiationships. Syn-
onymy is the basis for the organisation of the whole lexicon, and it gives marne unit of
analysis in WordNet: theynset or set of synonyms. Furthermore, nouns are organised via
hyponymy (Miller, 1998a) and verbs via troponymy (Fellbaum, 1998a).

2The most obvious one is the development of an ontology in parallel to kexigoich is too formidable a task
for it to be feasible within a PhD.
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As for adjectives, antonymy is the basic organising paradigmatic relation$hiiye category
(Miller, 1998b). WordNet distinguishes between two kinds of adjectidescriptiveandre-
lational. Descriptive adjectives are characterised according to Miller (1988lmenoting at-
tributes and can be organised in terms of antonymy (they correspond lttatine, intersec-
tive/subsective, and scalar adjectives as termed in Sectiohs 3.2, 3.3,4nmspectively).
Relational adjectives, in general, cannot be organised this way. Witktridéve adjectives
a subclass is further distinguished, thatpafticipial adjectives which includes gerunds and
participles.

The organisation of adjectives through antonymy is problematic at least irways, both

of them mentioned in Miller (1998b). The first problem is that only a subatéssljectives,
those termedlescriptive adjectivesr WordNet, contains antonym-bearing adjectives. Rela-
tional adjectives (which in WordNet are directly identified with denominal @djes) do not

in general have antonymsagolitic ‘apolitical’ is not the antonym opolitic ‘political’; see
Demonte (1999)). For this kind of adjectives, two different solutionsadiepted. If a suitable
antonym can be found (antonym in a broad sense; in Miller (1998b pB@sicalandmental
are considered antonyms), they are treated in the same way as desadgit@/es. Otherwise,
they are listed on their own, with a pointer to the deriving noun.

As for participial adjectives, subclass of descriptive adjectives, dtsxyreceive a hybrid treat-
ment. Those that can be accomodated to organisation through antonynsgeaee s descrip-
tive adjectives. An example of the authodasighing- unhappy which are indirect antonyms
(Miller, 1998b, 58). We will review this notion below. Those that cannoabeomodated, like
obliging or elapsedare related with the deriving verb througPRINCIPAL-PART-OF link.

The second problem about the treatment of adjectives in WordNet is tiest wéthin the de-
scriptive class of adjectives, only a few actually have lexical antonymalei{1998b, 49)
argues that “Antonymy, like synonymy, is a semantic relation between wonasfothat is, it

is a lexical, not a conceptual relationship. For instance, eviamgé andbig are very similar
concepts, they have different antonynssallis the proper antonym fdarge, but not forbig
(which has as antonytittle). There are many adjectives that do not have a lexical antonym
(directin the WordNet terminology), and that is the reason why the corioépect antonym
was established in WordNet.

Adjectives that do not have a direct antonym are grouped accordisignitarity of meaning
around afocal adjective which does have a direct anton%ﬂ' he focal adjective’s antonym

is the indirect antonym of a whole group of adjectives. For exanfpandslow are direct
antonyms, andwift andslow are indirect antonyms, through the semantic similarity detected
betweerswift andfast

In parallel to that organisation, and when an adjective expressesvdlae attribute lexicalised
through a noun (e.gleep, shallovanddepth see Miller (1998b, 54)), a link between adjective
and noun is established, so that the nominal and adjectival lexical esiare connected.

The main problem of the WordNet approach to adjective semantics is thahifastat classi-
fying a whole part of speech through a lexical relationship that only appdiex small subset
of this class. In WordNet 1.5 there are 16,428 adjectyalsetsand only 3,464 (slightly over
20%) are organised through antonymy, including direct and indirechgimtp. Assuming that

%The notion of similarity of meaning is, of course, problematic. Miller (19981): “The termsimilar as used
here typically indicates a kind of specialization; that is to say, the class ofsrthat can be modified lponderous
for example, is included in -is smaller than- the class of nouns that carot#ied byheavy.
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there are about ten indirect antonyms per direct antonym pair (fivenpenyanm), we can esti-
mate that antonymy proper can be applied to less than 3% of the adjectivedaritom only.
Most of the adjectives are simply linked to a noun or verb.

3.5.2 SIMPLE

The goal of the SIMPLE project was to create a standard for the mEmamnN of lexical se-
mantic information to be included in computational lexica. Peters and Petei®)(@8€cribe
the theoretical basis for the treatment of adjectives in SIMPLE.

The basic distinction in SIMPLE is “the predicative type distinction betweemsidaal and
intensional adjectives”, that is, the difference between adjectivesiday, sofand adjectives

like former, present, necessaffyeters and Peters, 2000, 7). Within extensional adjectives, they
distinguish between intersective and subsective adjectives.

This proposal is based on entailment patterns as explained in Section Za@sedeters and
Peters/(2000) consider that information about possible entailments cambaseful in NLP.
As an example, they argue that if a system knows Araericanis intersective anfbrmerin-
tensional, it can deduce that a person referred tArgrican presideris president in reference
time, while if the phrase iformer presidenthat person is not president in reference time. In
addition, according to the authors, intersective adjectives that refez sathe meaning compo-
nent usually do not modify expressions that refer to the same entity, wibigestive adjectives
can do so. For instanceed carandblue vehiclealmost surely refer to different entities, and
that is not the case fdarge mousendsmall creature

Within each of the classes defined according to entailment patterns, thesptalistinguishes
further subclasses on the basis of denotational properties, in therfaghizixon (1982). A
summary of this “Adjective Ontology” (Peters and Peters, 2000) is listed at Watiows:

1. Intensional adjectives

(a) Temporalformer president, present situation

(b) Modal: certain victory, necessary ingredient, potential winner
(c) Emotive:poor man

(d) Manner:beautiful dancer

(e) Object-relatedcriminal lawyer

(f) Emphasizeroutright lie
2. Extensional adjectives

(a) Psychological propertgrazy thoughts
(b) Social propertycatholic priest

(c) Physical propertysoft skin

(d) Temporal propertysudden outburst
(e) Intensifying propertyheavy rain

(f) Relational propertysimilar shape
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The problem with the basic division between intensional and extensiojedtizds is the
same as reviewed in Section 3.3: there are very few intensional adjeaivéghus the ba-
sic distinction separates a very small group from a very large one with ateastics and
internal differences that are left unexplained. In addition, many of Rzemeles cited by
Peters and Peters (2000) as belonging to the intensional class arenabble

Beautifulis clearly intersective in sentences likdga is beautiful Regarding the eventive
modification @lances beautifully its behaviour is subsective, not intensional. In addition,
Larson (1998) provided an intersective analysis even of this kind offioation, as explained

in Section 3.3.2. The same applies to relational adjectives. They are cededudclass of
intensional adjectives (calledbject-related. However, the entailment pattern they follow cor-
responds to subsective, not to intensional adjectives:

(3.25) a. Johnis a criminal lawyét John is a lawyer

b. John is a criminal lawyéaf #John is criminal

These adjectives have also been given an intersective analysis [[ylaNd Boleda, 2004, see
Section 3.3.2). It is also not clear what distinguishes ‘object-relatedi fsocial’ adjectives,
and yet they are placed in two separate classes.

