Collocations of Complex Nouns: Evidence for Lexicalisation

Heike Zinsmeister and Ulrich Heid
Institute for Natural Language Processing
University of Stuttgart
Azenbergstr. 12
D-70174 Stuttgart
Germany
zinsmeis,heid@ims.uni-stuttgart.de

Abstract

This paper combines a corpus-based study of
noun-verb collocations with an attempt to dis-
tinguish compositional, regularly formed com-
pounds from lexicalised ones. The identification
of lexicalised compounds is relevant for both fur-
ther NLP-applications as well as for traditional
lexicography. We claim that morphologically
regular, compositional compounds share most of
their collocational preferences with their com-
pound heads, whereas lexicalised compounds
have their own collocational preferences, dis-
tinct or only marginally overlapping with those
of their heads.

We test this claim on corpus data for
noun-+verb collocations of 85 German simple
nouns and their compounds (1,058 types). The
extraction relies on stochastic parsing, since this
procedure provides syntactically homogeneous
data and frequency counts, which are input to
the log-likelihood association measure, to com-
pute significance scores for the combinations.
The experiments seem to confirm our hypoth-
esis: a collocational analysis of this kind can
serve to identify lexicalised compounds.

1 Introduction

This paper combines a corpus-based study of
noun-verb collocations with an attempt to dis-
tinguish compositional, regularly formed com-
pounds from lexicalised ones. The study fo-
cuses on collocations of noun+verb pairs where
the noun is the syntactic head of the ver-
b’s direct object. We compare the colloca-
tional preferences of noun+noun compounds
with those of their heads. We take the term
collocation to denote binary word combinations
where one element cannot be easily substituted.
This includes a whole range of phenomena such
as support verb constructions like (jemandem)

Gesellschaft leisten (‘keep sb’s company’), fully
idiomatic chunks like (jemandem das) Handw-
erk legen (‘put a stop to sb’s activities’), as well
as collocations in a narrower sense which are ha-
bitual combinations like eine Kette anlegen ‘put
on a necklace’).! Many such combinations co-
occur significantly often in text. Even though
many of these combinations have no word by
word translations, we do not include seman-
tic non-compositionality as a defining criterion.
This definition is roughly equivalent to those of
Hausmann (1989) and (2004) and Benson et al.
(1986).

The work described here is prompted by the
observation that certain morphologically com-
plex nouns, especially compounds, share most
or all of their collocates with the respective
compound heads (e.g. die Kleiderfrage kldren
(lit. ‘settle the dressing question’) and die Frage
klaren (‘settle the question’)).

These facts may be more regularly distributed
than it may seem at first sight. It could be
that collocational preferences are governed by
the same general (i.e. not lexeme-specific) pref-
erences of a semantic nature, as productivity in
idiom variation. Liideling (2002) discusses col-
locational and idiomatic examples, where next
to Zdhne putzen (‘brush one’s teeth’) also seine
Beiflerchen putzen (‘brush one’s little pearlies’)
is found in texts, as well as collocations with
compounds, such as seine Schneidezdhne putzen
(‘brush one’s incisors’). This phenomenon seems
to be related with the productive modifiabil-
ity of idiomatic expressions, as found in da ste-
hen dem Schwarzkittel die Borsten zu Berge (lit.
‘that makes the boar’s bristles stand on end’),

We also include pairs which are in fact parts of a
larger idiomatic expression such as Nase verdienen as
part of the idiom sich eine goldene Nase verdienen, see
(Zinsmeister and Heid, 2003).



where Borsten replaces Haare (and the wild boar
the person).

The automatic detection of any kind of
broader productive modifiability would require
extensive ontological knowledge sources as well
as complex reasoning tools. In the case of com-
pound nouns it is much easier to relate the mod-
ified phrase - the compound - to the original ex-
pression - the nominal head. It only requires a
morphological analyser and a mapping tool. We
therefore concentrate on compounds although
the phenomenon might well be part of a more
general effect. The focus on compound nouns is
also independently justified (cf. Section 2).

