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8
C O N C L U S I O N S

In this chapter we revisit the research questions which were posed and
discuss the contributions. We also mention the number of future direc-
tions that are worth exploring.

8.1 answers to the research questions

1. What is the role of syntactic information for relation recognition?

To answer this question, we explore dependency structures of
sentences. On the textual entailment task, mining such syntac-
tic structures leads to an increase in precision. Overall, syntactic
information helps for relation extraction but as it has been shown
earlier [19], the methods based on purely sentential information
may do better. While considering syntactic information we dis-
cussed the shortcomings of the methods introduced before and
proposed two solutions. One is a flexible comparison of sequences
defined on dependency paths and the second lies in introducing
a feature-value representation on carefully selected levels from
the dependecy trees. We have also demonstrated that syntactic
functions such as subject, object and others contribute to the final
performance. This can be seen for textual entailment as well as
for extraction of semantic relations. In the latter case removing
syntactic functions deteriorates performance a lot.

Another question that has been discussed in the NLP community for
a long time is whether there is any difference in using current state-
of-the-art parsers [124]. In this thesis we examined information
provided by five different parsers, LinkParser, Minipar, Stanford,
Charniak and Enju analyzers. There are many differences among
all of them. First of all, the Charniak parser was originally designed
to output a constituency analysis. It is possible to convert it to
the dependencies but they are not typed (by syntactic functions).
All other parsers provide syntactic functions but again, the lists of
actual functions that are being used differ. Some analyzers include
prepositions into a syntactic function (Stanford parser, LinkParser)
while others (Charniak parser) do not. Moreover, the fact that an
analyzer produces a resulting tree does not necessarily mean that
this analysis is correct. This being said, the results achieved by using
LinkParser’s output that was verified by experts are usually higher
than performance obtained on other input. And finally, syntactic
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parsers that have not been trained on the given domain-specific data
are known to provide less accurate results. For instance, Minipar is
a wide-coverage parser that has not been trained on any domain-
specific data. Minipar fails to parse biomedical data more often and,
as a result, one does not arrive at the same number of dependency
paths. However, the Stanford parser is not trained on the biomedical
data either but seems to provide better results. To summarize, we
found out that for the dependency paths the Stanford parser is
usually a good option. If only partial information is needed (as is
the case for the level-based representation), Minipar can also be
used. It may not provide one dependency tree per sentence (but a
forest) but as long as it produces at least partially correct output, it
can already be used for the level-based representation.

2. How can we effectively incorporate prior knowledge in the learning
process?

This question was addressed in Chapter 6 by exploring local align-
ment kernels for generic and domain-specific relations. To answer
this question, we introduced two requirements to the method such
as (i) flexibility and (ii) ability to incorporate prior knowledge. We
have demonstrated that a combination of syntactic information with
semantic knowledge (either derived from the large corpora or from
the existing ontologies) improves relation extraction, significantly
outperforming the baselines. While the differences among the re-
sults obtained by various distributional similarity measures are
not very large (and not always significant), the final performance
is influenced a lot by the choice of the WordNet-based measures.
This clearly indicates that prior knowledge in form of semantic
relatedness constitutes an important part for relation recognition.

The impact of prior knowledge on learning can be regulated by the
scaling parameter. We have shown that if it is set to a value below 1,
the effect of using prior knowledge is very low and so is the overall
extraction accuracy. An interesting finding is that decreasing the
scaling parameter leads to much lower recall which again supports
our hypothesis that neglecting semantic relatedness has a negative
impact on relation recognition in general.

Another advantage of the method that we proposed to use lies
in its flexibility. Similarly to the previous work we acknowledge
the necessity of defining subsequences [112, 16] but unlike those
approaches we focus on flexible alignment of the dependency paths.
We have noticed that this requirement is especially useful for the
domain-specific relations where the dependency paths can be of a
different length. In the case of generic relations, the paths are more
alike and the most important component becomes the use of prior
knowledge.
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3. Is it possible to learn cognitively plausible semantic constraints for
various generic relations? Can they be used for relation recognition?

