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Abstract

We address the subtask of generatingwhy-
questions from texts and propose the use
of causal relations annotated in the Penn
Discourse TreeBank for evaluating content-
selection methods forwhy-question genera-
tion. Our initial experiments show that 71% of
an independently developed data set ofwhy-
questions can be correlated with causal rela-
tions annotated in the PDTB.

1 Introduction

Within the question generation (Rus et al., 2007)
task, we address the subtask of generatingwhy-
questions (why-QG) from complete documents,
specifically thosewhy-questions that are “sup-
ported” by the text, and that crucially do not make
use of world knowledge extraneous to the text. As
for other types of questions, there are two aspects to
the why-QG task that must be separated - identify-
ing the source of the questions, i.e.,content selec-
tion, and generating the questions from the identi-
fied sources, i.e.,planning and realization. In this
paper, we focus on the content selection aspect of
why-QG, and propose the use of a recently released
data resource, the Penn Discourse Treebank (PDTB)
(Prasad et al., 2008), as a testbed for identifying the
source ofwhy-questions.1 Why-questions typically
have their source in causal relations (e.g., reason,
result, purpose, or justification relations) expressed

1The PDTB (http://www.seas.upenn.edu/˜pdtb) is
available through the Linguistic Data Consortium
(http://www.ldc.upenn.edu).

between events, states, or propositions mentioned in
the text, and these relations comprise a subset of the
discourse relations annotated in the PDTB. Thus,
given an input document from the PDTB corpus,
content selection methods forwhy-QG - essentially,
methods for automatic identification of causal rela-
tions - can be evaluated by standardrecall andpre-
cision measures through reference to PDTB causal
relations annotated in the same document.

To evaluate the feasibility of using the PDTB dis-
course relations for thewhy-QG task, we examined
the correlation between an independently developed
data-set ofwhy-questions and answers (Verberne et
al., 2007) created over a subset of the PDTB source
corpus, and the PDTB relations over the same sub-
set. Our initial findings show that 71% of the QA
pairs in thewhy-QA data have their source in causal
relations annotated in the PDTB, thus suggesting
that the PDTB could be useful for evaluation inwhy-
QG. In the remainder of this paper, we present our
analysis of thewhy-QA data set with respect to the
PDTB, and briefly discuss some issues raised by the
QA pairs unaccounted for in the PDTB.

2 Using the PDTB for Evaluating Content
Selection in why-QG

The PDTB contains annotations of “explicit” and
“implicit” discourse relations and their (two) argu-
ments (annotated as Arg1 and Arg2), their (possi-
bly multiple) senses, and their attributions on the
WSJ corpus (Marcus et al., 1993). Discourse re-
lations, such as causal, contrastive, temporal, con-
junctive, and elaboration relations, are taken to hold
between the “abstract objects” mentioned in the text,



such as events, states, facts, and propositions. There
are two main reasons for why we believe the PDTB
may be particularly conducive to content selection
in why-QG. First, the PDTB is theory-independent,
in that it is not committed to building any particu-
lar type of structure over the entire text (e.g., a tree
structure), so that “relation discovery” is not unduly
constrained by an assumed data structure. Second,
PDTB discourse relations are linked to lexical ex-
pressions when they are explicit in the text (Exam-
ples 1 and 2), thus facilitating their automatic identi-
fication.2 And while implicit (inference-dependent)
discourse relations are annotated, they are marked
only between adjacent sentences (Ex. 3) via the in-
sertion of an “implicit” connective to express the in-
ferred relation, and are thus constrained inferences.

(1) . . . increased carbon dioxide emissions, . . .,
will cause the Earth to warm upbecausecar-
bon dioxide prevents heat from escaping into
space. (cause:reason)3

(2) . . . its field staff signed up the 500 schools in
238 school districts after only eight weeksand
company executives now expect to reach their
start-up goal of 1,000 schools before the end of
this year. (expansion:conjunction/cause:result)

(3) . . ., researchers analyzed the changes in concen-
trations of two forms of oxygen. Implicit=because
These measurements can indicate tempera-
ture changes, . . . (cause:reason)

In its current state, the PDTB contains fewer re-
lations than could have been identified given its ap-
proach, since some practical decisions were made to
not annotate certain types of relations. For example,
intra-sentential implicit relations between clauses
and implicit relations across paragraphs were not
annotated. While these gaps in the annotation can
be filled eventually by models trained on the exist-
ing annotations, we decided to manually extend the
PDTB annotations of 3 texts for our analysis below.4

2PDTB discourse relations can be lexicalized as connec-
tives drawn from well-defined syntactic classes (subordinat-
ing/coordinating conjunctions and adverbials), but also as
non-connective expressions, calledalternative lexicalizations
(“AltLex”).

3In the PDTB examples, relations are underlined; Arg1 ap-
pears in italics; Arg2 is in boldface; senses appear in parenthe-
ses; multiple senses are separated by “/”.

