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Abstract: Part of speech transitions represent an interesting issue in terms of
Automatic Morphological Analysis (AMA). In these cases, two parts of speech have
to be considered: initial and final. However, their automatic recognition is complicated
by the same form. This article presents the results of a corpus study aimed at mapping
nominalized adjectives tagging with a focus on detecting candidates for nominalization
among frequent adjectives. Analysis of the data obtained from the CNK SYN v5 corpus
shows different reasons for incorrect tagging. Taking into account these reasons, we
propose three solutions for the improvement nominalized adjectives tagging.
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1  INTRODUCTION

The division of vocabulary units into parts of speech is crucial for a systematic
description of the language. Traditionally, in the classification of the part of speech, the
synthesis of three criteria is based on formal, syntactic and semantic. However, in the
case of natural language processing, we can only proceed from the form of the analyzed
unit. This is because the automatic morphological analysis, which assigns units to part of
speech, works mostly with the formal criterion of determining the part of speech. The
syntactic and semantic criterion is sometimes used in disambiguation, but the rules are
often difficult to formalize. In the case of part of speech transitions, the form is identical,
and for this reason, the tagging is challenging.

There are three types of part of speech transitions [1]:

1. The initial and final part of speech is non-flexible. For example conjunctions —
particle: Prsi, ale sviti slunce. (conjunction) ‘It’s raining but the sun is shining.’ vs. 7o ale
prsi! (particle) ‘But it rains!’.

2. The initial part of speech is flexible, the final part of speech is non-flexible. For
example noun — adverb: Zadival se na modro vod. (noun) ‘He looked at the blue of
waters.” vs. Obarvil latku na modro. (adverb) ‘He dyed the fabric in blue.’.

3. Both the initial and the final part of speech are flexible. For example adjective —
noun: Petr je nemocny. (adjective) ‘Peter is sick.” vs. Nemocny se uzdravil. (noun) ‘The
sick recovered.’.
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This paper focuses on the third type of part of speech transition: nominalized
adjectives.

Nominalized adjectives, sometimes also called syntactic nouns, have the same form
and inflexion as adjectives, but syntactically they behave as a noun [2]. In this article,
however, we do not distinguish nouns with adjectival inflexion (e.g. mluvci ‘speaker’)
and nominalized adjectives (e.g. popravci ‘executioner’). We refer to all analyzed units
as nominalized adjectives because both groups have the same adjectival inflexion and the
same syntactic distribution of nouns.

2  APPROACH

We carried out a corpus study with the intention of mapping how the nominalized
adjectives are tagged and which units can be included in the group of nominalised
adjectives. We chose to use the largest available corpus at the time, SYN v5 CNK (3,836
billion words)[3].

We proceeded in several steps. First, all possible endings of the nominalised
adjectives were defined using Slovnik afixit uzivanych v cestiné [4] and available Czech
grammar books ([1], [2], [9], [10], [11]). CQL queries were then formulated to obtain
the lists of nouns and adjectives with defined endings. These were compared, and the
accuracy of the tagging was evaluated. The first 600 most frequent adjectives were
checked for nominalized adjectives. Subsequently, we tried to find a key, how to
classify analysed data so that the classification is relevant for automatic morphological
analysis. The frequency of use, the context, and the occurrence in dictionaries were
taken into account. Also, the assignment to a semantic group was taken into account.

After applying the listed steps, 319 nominalized adjectives were selected and
subjected to a detailed analysis. The tagging of all selected units was observed in
context. If the unit had been tagged incorrectly, we were curious about why this error
occurred and whether it was possible to set a rule that could be used to tag part of
speech correctly/properly. We have focused on the most frequent collocation of
analysed units.

In the study we did not intentionally include zoological and botanical terms
(vrubozobi — Anseriformes, blanokridli — Hymenoptera etc.). We did not follow up the
proper nouns, we only focused on the common nouns. Only the positive forms of
adjectives were taken into consideration. Also a relatively large and open group of
nouns type Kladensti ‘Kladno inhabitants’ was left aside [2].

