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Abstract

Proposition extraction from sentences is an
important task for information extraction sys-
tems. Evaluation of such systems usually con-
flates two aspects: splitting complex sentences
into clauses and the extraction of propositions.
It is thus difficult to independently determine
the quality of the proposition extraction step.

We create a manually annotated proposition
dataset from sentences taken from restaurant
reviews that distinguishes between clauses that
need to be split and those that do not. The
resulting proposition evaluation dataset allows
us to independently compare the performance
of proposition extraction systems on simple
and complex clauses.

Although performance drastically drops on
more complex sentences, we show that the
same systems perform best on both simple and
complex clauses. Furthermore, we show that
specific kinds of subordinate clauses pose dif-
ficulties to most systems.

1 Introduction

Propositions are predicate-centered tuples consist-
ing of the verb, the subject, and other arguments
such as objects and modifiers. For example in
Figure 1, “smiled” is the predicate and the other
elements are arguments. The first argument is

Figure 1: Example Sentence and Extracted Proposition

reserved for the role of the subject, in this case
“The waitress”, while “at her friend” and “now”
are arguments, without further sub-specification.
Propositions are used in language understanding
tasks such as relation extraction (Riedel et al.,
2013; Petroni et al., 2015), information retrieval

(Löser et al., 2011; Giri et al., 2017), question an-
swering (Khot et al., 2017), word analogy detec-
tion (Stanovsky et al., 2015), knowledge base con-
struction (Dong et al., 2014; Stanovsky and Da-
gan, 2016), summarization (Melli et al., 2006),
or other tasks that need comparative operations,
such as equality, entailment, or contradiction, on
phrases or sentences.

The main goal of this paper is to empiri-
cally measure the influence of sentence complex-
ity on the performance of proposition extraction
systems. Complexity worsens the extraction of
dependencies, on which propositions are built.
Hence, proposition extraction performance should
decrease with increasing sentence complexity.

The contribution of this work is threefold a) a
gold standard corpus for propositions1, b) an anal-
ysis of proposition extraction systems without the
influence of complex sentences, and c) an analysis
of proposition extraction systems with the influ-
ence of complex sentences.

The knowledge of how proposition extraction
systems perform on complex sentences will 1)
help to identify the system that deals with them
best 2) by showing the difficulty with complexity,
give a direction towards which proposition extrac-
tion systems can be improved.

If different systems perform well on simple
or complex sentences, the complexity distinction
could help to identify the complexity of a sen-
tence. The complexity of a sentence would then
give a direction towards which system would be
better to use.

2 Related Work

Proposition are relational tupels extracted from
sentences in the form of predicate-argument struc-

1https://github.com/MeDarina/review_
propositions

https://github.com/MeDarina/review_propositions
https://github.com/MeDarina/review_propositions
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tures (Marcus et al., 1994). There are proposition
models that further distinguish between the type
of arguments. They do not only identify the sub-
ject, but more complex roles such as temporal and
locational objects or causal clauses.

Besides the theory and formalization of propo-
sition, proposition extraction systems have perfor-
mance issues on real data.

2.1 Comparison of Proposition Systems
Although there have been comparative studies of
proposition extraction systems, there has been no
extensive study on the impact of sentence com-
plexity on proposition extraction system perfor-
mance.

Comparative Studies Niklaus et al. (2018) pre-
sented an overview of proposition extraction sys-
tems and classified them into the classic categories
of learning-based, rule-based, and clause-based
approaches, as well as approaches capturing inter-
propositional relationships. They described the
specific problems each system tackles as well as
gaps on the overall evolution of proposition ex-
traction systems.

Schneider et al. (2017) present a benchmark for
analyzing errors in proposition extraction systems.
Their classes are wrong boundaries, redundant ex-
traction, wrong extraction, uninformative extrac-
tion, missing extraction, and out of scope. Their
pre-defined classes do not map directly to sentence
complexity, although wrong boundaries and out of
scope would also be of some interest in an even
more detailed error analysis.

Furthermore, according to Stanovsky and Da-
gan (2016) and Niklaus et al. (2018) there are no
common guidelines and followingly no gold stan-
dard defining a valid extraction.

Systems Table 1 shows the outputs from differ-
ent systems, our baselines, and our gold standard.

