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4I S W I K I P E D I A L I N K S T R U C T U R E D I F F E R E N T ?

In the previous chapter we saw that the link structure of Wikipedia can
be used to improve the ranking of ad hoc retrieval results. Although
Wikipedia is part of the larger Web, similar experiments on Web test
collections failed to show the effectiveness of link information for ad
hoc retrieval. This immediately poses the question:

• Is Wikipedia link structure different from the link structure of the
World Wide Web?

Both the Wikipedia and Web link structures have been extensively
studied, but never compared for the purpose of information retrieval.
Although links on the Web tend to connect pages with topically related
content (Davison, 2000), this signal of general Web links might be
too weak to improve the subtle topical relevance ranking of content-
based retrieval for topic search (Kraaij and Westerveld, 2001). However,
for more Web-centric tasks, the value of link information has been
demonstrated (see Section 2.3). Link information seems to have different
roles for Web and Wikipedia retrieval.

To study these different roles, we should look at the search scenarios
where link evidence has a positive impact. Therefore, we compare the
impact of link information on Wikipedia topic search and on a Web
collection using Web-centric search tasks.

Our aim is to analyse the value of link evidence for information
retrieval. Therefore, we want to approach the main question in this
chapter from an information retrieval perspective and look at the re-
lation between link evidence and relevance. This means we need sets
of search requests and associated relevance judgments. We already
described the Wikipedia test collection in Section 3.1 on page 46. For
the Web, we use the trec 2004 Web Track collection, consisting of 225

topics and the 1.2 million documents .gov collection. The 2004 Web
Track consisted of three differenet tasks. Home Page finding, Named
Page finding and Topic Distillation (all described in Section 2.3.2 on
page 31) topics are a mix of 75 Named Page, 75 Home Page and 75

Topic Distillation topics. Although this collection provides us with the
necessary topics and relevance judgements, and is reasonably com-
parable in size and number of topics to the Wikipedia collection, it is
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70 is wikipedia link structure different?

a relatively small crawl of a specific domain. We make no particular
claims on the representativeness of this data set for the current Web,
which is infinitely large and highly heterogeneous, but expect it to be a
close enough approximation for our purposes (Soboroff, 2002).1

Our main research question breaks down into two parts. We start
by investigating the Wikipedia link structure with an extensive com-
parative analysis of the two ir test collections, Wikipedia and .gov.
Specificially, we want to know:

• What is the link density of the Wikipedia and the .gov collections?

• Are there differences in connectedness?

• What is the degree distribution of Wikipedia and the .gov collections?

• Are there differences between distributions of incoming and outgoing
links?

• And, in particular, how does the link topology relate to the relevance
of retrieval results?

The second part of our main research question is about the effective-
ness of link-based evidence. There are several, more complex link-based
ranking algorithms, such as hits and PageRank, that try to model as-
pects of popularity and authority. On top of that, hits uses an expansion
step to rank documents that link to the top retrieved documents, but
were not retrieved themselves. These algorithms could provide addi-
tional insight into the difference between Web and Wikipedia links.
More specifically, we want to know:

• What is the impact of link evidence on .gov and Wikipedia retrieval?

• How do more complex link-based ranking algorithms compare
against simple link degree counts in terms of retrieval effectiveness?

The rest of this chapter is structured as follows. Next, in Section 4.1
we discuss differences between Web and Wikipedia pages that could
have consequences for their respective link structures. In Section 4.2,
we perform a comparative analysis of the link structure of Wikipedia

1 The more recent ClueWeb09 collection is much larger and based on a more recent crawl
than the .gov and therefore arguably better represents the current Web. Unfortunately,
this collection was not yet available at the time of writing. Since the .gov collection
was the first collection where the effectiveness of link-based methods was shown for
Web-centric tasks and makes it an appropriate collection to study the difference between
Wikipedia and Web link structure. However, the introduction of the ClueWeb09 collection
urges us to revisit the importance of link evidence for ad hoc search in Chapter 7.



4.1 the nature of web and wikipedia documents 71

and .gov and the relation between the link topology and the relevance
of retrieval results. Then, in Section 4.3, we perform a range of retrieval
experiments, investigating the impact of link evidence on retrieval
effectiveness. We end this chapter in Section 4.4 where we summarise
our findings and draw conclusions.