Finally, not all modal adjectives exhibit an intensional entailment pattercambe seen in the
sentences in 3.26. Modal adjectives are a peculiar subclass within intehatjectives, as has
been discussed in Section 3.3.2.2.

(3.26) a. Patience is a necessary ingredient [for the resolution pf Ratience is necessary

b. John is a potential winner of this rage#John is potential

(Peters and Peters, 2000) acknowledge that “intensional adjectvastdorm a semantically
homogeneous class”, but the fact is that they are also neither morprailpgior syntactically
homogeneous.

As for the ontological distinctions, they suffer from the usual problemsnin denotational
classification: incompleteness and fuzziness. The suggested categwees wide range of
the possible meanings of adjectives, but they do not cover for instaljeetises such afake
In addition, the categories seem to be fuzzy: whgudderin Temporal propertyand not, for
instance, irManner? Or why is there ndlanner propert®

These are problems that probably arise in any ontological accounthaaltisiot be an obstacle
to continue trying to define an adequate ontology for lexical meanings. Whathaps more
problematic is to mix a formal semantic criterion with an ontological criterion within #mees
hierarchy, providing a hybrid kind of resource where the distinctionsadorm a consistent
set of conditions.

3.5.3 MikroKosmos

The MikroKosmos system (Onyshkevych and Nirenburg, 1995) is btteedmplementations
of the ontological semantics framework as a system for natural languagessing. The treat-
ment of adjectives within MikroKosmaos generally corresponds to whatgkaeed in Section
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3.4.2 above. In this Section we outline more specific aspects of the implementhtioa o
theory in an actual system, as explained in Raskin and Nirenburg (1998).1

In MikroKosmos, as in other lexical frameworks such as Head-Driveage Structure Gram-
mar, the lexical entries are structured into two main areas, one containitaggyinformation
and another one containting semantic information. A third area in MikroKospexsfies the
part of speechdaT) of the word.

For adjectives, the syntactic information is always the same, and covemnmtimemodifying
and predicative functions of the adjective. In Figure 3.1, which rapred example (32) of
Raskin and Nirenburg (1998, p. 164), it is represented irsthe-STRUC area. The modified
noun is assigned the variable $varl, and the adjective the variable $f@@ub-area 1 under
SYN-STRUC represents the modifying function: the syntactic root is $varl, of cayaymun
(head noun), and its modifier (‘mods’) is headed by $var0, the adjedve sub-area 2 under
SYN-STRUC represents the predicative function. This time, the syntactic root is $tke0,
adjective, and its subject (‘subj’) is headed by the noun represegt$ddnl.

(big
(big-adil
(CAT  adj)
{S¥N-STRUC
(1 ({root Swvarl)
{cat n)
(mods ((root Svard))l))
(2 ({root Swvari)
{cat adj)
{subj ((root Svarl)
feat nj))ihl
{SEM-ZSTEUC
({LEX-MAP
({1 2) (size-attribute
{domain (valus “&varl)
{sem physical-okject))
[range (valus (= 0.75))
[relaxable-to (value
(= a.6)30100h))

Figure 3.1: Representation of adjective big in MikroKosmos.

No discussion is provided of other syntactic environments, such as atiediéunction with
non-copular verbs, as insaw her drunk The possibility that the modified head is not a noun,
but a clause, is also not discussed. In English, in these cases usudibathés a “dummyit-
pronoun, as irt is very important that you comén Catalan and other languages, it is possible
for the clause to formally act as the subject of the copular sentence,a&1).(

(3.27) Quevinguisésmoltimportantpera mi
Thatcome is very importantfor to me

‘It is very important for me that you come’

As for the semantic aresgM-STRUC, it mainly specifies the mapping to the ontolog¥x-

MAP area).Big, being a scalar adjective, is mapped ontatribute kind of concept, namely,
thesize-attribute Thedomainto which it is applied is the meaning of the head noun, formalised
by applying a caret, V', to the nominal variable $varl. Selectional regtris, such as the noun
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[SEM-STEUC
{LEX-MAP
[replace
({benef (value “&varl))
imodality
{type potential)
[value 1.0)
[scope  replace)
jattributed-tc *speaker*))))})

Figure 3.2: Representation of adjective replaceable in MikroKosmos.

being aphysical objectare specified undesem These are also pointers to an element in the
ontology.

The range of the attribute is specified undange In MikroKosmos, by convention, scalar
concepts are assigned numerical values ranging from OBRigis assigned a value higher than
0.75, that can be lowered to higher than Geégxable-to (value> 0.6)). Therelaxable-toslot

is one of the means to encodefeasible informatioiin MikroKosmos, an important matter
when building ontologies for natural Ianguagé.

When combining a scalar adjective with a noun, the analysis proceedstifigsiés meaning (a
property-value pair) as a slot filler in a frame representing the meaning afathn which this
adjective syntactically modifies” (Raskin and Nirenburg, 1996, 843)

It could be argued that the treatment of scalar adjectives in MikroKosarakHence in onto-
logical semantics) is subject to the same criticism that WordNet was subjethéoe are not
many typical scales such as age, temperature, colour, etc., in the sameatvdnethntonymy
relationship only applies to a small subset of adjectives. For instancdaataonom(‘au-
tonomous’),integre(‘integer’), or perillés (‘dangerous’) cannot be placed in any typical scale.
Should amcAUTONOMY, INTEGRITY, Or DANGER scale be postulated? It is easy to see that, for
this kind of approach, it could be necessary to postulate as many scadgetives for large
portions of the vocabulary. Indeed, “The typology of scales for ssalaemerges as a major
issue in adjective semantics and lexicography” Raskin and Nirenbug@(p9172) .