We argue that it is relevant to classify produc-
tive uses in the domain of collocations of com-
plex nouns, as well as to find a correlation be-
tween the collocational behaviour of compounds
and their semantic compositionality. For this
correlation, we have a working hypothesis; we
suggest that there is a correlation between col-
locational preferences and the lexicalisation of a
compound:

(i) non-lexicalised, productively built (fully
compositional) compounds would then
share a large number of collocations with
their compound heads;

(ii) whereas lexicalised compounds (which
often but not necessarily are non-
compositional) would have their own
collocations, distinct or only marginally
overlapping with those of the compound

head.

The collocational behaviour of compounds
would then be usable as an indicator of their
lexicalisation. A similar approach was pursued
by (Lin, 1999) to automatically identify non-
compositional expressions. "[T]he metaphorical
usage of a non-compositional expression causes
it to have a different distributional characteris-
tic than expressions that are similar to its literal
meaning".?

We set out to empirically test our hypotheses,
by using a large German corpus and an auto-
matic tool to extract verb+object collocations.
We search for collocations of nouns which have
large numbers of determinative compounds, and

2See also recent work by (Pearce, 2001) and (Baldwin
et al., 2003).

where the compounds are frequent enough to
throw up enough collocational examples them-
selves. This will provide us with collocations
and frequency data for both compounds and
their compound heads; we will compare the re-
spective figures and attempt to interpret them.
Our assessment of the lexicalisation of com-
pounds will have to be an intuitive one.
Section 2 motivates the identification of lexi-
calised compounds by sketching applications in
traditional lexicography as well as in an NLP-
system. In Section 3, we describe the prepara-
tory steps for the extraction of the raw data from
corpus text; Section 4 reports about a case study
carried out on 85 German nouns and their de-
terminative compounds, and Section 5 contains
a discussion of the results from a lexicographic
point of view, and we propose further work.

2 Motivation

If the above hypotheses turn out to be confirmed
by the empirical data, this has several implica-
tions for lexicography:

e dictionaries may mark non-lexicalised com-
pound nouns and possibly indicate that
their collocates are likely to be shared
with those of the compound head; alter-
natively, only non-shared collocations could
be marked;

e when it comes to space saving in a printed
dictionary, non-lexicalised compounds may
be left out from the nomenclature more eas-
ily than lexicalised ones (or their micro-
structural indications may be reduced); col-
locational preference data might be useful,
then, for lexicographers to decide about the
inclusion into the dictionary.

For NLP-applications, in particular for sta-
tistical approaches that take lexical information
into account (such as lexicalised statistical pars-
ing) a distinction between lexicalised and non-
lexicalised compounds could help increase effi-
ciency:

e sparse data problems could be reduced by
adding frequency counts of non-lexicalised
compounds to the frequency counts of their
nominal heads.  Only lexicalised com-
pounds would then count as independent



types. This is desirable since low frequency
counts often result in suboptimal parame-
ter estimations. Higher frequency counts
consequently improve the model.

3 Preparing the Extraction:
Creating Homogeneous Material

The identification of noun+verb-collocations is
a difficult task for automatic extraction from
German corpora. In contrast to many other
types of collocations, they do not necessarily oc-
cur in adjacent word sequences. They are not
even restricted to a window of n adjacent items,
which poses problems for classical n-gram ap-
proaches and for many flat, chunking-based ap-
proaches. We overcome this problem by making
use of a full-fledged clausal analysis as a prepro-
cessing step to the collocation extraction.

The problem of non-adjacency holds espe-
cially for languages like German that allow for a
relatively free word order of nominal arguments.
There is no fixed order related to grammatical
functions, instead word order and constituent
order depend on various factors like informa-
tion structure, animacy, definiteness, etc. The
grammatical relation between a noun and a verb
can not be read off the linearisation. Linguis-
tic knowledge like case morphology and subcat-
egorisation information are needed to determine
the relation. The nominal arguments do not oc-
cur in fixed positions, and even verbs take part
in dislocations: German particle verbs split in
Verb Second contexts. The finite verbal part
occurs in second position whereas the particle
remains in the clause-final base position of the
verb, such as in:

Eine Pausescc legtey eryoar heute nicht

eiNpARTICLE
‘He did not take a break today’.