3  FINDINGS

Analysis of the data shows that errors in the tagging of nominalized adjectives are
due to two reasons in particular: inaccuracies in the morphological dictionary and
erroneous disambiguation.
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3.1 Inaccuracies in the morphological dictionary

There seem to be four types of inaccuracies in the morphological dictionary. There
are some nouns (e.g. Sipkovand; ‘treasure hunt’) and adjectives (e.g. hokejbalova
‘hockeyball’, jatecné ‘slaughter’) which have been entered incorrectly as both POS =
N and POS = A. Some adjectives (e.g. basiliansky ‘basilian’, stehova ‘stitched’) have
been incorrectly entered as POS = N. We also found that many units which have only one
interpretation, POS=A, are actually nominalized adjectives and can be used as a noun or
an adjective (e.g. vyucujici ‘teacher’, popravci ‘executioner’) depending on the context.
Similarly, other units only have the POS = N interpretation, but they can also be an
adjective, POS=A (e.g. kosikova ‘basketball’).

3.2 Erroneous disambiguation

Erroneous disambiguation leads to incorrect tagging as a noun instead of an
agreeing postnominal or prenominal adjective. In the case of an agreeing postnominal
adjective, such as svihdk lazensky; ‘spa dude’ (215 occurencies), we recorded 140 cases
tagged incorrectly. Table 1 shows similar examples with incorrect disambiguation of
other agreeing postnominal adjectives.

Problémem ale mtize byt nedostate¢né pojistné/pojistné/N kryti
nebo nepfizpisobitelnost parametrt pojisténi (...) (SYN v5)
‘However, the problem may be insufficient insurance coverage or
non-adaptability of insurance parameters (...)’

(...) stal se ze mé $vihak lazensky/lazensky/N. (SYN v5)

(...) ‘I became a spa dude.’

Dalsim jidlem, které poroté piedlozily, bylo kuteci/kufeci/N prsi¢ko
se §penatovou fasi (...) (SYN v5)

‘Another meal presented to the jury was a chicken breast with
spinach (...)’

Mam hovorné/hovorné/N prodavace rad. (SYN v5)

‘I like talkative salespeople.’

V listopadu jsem pozvana do poroty dalsi tanecni/tanecni/N soutéZe
Miss Belly dance, uz se moc té$im. (SYN v5)

‘In November [ was invited to the jury of another Miss Belly dance
competition, I am looking forward to it.”

Tab. 1. Examples of erroneous disambiguation

We recorded erroneous disambiguation in cases where the unit precedes
a proper noun:

Se zavérecnym hvizdem rozhod¢iho/rozhod¢i/A Samka tak vypukla
na novopackém stadionu obrovska radost (...) (SYN v5)

‘With the final whistle of the referee Samko so broke out at the stadium
in Nova Paka great joy (...)’
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Sousedé se jednou sesli v hospodé U Svejka, hostinsky/hostinsky/A
Petr Spittank rozdal noty a 14. ro¢nik détskych radovanek byl na
sveété. (SYN v5)

The neighbors once met at the U Svejka pub, the innkeeper Petr
Spittank gave out notes and the 14® year of children’s fun was born.
Vzpominky na nataceni ma i jeho pfibuzna/ptibuzny/A Hana
Sevéikova. (SYN v5)

‘Also his relative Hana Sevéikova has memories of the shooting.’

(...) ve spolupraci s nasi redakei ptipravily vyherni akei o ptlro¢ni
predplatné/piedplatné/A MF DNES. (SYN v5)

‘(...) in cooperation with our editorial team, they prepared the winning
event for a six-month subscription to MF DNES.’

Ze se déti nemtizou doc¢kat prazdnin konstatovala i jeji téidni/t¥idni/A
Eva Oherova. (SYN v5)

‘Even her class teacher Eva Oherova stated that children could not wait
for the holidays.’