However, because scalar adjectives are characterised by beitegltelan attribute, an alterna-
tive view is possible. It can be argued that scales form naturally whemmaleadjectives relate
to the same attribute, but it is not a necessary condition for adjectives tercausund scales,
as was the case in WordNet. The attribute conceptsONOMY, INTEGRITY, and DANGER

do make sense, and this is all that is needed for an encoding along theflifigsi@ 3.1. In
this view, not all adjectives termestalarin Raskin and Nirenburg (1998) are straightforwardly
scalar. For this reason, | will avoid the term scalar and use theltasicinstead (because the
most prototypical adjectives belong in this class).

Event-derived or process-related adjectives are mappedemeiatconcepts in the ontology.
The idea is that the meaning of an adjective is literally derived from that adle¢higing verb.
The representation of adjectiveplaceablds depicted in Figure 3.2, which reproduces part of
example (62a) of Raskin and Nirenburg (1998, p. 184t andsyYN-STRUCareas are omitted
for conciseness, as they are identical to the same areas in Figure 3olp)iebes of information

2The idea is that there is a default or prototypical use of words: for instdhis safe to assume that birds fly,
despite the fact that some birds do not. The information about wordsyiteaonomy of natural language should
be encoded so that default knowledge can be used in the generabetttet it can be overriden when necessary.
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(SEM-STRUC
(LEX-MAP
[(*&varl
{pertain-to medicine))))))

Figure 3.3: Representation of adjective medical in MikroKosmos.

are supplied in addition to the semantics of the corresponding verb: firstheheatic role

(agent, theme, etc.) filled by the head noun. iEplaceablethe role is beneficiary (‘benef”),
and its value is assigned to the meaning of the head noun, $varl. Seerdntantics added
by the morphological derivational process. In the caseepfaceable or in general for the
-ble morpheme, the information is “the positive potential attitude”, specified umdelalityin

Figure 3.2.

Raskin and Nirenburg (1998, p. 187) note: “There are cases ofrgetisuppletivism,” when
the entry for an adjective is derived from a semantically immediately relateshbrtipologi-
cally unrelated verb”. They cite examples suchaasible from hear, or ablaze from burn.
This suppletivism is not limited to event-related adjectives, but can alsowelfm object-
related adjectives. We will return to this issue in Section 3.6.2.

Object-related adjectives are mapped onto object concepts in the ontdloggemantic sub-
area of adjectivenedicalis depicted in Figure 3.3, which reproduces #@v-STRUC part of
example (64b) of Raskin and Nirenburg (1998, p. 189). The meaniag afijective is derived
from that of the deriving noun. However, for most object-related dies; the relationship
with the nominal head is not as specific as forble adjectives. For these cases MikroKosmos
specifies a “the catch-all relatisctERTAIN-TO” (Raskin and Nirenburg, 1998, p. 189).

In Figurel 3.3, the expression undegx-MAP expresses that the meaning of the head noun,
A$varl, has a generieERTAIN-TO relationship to the concept ‘medicine’. More specific rela-
tions are defined for adjectives suchederal(OWNED-BY federatior) or malignant(HAS-AS-
PART cancer-cel] see Raskin and Nirenburg (1998, pp. 189-192)).

3.5.4 Summary

In this Section we have reviewed how resources that are specificaijneéefor NLP purposes
encode information related to lexical semantics.

The three resources reviewed have in common the attention devoted totaerabiaroperties:
all three distinguish attribute-denoting adjectives from other kinds of tidsc such as object-
related, modal, or event-related.

In fact, the classification in WordNet quite closely resembles the one adiogtéikroKosmos,
with descriptive adjectives corresponding to scalar, denominal to otgkted, and participi-
als, a subclass of descriptive, to a subset of event-related adjeciivedact that in WordNet
other kinds of deverbal adjectives (with suffix@ge, -ble, -or, etc.) are not separately treated
presumably corresponds to the fact that the semantic relationships thelsbstéth the de-
riving verb are quite specific. SIMPLE proposes a hybrid classificatigih a main division
following formal semantics (intensional vs. extensional), and subclagsedenotational na-
ture. This resource is the least useful for the purposes of this PhD.

In the MikroKosmos lexicon, one entry per sense is provided. In WotdiNe very notion of
synsetimplies that each word potentially participates in several entries. This agpisanot
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feasible in GLiCom’s context. Only part of speech and syntactic disambiguitmules are
available at GLiCom, so that multiplying entries for semantic reasons is notaddwis the
current state of the tools. | will rather use underspecification in caselgégmy (see Section

3.6.4).

Finally, all three resources have been manually developed. Althougmb\irg and Raskin
aim at automation, the automation they perform is the propagation of existirngsmtparts of
entries to related portions of the lexicon, using particular entries as tempateNifenburg and
Raskin (2004, ch. 9)). For instance, the entries of adjecbiggsmall minusculeenormous
giganticare all the same except for th@ngevalue of thesizE attribute. These entries can be
automatically created from one seminal entry, and their values manually spedifiis kind of
approach resembles lexicographic methodology. | will pursue a fully autoriassification,
using morphological and syntactic properties as cues to establishingdeoeuhtic classes.

3.6 Parameters to define a semantic classification

We have seen in this chapter very different approaches to the semahn#dgctives, with
different goals and methodologies. To see how they fit into the presssdinegh, we have to
take into account its purpose and motivation. The semantic classification k &rmsubject to
constraints of several kinds, listed at the beginning of this chapter.

In what follows, we will review some syntactic arguments that have beet fesesemantic
classification in the literature (Section 3.6.1) and the exploitation of the relaiphshveen
morphology and semantics (Section 3.6.2).

3.6.1 Syntactic arguments for semantic classification

The relationship between syntax and semantics for adjectives has dhednmdiverse linguis-
tic scholarships. Some of the parameters involved in the syntactic charatiterisf adjectives
have already been mentioned in the discussion up to now. In this Sectionfftiem are
gathered and related in a more systematic manner to the intended classificasiimnpvith
respect to the head noun (Section 3.6.1.1), predicative use (Sectior2g.6rtlering (Section
13.6.1.3), and coordination (Section 3.6.1.4)

3.6.1.1 Position with respect to the head noun

In descriptive grammar (Section 3.2), it is noted that the position of the adjestth respect
to the head noun has consequences in the semantic interpretation: in Qadataominal ad-
jectives trigger a restrictive interpretation (example 3.28), while prenoratijattives usually
trigger a nonrestrictive interpretation (examples in 3.29; all examples atifapte the CTILC

Corpus).