We used a statistical grammar (Schulte im
Walde, 2003) that covers the phenomena de-
scribed above: it recognises (split) particle
verbs and identifies verbal arguments indepen-
dently from linearisation. A manually estab-
lished context-free grammar with feature con-
straint annotations functions as backbone. It is
trained iteratively by a statistical parser (LoPar,
Schmid (2000)) on a newspaper corpus of ap-
proximately 35 million words. During training

the grammar rules are enriched with informa-
tion about their lexical heads. This lexicalisa-
tion allows to read off from the trained grammar
model the co-occurrence frequencies of lexical
heads that are related by grammatical structure
(such as object+verb). From an abstract point
of view, this lexical co-occurrence data repre-
sents a syntactically homogeneous data set of
direct object+verb pairs (in the terms of Evert
and Krenn (2001)). It can easily be fed into a
lexical association measure algorithm.

We extracted pairs of verbs and their internal
arguments, i.e. their accusative objects in active
clauses or their nominative subjects in passive
clauses, thereby generalising over syntactic vari-
ations such as linearisation of verb and object, or
voice (active/passive alternation) and finiteness
of the verb. This ensures exploiting the broad
coverage of the grammar, thereby increasing re-
call and precision.

Adding up all occurrences of a given noun in-
dependently of the verbal head results in the
estimated frequency count® of the noun in gen-
eral. The same holds for a given verb, respec-
tively. Counting all pair frequencies by gen-
eralising over the lexical heads gives the total
number of noun-+verb-pairs that constitute the
background on which the collocations are to be
identified.

We ordered the extracted noun-+verb-pairs in
two ways. Firstly, with respect to their esti-
mated frequency®. Secondly, with respect to
their log-likelihood score to identify more reli-
ably® such pairs that have a high relative asso-
ciation, i.e. potential collocations (cf. Dunning
(1993)). The score expresses a degree of confi-
dence with which we can reject the assumption
that the co-occurrence of a noun-verb-pair is
mere coincidence.

3Estimated frequencies are fractions instead of dis-
crete number counts. This is due to the fact that esti-
mation takes into account the probability of the parse
tree that includes the target structure which normally
competes with alternative analyses of the same sentence.

A related approach, a combination of estimated fre-
quency and modelled probability in an EM-based classi-
fication model, was used by Prescher (2002) to extract
collocation candidates.

5Cf. (Evert et al., 2000).



4 Experiment

Our experiments are organised as follows. For
85 heads that are related to a total num-
ber of 7,518 compound types, we (i) extracted
compound+verb-pairs that came with a token
frequency higher than 5.0 (1,058 types) and the
verb of which did not co-occur with the re-
spective compound head. This turned out to
be a quite reliable method for identifying lexi-
calised compounds. Due to the relatively high
frequency threshold, this method cannot deal
with sparse data. (ii) To reduce the sparse data
problem, we lowered the frequency threshold for
compound+verb-pairs to 2.5 (2,024 types) and
allowed co-occurrence of the verb and the re-
spective head but added restrictions on the log-
likelihood scores (Dunning, 1993) of the word
pairs.® This method improved the recall.

5 Results and Discussion

In our experiments, we manually inspected data
for most of the 85 nouns (and their compounds)
in our test sample. In this section, we first de-
scribe a few clear cases: in Section 5.1.1, we
show nouns which share most of their collocates
with their head nouns, whereas in Section 5.1.2,
we give examples of compounds which have col-
locations distinct from those of the respective
compound heads. To provide a first evalua-
tion, we picked 40 candidates by frequency and
analysed the respective data manually (Section
5.2.1). Finally, we used log-likelihood figures to
compare collocation preferences of compounds
and of their heads; the results are described in
Section 5.2.2 and illustrated in Table 1 and Ta-
ble 2.

