The Methodology of Manual Assessment in the Evaluation
of Link Discovery

Wei Che (Darren) Huang

Queensland University of Technology
Brishane, Australia
w2.huang@student.qut.edu.au

Abstract - The link graph extracted from the Wiki-
pedia has often been used as the ground truth for
measuring the performance of automated link dis-
covery systems. Extensive manual assessments expe-
riments at INEX 2008 recently showed that this is
unsound and that manual assessment is essential.
This paper describes the methodology for link dis-
covery evaluation which was developed for use in the
INEX 2009 Link-the-Wiki track. In this approach
both manual and automatic assessment sets are gen-
erated and runs are evaluated using both. The ap-
proach offers a more reliable evaluation of link dis-
covery methods than just automatic assessment. A
new evaluation measure for focused link discovery is
also introduced.
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1. Introduction

The Wikipedia free encyclopedia is the most popular
collaborative information repository on the web. It
continues to enjoy increasing popularity amongst
web users as well as amongst a diverse set of know-
ledge content editors [1]. Wikipedia documents are
densely linked in the traditional way, from text anc-
hors in one document to a target document. Although
external links to other web pages outside the Wiki-
pedia also exist, the link structure within the Wikipe-
dia is quite different from that of the Web. The use of
hyperlinks on the Web tends to vary, ranging from
elaboration to referential to navigational. Text anc-
hors do not necessarily denote the concept of the
target, and even if they do they often take the user to
a different but related web site.

The Wikipedia link structure is typically built by
matching text anchors to semantically related entries.
Most links within the Wikipedia have a strong se-
mantic relationship between the anchor context and
the target context. The purpose of a Wikipedia link is
almost invariably to provide more detailed informa-
tion about something. The majority of the links are
conceptual rather than navigational.

Proceedings of the 14™ Australian Document Computing
Symposium, Sydney, Australia, 4 December 2009.
Copyright for this article remains with the authors

Andrew Trotman

Faculty of Science and Technology = Department of Computer Science
University of Otago

Dunedin, New Zealand

andrew@cs.otago.ac.nz

Shlomo Geva

Faculty of Science and Technology
Queensland University of Technology
Brishane, Australia
s.geva@qut.edu.au

In a growing collection, such as the Wikipedia,
the maintenance of the link graph can quickly be-
come more time-consuming and complicated than
adding content. Newly created documents should be
linked to from text anchors in existing pages. Links
to deleted documents must be erased. There is also
general maintenance of the link graph for documents
that change or are extended.

Several [2, 3, 4, 5] automated link discovery algo-
rithms have been proposed as methods to alleviate
the link maintenance problem. The INEX Link-the-
Wiki Track [6] takes the traditional link discovery
problem a step further with focused link discovery.
The aim is to identify text anchors in a source docu-
ment and a best entry point (BEP) in a target docu-
ment. In HTML a BEP is a named anchor and an
anchor-to-BEP link is specified using #name on the
end of the target document’s URL.

Focused systems are potentially more useful to
the user because of the reduced need to navigate (es-
pecially in a long document or on a mobile device).
Anchor-to-BEP link discovery is also a harder (and
more interesting) problem than anchor to document
discovery because of the focused relationship be-
tween the anchor context and the target document
BEP context. The current method of link discovery is
based on the page name matching or similarity. A
broad range of technologies, e.g. natural language
processing, data mining, machine learning, informa-
tion retrieval, information extraction and link discov-
ery, are encouraged to integrate to resolve the issue
of linking anchor to best entry points.

After two years of INEX experiments it appeared
as though the problem of the file-to-file link discov-
ery was solved. Two fundamentally different ap-
proaches (anchor link analysis [3] and page name
analysis [2]) could identify high quality links when
evaluated against links already in the Wikipedia.
Near perfect precision scores at high recall levels
were seen.