(3.28) Rebutjavées avingudesamples. .. perevitarl’ esguardiels curiosos
Avoided theavenues wide ...to avoidthelook of-thecurious

‘| avoided wide avenues ... so that curious people would not look at me’

(3.29) a. aixaque designemambel bonic nom deneocapitalisme
that which designatewith thenice nameof neocapitalism
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‘that which we give the nice name of “neocapitalism” to’

b. undubtés Cheambunaindefinicié afectivacap a Evita
a doubtfulChewith an indefinitionaffectivetowardto Evita

‘a doubtful Che [Guevara] with an affective indefinition toward Evita.

c. La fidel Armandaviuraa la torre fins quees  mori
Thefaithful Armandalive in thetoweruntil thatREFL dies’

‘Faithful Armanda will live in the tower until she dies’

In[3.28, the speaker only avoided avenues that were wide, not thasedtenarrowAmples
thus, restricts the denotation of the nocavingudego a subset of them that are subject to the
constraint specified by the adjective./ In 3.29a, the denotation of theptmasesl bonic nom
de “neocapitalisme”is the same asl nom de “neocapitalisme"where adjectivébonic has
been omitted Bonic does not restrict the denotation of the nawomto those names that are
nice. That is why nonrestrictive adjectives can be used with propersjethere the reference
is inherently given, as in examples (3.29b-3.29c).

It has also been widely noted that relational adjectives cannot be upeghiominal position in

Spanish and Catalan (among others Bosque and Picallo|(1996), Dem@®@g, Ricallo (2002),
McNally and Boleda (2004)). This is probably due to the fact that thepaleused in restric-

tive contexts.

Most intensional adjectives, such peesumptéalleged’, can only be used prenominally in
Catalan. When an adjective has an intensional reading in addition to arettteesreading,
this reading can only be activated in prenominal position. For instancestiadjantic means
‘ancient’ or ‘former’ depending on the context. In example 3/30b we saehbth orders,
pre- and post-nominal, are admitted for the adjective when modifiyiaguscrit The first is

a restrictive reading, the second a nonrestrictive reading, as hagseeissed above. When
modifying president because the notion of ‘ancient president’ does not make sense, enly th
prenominal position is admitted, with an intensional reading.

(3.30) a. un manuscrit antic / un antic manuscrit
‘an ancient manuscript’

b. l'antic president / #el president antic
‘a former president’

This restriction does not hold for modal adjectives, suchassible as seen in example 3.31.

(3.31) la dona estavagairebésemprea casa i teniacoma Unicaprofessié possible
thewomanwas almost alwaysathomeandhad as toonly professiorpossible
la d'atendre leslabors domestiques
the of-attendingthe laboursdomestic

‘Women remained almost always at home and had as their only possible jobfthat
attending domestic work’

To sum up, if we use the position of the adjective with respect to the headawa criterion
for classification, we find support for the intensional (only prenomimal@tional (only post-

nominal) classes, as opposed to the default (pre- and post-nominaljdaha
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3.6.1.2 Predicative use

As has been mentioned in Section 3.1, adjectives as a class can be ussticegs in copular
sentences and other constructions. At least two kinds of adjectives e#heot or can only
in very restricted circumstances: intensional and relational adjectivesfatt that intensional
adjectives cannot be used as predicates has been widely noted in femmahtics since the
work of Montague. Note, however, that not all semantically intensionakctides are subject
to this restriction: as has been discussed in Section 3.3.2.2, privative atad atjectives can
act as predicates.

Relational adjectives have been deemed nonpredicative (Bally, I&4#tgdicative only when
used with a different, qualitative reading (Raskin and Nirenburg, 19%)me authors note
that predicative readings are possible with a truly relational readingldonot specify in what
contexts (Demonte, 1999; Picallo, 2002). As has been explained in S8cBh2, McNally
and Boleda|(2004) establish that relational adjectives can be useedisgtes when their
argument is a kind-denoting noun phrase.

Predicative use also singles out intensional and relational adjectivesasyfibct to the default,
predicative behaviour typical of adjectives.

3.6.1.3 Ordering

Adjective ordering has been much studied for English, mainly for didactieqses. The hier-
archies that have been built to describe their relative ordering within a plotase are denota-
tional in nature. As an example, consider the hierarchy proposed b§oR2@02) to explain
the order of qualitative adjectives, presented in Section 3.2.1.

(Bally, 1944) already noted that relational adjectives are subject tochdfimdjacency con-
straint. they appear close to the head noun, closer than other kind ofieslj@cmodifer, as
exemplified in[(3.32) (McNally and Boleda, 2004, ex. (34), p. 189) Thafisrther syntactic
argument for their distinction as a class.

(3.32) a. inflamacié pulmonar greu

b. #inflamaci6é greu pulmonar
‘serious pulmonary inflamation’

Adjective clustering in prenominal position is much less frequent than in postrad position.
When two or more adjectives occur in prenominal position, intensionaltagieenay appear in
any order with respect to intersective adjectives, as in example 3.334Mychhd Boleda, 2004,
ex. (22), p. 186). The order, however, affects interpretation 63.8ntails that the referent of
the noun phrase is young, while (3.33b) does not).

(3.33) a. jove presumpte assassi
‘young alleged murderer’

b. presumpte jove assassi
‘alleged young murderer’
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3.6.1.4 Coordination

Adjectives of the same semantic class tend to coordinate in Catalan, while thdiferent
semantic class are juxtaposed. English is much more prone to juxtapositionvikienthe
same semantic class, which explains the attention devoted to adjective ordéhingthis
language. Example (3.34) is taken from BancTrad, a corpus of tramsid@adia et al. (2002).
The original is in English((3.34a), the translation into Catalan (3.34b) wdsrpeed by a
human translator independently of corpus collection or research p@rpose

(3.34) a. special concrete measures

b. mesuresespecial$ concretes
measurespecial andconcrete

The coordination criterion again supports the delimitation of intensional, imtiereseand rela-
tional adjectives. When modifying the same head, intensional and inteesadfectives do not
coordinate, but juxtapose (example 3.35). The same applies to relationatenrsective adjec-
tives (example 3.36). This characteristic argues for a difference inrgenfianction between
these classes of adjectives.

(3.35) a. jove presumpte assassi
‘young alleged murderer’

b. #jove i presumpte assassi

(3.36) a. inflamacié pulmonar greu
‘serious pulmonary inflamation’

b. #inflamacio pulmonar i greu

Again, modal adjectives are an exception to this rule. They are founddrdic@ation with
other modal adjectives (examplesin (3.37)), but also with nonintensidjedtaves (examples
in (3.38)), especially with deverbable adjectives that connote potentiality, psssibledoes

(seel(3.38c)).