A problem of semantic constraints discovery was tackled in Chapter
7. We argue that some generic relations can be easily recognized by
placing constraints on their arguments while others cannot. Seman-
tic constraints alone do not guarantee accurate relation recognition
in text and it is widely acknowledged that sentential context has
to be taken into account [54]. Nevertheless, semantic constraints
should provide more insight to what a given relation is about. In
the ideal scenario where all constraints would be known in advance,
one would only need to use context to filter out the false positives.
This scenario is unfortunately not realistic because a number of
constraints can be very large. The more realistic approach would
be an integration of syntactic and semantic evidence. This should
work well when syntactically-based methods provide high recall
but lower precision.

To answer the first question, we presented two methods one of
which outputs more specific constraints while the other offers more
general constraints. By letting humans judge validity of seman-
tic constraints for seven generic relations we conclude that most
of the constraints are plausible. An interesting result is that we
see a difference in agreement on various relations which corre-
sponds to the agreement values while annotating relations [55].
More precisely, Content - Container, Part - Whole an Product -

Producer are the relations with the highest agreement score. Simi-
larly to agreement while annotating, constraints for Theme - Tool

yield the lowest agreement. This relation differs from the other six
relations which can be seen already in its definition. Namely, Theme
- Tool is characterized not only by two entities (its arguments) but
also by the kind of action in which one entity is the thing that is
acted upon and the other entity is used for this action. For instance,
in the noun phrase ‘supercomputer business’ the business is a tool
that is intended for selling supercomputers (theme). Based on the
definition, we may assume that Theme - Tool is actually a ternary
relation rather than a binary one. The implicit assumption about
the ‘kind of action’ makes it difficult to recognize this relation not
only by any authomatic method but also by humans themselves.

Semantic constraints that were discovered by both methods can
be used in practice for relation extraction. However, their appli-
cability depends on how generic they are and on whether similar
constraints/examples can be found in the test data set. Method
1 produced constraints that are plausible but quite specific. In
constrast, Method 2 offers a more generic solution. As shown
in Chapter 7, the acquired constraints usually improve precision.
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Compared to the results obtained by the shortest path kernel, the
relations that gain the most from combining syntactic and seman-
tic evidence are causation, Product - Producer, and Content -

Container.

8.2 contributions

The work presented in this thesis contributes to relation recognition
from text and to better understanding of what semantic relations are.
In line to what was stated in the VL-e proposal (Chapter 1, Section
1.2) we explored how to use syntactic information to improve relation
learning [81] and considered local alignment kernels as a novel machine
learning approach to relation extraction [83]. During the AID project we
also studied alternative sources for extracting syntactic information such
as grammatical inference [80] but existing parsers proved to be more
useful.

The main contributions are in the following areas.

I Tree mining and textual entailment

Textual entailment presents an inter-sentential relation and is a
vital component of language understanding. Recognition of TE
requires a number of component such as linguistic analysis and
background knowledge. Here we approach this task by performing
tree mining on the dependency structures. While much work in
this area focused on the role of syntactic analysis for TE, we are
not aware of any methods that are based on tree mining. Our
approach allows to identify the maximal embedded trees that two
dependency structures share. The more similar two structures are,
the more likely it is for TE to take place. We show that tree mining
provides performance comparable to other state-of-the-art results
that were achieved by using syntactic information.

II Syntactic representation for extraction of semantic relations

Syntactically, semantic relations can be realized in many different
ways and it is desirable to have a single uniform approach that
would allow to handle them. In this respect, extraction of semantic
relations differs from the named entity recognition task where
a local context proved to be sufficient. We provide motivation
for what parts of syntactic structure are most likely to influence
accuracy of relation extraction and propose a novel attribute-value
representation. Its advantage is that it makes it possible to use
standard machine learning methods no matter how relation is
expressed in a sentence.