In their study, Gashteovski et al. (2017) aim at
finding a system with minimal attributes, meaning
that hedging2 and attributes expressed e.g. through
relative clauses or adjectives, can be optionally re-
moved. Thus, they use recall and two kinds of
precision in the evaluation in order to account for
the feature of minimality. To explain this in more
detail does not lie within the scope of this pa-
per. Gashteovski et al. (2017) evaluates OLLIE
(Mausam et al., 2012), ClausIE (Del Corro and

2In pragmatics, hedging is a textual construction that
lessens the impact of an utterance. It is often expressed
through modal verbs, adjectives, or adverbs.

Sentence The waitress smiled at her friend now
Systems Subject Predicate Other Elements

Allen The waitress smiled at her friend | now
ClausIE The waitress smiled at her friend now

The waitress smiled now
her has friend

ReVerb The waitress now smiled at her friend
Stanford waitress smiled at her friend

waitress now smiled at her friend
OLLIE The waitress now smiled at her friend
OpenIE The waitress smiled now | at her friend

BL1 The waitress smiled at her friend now
BL2 The waitress smiled at her friend now

Us The waitress smiled at her friend | now

Table 1: Output of Proposition Extraction Systems
and Our Two Baselines for the Sentence The waitress
smiled at her friend now

Gemulla, 2013), and Stanford OIE (Angeli et al.,
2015) against their own system.

Stanovsky et al. (2018) evaluates ClausIE,
PropS (Stanovsky et al., 2016), and Open IE-4
against their new system, that we will call Allen
(Stanovsky et al., 2018) herein, using precision-
recall, area under the curve, and F1-score. They
compare the individual proposition elements. For
a proposition to be judged as correct, the predicate
and the syntactic heads of the arguments need to
be the same as the gold standard.

Saha et al. (2018) evaluate ClausIE, OpenIE-4,
and CALMIE (a part of OpenIE) using precision.
With the findings of this comparison, they intro-
duce a new version of their system, OpenIE-53,

In all described comparisons, the system of the
respective authors is the best, which makes sense
as it addresses the issue shown by the authors.

2.2 Propositions from Simple Sentences

According to Saha et al. (2018) conjunctive sen-
tences are one of the issues in proposition extrac-
tion, as conjunctions are a challenge to depen-
dency parsers (Ficler and Goldberg, 2016) which
proposition extraction systems are mostly built
upon. Hence, Saha et al. (2018) built a system that
automatically creates simple sentences from sen-
tences with several conjunctions that are used for
proposition extraction. For the proposition extrac-
tion of the simple sentences they used ClausIE and
OpenIE. They evaluated their data using three dif-
ferent proposition datasets. The correctness of the
extracted proposition from the original sentence
were evaluated manually. In their study, simple
sentences were sentences without conjunctions.

3http://knowitall.github.io/openie/

http://knowitall.github.io/openie/
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Quirk (1985) defines a simple sentence as a sen-
tence consisting of exactly one independent clause
that does not contain any further clause as one of
its elements. Hence, a complex sentence consists
of more than one clause. This is also the definition
that we use in our study.

2.3 Crowdsourcing Gold Standard
Propositions

Recent work used crowdsourcing for creating and
evaluating proposition extraction (Michael et al.,
2018; FitzGerald et al., 2018) in the setting of
question answering. In short, they asked their
crowdworkers to produce questions and answers
in a way that resulted in the extraction of their
predicates and arguments, without directly asking
for predicate-argument structures.

3 Corpus Creation

We create a corpus to evaluate the performance of
proposition extraction systems entangled with and
disentangled from the task of clause splitting.

Our source corpus is the portion of the Aspect
Based Sentiment Analysis (ABSA) task (Pontiki
et al., 2014) concerned with restaurant reviews
within one aspect – service. We use all 423 sen-
tences that were annotated with this aspect. In
a preliminary step, we produce a corpus of re-
duced sentences. To examine the influence of
sentence complexity, we classify the reduced sen-
tences as either 1) simple sentences, meaning sen-
tences with potentially just one proposition, and
2) complex sentences, meaning sentences with po-
tentially multiple propositions. Then, we produce
propositions from the reduced sentences using ex-
pert annotation and evaluate it by calculating the
inter-annotator agreement.