Tab. 2. Examples of units preceded by a proper noun

We also noticed the erroneous disambiguation if the unit was preceded by the
lemmas pdn ‘mister’ and pani ‘missis’:

Po hodin¢ hledani ve skladu jim pan vedouci/vedouci/A piisel fici, Ze
jejich pohovku nemohou najit (...) (SYN v5)

‘After an hour of searching in the warehouse, (Mr.) supervisor came to
tell them they couldn’t find their sofa (...)’

Ani na to jim obezietna pani domaci/domaci/A neskocila. (SYN v5)
‘Even the prudent (Mrs.) landlady did not get to it.’

Po jeho odjezdu mné pani predstavena/piedstaveny/A citovala jeden
z jejich rozhovort. (SYN v5)

‘After his departure, (Mrs.) Lady Superior quoted me one of their
interviews.’

Pan vratny/vratny/A zakryl rukou sluchatko a fek mi, ze to vola
divadlo Sumperk. (SYN v5)

(Mr.) porter covered the handset with his hand and told me it calls the
Sumperk theater.”

Tentokrat je nebohy pan ticetni/ucetni/A po smrti a stoji frontu pied
nebeskou branou. (SYN v5)

“This time, the poor (Mr.) accountant is dead and faces the front of the
heavenly gate.’

Tab. 3. Examples of units preceded by lemmas pan ‘mister’ and pani ‘missis’

In rare cases, it seemed that the lemma and tag were incorrect:

Tridni/Ttiden/NNFS7-----A----- se zatvarila jako jeptiska, sepjala ruce
a spustila (...) (SYN v5)
‘The class teacher looked like a nun, clasped her hands and started (...)’
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Nemam ani tuseni, jakd nemocenska/nemocenské/N by mne cekala
v ptipadé onemocnéni. (SYN v5)

‘I have no idea what kind of sickness benefit awaits me in case of
illness.’

Tab. 4. Examples of units with incorrect lemma and tag

4 SOLUTIONS

We propose three solutions for improving nominalized adjectives tagging:
remove the inaccuracies from the morphological dictionary; add the obtained data
described below to the Multiword Expressions Lexical Database (LEMUR) (see
below); and apply our findings for disambiguation.

4.1 Removing the inaccuracies from the morphological dictionary

We believe that refinement of the data in the morphological dictionary [5] used
for the CNK corpora will lead to a more precise automatic morphological analysis.
Below are proposals for adding analysed data to a morphological dictionary or for
clarifying the interpretation of existing data.

We believe that refinement of the data in the morphological dictionary [5] used
for the CNK corpora will lead to a more precise automatic morphological analysis.
Below are proposals for adding analysed data to a morphological dictionary or for
clarifying the interpretation of existing data.

1) Only nouns, POS=N

The analysis showed that five units are nouns, even though they are listed in the
morphological dictionary as both noun and adjective: bytnd ‘landlady’, bytny
‘landlord’, ¢thand ‘lurking’, prisedici ‘associate’, Sipkovanda ‘treasure hunt’.

2) Only adjectives, POS=A

The analysis showed that 35 units are adjectives (Appendix 1), even though
they are listed in the morphological dictionary as both, noun and adjective.

We propose that units that represent school grades, vyborna ‘excellent’, vytecna
‘very good’, chvalitebna ‘good’, dobra ‘satisfactory’, dostatecnd ‘poor’, nedosta-
tecna ‘failure’ should be considered as adjectives. We think that from the contexts
one can see the ellipsis of a noun. Within this semantic group, tagging will be unified
and improved. We are aware of the problematic nature of this proposal. Ultimately,
however, a pragmatic view of improved automatic tagging prevailed along with the
most consistent tagging. By removing six units from a group of nouns, the
consistency of the tagging within one semantic group will be preserved. The
automatic part of speech tagging will be greatly improved, because it will not have
to deal with the disambiguation, which is quite complicated especially in the case of
frequent expressions as vybornd ‘excelent’ and dobra ‘good’.
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3) Nouns and adjectives POS=N, POS=A