III Prior knowledge and local alignment kernels for relation recog-
nition
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By using machine learning, one is always limited to the amount of
information that is found in the training data. Much of the work in
the machine learning community focuses on exploring unlabeled
data in the semi-supervised setting. Relation learning can benefit
from information gathered from the large data collections as well.
Given a binary relation R(x, y), we propose to exploit a dependency
path between the arguments x and y. It is expected that the paths
of the instances of the same relation would be similar (but rarely
identical). To allow flexible comparison of dependency paths, we
(1) compare elements of the path by using large unannotated data
sets and distributional similarity, (2) use local alignment kernels to
ensure flexibility of the comparison. Our experiments on various
data sets yielded either the state-of-the-art results or outperformed
existing methods.

IV Semantic constraints on relation arguments

Previous research in relation extraction has shown that recognition
of generic relations (part - whole, causation and others) is as
challenging as identifying relations in the domain-specific discourse.
The difficulties in the former case often arise because of the variety
of arguments’ types for a given relation. Consequently, extraction
of generic relations transforms into relation validation provided the
arguments of a probable relation instances are already identified.
There has been little work on this topic (with a notable exception
by Girju et al. [54]) which requires more attention. We proposed
two methods to identify semantic constraints that can be imposed
on relation arguments. Both methods provide useful constraints
which was shown by experiments that we conducted.

8.3 future directions

The methods that we proposed to use in this thesis can be further studied
from several perspectives.

For textual entailment we have demontrated that a combination of tree
mining with lexical overlap increases precision. There are however many
varieties of tree mining that can be examined in the future. Firstly, it
is worth investigating whether ordered tree mining would have similar
effect on the final performance for languages other than English. We
would expect unordered embedded tree mining to be a more natural
choice for the free word order languages. Secondly, more research on
tree mining may provide solutions for mining trees with labeled edges.
In this case it would not be necessary to incorporate labels of the edges
the nodes’ labels.

For semantic relations, local alignment kernels provide a flexible means
to extract them accurately. This flexibility allows for a wide range of
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relatedness measures. It is therefore possible to use any taxonomies,
ontologies or simply unannotated data provided that the measures reflect
relatedness between two terms or concepts. It has been argued that
relatedness is not necessarily similarity and some measures may account
better for synonymy while others reflect more generally related words.
Relatedness has without a doubt an important impact on relation recogni-
tion and it is worthwhile to study what level of relatedness is optimal for
this particular task. We hypothesize that even though measures reflecting
synonymy are useful, they might be not sufficient and opt for the coarser
relatedness level.

At present, we examine other relation types. For instance, detection
of relations between drugs and diseases is an important task in the
biomedicine. When such relations are learnt accurately, they may provide
additional information for a doctor. Another interesting topic would
be learning relations of higher arity. Using the example of the drug -

disease relation above one can notice that a correct identification of a
drug depends not only on the diagnosis but it may also be dependent on
other factors (e.g., allergies) that have to be taken into account. Two other
directions that can be explored are (i) embedding relation extraction re-
sults in the existing question-answering applications and (ii) information
integration. As shown by research on QA, this area seems to benefit from
accurate relation identification. Since our results on relation learning are
very encouraging, we believe this may also improve QA performance. In
addition, information integration becomes increasingly important. Recog-
nition of relations from text provides various information but it can be
also combined with experimental evidence.

Semantic constraints proved to be useful for some generic relations
such as Product - Producer or Instrument - Agency. We believe that
some relations may have a large number of constraints types while for
the others their number would be rather limited. For this reason, it
should be possible to derive more constraints and to look further for the
most effective combination of these constraints with the methods based
on contextual information. In addition, it would be interesting to learn
‘negative constraints’ saying for instance that if one argument is of a
type A and the other of a type B, then a given relation cannot take place.
At present, ‘negative constraints’ are derived from logical properties of
relations such as asymmetry. From a cognitive point of view, it remains
an interesting question to investigate whether certain types of contraints
are distinguished by humans.


