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1 Introduction

Treebanks allow for the creation of a valence lexicon per side effect. The TüBa-D/Z
valence lexicon has been created in lockstep with the development of the TüBa-
D/Z treebank as such. For each verb encountered in the treebank, the annotators
created a lexical entry that records the valence frames of the verbs contained in
the sentence, unless they are already contained in the valence lexicon as result of
previous annotation. The TüBa-D/Z valence lexicon currently contains a total of
8013 frames for 4896 distinct verb lemmas. Since treebank annotation is still on-
going, the lexicon will continue to grow.

Such a lexicon has utility in its own right as a resource for lexicalized parsing
and a variety of NLP applications. At the same time, the lexicon can serve as a
source for aiding consistency of annotation and automatic detection of annotation
errors.

2 Characteristics of the TüBa-D/Z Treebank

The TüBa-D/Z treebank of German is a linguistically annotated corpus based on
data of the German newspaper ‘die tageszeitung’ (taz). Currently, it comprises ap-
proximately 36 000 sentences. Its scheme for the syntactic annotation is derived
from the Verbmobil Treebank of spoken German (Hinrichs et al., 2000), which
has been enhanced along various dimensions to accommodate the characteristics
of written texts. The annotation scheme of the TüBa-D/Z treebank comprises four
levels of syntactic annotation: the lexical level, the phrasal level, the level of topo-
logical fields, and the clausal level. The primary ordering principle of a clause is
the inventory of topological fields, which characterize the word order regularities
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among different clause types of German, and which are widely accepted among
descriptive linguists of German (cf. (Drach, 1937; Höhle, 1986)). A set of node
labels describes the syntactic categories (including topological fields and coordi-
nations). The context-free backbone of phrase structure (i.e. proper trees without
crossing branches) (Telljohann et al., 2004) is combined with edge labels speci-
fying the grammatical function of the phrase in question as well as long-distance
relations. For more details on the annotation scheme see Telljohann et al. (2006).

3 The Valence Lexicon

The development of the treebank is accompanied by the creation of a valence lexi-
con, which is growing with the size of the treebank. For each verb that is contained
in the treebank, a lexical entry is created that consists of the infinitive form of the
verb (lemma), the valence frame for the specific sentence, the sentence reference
number, and the sentence itself in abbreviated form (marked by ‘Bsp:’ (example)).
When the same verb occurs in another sentence with a different valence frame, this
frame is added unless it is already contained in the valence lexicon. Maintaining
a valence lexicon of this kind is motivated by the necessity of a reference list that
ensures a consistent syntactic annotation of grammatical functions throughout all
sentences in the treebank. All new entries of the valence lexicon are checked in a
manual correction phase with special regard to previous entries of the respective
verb lemma. In case of a detected error within a valence frame, all occurrences of
the verb in the treebank are inspected. This strategy is labor intensive but decreases
the error rate of human manual extraction of lexical information (cf. O’Donovan
et al. (2005) for an automatic approach to extract subcategorization frames from
Penn-II and Penn-III treebanks).

Example (1) shows an example entry of the valence lexicon for the verb ein-
setzen, which is polysemous and occurs with different valence frames in the tree-
bank1:

(1) einsetzen: ON [einsetzen] OA (R4-5603)
======= Bsp: Wir haben Computer eingesetzt

‘We used the computer.’

ON [einsetzen] OA FOPP (für, gegen) (R4-3126)
Bsp: Wir setzen uns für eine Feuerpause ein
‘We supported a cease fire.’

1The codes surrounded by parentheses refer to the number of the current/new treebank release
(R4/N5) followed by the sentence number where this particular valence frame occurs (typically the
first occurrence).
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Bsp: Gegen den Widerstand setzt der Senat
Polizeiknüppel ein

(R4-27058)

‘Against the resistance the senate used billy clubs.’

ON [einsetzen] (R4-2903)
Bsp: Schneefall hatte eingesetzt
‘Snowfall had set in.’

ON [einsetzen] OA PRED (R4-17034)
Bsp: Gourmetköche setzen sie als Garnitur ein
‘Gourmet cooks used it as garnish.’