Our corpus contains 2,181 sentences (class dis-
tribution in Table 2) and 2,526 propositions.

3.1 Preliminary Step: Creating Reduced
Sentences

As a preliminary step, we created a gold corpus
of reduced sentences formed from originally more
complex sentences.

To do so, we use 423 sentences from review
texts4. As these are quite difficult for producing

4Online users’ restaurant reviews are a fruitful domain
for proposition extraction, as propositions extracted from re-
views would be useful for several user-centered tasks, as they
would allow to display only information pieces of interest.

propositions, even for humans, we included a pre-
liminary step of creating reduced sentences. A
reduced sentence is a sentence that contains only
a portion of the original sentence, e.g. the origi-
nal sentence “The server was cool and served food
and drinks” could be reduced to “The server was
cool” or “The server served food”. The inten-
tion behind this step was to create sentences with
one proposition only. Hence, the guidelines con-
tained rules such as decomposing conjunctive sen-
tences or creating independent sentences from rel-
ative clauses.5 We perform this preliminary step
via crowdsourcing and evaluate it qualitatively.

Definition of Reduced Sentences We in-
structed our workers to produce reduced sentences
from the original sentence. To prevent nested
structures, a reduced sentence was not allowed
to be split in further reduced sentences, at least
within the output of one worker.6 Ideally, the
crowdworkers could have created sentences that
contain exactly one proposition. However, this
might even be a difficult task for experts, as there
are non-trivial sentence constructions that would
need long guidelines to create sentences with ex-
actly one proposition. However, our guidelines in-
sured that sentences were reduced in comparison
to the original version, if possible. In this way,
we are able to create a sufficiently big set of both
simple and more complex sentences, as shown in
Table 2.

Crowdsourcing We used Amazon Turk for
crowdsourcing our data. Michael et al. (2018)
crowdsourced gold data for evaluating proposi-
tions. The sentence reduction performed here and
also in Saha et al. (2018) is very similar to syn-
tactic sentence simplification as performed by Lee
and Don (2017). We paid 0.04 $ per HIT and
0.01 $ for each further reduced sentence. Each
sentence was reduced by 3 workers. In this pro-
cess, 2181 unique reduced sentences, which are
all used in the following corpus creation process,
were created from 423 original sentences.

Evaluation of Reduced Sentences To mea-
sure the quality of the crowdsourced reduced sen-
tences, we chose 100 random reduced sentences
together with their original sentence and evalu-

5However, this step turned out to be more difficult than
expected, as some sentences contained several factors that
could be reduced. However, this did not influence our goal
of determining the influence of sentence complexity.

6The annotation instructions are also available on our
Github page.
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Complexity Class # of Occurrences

No Verb 101
Simple 1,648
Complex 432
All 2,181

Table 2: Distribution of Sentence Complexity Classes
in Our Reduced Sentence Set

ated their correctness using the following non-
exclusive categories: ORIGINALSIMPLE, RE-
DUCED, SIMPLE, GRAMMAR, and INFERENCE

(see Table 3b).
In Table 3a, we provide an exemplary sentence for
each category, except for ORIGINALSIMPLE, as
it means that the original is already a simple sen-
tence, containing only one proposition which can-
not be further reduced. 20 sentences in the random
sample were categorized as being ORIGINALSIM-
PLE. However, some workers still tried to reduce
some of these sentences – 2 of them were gram-
matically incorrect (GRAMMAR) and 3 fell into
the class INFERENCE. This means that their con-
tent was not explicitly mentioned in the original
sentence, but was lexically inferred.
There were 66 REDUCED sentences, meaning that
the sentences have been successfully reduced. 60
of the REDUCED resulted in SIMPLE sentences,
which means that they contained only one propo-
sition after the reduction, and 6 were simpler than
the original sentence, but contained more than one
proposition.
We believe that the results are usable as is, as
the error rate is quite low – only 17 of the re-
duced sentences in the random sample were in-
correct (GRAMMAR and INFERENCE), as many of
the GRAMMAR errors stem from the original sen-
tence. Furthermore, we show that our reduction
step was necessary to produce enough simple sen-
tences for our experiment, as 80% of the random
sample were originally complex.