The analysis showed that 50 units currently have only one interpretation (POS=N
or POS=A). However, they can be both adjective and/or a noun (Appendix 2). In addition
to the POS=N interpretation, it is also necessary to add a grammatical gender. [8]

4.2 Adding data to the Multiword Expressions Lexical Database

The analysis showed just how diverse the group of nominalized adjectives are.
Although we tried to find different ways of characterization that could be generalized,
it turned out to be almost impossible. The analysis confirmed that nominalized
adjectives occur predominantly as one part of speech in certain contexts. Whatever
this seems to be trivial, knowing the relevant collocations can greatly improve
automatic morphological tagging.

The Multiword Expressions Lexical Database, LEMUR, ([6], [7]) was created
by the Institute of Theoretical and Computational Linguistics, Charles University
and the Institute of the Czech National Corpus FF UK, and is used in the
disambiguation of corpora of the Czech National Corpus. Larger the database is,
better result in tagging can be reached.

We will demonstrate our approach on lemmas, which can be both a noun or an
adjective and belong to the semantic group of agentive nouns.

1) Units preceded by lemmas pan ‘mister’ and pani ‘missis’ and followed by
a proper noun
e lemma pan ‘mister’
hostinsky, kantynsky, lazensky, nadtizeny, obzalovany, odsouzeny, podtizeny,
predstaveny, vratny
innkeeper, canteenman, spamaster, superior, defendant, convicted, subordinate,
superior, porter

e lemma pani ‘missis’
hostinska, kantynska, lazenskd, nadiizend, obzalovana, odsouzend, podiizena,
predstavena, vratna, zubata
innkeeper, canteenlady, spamaster, superior, defendant, convicted, subordinate,
superior, porter, Death

e lemmata pan i pani

The lemma pan or pani can help the gender disambiguation of units listed
below because they have very often homonymous form.
cestujici, domaci, dozor¢i, duchovni, pokladni, produkéni, provozni, radni, recep¢ni,
rozhod¢i, spolubydlici, tfidni, i€etni, vedouci, vrchni, vycepni
passenger, landlord, landlady, supervisor, clergyman, cashier, production manager,
operating, councilor, receptionist, referee, roommate, class teacher, accountant,
leader, waiter, bartender, barmaid
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2) Collocations

The collocation overview does not aim to list all collocations, but to list those
that can help with automatic tagging.

We are aware of the fact that some of the collocations below, e.g. rozhodci
smlouva; ‘arbitration agreement’ may also occur in the opposite part of speech
classification than we have stated: Rada mésta schvalila rozhodc¢i smlouvu. (SYN
v5) ‘The City Council approved the arbitration agreement.” vs. Fotbalovy rozhod¢i
smlouvu nepodepsal. (our own example) ‘The football referee did not sign the
contract.”. However, we believe that similar contexts are really rare as we did not
find examples in the corpus.

We believe that by applying relatively frequent phrases and collocations, the
results of the automatic tagging will improve rather than deteriorate. Specifically, the
collocation rozhodci smlouvu “arbitration agreement / referee contract’ occurs in the
SYN v5 corpus 108 times, all occurrences are erroneously marked as rozhodci /
rozhodci | N; ‘referee’ smlouvu / smlouva / N; ‘agreement’. In this case, there would
be a 100% improvement. If we take into account the lemmas rozhodci and smlouva,
it is found in SYN corpus v5 614 times, of which the rozhodci is only 34 times
correctly tagged as an adjective. Even in this case, there would be a significant
improvement in labelling.

The specific improvement of the tagging will differ from the unit to unit.
Complete list of collocations states Zizkova [8].