(3.37) a. limitar-se a actuarsobrealld més necessari  possible
limit-REFL toact  uponthatmostnecessargandpossible.

‘just act upon that which is most necessary and possible.

b. tocant a la possibleo probable defensadeBarcelona
concerningo the possibleor probable defenceof Barcelona

‘concerning the possible or probable defence of Barcelona’

c. estalviatrencacolls a algunpossiblei  futur historiador.
spare wreckneckgo somepossibleandfuture historician

‘spare trouble to some possible and future historician’
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(3.38) a. hasotmés els subjectes unaprenentatgbnguistic,dificil pero possible
hassubmittedthe subjects toa learning linguistic, difficult but possible

‘he has submitted the subjects to a difficult but possible linguistic learningepsdc

b. no semblavegprudent ni possibleintentarcontinuargovernant
notseemed advisablenor possibletry continue governing

‘It did not seem neither advisable nor possible to try and continue gimggrn

c. éspossiblei  desitjable queels nois més granssiguinconscientsle. . .
is possibleanddesirable thattheboysmoreold be aware  of ...

‘It is possible and desirable for older boys to be aware of ...’

3.6.2 Morphology and semantics

As has been noted in the Introduction, the morphology-semantics hase@dess attention
in linguistic theory and NLP than the syntax-semantics interface. Howewerethtionship
between morphological processes and regular meaning effects masepeatedly noted since
the beginning of studies on language. Some morphological processbgsderivation, have
a clear and relatively stable semantic effect.

Derivation serves as the basis for many of the semantic distinctions estdbiighe literature
for adjectives (thus exploiting the morphology-semantic interface), astexpin this chapter.
The only tradition that has ignored this level of analysis in classifying adgstis formal

semantics. A summary of the classifications and their relationship to morphdlege¢ified)

follows.

descriptive grammar: qualitative (not specified) / relational (denominal adjectives) / adver-
bial (adverbialising adjectives)

formal semantics: intersective / subsective / intensional

ontological semantics: scalar (not specified) / object-related (denominal adjectives) / event-
related (deverbal adjectives + “suppletivists”)

NLP: WordNet: descriptive (not specified) with subclass participial (deverbal) / relatio
(denominal adjectives)

SIMPLE: similar to formal semantics

MikroKosmos: the same as ontological semantics

Most proposals highlight denominal adjectivisation as originating a distipet ¢f adjectives
(relational or object-related adjectives). Two proposals (ontologemmlasitics and WordNet)
signal deverbal adjectivisation as a similar process, namely, prodyctireating a class of
adjectival meanings from the meanings of verbs. Only in descriptive gramardass is sug-
gested that results from the property of being able to produce othergfapeech: adverbial
adjectives are typically those to which an adverbialisingntsuffix can be attached to produce
an adverbftegiuentmentfrequently’, rapidamentquickly’; see Section 3.2/3).
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Note, however, that because of the mismatches that arise in the morphelogyyics map-
ping, no isomorphism can be assumed. Mainly due to diachronic changgshotagical pro-
cesses almost always have an “irregular” part to them. Once a worddtedrwith a morpho-
logical process, it becomes a word of the language, and can undetherfsemantic changes.
It is the phenomenon known &xicalisation

An example is useful here. As has been noted in Section 3.4 abovebdkzdjectives ending
in -ble can usually be paraphrased as “that can be V-ed”. for instarptaceablecan be
paraphrased as “that can be replaced”. Some adjectives that veersudsject to this productive
process have acquired a life of their own. In Catalan, which has the 4desffix as English,
one such case mmable The verbamar, ‘love’, from which amablederives is no longer in use
in standard modern Catalan (it has been replaceestiyna). The adjective no longer means
“that can be loved”, but ‘friendly, nice’. Itis, thus, a qualitative or nmstective kind of meaning.

The reverse case also exists. These are cases where the root wifithare not used in the
language, but the word still has a “derived” meaning. Cultisms are ardabtisource of this
kind of mismatch between morphology and semantics. Latin or Greek wordsimierduced
into Catalan (and other languages) in the XVIII and XIXth centuries, maioytiie rapidly
growing scientific terminology. For instance, adjectlw&llic from Latin bellicus (‘of war,
warlike).

Syntax could provide a better clue for these cases than morphology. $tance, if an adjec-
tive has acquired a meaning different to the “compositional” meaning thaowesult of the
productive application of a morphological process, it will not behavedittectives that have
the derived reading. This hypothesis will be tested in Chapters 5 and 6.

3.6.3 Classification

One of the purposes of this PhD is to define a classification for adjectimessthubject to the
constraints explained in this chapter and at the same time takes into accourdigisipro-

vided in the literature on adjective semantics in diverse traditions, as well désnraptations
in NLP resources. However, another main goal is to establish inductiveaniens in the
definition process, so that hypotheses are tested and can providadkddr the classification.

As a result, the targeted classification has changed during the proctdss BhD. The first
version of the classification (Boleda and Alonso, 2003; Boleda, 2088&ngduished between
intensional, relational, and qualitative adjectives (this class coveringstiNesand intersective
adjectives as termed in formal semantics). Semantic and syntactic argumentssee for this

classification, following the lines of Sectians 3.2, 3.3 and 3.6.1. The clagkifida a blend of

insights from descriptive grammar and formal semantics.

As will be seen in Chapter 5, a series of unsupervised acquisition expesintegether with
some theoretical considerations, led to the abandoning of the intensiosglacid the intro-
duction of a third, event-related class. This class receives theoraijgabg from ontological
semantics (Section 3.4). The second version of the classification respetter to the desider-
ata explained in this Section in the sense that it is based on a single paranetarttiogical
type of the denotation) and it is more balanced (classes are of a similarisizd) raise new
problems and research questions, as will be discussed throughout¢himent.

Table 3.4 summarises the two classifications proposed. Note that the terminbiges from
version | to version Il of the classification, for consistency reasons.
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Classification A Classification B Examples
Translation
qualitative basic vermell, rod6, autonom, subaltern
red, round, autonomous, auxiliary
relational object-related pulmonar, estacional, botanic
pulmonar, seasonal, botanical
intensional - presumpte, antic
alleged, formel(in one senseancientin another)
- event-related abundant, promés, variable
abundant, promised/engaged, variable

Table 3.4: Two proposals for adjective classification.

The characteristics of each of the two classifications will be reviewed irefegant Sections
of chapters 5 and 6.