5.1 Qualitative Evaluation

5.1.1 Shared Collocations

As a sample, the nouns Fest and Kraft are
analysed in more detail, because many of
their compounds occur frequently enough to
provide interpretable collocational data. We
mainly analysed the collocational preferences of
noun-+noun compounds, but the results seem to

5The log-likelihood score is not fully adequate for our
data since it calculates discrete frequency counts whereas
our data comnsists of continuous estimated frequencies.
As the error is expected to be small (see (Evert, to ap-
pear) for an extensive discussion on association mea-
sures) we used the standard implementation here (see
e.g. www.collocations.de).

carry over to verb+noun compounds as well (cf.
Fihrungsy krafty vs. Schreiby krafty).

The most prominent verbal collocates of
Fest are feiern (estimated frequency of 88.24),
eroffnen (20.45), planen (12.79), wveranstalten
(11.75), and machen (10.87). Considering all 94
compounds of Fest (types), such as Abschieds-
fest, Brezelfest, Fufballfest found in the corpus,
38.21 % of all observed collocations (tokens) of
these compounds contain the verb feiern; feiern
was observed in collocations of 49 of the 94
(52.13 % of the) compound types. The next im-
portant collocates with compounds of Fest are
erdffnen, planen, veranstalten, machen, organ-
isieren, besuchen; these verbs account for an-
other 24.87 % of the analysed occurrences.

Another example of the same type is the noun
Kampf. The collocates shared by many of its
compounds are fihren (13.82 total occurrences),
erdffnen (3.65 %), verlieren, gewinnen, fortset-
zen, beenden, liefern, entbrennen, ausfechten,
austragen, entscheiden (together 10.58 % of the
occurrences). Interestingly, the second most fre-
quent combination with Kampf is jmdm den
Kampf ansagen (‘to challenge sb’). This colloca-
tion is lexicalised (or idiomatised?) and it seems
to be restricted to the noun Kampf, as a combi-
nation with ansagen seems impossible with any
compound of Kampf.

The above example illustrates a case where
the collocational behaviour of compounds is
partly shared with from that of the head. The
nouns analysed are mainly monosemous. A pol-
ysemous case is the noun Kraft. Its compounds
fall into two groups: (a) ‘power, strength, force’:
Triebkraft, Symbolkraft, Ausdruckskraft, Durch-
setzungskraft, ... and (b) ‘employee, personnel’:
Nachwuchskraft, Honorarkraft, Fihrungskraft,
Halbtageskraft, ....

Along with the two distinct semantic groups,
collocations also group together. With group
(a), prominent verbs are haben, starken, bin-
deln, wverlieren, verleihen, beweisen, entfalten,
whereas group (b) has einsetzen, einstellen,
freisetzen, suchen, anstellen. Very few - un-
specific and likely not collocationally relevant -
verbs show up with compounds of both groups:
brauchen, geben, entwickeln.

5.1.2 Lexicalised Cases

From the estimated frequency figures for col-
locations, separately for heads and for com-



pounds, it is easy to extract those cases where
a given compound has a highly frequent collo-
cation with a verb and where this verb does not
collocate with the respective head at all. This
case is the inverse of den Kampf ansagen. A few
prominent examples are: Autobahn, Fahrbahn +
sperren, but not * Bahn + sperren; Bufgeld ver-
hangen, but not *Geld + verhdngen; Hilfestel-
lung + leisten, but not *Stellung + leisten.

These examples all contain lexicalised com-
pounds which are morphologically regular, but
not (e.g. Hilfestellung) or only partially (e.g.
Bufigeld) semantically compositional. Among
the heads concerned are mainly very general
ones (e.g. Art, Werk, Wert, Punkt) which give
rise to semantically opaque compounds (like
Handwerk, Kunstwerk, Feuerwerk, Standpunkt,
Sportart etc.).”