Unit Noun Adjective

dozor¢i operacni dozor¢i dozoréi rada, dozor¢i organ, dozor¢i sluzba,
‘supervisor / ‘operational supervisor’ dozor¢i komise, dozor¢i utvar, dozorci
supervisory’ diistojnik, dozorci urad; ‘supervisory

board, supervisory body, supervisory service,
supervisory commission, supervisory unit,
supervisory officer, supervisory authority’

lazensky ‘spa’

Svihak lazensky, lazensky dim
‘spa dude, spa house’

‘councilor / town
hall’

‘district councilor, city
councilor’

ptredsedajici predsedajici schiize, predsedajici zemé, piedsedajici soudce,
‘chairman / predsedajici zasedani; predsedajici stat
presiding’ ‘chairman of the meeting, | ‘presiding country, presiding judge, presiding
chairman of the session’ | state’
Predstavena matka piedstavena,
‘Lady Superior / predstavena klastera,
presented’ predstavena Fadu;
‘Mother Superior,
Superior of the Monastery,
Superior of the Order’
radni radni kraje, radni mésta | radni véz

‘town hall tower’
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recepéni; recepcni hotelu, recepéni sluzba, recepCni pult, recepéni

‘receptionist / recepéni kempu, estetika
reception’ recepéni autokempu, ‘reception service, reception desk, reception
recepcni penzionu; aesthetics’

‘hotel receptionist, camp
receptionist, campsite
receptionist, guesthouse

receptionist’
rozhodci hlavni rozhod¢i, pomezni | rozhod¢i soud, rozhod¢i nalez, rozhodc¢i
‘referee / arbitration’ | rozhod¢i, €arovy rozhod¢i | senat, rozhod¢i vybor, rozhod¢i tribunal,
‘chief referee, sideline rozhod¢i organ, rozhod¢i panel, rozhod¢i
referee, line referee’ Fad, rozhodc¢i sbor, rozhod¢i spis, rozhodc¢i

vyrok, rozhod¢i institut, rozhod¢i proces,
rozhod¢i soudce

‘arbitration tribunal, arbitration report,
arbitration senat, arbitration committee,
arbitration tribunal, arbitration body,
arbitration board, arbitration code, arbitration
board, arbitration records, arbitration
statement, arbitration institutes, arbitration
process, arbitration judge’

Tab. 5. Examples of collocations

4.3 Taking into account when disambiguating

In order to neutralise gender differences, masculine in plural is more frequent in
the semantic group of agentive nouns (dozorci ‘supervisor’, prisedici ‘associate’,
lazensky ‘spamaster’ etc.) and designation of persons having a certain quality
(dospely ‘adult’, trpici ‘suffering’ etc.). Only the unit pokojska ‘maid’ is more
frequent in plural in feminine. We propose to take into account the neutralization of
gender differences in disambiguation of units listed in Appendix 3.

S CONCLUSION

The results of this investigation show that there is a way how to improve the
nominalized adjectives tagging.

Thanks to the selected CQL queries and subsequent manual searches, we
compiled a list of 319 terms that we considered to be a possible nominalized
adjective.

The detailed analysis of nominalized adjectives showed that the part of speech
is not always tagged properly. There are two reasons for the erroneous tagging:
inaccuracies in the morphological dictionary used in the CNK corpora, and the
disambiguation errors. So three solutions for improving nominalized adjectives
tagging were proposed.
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The first proposal involves removing inaccuracies from the morphological
dictionary. We proposed a change of interpretation to noun for 5 units to POS=N, then
for 37 units change to adjective, POS=A, for 51 units we recommended a change to
noun, POS=N, and adjective, POS=A, interpretation. The second proposal foresees the
extension of the LEMUR database to the proposed collocations collected for 147 units.
Thirdly, findings on disambiguation were formulated for 89 units.