3.6.4 Polysemy

As any semantic classification, our classification is affected by polysenwevés, the kind of
polysemy involved is just a subset of the kinds of polysemy examined in theliteraamely,
polysemy affecting class distinctions. We will only consider sense distinctlmatsinvolve
different classes, typically between a qualitative or basic reading armésheas the following
examples illustrate:

(3.39) a. edifici antic /antic president
building ancient/ formerpresident

‘ancient building / former president’

b. reunié familiar/ carafamiliar
meetingfamiliar / facefamiliar

‘family meeting / familiar face’

c. consequencisabudd homesabut
consequenc&known/ man wise

‘known consequence / wise man’

Antic (example[(3.39a)) has two major senses, one qualitative or basic (equii@‘old, an-
cient’) and the other intensional (equivalent to ‘former’). Note thatmvbised in the inten-
sional sense, it appears prenominally, as discussed in Section 3.6.¢el Fdmiliar (example
(3.39h)) also has two major senses, one relational or object-relatech(whienglish is typ-
ically translated with an attributive noufamily), and one qualitative or basic (equivalent to
‘familiar’). Similarly, sabut participle of the verlsaber(‘know’) has the expected resultative
sense but also a qualitative or basic sense, equivalent to ‘wise’.

In all these examples, the qualitative sense participates of all the syntagtimenents typical
of the class (discussed in Section 3/6.1), and are gradable, as is shexamiples (3.40-3.42).

(3.40) a. edifici moltantic /#moltantic president
building very ancient/ very formerpresident
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‘very ancient building / #very former president’

b. Aquestedifici /#presidengsantic
This  building/ #presidents ancient

‘This building / #president is ancient’

(3.41) a. #reunidnolt  familiar/ caramolt familiar
#very meetingfamiliar / facevery familiar

‘#very/much family meeting / very familiar face’

b. Aquesteacara/ #reunibem resultafamiliar
This  face/ meetingto-meresultsfamiliar

‘This face / #meeting is familiar to me’

c. Emva rebre la familiar caradela Maria
Me PAUX-3pswelcomethefamiliar faceof the Maria

‘The familiar face of Maria welcomed me’

d. #Lafamiliar reunié era moltanimada
Thefamiliar meetingwasvery lively

‘The family meeting was very lively’

(3.42) a. Aqueshomeésmolt sabut!
This man is very wise

‘This man is very wise!’

b. #Aquestaonsequenciasmolt sabuda!
This consequences very known

‘This consequence is very known’

The basic readings, but not the intensional, object- or event-relatdohgsayields in general
gradable adjectives (examplés (3.40a), (3.41a), (3.42a)). Similarlpitsapredicative con-
structions, in copular sentences (examples (3.40b), (3.42a)) or odicative environments
(example[(3.41b)). It also allows pre-nominal position of the adjectivéginis not possible
for the object reading (example (3.41c)).

Other kinds of polysemy that have traditionally been tackled in the literature atilba con-
sidered, as they do not affect the class distinctions drawn in Section Bd.Bistance, we will
not be concerned with the following kinds of polysemy.

(3.43) a. discurflarg/ carrerllarg
speechlong/ streetlong

‘long speech / long street’

b. noi trist/ pelliculatrista
boysad/ film sad

‘sad boy / sad film’
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c. aiguaclara/ explicacié clara
waterclear/ explanatiorclear

‘clear water / clear explanation’

d. visitapapal/ cotxepapal
visit Papal/ car Papal

‘Papal visit / Papal car’

e. conductaabusival dictadorabusiu
behaviourabusive/ dictator abusive

‘abusive behaviour / abusive dictator’

Examples|(3.43a-3.43b) involve the kind of parameter modified (time or plysiggerty in
case oflong; individual argument or event argument in the casesarf see Pustejovsky (1995,
p. 127 ff.)). The polysemy in (3.43c) is a typical metonymy case in which iphlyproper-
ties are used in an abstract domain. In examples (3.43a:3.43c), the ttassadljective is
gualitative in both senses.

As for examples| (3.43d) and (3.43e), they involve the semantic role of the. nBxample
(3.43d) has been discussed in Section 3.2.2 (example 3.12). As for )3i4Beargued in
Raskin and Nirenburg (1996, p. 108) that “What is abusive is eitheetbat (E) itself, as in
abusive speeabr abusive behaviouior the agent (A) of the event, asabusive mamr abusive
neighbot. It is thus an analysis along the lines of Larson’s (1998) analysiseaiutifuland
Bouillon’s (1999) analysis ofieuxexplained in Section 3.3.2. In both readings, the adjective
is object- (example (3.43d)) or event-related (example (3.43e)).

Note that all these alledgedly adjectival cases of polysemy are similar in #hatollgsemy
effect has more to do with the semantics of the modified noun than that of tretieelje

In some cases, the sense distinctions are not as clear-cut as the>zasewed in 3.39. For
instance, Raskin and Nirenburg (1998) note that it is not easy to draw aditween gradable
and non-gradable relational adjectives, and we have segn in (3.9 #iat gradable uses of
relational adjectives are typical of a shift to a basic reading. They #hatit is very hard, if not
impossible, to find a relational adjective that cannot be used in a qualitetige sFor instance,
although “it is hard to imagine a more truly-[relational] adjective thanonautical'related to
aeronautics’ ", examples like those in (3.44) can be constructed (RaskiNisenburg, 1998,
ex. (42), p. 173).

(3.44) a. His approach to the problem was aeronautical.

b. His approach to the problem was much more aeronautical than mine.
As the authors argue, it seems that a productive semantic processltde=alpng the lines of
schemal(3.45) (Raskin and Nirenburg, 1998, schema (43), p. 1%Basall relational adjec-
tives can be used as scalars. The degree of lexicalisation and aauaf thés possibility is

different for different relational adjectives, and eventually yieldsltywifferentiated senses,
such as ‘known, familiar’ fofamiliar or ‘cheap’ foreconomic

(3.45) Pertaining to [noun meaning} characteristic of [noun meaning]
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A paradigmatic case are relational adjectives that can be predicatethahisusuch as nationa-
lity-denoting adjectives or “social property” (as termed in SIMPLE; 3.8djgctives. They can
be viewed as properties when modifying human-denoting heads, andliimbese cases they
can be predicatively used (example (3.46)). However, when not mingifyjuman referents,
they are closer to true relational adjectives. They do not follow the usigaential patterns for
intersective adjectives. (3.47a) does not entail (3.47b). In fact, rédigative construction in
(3.47b) is anomalous.