4We extended the annotations for only 3 texts due to time
constraints. However, we plan to extend a larger subset of the

2.1 Evaluating the PDTB Relations with a
Why-QA Data Set

With the recent emergence of interest inwhy-
question answering (why-QA) has also come some
intensive development of data-collection forwhy-
questions (and answers), in particular by Verberne
et al. (2007). For our study, we used Verberne et al’s
QA pairs created from 7 texts in the WSJ corpus,
since this is a subset of the same corpus over which
the PDTB has been annotated. Verberne et al set
up an elicitation experiment wherein native speak-
ers were asked to read the texts, formulatewhy-
questions for which the answer could be found in the
text (i.e., were “supported” by the text), and also for-
mulate the answers to each of their questions. Each
text was given to multiple subjects so that there is
much overlap in the topics of the questions (roughly
3 to 4 questions per topic).5 Given that the task of
the humans was to generate as manywhy-questions
as they could after having read the text, this data can
be taken to be exhaustively representative of all the
why-questions that could be supported by the text.

For this paper, we examined the QA pairs for 3
of the 7 texts in Verberne’s collection, for which we
had extended the PDTB annotations. Out of a to-
tal of 177 questions from these 3 texts, we found
we had to exclude several questions, for the follow-
ing reasons. First, we excluded 30 questions since
they (or their answers) were not supported by the
text.6 Second, because of the considerable overlap
between the topics of questions, we only selected
one QA pair within each topic group.7 This selec-
tion was done randomly. After these exclusions and
groupings, the final set of QA pairs we obtained for
the 3 texts was 38. We manually examined these 38
questions to see if they were associated with the ar-
guments of a PDTB relation in the relevant text, also
noting the sense of the relation. Our analysis showed

corpus and make it available for community-wide use.
5Since a single question topic has multiple realizations in

this data set, it is also very useful in principle for theplanning
and realizationaspect ofwhy-QG.

6For a question-answering application, recognition of causal
relations can also be useful for identifying unsupportedwhy-
questions, and allow the system to report this to the user.

7Data on unsupported questions (and answers) and topic
groupings of the questions were not part of the public distri-
bution of thewhy-QA data, but were obtained separately from
Suzan Verberne upon request.



the following. On the one hand, all the causal rela-
tions annotated in the PDTB were associated with a
question in thewhy-QA data, providing evidence for
the exhaustiveness of thewhy-QA data. On the other
hand, 28 of the 38 QA pairs were associated with a
PDTB relation, 27 of which were causal relations.
(The single non-causal relation was specification (a
type of elaboration).) From the causal relations in
Examples (1), (2), and (3) above, taken from the 3
texts we studied, the followingwhy-questions were
generated in thewhy-QA data.

(4) (For Ex. 1): Why will increased carbon dioxide
emissions cause the Earth to heat up?

(5) (For Ex. 2): Why does Channel One expect to
reach their start-up goal of 1000 schools?

(6) (For Ex. 3): Why did researchers analyze the
changes in concentration of two forms of oxy-
gen?

Thus, the PDTB causal relations can be seen as
providing the source for 71% (27/38) of thewhy-
questions. The remaining questions had one of the
following problems: (a) the question and answer
were in distinct clauses/sentences unrelated to each
other by a PDTB relation (16% of all questions);
(b) the question and answer appeared within a sin-
gle clause, with the relation expressed with a causal
verb/preposition (11% of all questions). For the
questionWhy is Channel One controversial?and
its answerFour 30-second TV ads during each show
have drawn protests from educators, Example (7)
shows the source fragments (in italics). These two
fragments are unrelated in the PDTB because they
are 8 sentences apart, requiring a complex inference,
such as “if a show draws protests, then it must be
controversial”. We plan to explore whether some
of these cases can be identified by computing long-
distance causal relations over chains of relations.

(7) Whittle Communications L.P.,. . ., said it has
signed 500 schools in 24 states to subscribe to
the controversial Channel One news program. . .

. . . (8 sentences). . .
Subscribing schools get the 12-minute daily
Channel One news program,whose four 30-
second TV ads during each show have drawn
protests from educators.

The answer fragment in Example (7) is also the
source for another QA pair, with the question as

Why have educators protested Channel One?and
the answer asBecause it shows ads to pupils. Here,
the causal relation is unannotated in the PDTB be-
cause it is expressed intra-clausally through the po-
tentially causal verbdrawn. However, we believe
that it should be possible to combine the PDTB data
with independent resources that attempt to annotate
intra-clausal relations.

3 Conclusion

In this paper, we proposed using an existing resource
of annotated discourse relations, the Penn Discourse
TreeBank (PDTB), for evaluating approaches to
content selection forwhy-question generation. We
examined the coverage of PDTB causal relations
over an independently developed data set ofwhy-
questions and answers. Our initial findings showed a
71% correlation between the two data sets. We con-
clude that the PDTB could be useful for evaluating
content selection methods inwhy-QG.
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