5.2 Quantitative Evaluation
5.2.1 A Frequency-Based Evaluation

To evaluate our procedures against the hypoth-
esis that lexicalised compounds do not share
(many of their) collocates with their compound
heads, we inspected the collocations found
with 40 candidates classified as lexicalised com-
pounds by our tools.

The results are depicted in Table 1. 29 of
the candidates occurred mainly in non-shared,
idiosyncratic collocations such as Alarman-
lage (‘alarm system’) and Anhaltspunkt (‘clue’).
Nine candidates such as Arbeitskampf (‘indus-
trial action’) and Arbeitskraft (‘capacity for
work, worker’) showed a mixed behaviour: they
have an overlap with the collocations of their
head but are rather idiomatic. Only two out of
the 40 candidates mainly share the collocation
preferences of their head. We take this result as
a confirmation of the hypothesis that the anal-
ysis of collocational behaviour can be used for
identifying candidates of lexicalised compounds.

5.3 Log-Likelihood Scores

To evaluate the rest of the extraction exper-
iments, we manually determined lexical com-
pounds from the compound list without taking
the noun-verb-collocations into consideration

"Interestingly, we have however the following colloca-
tions: Bufle verhdngen (‘fine’, lit. ‘impose a fine’ and
Hilfe leisten (‘provide assistance’). Indeed the semantics
of Buflgeld is close to that of Bufle, and so is that of
Hilfestellung to its non-head Hilfe.

Forming idiomatic collocations

Alarmanlage, Anhaltspunkt, Autobahn, Besatz-
ungsmitglied, Bufgeld, Eigentumsverhaltnis(-
se), Fahrbahn, Feindbild, Feuerwerk, Gangart,
Grofsenordnung,  Handwerk,  Hilfestellung,
Hohepunkt, Meinungsbildung, Notdienst, Spie-
leabend, Sportangebot, Sportart, Standpunkt,
Stellenwert, Streckenfiithrung, Streitwert,
Umweltschutz,  Urstand,  Verkehrsfiihrung,
Verwarnungsgeld, Waffenstillstand, Zeitpunkt

Mixed but rather idiomatic

Arbeitskampf, Arbeitskraft, Autofahrer, Grenz-
wert, Kopfgeld, Motorradfahrer, Ozonwert,
Sozialhilfe, Wahlkampf

Sharing of collocation

Miftrauensantrag, Pressekonferenz

Table 1: Candidates for lexicalised compounds

and compared them with the collocational re-
sults. The test used in the manual selection ex-
ercise was whether a compound can be replaced
by its head without a change in meaning that
goes beyond hyperonymy: for example Vertei-
digerstellung (‘position of defender’) can be re-
placed by its hypernym Stellung. We conclude
from this behaviour that Verteidigerstellung is
not a lexicalised compound, whereas Problem-
stellung (‘way of looking at a problem’) is in-
deed lexicalised, as it is not a specific type of
Stellung. More generally, compounds of Stel-
lung tend to be non-lexicalised as long as the
first part of them are common nouns.®
Compounds with the head Art (‘kind’) devi-
ate from the morphological right-hand head rule
in that the semantic head of the compound is its
first part, for instance Baumart ‘tree type’ is not
a kind of Art ‘kind’ but a kind of Baum (‘tree’).
There is a whole class of nouns that behave the
same. We expect therefore that there is no sig-
nificant match in the collocational behaviour of
these compounds and their head. This is in fact
born out. Among 25 pairs there are only four
which have a positive count for a related com-

#Due to ambiguities in the morphological analysis the
test items include words like Feststellung or Klarstellung.
They are in fact not compounds but nominalisations of
complex verbs like feststellen, klarstellen, and zufrieden-
stellen. We expect them to be opaque in meaning, and
also to show individual collocation preferences. They are
indeed identified as lexicalised items by our tools.




pound. None of the nine most prominent col-
locations of Art+verb co-occur with any com-
pound of Art. Table 2 shows sample data from
our experiments. Each line of the table starts
with a verb(al collocate) and has, in its second
column, a noun, in its fifth column a compound
of that noun. Columns 3 and 4 contain figures
for the log-likelihood ratio of the collocation be-
tween the simple noun and the verb, and for
its absolute frequency, respectively. Similarly,
columns 6 and 7 contain log-likelihood and fre-
quency figures for the collocation of the verb and
the compound.