(3.46) El Paulésalemany/catolic/comunista
ThePaulis German/Catholic/communist

‘Paul is German/Catholic/ a communist’

(3.47) a. El Reichstagesel parlamentalemany
TheReichstags the parliamentGerman

‘The Reichstag is the German parliament’

b. ?#EIReichstagisalemany
The Reichstags German

Some authors ((Peters and Peters, 2000), (Carvalho and Ran2008)l, (Bohnet et al., 2002))
posit an additional class for some or all of these cases. We will treat thenspecial case of

the object-related vs. basic polysemy, although they are probably bestd/ées underspecified,

rather than polysemous.

3.7 Adjectives and Lexical Acquisition

We focus in this section on Lexical Acquisition research on adjectives. oferviews of
research on Lexical Acquisition for verbs, see, e.g., McCarthy (2ORt&rhonen (2002b);
Schulte im Walde (2003).

Adjectives have received much less attention than nouns and especialbyind_exical Ac-
quisition. Hatzivassiloglou and McKeown (1993) was one of the firstgseaf research ori-
ented toward acquiring sets of semantically related adjectives. Their ggjrpowever, was
not automatic classification, but identification of adjectival scales frorparar They used
adjective-noun and adjective-adjective cooccurence frequertstéomine similarity of mean-
ing for 21 lemmata,and they clustered them. Adjective-noun occurencesoeasidered to
be positive information, following the hypothesis that two adjectives thasistently modify
the same nouns have related meanings, and may belong to the same scaléveAaljective
occurences were used as negative information, as usually two adetttateare concatenated
have different meanings and hence do not belong to the same scale.

Information on gradability or the qualitative/relational distinction was not takemaccount;
the authors themselves stated the need to include these pieces of informaadatdr paper,
Hatzivassiloglou and McKeown (2000) present a statistical model tafsiasiectives accord-
ing to gradability that obtains a very high precision (87.97%) using a verylsiimgicator,

namely occurence after a degree maodifier.

Hatzivassiloglou and McKeown (1997) seeked to automatically identify skenamientation,
that is, within scalar adjectives, which are oriented toward the positivegnalevhich toward
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the negative pole of the scale. They used coordination information. Thinkay regression
model they used predicted whether two coordinated adjectives were ehthe or different
orientation. A clustering procedure determined the positive or negaiietation of every set
of adjectives.

The same kind of information (coordination) was used in Bohnet et al2(2fa® different,
more traditional classification purposes. They aimed at a classificatiordéfim German de-
scriptive grammar (Engel, 1988) between quantitative ones (similar to detganlikeviele,
einige‘many, some’), referential onebéutige ‘of today’), qualitative ones (equivalent to our
own gualitative adjectives), classificatory ones (equivalent to reldtamjactives), and adjec-
tives of origin Stuttgarter ‘from Stuttgart’).

They applied a bootstrapping approach. The procedure is as folldeut:.from a manually
classified set of adjectives, detect coordinations with an already atakssimber, assign the
same class to the other member of the coordination, and iterate the procétiurewewly an-
notated adjectives, until the algorithm does not produce any more chante classification.
This procedure has two basic problems: first, that it assigns a singld@keash adjective, and
so it is not possible to identify adjectives belonging to more than one categecypnd, that co-
ordination data only apply to a reduced number of lemmata, because most lemat atectir
in a given corpus do not occur in coordinating constructions. To allethase two problems,
the authors applied another algorithm that exploits the order of adjectissedavithin an NP
(in German, guantitative: referential< qualitative< classifying< of origin). This algorithm
and its results, however, is not explained in detail.

A kind of classification that bears similarities with our own and with the classificdtio
Bohnet et al. (2002) was used in Carvalho and Ranchhod (2003)ambiguate adjective and
noun readings in Portuguese. The classification included the followingedasd subclasses:
predicative color adjective, nationality denoting adjective, predicatjective, predicative ad-
jective (specifying whether only postnominal or both pre- and postnomiositions are pos-
sible when acting as modifiers), relation adjectives, and adjectives withmtdaggive value.
@ Carvalho and Ranchhod manually coded 3,500 adjectives with this informatidrbuilt a
series of finite state transducers to model noun phrases and disambigweternominal and
adjectival readings. Adjective information served to establish constmaittis the transduc-
ers, for instance that adjectives of different classes cannot icabed

In a recent paper, Yallop et al. (2005) have aimed at the acquisitiomtd&yc subcategorisa-
tion patterns for English adjectives. They identify over 30 adjectivatatdgorisation frames,
including detailed information such as the nature of the arguments of predicatjectives
(finite and non-finite clauses, noun phrases). They use a statistisar parextract grammat-
ical relations and pattern matching to hierarchically classify these grammatiatibns into
frames.

Beside these pieces of research with a classificatory flavour, theeehiesn other lines that
exploited lexical relations among adjectives, mostly polysemy and antonymy/dd Sense
Disambiguation. Justeson and Katz (1995) consider polysemous adjesiilienore than one
antonym, for instanceld, with antonymsyoungandnew They use the nouns that adjectives
modify as clues for the disambiguation of the adjective sense. To determiale mduns corre-

The 3 classes of predicative adjectives are lumped together in oufficktisns as qualitative or basic. Na-
tionality denoting and relation adjectives are our object-related adjechdjsctives with determinative value have
been termed intensional adjectives here. Note that the authors claiml@issification to be syntactic, but it is clear
from the labels that it has some semantic content. Like our classificatiomtitie syntax-semantics interface.
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spond to which sense, they examine the antonyms for the relevant seas@stancemanis
modified byold andyoung andhouseby old andnew When the occurenaald houses found,

it can be determined thald is used in the ‘not new’ sense, not in the ‘aged’ sense. This work
was based only in 5 adjectivesdrd, light, old, right, shoftand the corpus used for acquisition
was manually disambiguated.

Chao and Dyer (2000) tackle the same task in a more sophisticated fashegrandélyse 135
adjectives and use sources of information with little manual annotation. TlikelyebBayesian
classifier that uses information from WordNet (as source for semantiowattion) and the Web
(to tackle data sparseness issues) so as to disambiguate adjectivesgeelh aote that when
occuring ingreat hurricaneit means ‘strong’, not ‘good’ as in many other contexts.

