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Abstract. This paper describes a system that automatically links snatgrials to
encyclopedic knowledge, and shows how the availabilityuchsknowledge within
easy reach of the learner can improve both the quality of tleviedge acquired
and the time needed to obtain such knowledge.

1. Introduction

According to studies in cognitive science [1,6], an impottaspect of the understanding
and learning process is the ability to connect the learniatenal to the prior knowledge of
the learner. Similarly, research in active reading andniegr[3,4,5] has shown that active
reading skills can improve the effectiveness and efficiasfégformation comprehension.

The amount of background knowledge necessary for a sdtisjaenderstanding of an
educational material depends on theel of explicitnessf the text. However, it is almost
impossible to create pedagogical materials that simubasig serve the needs of both low-
and high-knowledge users. Additionally, although the ptiva construction of knowledge
through active reading was found to increase the effeatiseinf the learning process, such
skills are not very advanced in many students [3]. It is tfeeeedesirable to develop meth-
ods that can seamlessly integrate additional informatighé learning material — such that
low-knowledge readers can have immediate access to aalitexplanatory information
that can facilitate a deeper understanding of the studynagtand they can consequently
develop active reading skills.

In this paper we present how oWikify! system [2] can be used to improve educa-
tional materials by automatically selecting keywordshtécal terms and other key con-
cepts and linking them to an external knowledge source, litase an online encyclopedia
(Wikipedia). This can be thought of as an artificial extengibthe reader’'s knowledge-base
that can be accessed on a per-need basis, and is expectegbttibaarly useful for the in-
creasingly popular online learning environments, wheeddlek of a direct communication
between the instructor and the student can deprive thedefmom the ability to quickly
receive answers to questions related to background kngeled

2. Wikipedia and Text Wikification

Wikipedia (ht t p: / / en. wi ki pedi a. or g) is an online encyclopedia that has grown to
become one of the largest online repositories of encyciogdetwledge, with millions of
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articles available for a large number of languages. In fatkjpedia editions are available
for more than 200 languages, with a number of entries varfromg a few pages to more
than one million articles per language.

Given a text or hypertext document, we define “text wikifioati as the task of auto-
matically extracting the most important words and phraséise document (keywords), and
identifying for each such keyword the appropriate link to &kipédia article with detailed
explanatory information about the corresponding keypras

Text wikification is performed in two steps. The first step sists of identifying those
words and phrases that are considered important for thategind. These typically include
technical terms, named entities, new terminology, as veadther concepts closely related to
the content of the text. This task is similar to the well stutibroblem okeyword extraction
and correspondingly the/ikify! system uses state-of-the-art keyword extraction teclesiqu
coupled with novel features specific to online encyclopgedia

The second step consists of finding the correct Wikipedialarthat should be linked
to a candidate keyword. Here, we face the problem of link guoiby, meaning that a phrase
can be usually linked to more than one Wikipedia page, anddhect interpretation of the
phrase (and correspondingly the correct link) depends @rdhtext where it occurs. This
task is in fact analogous to the problemvadrd sense disambiguati@nd our system again
uses state-of-the-art techniques to address this problem.

The Wikify! system creates wikified documents hardly distinguishable those cre-
ated by human annotators [2], allowing us to automaticaipegate high quality hyper-
linked texts.

3. Wikification: A History Test

The hypothesis guiding our experiment is that Wikify! system can facilitate the access
to information by students, and consequently it can imptbedearning process. In order
to evaluate this hypothesis, we devised a test that sinsuthtesituation where a student
requires additional related information to understandreagestudy material.

We created a test by selecting 14 questions from a quiz frooméine history course
taught at the University of North Texas. The questions wetected so that they inquired
about encyclopedic information rather than complex areaslys inferences about a problem.
All the questions consisted of multiple choice test itemihwa relatively high-degree of
difficulty — meaning that in most cases common knowledge ved€nough to provide an
answer. Out of the 14 questions, half were wikified (inclgdime answer choices), and half
were left in their original format (raw text).

60 students were asked to participate in the experimenh gadicipant was presented
with the set of 14 questions, where randomly either the fagts or the last seven were au-
tomatically wikified with thewikify! system. Overall, any single question was presented to
an equal number of students in a wikified and non-wikified ieersGiven the size of the ex-
periment, this setting allows us to compensate for the iddal abilities of the participants
as well as for the various degree of difficulty of the question

All the participants received the same set of instructievtich asked them to answer
all the questions in one sitting. The instructions spedlfiéadicated that the students were
allowed to useany source of information they had accesg timcluding their own knowl-
edge, search engines, or the Wikipedia links provided etié questions. Students were
not required to use the Wikipedia links available in the fiéld questions, nor were they
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prohibited to use the Wikipedia itself for answering the wahkified questions. When an
answer could not be found, the students were also given theilplity to skip the question.

After the test answers were submitted by all the participane post-filtered the sub-
missions by removing all the tests left unfinished (13 testashder this category), as well
as the tests where all the questions were skipped (3 tesif).tBese conditions were in-
terpreted as lack of seriousness, and therefore the comdspy tests were discarded. This
left us with a final set of 44 complete tests, leading to a totdl4 answers for each of the
14 questions, accounting for 22 answers collected for tkéiad version of the questions,
and 22 for the non-wikified version.

We were primarily interested in finding the answer to two npiestions: (1) Does the
immediate access to relevant encyclopedic informatiorrave the quality of the knowl-
edge acquired for a specific topic? and (2) Does bringing additional information within
easy reach reduce the time required to acquire knowledge?

To answer the first question, we determined the number otigusscorrectly answered
using the wikified version versus the non-wikified one. Tovearsthe second question, we
determined the time spent to answer the questions for eattedfvo versions. Table 1
shows the average calculated over the 22 answers collemteddéh version for each of the
14 questions.

Wikified ~ Non-wikified
CORRECTNESY %) 78.89 75.97
TIME (SEC.) 62.70 70.33

Table 1. Evaluation results for wikified versus non-wikified tesnite

In terms of correctly answered questions, the wikified wersif the test items resulted
in a relative error rate reduction of 12.2% with respect t® ton-wikifed version g <
0.1, paired t-test). Moreover, the time required to collectrdguired knowledge was also
significantly reduced in the case of the wikified questiorigh & relative time reduction of
25.5% p < 0.05, paired t-test).

Both questions were answered positively: the immediatesscto relevant encyclope-
dic information seems to improve both the quality of the klemlge acquired, and the time
needed to obtain such knowledge. While we do not wish to déslbese the reliability of the
information contained in Wikipedia, we believe that thessufts suggest that providing stu-
dents with information relevant to the topic of study, animging such information within
easy reach through hyperlinking, are both successfulesfies for increased effectiveness
in pedagogical tasks.
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