ON [einsetzen] OD OA (N5-37382)
Bsp: Man setzt den Pflanzen neue Gene ein
‘One inserts new genes into the plants.’

Table 1 summarizes the grammatical functions used in the valence lexicon:

Label Description

ON nominative object (incl. subject clauses)
OG genitive object
OD dative object
OA accusative object
OS sentential object
OPP obligatory prepositional object
FOPP facultative prepositional object
OADVP adverbial object
OADJP adjectival object
PRED predicate
OV verbal object

Table 1: Grammatical functions in the valence lexicon

The inventory of grammatical function labels used in the valence lexicon in Ta-
ble 1 coincides with the edge labels used in the syntactic annotation of the TüBa-
D/Z. Thus, the categories used in the TüBa-D/Z valence lexicon correspond di-
rectly to syntax. This distinguishes this valence lexicon from other valence lexica
whose labels abstract away from surface syntax and encode primarily semantic in-
formation, such as PropBank (see Palmer et al. (2005)), FrameNet (see Baker et al.
(1998)), and the Prague valency lexicon PDT-VALLEX (see Hajič et al. (2003)).

By default, valence frames record verb usage in the active voice. Valence
frames of passive and infinitive clauses are added to the valence lexicon as specific
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entries only if a verb occurs exclusively in a passive or in an infinitive sentence
in the treebank (e.g. the valence frame “ON [anfordern] (PASSIV)” for the sen-
tence Die Schablone wird angefordert (‘The template is being ordered.’) or “[an-
geln] (INFINITIV)” for the clause . . . in der Themse zu angeln (‘. . . to fish in the
Thames.’). As soon as the same verb is encountered in an active or finite sentence,
the passive or infinitive frame is replaced by the active or infinitive counterpart.
This ensures that verbs that are only used in passive or infinitive constructions in
the treebank can be easily identified.

Any developer of a valence lexicon needs to determine how much information
should be contained in individual valence frames. In particular, one needs to decide
in advance whether valence frames should include only (obligatory) complements
of the verb or whether (optional) adjuncts should also be incorporated. The TüBa-
D/Z valence lexicon steers a middle ground with respect to these distinctions. In
addition to obligatory complements, it includes those adjuncts that are character-
istic of individual verbs. Such adjuncts typically take the form of PPs headed by
a particular prepositional head, or they take the form of predicate modifiers. The
former class is categorized by the label FOPP (for: facultative prepositional ob-
ject; cf. Table 1), and the latter by the label PRED (cf. Table 1). On the other
hand, adjuncts that are generally admissible for verbal predicates such as tempo-
ral or locative modifiers are not included in any valence frames. In the TüBa-D/Z
treebank such modifiers receive the labels V-MOD (if the adjunct unambiguously
modifies a verb) or MOD (for cases where the scope of the modifier cannot be
uniquely determined and thus needs to remain underspecified).

The inclusion of prepositional or predicative adjuncts obviously leads to more
fine-grained valence entries. This has at least two advantages for treebank devel-
opment: (i) it supports a higher degree of consistency in the annotation of modi-
fiers, in particular regarding the three labels FOPP, V-MOD, and MOD, which are
particularly difficult for annotators to assign, (ii) it aids in the disambiguation of
polysemous verbs since different verb senses often correlate with the presence or
absence of verb-specific prepositional or predicative adjuncts.

4 Quantitative Analyses of the Valence Lexicon

The TüBa-D/Z valence lexicon currently contains a total of 8013 frames for 4896
distinct verb lemmas. These numbers are snapshot values documenting the current
state of work. In order to estimate the lexicon’s coverage, we counted the number
of new verb lemmas and new frames found in ranges of 5000 sentences.

Figure 1 shows the accession rates for new verb lemmas, new frames, and the
combinations of both (the distribution of 7743 frames for 4758 verb lemmas) in the
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Figure 1: Accession rates for frames, verb lemmas, and their combinations

ranges up to sentence number 35 000.
For the first 5000 sentences the accession rate is 33,9% for verb lemmas and

6,0% for frames. These values drop down to 5,9% (verb lemmas) and 0,9% (frames)
for the sentence number range 30 000 to 35 000. For the next range of 5000 sen-
tences, an increase of approximately 250 new verbs (ca. 5%) can be expected. The
accession rate for frames is about one sixth of the one for verb lemmas. None of
the curves already indicates saturation.