3.2 Creating Propositions from Simple
Sentences

To evaluate the performance of proposition extrac-
tion systems, we created a gold standard corpus for
propositions from the reduced sentences.

In this paper, we follow the most simple possi-
ble annotation, similar to Stanovsky et al. (2018).

We want to extract English propositions with
one main verb and all arguments that are linked to

it. In our notation, the first position of the proposi-
tion is the subject, the second is the predicate and
the order of the other elements is irrelevant.7

The arguments may also contain further propo-
sitions, e.g. here, the sentence “I think their food
is great” is split in two propositions – “I | think |
their food is great” and “their food | is | great ”.
This definition is restrictive in that it asks for ex-
actly two propositions in the given example. Addi-
tionally, it is not bound to a clearly defined theory
(as there is no clearly defined theory on proposi-
tions). However, it is the representation that is
needed to extract information from reviews, as it
would help to reduce redundancies, e.g. by clus-
tering sentences such as “Their food is great” and
“I think their food is great”. Furthermore, we are
not interested in inferred information, e.g. “They
| have | food” from the previously discussed sen-
tence. This choice will also be reflected in the per-
formance of systems that do not adhere to our un-
derstanding of propositions. However, this does
not necessarily cloud the performance compari-
son of simple and complex sentences, as we will
still measure the influence of sentence complexity.
Each sentence is processed by two annotators and
the disagreements are curated in a subsequent step.

Creation As the creation of propositions is not
a trivial task, due to many different cases that need
to be explained in the guidelines8, this task should
be performed by people who were trained longer
than a crowdsourcing platform allows for. Thus,
we produced proposition annotations in a double-
annotation process by three graduate students9.
The disagreements were curated by the first author
of the paper. The result of the curation builds the
gold standard. The gold standard, all annotations,
and the guidelines are available.

3.3 Evaluation of Proposition Creation

To evaluate our dataset, we report inter-annotator
agreement as well as agreement with the curator

7We are not interested in different types of objects and
modifiers, similar to Stanford, OpenIE, and AllenNLP, and
thus we do not discuss this information. For a better
overview, we asked the annotators to present the other ele-
ments in their order of occurrence.

8The guidelines include explanations of what predicates,
arguments, and nested propositions are. This in itself is not
difficult. However, such instructions consume more time and
need more training, as simple mistakes are made by untrained
annotators. We saw this in a training set for this task, that is
not included or discussed here due to space restrictions.

9The result is shown in Table 4. A1 annotated the whole
set, while A2 and A3 annotated parts.
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Original Sentence
The server was cool and served food

and drinks.

REDUCED The server was cool and served food.
SIMPLE The server was cool.
GRAMMAR The server was.
INFERENCE The server is good.

(a) Classification Examples

Sentence Class #

ORIGINALSIMPLE 20
REDUCED 66
SIMPLE 87
GRAMMAR 5
INFERENCE 12

(b) Distribution of Classification

Table 3: Classification of Reduced Sentences

on both the proposition (see Table 4a) and propo-
sition element level (see Table 4b).

Evaluation Metric In order to see differences
in the annotation, we performed inter-annotator
agreement using %-agreement (accuracy). We use
the same measure for system performance, which
enables a direct comparison. Although we are
aware that agreement is ignorant of chance agree-
ment, we believe that it is the best measure for
this problem, as chance agreement is quite low
in the case of this complex annotation problem.
Furthermore, it is difficult to interpret these results
in comparison to other works. As previously de-
scribed, there are no clear guidelines for propo-
sitions and also no manual gold datasets created
explicitly for this purpose. We could compare the
results of our inter-annotator agreement to simi-
lar tasks, where sentences are split into compo-
nents, as e.g. answers prepared for question an-
swering, paraphrase alignment, translation align-
ment etc. However, they also have different setups
and evaluation metrics and it is out of the scope of
this work to discuss these differences.

Levels of Evaluation We perform the evalua-
tion on two levels - proposition level and propo-
sition element level. On the proposition level,
we calculate the agreement of whole propositions.
On the proposition element level we calculate the
agreement of individual elements of the proposi-
tions whilst taking their label (subject, predicate,
or other element) into account.