We consider Hilfestellung, for example, as lex-
icalised: as mentioned above, Stellung-+leisten
does not occur in our corpus (thus "0.00" in
columns 3 and 4), whereas Hilfestellung leis-
ten occurs with an estimated frequency of 32.55
(column 7) and has a high log-likelihood value
(column 6: 306.30).  Similarly, Marktstel-
lung (‘market position’) is considered as non-
lexicalised, with respect to Stellung (‘position’):
the collocation with ausbauen has considerable
log-likelihood values with each (18.92 with Stel-
lung and 39.30, with Marktstellung).

5.4 Residuals

To improve the recall on lexicalised compounds,
we tested additional simple grouping heuris-
tics. We extracted sets of compounds with five
or more members that co-occur with a verb
that has zero-frequency with the correspond-
ing base. This method lead to 77 additional
candidates, among them e.g. Mundwerk and
Gottesdienst. Another heuristic was extracting
compounds that co-occur with a set of four or
more verbs that have all zero-frequency with
the corresponding base. We found eleven addi-
tional candidates this way, including Badenwerk
(which is a proper name) and Dauerwelle.
Compounds involving proper names or hy-
phenated compounds were evaluated indepen-
dently. The latter often feature a proper name
or an abbreviation as first compound part. Both
types tend to be non-lexicalised and inherit their
collocational preferences from their bases.

6 Summary

For the extraction of noun-verb-collocations
from a German corpus, we used a stochas-
tic grammar; it produced syntactically homo-
geneous material that was subsequently sorted

by means of an association measure.

We ran an experiment on the collocational
preferences of compound nouns, as compared
to those of their compound heads. The re-
sults suggest that collocate selection is mostly
shared between heads and those compounds
which are built according to productive morpho-
logical rules, and which are not only morpholog-
ically, but also semantically compositional. Lex-
icalised compounds, however, tend to have their
own collocations which do not (or only partially)
overlap with those of their heads.

This study is part of work on dictionary up-
dating tools, which compare, for example, the
head word list of an existing dictionary (that
needs to be updated) with the most frequent
lemmas from corpora.’ Many corpus words pro-
posed for inclusion into the dictionary are com-
pounds, and often frequency is not the only cri-
terion for a lexicographer to really include them.
If an automatic tool such as the one sketched
here could provide hints as to the lexicalisation
status of the compounds, another criterion for
inclusion into or removal from the dictionary
would be operationalised: most lexicographers
would want lexicalised compounds to be cap-
tured in their dictionary, whereas not all non-
lexicalised, productively formed ones are seen
as indispensable.

9This work was carried out in part under the Trans-
ferbereich TFB-32, Automatische Exzerption. We ac-
knowledge gratefully the support given to Universitdt
Stuttgart, in this project, by the Deutsche Forschungs-
gemeinschaft, DFG. For details on TFB-32, see Evert et
al. (2004).