4.1 the nature of web and wikipedia documents

It is tempting to speculate about differences between the internal link
structure of Wikipedia and the link structure of the Web at large, and
how these may affect the value of link based methods. There are a
number of aspects of Wikipedia that make link generation different
from link generation in the Web:

Encyclopedic organisation: As an encyclopedia, Wikipedia has low re-
dundancy, where each topic has its dedicated page.

Style: Wikipedia entries are written in an informational, objective style
with the aim of describing a particular topic. The guidelines urge
authors to keep a neutral point of view. This fits the task of ad hoc
retrieval which models informational or topic search and focuses on
topical relevance. Web pages can be and are written in any possible
style, to inform, explain, show, argue, discuss, prove, entertain, tempt,
sell and even insult.

Shared authorship: In Wikipedia, everyone can create, modify and re-
move links, the content of the linking page and the content of the
linked page. If an obvious or useful link is “missed” by one author,
there are thousands of others, including link bots, to add the link. In
the Web, document authors are often on their own. With hundreds or
thousands of Web pages on the same topic, an author feels no need
to link to all of them, and moreover, probably has no knowledge
about the existence of most of them.

Linking guidelines: There are guidelines in Wikipedia explaining what
should be linked, when links should be made and where links should
point to. In the Web, document authors can create links for any reason,
to any page and can omit or miss obvious, useful links.

Single domain: Wikipedia is a single domain, essentially giving all
pages equal authority. Within a single domain or site, the site owner(s),
or the author(s) creating the content, is in full control of the site-
internal links and links pointing to pages on other sites, but has
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no or very little control over the external links pointing to pages in
their own site. Site-internal links are often considered not to confer
authority (Kleinberg et al., 1999) because the source and destination
pages are written by the same (group of) people.

Flat domain: The encyclopedic articles of Wikipedia have no explicit
hierarchical structure. Only the main page is a clear entry page, all
other pages are stored in the same directory and thus have the same
url depth. In the Web, individual Web sites often have a hierarchical
structure reflected by the directory structure of the file system of the
servers running those Web sites. Within a Web site, a single broad
topic might be broken down into several aspects and facets using
individual pages for each of these aspects and facets, in separate
directories on the server. Because of this hierarchy, a site-external
link to the entry page of a Web site might be an endorsement for
the content of the entire Web site, or a signal that the content of the
entire Web site is topically related to the content of the source page.

Size: The English Wikipedia is tiny in comparison to the vast Web,
which has tens of billions of static Web pages and an infinite number
of dynamically generated pages (Baeza-yates and Castillo, 2005).

How could these differences lead to differences in the link structures
of Wikipedia and the World Wide Web in general?

First, as suggested by the linking guidelines, links seem to signal a
semantic relation between pages rather than serve purely navigational
purposes, and may therefore provide a strong source of evidence for
the relevance of a given page.

Second, due to the shared authorship, single domain and encyclopedic
organisation of Wikipedia, we may expect a far more complete link
graph where all (or a large fraction of all) relevant links are present,
leading to higher link density and connectedness of the link graph,
and promoting the effectiveness of the link evidence. Another major
consequence is that Wikipedia can be and is organised on a global scale
while the larger Web can only be organised locally.

Third, due to the encyclopedic organisation and shared authorship the
Wikipedia has relatively little redundant information. Topics have a
single dedicated page, with a preferred title. Pages with alternative
titles and duplicate information are quickly spotted by one of the many
authors, and redirected or marked for deletion or merging.

Fourth, because of the low redundancy, the encyclopedic organisa-
tion also affects the size of Wikipedia. The already huge Wikipedia is
dwarfed by the size of the Web at large, which may have a number of
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consequences such as bounding the number of directly related incom-
ing and outgoing links, as well as causing a quick loss of topical focus
when traversing the link graph.

Fifth, given that we search within a single domain, the authoritat-
iveness of individual pages is essentially the same, and the value of
link evidence is primarily to signal topical relevance. On the highly
heterogenous Web, link evidence may be used to signal other aspects
of relevance, such as the general importance or authoritativeness of
a site compared to other sites, or to indicate the best entry-page or
entry-pages of the site.

Sixth, Wikipedia pages possibly have a higher average quality, due
to shared authorship, linking guidelines and the encyclopedic organisation.
Wikipedia is probably more spam-free, suffering less from nefarious
tricks like link farming2 and jokes like Google bombs.3

All these aspects point to a marked difference in linking between
Wikipedia and the Web. In Wikipedia, authors are in control of both the
incoming and outgoing links of an article, whereas in the Web, authors
typically only control the outgoing links (at least the cross-site links).
But because of the shared authorship, anyone and everyone can control
both incoming and outgoing links of an article and any irrelevant,
redundant or nepotistical link can and often will be removed. From
this, we hypothesise that in Wikipedia, outgoing links are very similar to
incoming links and are therefore just as important.