Inter-annotator Agreement Table 4a shows
that the inter-annotator agreement on the propo-
sition level is .39 and .53 on complex sentences
and .61 and .71 on simple sentences. These agree-
ment differences show that clause splitting is also
difficult for humans.

Agreement with Curator The agreement with
the curator is .05 to .19 higher than the inter-
annotator agreement. The agreement on the

proposition element level is .67 and .7 on complex
sentences and .83 and .85 for simple sentences -
nearly double of the whole proposition agreement.

Simple Complex All
A1 Gold A1 Gold A1 Gold

A1 - .80 - .66 - .76
A2 .71 .79 .53 .63 .66 .74
A3 .61 .66 .39 .48 .57 .62

(a) Inter-Annotator Agreement on Propositions

Simple Complex All
A1 Gold A1 Gold A1 Gold

A1 - .90 - .77 - .86
A2 .85 .79 .70 .63 .81 .74
A3 .83 .83 .67 .70 .80 .80

(b) Inter-Annotator Agreement on Proposition Elements

Table 4: Inter-Annotator Agreement in Accuracy

4 Evaluation of Proposition Extraction
Systems

Similar to Saha et al. (2018); Schneider et al.
(2017) and Niklaus et al. (2018), we evaluate
proposition system performance. They do not,
however, regard the task of proposition extraction
disentangled from the intrinsic subtask of clause
splitting. By showing the performance of both
simple and complex sentences, we are furthermore
able to show the impact of clause splitting.

4.1 Setup
To identify the system that performs best when
disentangled from the task of clause splitting,
we use the herein produced corpus to analyze
and evaluate the performance of various proposi-
tion extraction systems as used in evaluations by
Stanovsky and Dagan (2016), Gashteovski et al.
(2017), Saha et al. (2018), and Stanovsky et al.
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(2018). Hence, we will analyze proposition ex-
traction performance using AllenNLP, ClausIE,
ReVerb, Stanford Open Information Extraction,
OLLIE, and OpenIE-5.10 Furthermore, we pro-
vide two baseline systems.

We use %-agreement to measure the perfor-
mance of systems. We want full agreement,
not just matching phrase heads, as performed by
Stanovsky et al. (2018). Furthermore, we evaluate
only agreement, as in our setup the argument or
the predicate matching is what we are interested
in, meaning we do not need precision and recall
in our setting. In this way, our evaluation setup is
similar to Saha et al. (2018), who also identified
specific issues in proposition extraction systems.

As in inter-annotator agreement, we calculate
agreement on two levels: proposition and proposi-
tion element level. The results of the performance
comparison is shown in Table 5.

4.2 Baselines

We provide two baselines in order to better com-
pare the systems. Both baselines create proposi-
tions with three elements at most: subject, pred-
icate, and one other element. The first baseline
(BL1) takes the first word as subject, the second
word as predicate and the rest as one other ele-
ment. The second baseline (BL2) is a little more
engineered and uses POS-tags. It makes a propo-
sition for each verb. All words before the verb
are the subject and all words after the verb are
one other element. Examples for the baselines are
shown in the Table 1. The baselines are kept sim-
ple on purpose to show how simple algorithms can
solve the given problem. A baseline that appears
intuitive is using a dependency parser and filtering
for the root and its dependants. However, decid-
ing which parts are its dependents and especially
the span of arguments is ambiguous. This would
not be a baseline, it would be a rule-based system
that is not out of the box. Hence, we decided not
to do it.

4.3 System Performance

Table 5a shows that performance of proposition
extraction on whole propositions is equally bad
for both simple and complex sentences. Table 5b
shows that performance on proposition elements

10We will not use MinIE (Gashteovski et al., 2017), as it
is an extension of ClausIE providing additional information
such as modality and whether an argument is necessary or
unnecessary, which is disregarded in this work.

is much better than on proposition level. Further-
more, the table shows that for all systems but Re-
Verb, the performance is much better on the simple
sentences, which was expected.