However, after extensive manual assessment of
INEX runs it became clear that the use of the existing
link graph lead to biased and optimistic evaluation
[7]. It appears as though the near perfect scores are
achieved because a substantial proportion of the links
in the Wikipedia are in fact generated automatically
using similar methods to those used by the link dis-



covery systems being evaluated. Manual assessment
appears to be essential for robust evaluation of link
quality.

There are other reasons for manually assessing
link discovery systems at INEX:

1. There appear to be many links in the Wikipedia
that are not useful. Some links are inserted au-
tomatically and may not be considered relevant
by users of the Wikipedia (for instance, links to
year documents).

2. The Wikipedia is largely linked from an anchor
to a whole document; best entry points are rarely
seen. It is, therefore, not possible to use the ex-
isting Wikipedia link graph to evaluate anchor to
BEP link discovery systems.

3. In the Wikipedia it is quite reasonable to expect
some anchors to target multiple destinations.
There could, for example, be a variety of themat-
ic links, multilingual links, or links which extend
the anchor's context with varying degrees of
complexity (simple vs. full Wikipedia). The ex-
isting link graph does not support the evaluation
of systems which support multiple links per anc-
hor discovery.

The need for a robust and standardized manual
assessment and evaluation methodology is the moti-
vation for this paper. We hope that this methodology
will be adopted for link discovery experiments
beyond INEX 20009.

2. Wikipedia

There are more than 200 different language versions
of the Wikipedia (September 2009). They are freely
available as a database and are particularly well
suited to IR experiments.

Between 2006 and 2008 INEX used a dump of
the English Wikipedia consisting of 659,388 docu-
ments. For 2009 INEX has used a fresh dump con-
sisting of 2,666,192 documents. The documents were
converted from the original Wiki-markup to XML.
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Figure 1: Relationship between document length and
number of link in the INEX 2009 Wikipedia collection.

Presented in Figure 1 is the relationship between
document size and the number of outgoing links.
There are no very short documents with a high link
count and there are very few long documents with
few links. Most documents link to between 10 and
100 different pages within the collection.

There are 24,168 homonym disambiguation pag-
es. These pages are not suitable for link discovery
experiments as they are (essentially) content-free.

3. Related Work

The 2008 INEX Wikipedia collection [8] was con-
verted from Wiki-markup into XML for XML-IR
experiments. The 2009 INEX collection was also
converted into XML but for use in a broader set of
experiments. One point of difference between the
two collections is the semantic annotations present in
the 2009 collection (see Schenkel et al. [9]).

The Wikipedia has already been used as an IR
corpus in several evaluation initiatives. Since INEX
2006 it has been used for the evaluation of ad hoc
XML retrieval and for XML Document Mining. At
CLEF 2006, it was used for question answering [10].

A link suggestion tool, Can We Link It, was devel-
oped by Jenkins [11]. It extracts a number of anchors
which have not been discovered in an article and that
might be linked to other Wikipedia documents. Us-
ing this tool the user can add new anchors and cor-
responding links back from a Wikipedia article. Mi-
halcea & Csomai present the Wikify [4] system. It
integrates automatic keyword extraction and word
sense disambiguation to identify the important con-
cepts in a document and links these to corresponding
documents in the Wikipedia.

Link discovery systems are typically evaluated
against the Wikipedia itself. Pages are selected as IR
topics, the algorithms are run over the topics, and the
result compared to the links that are already in the
document. Mihalcea & Csomai [4] used the Turing
test to further validate their results. Milne & Witten
[5] used the Mechanical Turk to solicit links for the
AQUAINT collection. INEX considers link discov-
ery to be a recommender task and so the results list is
ranked; set based evaluation is inappropriate.

Two evaluation frameworks, DIRECT [12] at
CLEF and EPAN [13] at NTCIR, provide a GUI and
modules for evaluation. INEX assesses all topics, and
also uses a GUI evaluation tool for ad hoc retrieval.