[ verb v [ head h  Ii(h,v) f(h,v) | compound c l(c,v) f(c,v) |
haben Abend 0.43 15.65 | Feierabend 23.54 6.66
verbringen Abend 168.73 22.07 | Lebensabend 527.35  39.84
haben Art 8.33 60.47 | Eigenart 12.40 5.07
einschlagen Art 0.00 0.00 | Gangart 143.74  11.94
ankiindigen Art 0.16 1.00 | Gangart 65.07 9.13
einlegen Art 0.00 0.00 | Gangart 54.18 6.58
trainieren Art 0.00 0.00 | Kampfsportart 50.74 2.86
haben Art 8.33 60.47 | Spielart 10.84 2.85
kennenlernen | Art 0.95 1.00 | Sportart 78.07 7.00
ausiiben Art 1.32 1.09 | Sportar 27.27 2.91
organisieren Fest 20.54 6.00 | Sommerfest 32.18 4.64
organisieren Fest 20.54 6.00 | Strafenfest 32.71 3.90
betreiben Kampf 0.00 0.00 | Wahlkampf 62.68 12.19
entscheiden Kampf 36.74 11.17 | Machtkampf 59.82 7.47
finanzieren Kampf 0.00 0.00 | Wahlkampf 24.02 5.92
einlduten Kampf 0.00 0.00 | Wahlkampf 27.76 3.50
dominieren Kampf 0.00 0.00 | Wahlkampf 17.56 2.91
treffen Stellung 0.00 0.00 | Feststellung 20.07 3.93
leisten Stellung 0.00 0.00 | Hilfestellung 306.30  32.55
erhoffen Stellung 0.00 0.00 | Hilfestellung 20.47 2.78
bieten Stellung 0.00 0.00 | Hilfestellung 25.36 5.41
verlangen Stellung 0.00 0.00 | Klarstellung 27.73 4.48
fordern Stellung 0.00 0.00 | Klarstellung 14.63 3.80
zerstoren Stellung 0.00 0.00 | Luftabwehrstellung 39.55 3.00
ausbauen Stellung 18.92 6.53 | Marktstellung 39.30 4.00
verlieren Stellung 17.68 12.75 | Monopolstellung 18.15 3.00
verbessern Stellung 1.52 2.01 | Rechtsstellung 34.07 3.00
einnehmen Stellung 52.26 12.20 | Spitzenstellung 96.02 8.52
vornehmen Stellung 0.00 0.00 | Weichenstellung 47.68 4.99
erwarten Stellung 0.00 0.00 | Weichenstellung 14.86 2.96
abschalten Werk 1.88 0.98 | Atomkraftwerk 291.55  23.13
bauen Werk 64.22 22.22 | Atomkraftwerk 74.23 12.37
instandsetzen | Werk 0.00 0.00 | Bauwerk 41.84 2.98
zerstoren Werk 0.05 1.00 | Bauwerk 17.06 2.99
abbrennen Werk 0.00 0.00 | Feuerwerk 166.53 10.57
entfachen Werk 0.00 0.00 | Feuerwerk 64.64 4.87
veranstalten Werk 0.00 0.00 | Feuerwerk 23.42 3.00
legen Werk 0.25 1.07 | Handwerk 502.89  57.32
lernen Werk 0.00 0.00 | Handwerk 135.75 18.40
erlernen Werk 0.00 0.00 | Handwerk 109.22 10.00
beherrschen Werk 0.00 0.00 | Handwerk 80.84 10.94
verstehen ‘Werk 0.08 1.66 | Handwerk 96.54 16.99
erschweren Werk 0.00 0.00 | Handwerk 17.31 3.00
betreiben Werk 1.63 3.02 | Kernkraftwerk 19.68 3.00
liefern Werk 2.17 3.69 | Kernkraftwerk 16.12 2.68
abschalten Werk 1.88 0.98 | Kraftwerk 74.44 7.00
stilllegen ‘Werk 22.25 5.00 | Kraftwerk 58.82 6.00
betreiben Werk 1.63 3.02 | Kraftwerk 36.89 6.00
besetzen Werk 12.88 6.77 | Kraftwerk 14.98 2.99
schaffen Werk 0.02 4.12 | Kunstwerk 29.08 7.48
zerstoren ‘Werk 0.05 1.00 | Kunstwerk 13.47 2.99
zerstoren Werk 0.05 1.00 | Lebenswerk 31.16 4.00
aufbauen Werk 4.77 3.96 | Netzwerk 77.23 8.99
tragen Werk 4.63 0.51 | Schuhwerk 27.31 3.91
verlieren Werk 2.20 0.94 | Triebwerk 23.22 3.96
billigen ‘Werk 0.49 1.00 | Vertragswerk 31.27 3.21

Table 2: Sample extraction results
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