It is also interesting that although the perfor-
mance of both baselines on whole propositions
is 0, the performance of the second baseline on
proposition elements is competitive. This shows,
that the task of proposition extraction can, to a
big part, be solved by correct verb extraction. It
outperforms ReVerb, Stanford, and on simple and
complex sentences also OLLIE. The second base-
line performs a little worse on all sentences, as
these also include sentences without a verb and
this baseline is verb-based. This shows that either
the automatic systems have problems with the ex-
traction of verbs or they have deeper issues, e.g.
they do not extract from a lot of sentences, as is
discussed in Section 4.4.1. The second baseline
performs almost equally on both simple and com-
plex sentences. This may show correct verb ex-
traction alone solves only a particular portion of
proposition extraction.

Other systems, especially the two best ones,
perform about two times better on the simple sen-
tences but then have a much bigger drop on the
complex sentences. This may show that clause
splitting has a bigger impact on better or proba-
bly more intelligent systems than on more simple
systems.

On both levels, OpenIE is the best system, very
closely followed by Allen, whereas the other sys-
tems are well-beaten.

4.4 Analysis of System Performance

Identifying further problems except clause split-
ting could improve current proposition extraction
systems. On the one hand there are sub-issues in
clause splitting. On the other hand, there are issues
besides clause splitting.

In the case of ClausIE and ReVerb, many further
clauses and also arguments are cut, as these consist
of a maximum of three elements, which makes the
comparison difficult.

4.4.1 General Issues
We first manually examined some potential is-
sues in the proposition extraction from simple sen-
tences. After the manual analysis of potential is-
sues, we calculated the system performance if the
issue would be eliminated. One big issue we found
is missing propositions, meaning that systems do
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Systems Simple Complex All

Allen .08 .09 .08
ClausIE .06 .09 .07
ReVerb .02 .02 .02
Stanford .01 .01 .01
OLLIE .03 .04 .03
OpenIE .09 .12 .09
BL1 .00 .00 .00
BL2 .00 .00 .00

(a) System Performance on Propositions

Systems Simple Complex All

Allen .50 .40 .46
ClausIE .37 .36 .36
ReVerb .15 .14 .14
Stanford .20 .09 .17
OLLIE .24 .19 .22
OpenIE .51 .42 .47
BL1 .05 .04 .05
BL2 .26 .24 .21

(b) System Performance on Proposition Elements

Table 5: System Performance Measured in Accuracy

Systems Missing Conditional Temporal

Allen .08 .13 .19
ClausIE .06 .11 .13
ReVerb .03 .00 .03
Stanford .02 .00 .00
OLLIE .04 .06 .02
OpenIE .10 .19 .17

(a) System Performance on Propositions Excluding Specific Is-
sues

Systems Missing Conditional Temporal

Allen .50 .57 .55
ClausIE .38 .40 .38
Stanford .26 .03 .14
ReVerb .32 .00 .21
OLLIE .31 .00 .20
OpenIE .54 .53 .50

(b) System Performance on Proposition Elements Excluding
Specific Issues

Table 6: System Performance Excluding Specific Is-
sues

not always extract propositions. Except for the
missing propositions, there was no big difference
in the system performance with or without the is-
sue. Also, some systems have different models
of propositions, which may also affect their per-
formance. On the one hand, there are issues with
previous steps, e.g. negations or quantifiers are
ignored. On the other hand, there are issues with
formatting, e.g. a different treatment of preposi-
tions or conditionals.
Missing Propositions One big issue is that propo-
sition extraction systems often do not produce any
extraction from a sentence. Unsurprisingly, this
issue is bigger among the systems that do not per-
form well - namely ReVerb (58% of sentences
do not have an extraction), Stanford (39%), and
OLLIE (33%), whereas the better performing sys-
tems have much lower rates - Allen (3%), ClausIE
(4%), and OpenIE (10%). In ReVerb, Stanford,
and OLLIE we could not find a clear reason why
there are no extractions. In the case of Allen,
there are only no extractions from sentences with-
out verbs.11 ClausIE and OpenIE have no extrac-
tions from sentences that are missing a verb or a
subject. Additionally, OpenIE has no extractions
from existential clauses.