Figure 2 illustrates the distribution of valence frames over sentence number
range for the 15 verb lemmas with the highest number of valence frames (cf. Ta-
ble 2). The stacked columns show that the highest increase of new frames occurs
in the range (r) up to 5000 sentences followed by the range up to 10 000 sentences.

The subsequent sections present additional quantitative analyses, which have
been performed on the valence lexicon.

4.1 Number of Distinct Valence Frames

Currently, the valence lexicon contains 717 distinct valence frames. The frequency
of occurrence for a specific valence frame ranges from 2243 (ON OA) down to one.
488 different valence frames occur only once in the valence lexicon, 67 frames are
encountered twice, and 36 frames are found three times.

Figure 3 shows a diagram of the thirty highest ranking valence frames. The
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Figure 2: Distribution of valence frames over sentence number range for individual
verb lemmas

relative frequency of frames reflects general as well as domain-specific tenden-
cies. Among the six most frequently occurring frames are transitive verbs with
accusative objects (rank 1), intransitive verbs (rank 2), verbs with sentential com-
plements (rank 4), ditransitive verbs (rank 5), and transitive verbs with dative ob-
jects (rank 6). The fact that transitive frames occur much more frequently than
intransitive frames can be attributed to the fact that most intransitive verbs also
allow for transitive frames, thus boosting the relative frequency of the latter.

Perhaps the most surprising result among the top most frequent frames con-
cerns passive frames (rank 3). Recall that passive frames “survive” in the valence
lexicon only for those verbs for which no corresponding active frame is encoun-
tered in the treebank (cf. section 3). The high frequency of such purely passive
uses of verbs is most likely due to the genre of newspaper texts that the TüBa-D/Z
is based on. The fact that verbs with sentential complements are fourth-ranked may
also be attributed to such a genre effect.

Notice also that valence frames are sensitive to the unmarked word order of
complements and adjuncts in the topological field MF2. Thus, ON OD OA and
ON OA OD constitute separate frames for ditransitive verbs. If one adds up these
two frequency counts, then the two ditransitive frames jointly outnumber the frame
for sentential complement taking verbs.

2For the unmarked word order in the field MF see Engel (1988), pp. 320ff.
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Figure 3: Top 30 list of valence frames
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Verb lemma Valence frames Frequency count
per verb lemma

machen 16 1
schreiben 15 1
denken, halten 14 2
lassen, nehmen, sehen 13 3
geben, sagen, sprechen, tun 12 4
finden, haben, sein, stehen 11 4
entscheiden . . . wissen 10 9
bleiben . . . verpflichten 9 6
bekommen . . . ziehen 8 15
anfangen . . . zahlen 7 25
abstimmen . . . wünschen 6 33
anbieten . . . zwingen 5 85
abfahren . . . zustimmen 4 146
abgeben . . . zweifeln 3 347
abbrechen . . . zutreffen 2 921
aalen . . . zwitschern 1 3294

Table 2: Valence frame count and frequency count

It is important to keep in mind that a corpus — or in this case a treebank —
is always finite in size. Therefore, the relative frequency of frames is a reflection
of what actually occurs in the particular corpus or treebank. Nevertheless, the
results shown in Figure 3 show that a treebank of the size of the TüBa-D/Z reliably
yields general tendencies in the distribution of valence frames. What has to be
left to future research is a more precise profiling of general and domain-specific
effects. In other words, how would a treebank of the same language that is based
on a different genre, say literary texts or spoken language, differ from the results
reported here for the TüBa-D/Z?

4.2 Number of Valence Frames for Each Verb

The analysis of the valence frame count value per verb results in the frequency
distribution illustrated in Table 2.