4. Experimental Methodology

A subset of the Wikipedia collection is chosen as a
topic set. All anchor links to and from the topics,
from and to the collection, are removed (orphaning
the documents). Specifically, a random set of (6600
in 2008, 5000 in 2009) documents was chosen as the
topics for file-to-file linking; track participants no-



minated topics (50 in 2008, 33 in 2009) for anchor-
to-BEP linking. The goal is to identify both outgoing
and incoming links from and to those topics.

INEX offers two linking tasks: file-to-file and
anchor-to-BEP. The former is a low-cost entry-level
task for new participants (and as a sanity check for
the latter task). The task is to identify up to 250 doc-
uments that the topic should link to; no anchor or
BEP need be identified.

In the anchor-to-BEP task the system can identify
up to 50 outgoing anchor texts per topic. For each
anchor at most 5 target document/BEP pairs are al-
lowed. For incoming link discovery, a set of at most
250 anchors (in the collection) targeting BEPs in the
topic are to be identified. Both incoming and out-
going links are from anchor to BEP.

A text anchor is identified by its position (offset
and length) within the document. A BEP is identified
by its position. Positions are specified as character
offsets (excluding markup) from the document start.

Participants were invited to submit runs. In total
30 runs were submitted in 2008. It was prior to the
2009 submission deadline at the time of writing.

5. Manual Assessment

5.1 Methodology

In 2008 two sets of assessments were generated, one
from the Wikipedia and the other from the runs.

The Wikipedia ground-truth assessment set con-
sisted of just those links already in the Wikipedia. It
is an automatically generated set of links from anc-
hors to documents.

Submission runs were pooled. The pooling
process combines overlapping anchor texts to form a
pool-anchor which is presented to the assessor. A
pool-anchor might contain a number of anchors as
well as a set of target BEP links. All the links already
in the Wikipedia topic were added to the pool. The
pool was then manually assessed.

For the purpose of evaluation it is assumed that
all non-assessed links are non-relevant. However, as
the pool was exhaustively assessed, there is a reusa-
bility issue and does not affect submitted runs. We
note that the same convention is used in other forums
and tracks (such as TREC).

A validation tool was provided and distributed to
assist developers of focused link discovery systems.
It allowed participants to view their submissions in
an interface similar to that used by the assessors. The
tool helped participants debug their submissions (the
calculation of BEP can be non-trivial), as well as
perform sanity checks on their algorithms.

5.2 Assessment

Built on experience using the INEX ad hoc assess-
ment tool, a GUI-based relevance assessment tool
(i.e. GPXrai) was custom designed and built for the
manual assessment of link discovery pools (see Fig-
ure 2). The interface is comprised of a split screen.

The topic pane is located on the left hand side.
The right hand pane is used to show the target docu-
ment. Two distinct assessment modes are provided,
one for outgoing links, the other for incoming links.
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Figure 2: INEX 2009 Link-the-Wiki Assessment Tool

Outgoing links are initially assessed. The topic
document is displayed with highlighted pool anchors.
In the first instance the assessor goes through all the
anchors and rejects (a mouse right-click) those which
are obviously irrelevant. The pool can contain many
such anchors, for instance year or other coincidental
links. Each link for each remaining anchor is then
displayed, in turn, with the right pane showing the
target document. The assessor then either rejects (a
mouse right-click), or accepts the target as relevant
(by double-clicking to indicate the BEP, then mouse
left-click).

Incoming links are assessed in a similar manner,
but the locations of the anchor and BEP are swapped.
Now the anchors are from other documents and the
BEPs are inside the topic document. The assessor is
required to accept or reject each prospective link.

In INEX 2008 the pools contained between 405 and
1722 links. Assessment logs suggest that between 4
and 6 hours were required to assess a topic. On aver-
age, only 7.4% of a pool was judged relevant.