In Table 6a, where we show the performances
of systems on full propositions without the dis-
cussed issues, it is shown that systems perform
slightly better when eliminating missing proposi-
tions from simple sentences. However, the im-
provement is clearer in Table 6b on the element
level. Especially for the systems that had more
missing propositions, namely Stanford, ReVerb,
and OLLIE, the change is between .06 - .17.
Conjunctions As already stated by Saha et al.
(2018), conjunctive sentences pose an issue to
proposition extraction systems. In our case, we
wanted to separate all conjunctive sentences in in-
dividual propositions, e.g. the sentence “The wait-
ress smiled at her friend and at me.” contains the
propositions “The waitress | smiled | at her friend”
and “The waitress | smiled | at me.”. OpenIE
and Stanford have the same guidelines on conjunc-
tions, whereas Allen, ClausIE, and ReVerb keep
the conjuncted elements together – from the pre-
vious sentence they would create one proposition
– “The waitress | smiled | at her friend and me.”.
Negations Stanford does not extract from negated

11These sentences are classified as neither simple nor com-
plex, but are included in all.
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sentences and Allen has problems with negated
sentences missing a verb. The rest can deal with
negations. These specific problems are difficult to
show in numbers, as they are rare – only about 7%
of the sentences contained negations.
Prepositions OLLIE, ReVerb, and Stanford place
the prepositions with the predicate, whereas all
other systems as well as our gold standard place
it with the associated argument, as is shown in the
example in Table 1. For these cases we would need
adjusted evaluations that ignore this difference.
Quantifiers Stanford ignores “every” in proposi-
tions.

4.4.2 Issues with Complex Sentences
We looked at issues within complex clauses,
namely conditional and temporal clauses.
Conditional Clauses In some cases, Allen,
ClausIE, OLLIE, and OpenIE extract the if-clause
for the argument, but delete the “if”, which leads
to disagreements on both full proposition and
proposition element level. Comparing the perfor-
mance on all complex clauses as shown in Table 5a
to complex clauses without conditional clauses, as
shown in Table 6a, all systems, except for Re-
Verb and Stanford, clearly perform better. Allen
is better by .04 and OpenIE by .05, which shows
that they have the biggest issues with conditional
clauses. On proposition element level this be-
comes even clearer. Here, the three better systems,
ClausIE, Allen, and OpenIE perform .04 - .17 bet-
ter without conditional clauses.
Temporal Clauses Conceptually, Allen, OLLIE,
and OpenIE extract temporal clauses correctly,
but have some problems if the sentence is too
long. Stanford cuts out the “when”. For temporal
clauses, the performance is similar to conditional
clauses. The three better systems perform .06 -.11
better on full proposition level, and .02-.09 better
on proposition element level. Stanford and OLLIE
perform worse without the temporal clauses.

5 Summary

In this work, we described a method on how to cre-
ate a dataset of reduced sentences from originally
complex ones. We created an English dataset ac-
cording to this method and further classified this
dataset as simple and complex. It can be used for
further evaluation of proposition extraction sys-
tems. The dataset enabled us to research the per-
formance of proposition extraction detached from
the task of clause splitting.

On the one hand, we showed that sentence
complexity has a measurable impact on proposi-
tion extraction performance of both humans and
machines. Hence, one step towards improving
the performance of such systems, is the improve-
ment of clause splitting. Furthermore, we be-
lieve that the performance of the original complex
sentences, without the preliminary reduction step,
would pose an even bigger problem to proposition
systems, which implies that using these systems
on real data could be problematic.

On the other hand, our study also showed that
the ranking of systems is similar among simple
and complex sentences. This means, that the best
performing systems among simple sentences that
are disentangled from the task of clause splitting,
are also the best in complex sentences, where
clause splitting also needs to be performed. This
may mean that to find the overall best system, one
does not need to classify between simple and com-
plex sentences. However, it is necessary to find
that sentence complexity is one problem of propo-
sition extraction.

Also, our intelligent baseline system, that was
able to extract verbs, outperformed three of the
systems. However, the better systems did not only
perform much better, but they were also more af-
fected by sentence complexity.

Additionally, we looked into further problems
of proposition extraction systems. The main issues
in complex sentences that we could identify were
conditional and temporal clauses.

6 Future Work

In future work, we plan to enlarge the corpus in
order to use it for studies on user-specific recom-
mendations. We plan to display proposition-like
information to the user to provide more specific
information than is given by a long sentence. This
work may help in clause splitting, as we not only
provide a gold standard for it, but also describe a
method on how to create it. Furthermore, we plan
to built a proposition extraction system based on
the findings from this paper.
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