Lapata /(2000; 2001), as opposed to studies mentioned so far, foonsié® meaning of
adjective-noun combinations, not on that of adjectives alone. In ther@géve Lexicon frame-
work (Pustejovsky, 1995; Bouillon, 1997), she attempts at establishing@#séjbe meanings of
adjective-noun combinations, and at ranking them using information gatifilerm the British
National Corpus (Burnage and Dunlop, 1992). This information shoulitdte that areasy
problemis usually equivalent t@roblem that is easy teolve (as opposed to, e.geasy text
that is usually equivalent ttext that is easy to regd She explored nine adjectives, and ten
noun-adjective combinations for each of the adjectives.

Lapata (2000) extracts noun-adjective pairs and identifies nounavererb-adjective/adverb
pairs that are related with every noun-adjective pair. The relevamt-uerb pairs are those in
which the noun is the same as in a particular noun-adjective pair. Themel@ra-adjective/ad-
verb pairs are those in which the adjective or adverb modifying the verb &attne as the adjec-
tive under investigation, or is morphologically derived from it. For instaficeeasy problem
verbs are identified which occur wifitoblemas subject or object, as well as verbs modified by
easyor easily The informations are crossed so as to obtain the following verb rankiregaiy
problem solve, deal with, identify, tackle, handleapata, 2000, p. 151).

The author, thus, builds a probabilistic model from the corpus and comthagsrobability
of a paraphrase from the cooccurence frequencies of the relegantverb and verb-adverb
pairs. Note that in this case there is no pre-defined sense inventotyargoto research in
Justeson and Katz (1995; Chao and Dyer (2000).

Most of the work done on Lexical Acquisition for adjectives (in fact, attept for Bohnet et al.
(2002)) focuses on different phenomena and tasks than that tacdedid®ecause they neither
establish an semantic classification of adjectives nor attempt at acquiringolgsemy. The
task is different: they either try to infer aspects of the organisation of igfscaround scales
(research by Hatzivassiloglou and colleagues), which affects a suteésof the adjectives,
argued in Section 3.5.1, or are oriented toward disambiguation (either Wost ®isambigua-
tion, as in Justeson and Katz (1995); Chao and Dyer (2000) , or fosppeech disambiguation,
as in Carvalho and Ranchhod (2003)), or infer paraphrases fticydar noun-adjective com-
binations|(Lapata, 2000). Yallop et al. (2005) tackle syntactic, not sticrEassification.

Some of the pieces of research reviewed in this Section deal with polyseoweudr, they
pursue a different kind of polysemy than the polysemy aimed at here. iWdNord Sense
Disambiguation typically has to do with polysemy associated with selectional testsiclike

the old-young / old-nevadychotomy mentioned above. Work in the Generative Lexicon frame-
work analyses the kind of adjectival polysemy that is related to the strucfube modified
noun, following the Generative Lexicon theory (Lapata, 2000), similartiieédeautiful dancer
example discussed in Section 3.3.2.1. However, many methodological aapédtsights are
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related and are used in several ways for the purposes of the fegrasented here, as will
become clear in the following chapters.

3.8 Summary

This chapter has provided a general review of adjectives as a pspeeth and the treatment
of their semantics in several linguistic traditions, as well as a summary of pieketated work
in Lexical Acquisition. The classification proposed in this PhD is the resuthisfreview,
together with empirical data gathered from machine learning experiment€lisgxer 5).

Formal semantics may seem the natural tradition to look for a semantic classifichtidjec-
tives, because in this field some requirements for Computational Linguistedsas an explicit
formalisation of semantic analyses, are met. However, we have arguddrtinat semantics
does not provide an adequate account of lexical semantics in gemetaldgective semantics in
particular, at least for the purposes of this PhD. Moreover, muclarelsén formal semantics
has focused on a relatively minor class, intensional adjectives, whitdesaoverage problems
for NLP systems. Also, the parameters explored in this tradition (mainly entailpagterns)
are very difficult to use as criteria for classification. Finally, the classasdimerge from a
straightforward application of the meaning postulates discussed in Secti@raBFormed by
heterogeneous subclasses, which questions the usefulness of thaidigtin

Standard descriptive grammars such as Picallo (2002) for Catalan|lasyeoposals used in
NLP resources, do propose broad-coverage classificationsct|rofee of the main distinctions
made in these proposals (qualitative vs. relational) is central to this PhD.

However, the definition and characterisation of the classification, in its ¥e@ion, corre-
sponds most closely to the one formulated within the Ontological Semantics fralenost

notably in Raskin and Nirenburg (1998). Within the PhD process, we flatelia first attempt
at a classification proposal that was a hybrid between formal semantiateanariptive gram-
mar, distinguishing between intensional, qualitative and relational adjecfivesparameters
used in this classification were not at the same level: intensional adjeatevdsfined in terms
of their entailment behaviour, while relational adjectives are defined ghrole ontological
kind of their denotation (qualitative adjectives lie somewhat in between).

The second version of the classification establishes a unique classifipatemeter, namely,
the ontological sort of adjectival denotation, or the kinds of meaning tigscan have. While
all adjectives can be said to denote properties, these properties castdgtiated as simple
attributes (basic adjectives), relationships to objects (object-relatediaegcor relationships
to events (event-related adjectives). This classification meets most ofitbieaiots established
in Section 3.6: it is broad in coverage, balanced, and consistent. Isdmathe morphology-
semantics and syntax-semantics interface, while still being defined in pamrigndic terms.
Because of its use of these interfaces, it is amenable to automatic acquisitwiti,kee shown
in the following chapters. Some of the phenomena discussed in this chaptalityycsome
distinctions in the semantic sort of adjective arguments) are not coverethigittiassification,
and are a subject for future research.

The classification presupposes the definition of an ontology as a model wbithd, anchoring
meaning in external reality. Despite the numerous philosophical and pitagotiddems con-
nected to defining such an ontology, we believe that only an approackxpltitly models
reality (however this model is instantiated) has a chance of achieving ely@iead predictive
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power in analysing the semantics of natural languages. This is evenrcldse dealing with
Computational Linguistics: if computers are to simulate understanding andeimgpgpduc-
tive linguistic interactions, the concepts that humans share and their intiemskaps have to
be modeled in a formal language.

The semantic analysis of relational adjectives summarised in Section 3.3.bddmgsublished
in the following article:

McNally, L. and Boleda, G. (2004). Relational adjectives as propeofi&inds. In Bonami,
O. and Hofherr, P. C. (Eds.Empirical Issues in Syntax and Semanticspiges 179-196.
http://www.cssp.cnrs.fr/eiss5/.
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Chapter 4
Gold Standard

[Web experiments hold] the promise to achieve ... methodological andduece
ral advantages for the experimental method and a previously unsexofadat