6. Evaluation

A portable (Java) evaluation tool, LtwEval, was de-
veloped for evaluation purposes. It is GUI based and
provides numerous evaluation metrics including:
precision, recall, MAP, and precision@R. Different
runs can be evaluated and compared to each other.
Precision/recall graphs can be generated for sets of
runs (see Figure 3). Anchor-to-BEP runs can be eva-



luated as either file-to-file or anchor-to-BEP. The
tool was distributed to participants.
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Figure 3: INEX 2008 Link-the-Wiki Evaluation Tool

The “best” metric to use for focused link discov-
ery evaluation is not obvious. As with all metrics, it
is important to first define the use-case of the appli-
cation. The assumption at INEX is that link-
discovery is a recommendation tasks. The system
produces a ranked list of anchors and for each a set
of recommended target/BEP pairs. The user navi-
gates a limited number of anchors and selects only a
few to embed in the new document.

A link discovery system might identify a very
large number of possible links. The Wikipedia has a
page for each letter in the Latin alphabet and so each
letter of each word might be linked. It also contains
potentially overlapping links, for example there is a
page for world, a page for war, and a page for world
war. The user is expecting the system to identify
relevant anchors and links, and to place these at the
top of the results list. The list should also be com-
prehensive because it is not clear that the document
author can know a priori which links will be relevant
to a reader of the document. That is, link discovery
is arecall oriented task

The Mean Average Precision based metrics are
very good at taking rank into account and are recall
oriented. They are also very well understood. A good
metric for link discovery should, consequently, be
based on MAP. The difficulty is computing the re-
levance of a single result in the results list.

For the anchor The Theory of Relativity, an equal-
ly good anchor might be Relativity. For evaluation
purposes it is assumed that if the target is relevant
and the anchor overlaps a relevant anchor then the
anchor is relevant; fanenor(i) = 1. This is subtly differ-
ent from the world war problem above, different in
so far as the target must also be relevant. Of course,
this definition of relevant anchor aids in reusability.

The assessor might have assessed any number of
documents as relevant to the given anchor. If the
target of the anchor is in the list of relevant document
then it is considered relevant; fyc(i) = 1. In the INEX

ad hoc track the BEP is considered to be subjective.
If the search engine can put the relevant passage on
the user's screen then it is considered a “hit”. The
contribution of the links” BEP is a function of dis-
tance from the assessor’s BEP:

n—09xd(x,b) |
fbep(j): n if0<d(x,b)<n

0.1 if d(x,b) >n

Where d(x,b) is the distance between submis-
sion BEP and result BEP in character. Therefore, the
score of fy,.,(j) varies between 0.1 (i.e. d is greater
than n) and 1 (i.e. the submission and result BEPs are
exactly matched). The score of 0.1 is reserved for the
right target document with an indicated BEP not in
range of n. n typically is set up as 1000 (characters).
The score of a result in the results is then:

(Z;n=1(fdioc (]) x fbiep (])))

m;

P = [(fanchor(i)) x

Where m is the number of returned links for the
anchor and m; is the number of relevant links for the
anchor in the assessments. As the result list is re-
stricted to 5 targets per anchor m; is capped at 5 for
evaluation. A perfect run can thus score a MAP of 1.

7. Conclusion and Outlook

Although it has appeared as though link discovery is
a solved problem, manual assessment of participants
runs at INEX 2008 showed that, in fact, it is not. The
INEX result raises new questions about methodolo-
gies for link discovery evaluation, and in particular
focused link discovery systems.

In this contribution we propose and describe a
new comprehensive methodology. This methodology
is based on manual assessment of link relevance. A
new metric is proposed to measure the performance
of a run. Our methodology is being used for the IN-
EX 2009 Link-the-Wiki track.

Our further work will focus on evaluation quality
and on the efficiency of the manual assessment. This
will be done using assessor surveys and interviews.

We remain fascinated by the appalling perfor-
mance of the Wikipedia itself when evaluated against
the manual assessments. It is our expectation that,
once the methodology is stable, link discovery sys-
tems will outperform human created hypertext links.
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