The results in Table 2 show that 67,3% of all verb lemmas (3294 out of 4896
distinct verbs) occur in only one valence frame and 86,1% (3294+921 out of 4896
distinct verbs) realize at most two distinct valence frames in the treebank data. At
the other end of the spectrum, there is a small number of verbs that exhibit up to
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maximally 16 distinct frames. Most these verbs are semantically light such as tun
(‘do’) and machen (‘make’) or are verbs that have both a main verb and an auxiliary
usage such as lassen (‘let’), haben (‘have’), and sein (‘be’).

As in the case of the relative frequency of individual valence frames (cf. section
4.1), the number of distinct frames per verb in the valence lexicon is, of course, a
direct reflection of the underlying corpus. In other words, a given lemma may well
have additional valence frames, but these may just happen not to occur in the data.
It is therefore an interesting question whether the number of distinct valence frames
is in any way correlated with the number of occurrences in the corpus. This is the
subject of the next section.

4.3 Lemma Frequency in the Treebank and its Correlation with the
Number of Valence Frames per Verb

In order to be able to correlate the number of valence frames per verb found in the
valence lexicon (cf. Table 2) with the number of occurrences of the corresponding
lemmas in the treebank, a verb lemma list has been extracted from the treebank
data.

Table 3 shows the top 20 lemmas in descending order together with the corre-
sponding frame count values. The maximum lemma frequency is 10 009 for the
lemma sein (‘be’) followed by werden (‘will’) , haben (‘have’), können (‘can’),
sollen (‘shall’), müssen (‘must’), and wollen (‘want’). All of them belong to the
classes of auxiliary and modal verbs. The top ranking main verb is the lemma
geben (‘give’) with a frequency of 1021. The maximum valence frame count is 16
for the lemma machen (‘make’; lemma frequency 801).

The correlation analysis is based on a total of 4838 matches between the va-
lence lexicon and the lemma list. Mismatches between both lists facilitate error
detection and correction, for both the valence lexicon and the treebank.

The degree of correlation between lemma frequency and valence frame count
can best be illustrated by plotting the two data series for each lemma/verb in a
diagram.

In order to be able to compare the lemma frequency and valence frame count
values, both data series have been scaled to a maximum value of 100 in Figure 4
(LF for lemma frequency and VFC for valence frame count).

Figure 4 indicates that valence frame count values in general jump erratically
up and down. There is a weak correlation between the lemma count and the average
valence frame count as can be seen by the linear trend line drawn for the valence
frame count curve.

Figure 4 invites the following conclusions: 1. Since there is a weak correla-
tion between lemma count and valence frame count, the number of distinct valence
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Lemma Lemma frequency Valence frame count per verb

sein 10009 11
werden 6545 7
haben 5766 11
können 2164 6
sollen 1418 6
müssen 1373 5
wollen 1294 8
geben 1021 12
sagen 922 12
machen 801 16
kommen 668 10
lassen 626 13
gehen 562 10
stehen 475 11
sehen 462 13
bleiben 409 9
dürfen 379 5
heißen 364 10
wissen 364 10
finden 361 11

Table 3: Top 20 correlation of lemma frequency and valence frame count

Figure 4: Top 100 correlation of lemma frequency and valence frame count
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frames found in the treebank is at least partially determined by the number of oc-
currences of the lemma, 2. The fact that this correlation is only a weak shows
that the number of valence frames per verb is largely dependent on the inherent
properties of the verb itself, in particular its range of lexical meanings with their
corresponding syntactic realizations.

5 Conclusion and Future Work

In this paper we have described the TüBa-D/Z valence lexicon that has been con-
structed in lockstep with the TüBa-D/Z treebank of German. Here we have con-
centrated on a quantitative analysis of the lexicon and emphasized the utility of
such a lexicon for maintaining consistency of annotation.

In future research we plan to use the TüBa-D/Z valence lexicon not just for the
treebank itself, but to integrate it into other resources under development for Ger-
man. A particularly suitable resource for such an integration is GermaNet (Hamp
and Feldweg, 1997), the German version of the English WordNet. Such a combined
resource of the TüBa-D/Z valence lexicon and GermaNet would have a number of
advantages: (1) if verb senses are matched with valence frames, this can clarify the
intended sense of the verb, (2) it allows an empirical verification of the relationship
between the correlation of distinct valence frames and sense distinctions.
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