The analysis shows how diverse and hard it is to tag properly a group of expressions
that are subject to the part of speech transition. Nevertheless, we believe that the proposed
solutions will at least partially improve the automatic part of speech tagging.
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Appendix 1

barska, basiliansky, cerna, divoka, dobra, dostatecna, hokejbalova, chvalitebna, inst-
rinsicky, jate¢né, kopulové, lutrovy, maltézsky, novellovsky, oscildtorové, paname-
rickd, pansky, pétimiliardova, pétimiliardovy, podrostové, poloninsky, safesova, sa-
fesovy, samodruhd, skopova, stehova, tajnd, tvirci, umpirova, umpirovy, verbovni,
vyborna, vyte¢na, vyvoleny, zakolanska

‘bar, basilian, black, wild, good, sufficient, hockeyball, very good, instrinsic,
slaughter, dome, low-wines, maltese, novel, oscillator, panamerican, manor, five
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billion, undergrowth, polonin, safe, pregnant, mutton, stitched, secret, creative,
umpire, recruiter, excellent, exquisite, chosen, from Zakolany’

Appendix 2

biovepiové, danci, demonstrujici, dojizdéjici, dospivajici, dostfelna, handicapovany,
hendikepovany, kosikova, kupujici, mistni, mrtvy, nakupujici, nastavajici, obvinény,
oddavajici, podeziely, pohieSovany, pokojska, pokojsky, poprav¢i, postizeny posko-
zeny, prodavajici, protestujici, prvotrestany, piednasejici, predsedajici, ptespolni,
prihlizejici, ptichozi, rezny, sazejici, slouZzici, soutézici, stavkujici, startujici, studuyji-
ci, tonouci, trpici, trvald, uc¢inkujici, umirajici, volajici, vystupujici, vysetiujici, vyu-
Cujici, zavrazdény, zranény, zacastnény

‘biopork, (of) fallow deer, demonstrating, commuter, teenage, firing, handicapped,
basketball, buyer, local, dead, shopper, wife-to-be, accused, wedding registrar, suspect,
missing, maid, chambermaid, executioner, handicapped, injured, seller, protesting, first
punished, lecturer, presiding, cross-country, onlooker, incoming, rye, betting, serving,
contestant, striking, starting, studying, drowning, suffering, permanent, acting, dying,
calling, performer, investigating, teacher, murdered, injured, involved’

Appendix 3

cestujici, demonstrujici, dojizd¢€jici, domaci, dospéla, dospivajici, dozorci, duchovni,
handicapovand, hendikepovana, hostinska, kantynska, kolemjdouci, kupujici, lazen-
ska, mistni, mrtva, nadfizena, nakupujici, nastavajici, obvinéna, obzalovana, odda-
vajici, odsouzena, okolojedouci, pocestna, poddana, podezield, podiizena, pohieso-
vand, pokladni, postizena, postupujici, poskozena, pracujici, prodavajici, produkéni,
protestujici, protijdouci, provozni, pfednasejici, predsedajici, pfedstavena, pfespolni,
pribuzna, ptihlizejici, ptichozi, ptisedici, radni, recepcni, rozhod¢i, sazejici, slouzici,
sluzebna, soutéZzici, spolubydlici, spolucestujici, stavkujici, straznd, studujici, tonou-
ci, trpici, tfidni, ucetni, ucinkujici, umirajici, vedouci, vétici, volajici, vratna, vrchni,
vycepni, vystupujici, vysetiujici, vyucujici, zavrazdéna, zranénd, zicastnéna

‘passenger, demonstrating, commuter, landlord, landlady, adult, teen, supervisor,
clergyman, handicapped, handicapped, innkeeper, canteenlady, passerby, buyer,
spamaster, local, dead, superior, shopper, wife-to-be, accused, indicted, wedding
registrar, convicted, bystanders, wayfarer, subject, suspect, subordinate, missing,
cashier, disabled, advancing, injured, working, seller, production manager, protesting,
oncoming, operating, lecturer, chairman, superior, non-resident, relative, onlooker,
incoming, associate, councilor, receptionist, referee, betting, serving, maid, contestant,
roommate, fellow-traveller, striking, guard, studying, drowning, suffering, class
teacher, accountant, performer, dying, leader, believer, calling, porter, waiter, bartender,
performer, investigating, teacher, murdered, injured, involved’
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