The different natures of the Web and Wikipedia also affect the types
of search tasks typically performed on them. That is, in terms of the
(Broder, 2002) taxonomy (see page 20), there are navigational queries
(with the intent to reach a particular site), informational queries (with
the intent to acquire some information present in some Web pages), and
transactional queries (with the intent to perform some Web-mediated
activity). Consider again the query “Mercedes-Benz”. In the Web, this
query is probably meant to locate the entry page of the Mercedes-
Benz Web site. In this sense, the query is navigational. If typed in the
Wikipedia search box, the underlying information need is probably
different. The user might be looking for certain facts about the brand
name or car models, or for a historical overview of the company’s
activities. We note that the latter could also be considered a case of
known-item search (i.e., navigational) if the user knows or assumes
the page to exist. Perhaps the difference between navigational and
informational topics is less relevant in Wikipedia. At the same time, it

2 See http://en.wikipedia.org/wiki/Link_farm.
3 See http://en.wikipedia.org/wiki/Google_bomb.

http://en.wikipedia.org/wiki/Link_farm
http://en.wikipedia.org/wiki/Google_bomb
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strengthens our choice of using the .gov collection to represent Web
retrieval because it comes with a set of navigational topics, with the
Named Page topics mixing navigational with informational aspects.

4.2 comparative analysis of link structure

In this section, we look in close detail at the link structures of the
Wikipedia and Web collections. We base our analysis on two ir test
collections, consisting of a collection of documents, a large set of search
requests and relevance judgments. For the Web, we take the .gov col-
lection used at the trec Web Tracks of 2002-2004, which is based on a
crawl of the .gov domain in early 2002.

Our analysis consists of four parts. We first give some statistics of the
link graphs, then compare the connectedness of the two graphs. After
that, we compare the degree distributions of the .gov and Wikipedia
collections and look at incoming and outgoing link degrees, both glob-
ally and locally. Finally, we look at the relation between link evidence
and relevance.

4.2.1 Web and Wikipedia graph statistics

The .gov collection contains 1,247,753 documents and 11,110,985 unique
links between these pages (we ignore links which point to or from
pages outside the collection). The Wikipedia collection contains 659,388

documents and a total of 13,602,613 unique links between these pages.
We have also looked at how many of these links are reciprocal, i.e.,
a link from page A to B in combination with a link from page B to
A. This is important with respect to our hypothesis that in Wikipedia
incoming and outgoing links are similar to each other. A high number
of reciprocal links would mean that the link graph is highly symmet-
rical and that pages have roughly the same number of incoming and
outgoing links. There are 1,269,987 (11.4%) reciprocal links in the .gov

collection, and 1,182,558 (8.7%) reciprocal links in the Wikipedia col-
lection. The Wikipedia link graph is far from symmetrical. Possible
similarities between incoming and outgoing links are not caused by a
tendency to create bidirectional links. The higher fraction of reciprocal
links in the .gov collection is likely due to the presence of navigational
links within Web sites.

Table 8 gives some statistics on the incoming (in-degree) and outgoing
(out-degree) links and document lengths of both collections. In .gov the
average number of incoming and outgoing links per document is 8.90, in



4.2 comparative analysis of link structure 75

min max mean median stdev

gov Indegree 0 44,228 8.90 1 126.00

Outdegree 0 653 8.90 4 16.61

Length 2 102,069 6,345 1,892 13,377

Wiki Indegree 0 74,937 20.63 4 282.94

Outdegree 0 5,098 20.63 12 36.70

Length 16 281,150 2,473 1,309 4,238

Table 8: Statistics of the .gov and Wikipedia collections

Wikipedia 20.63. Recall that, here, we are only using within-collection
links, so every outgoing link is also an incoming link. The median
number of incoming links is 1 in .gov and 4 in Wikipedia and the
median number of outgoing links is 4 in .gov and 12 in Wikipedia. Also
the maximal out-degree in Wikipedia (5,098) is much higher than in
the .gov collection (653). Given that Wikipedia has guidelines on article
length and when and where to link, one might expect the maximum
number of incoming and outgoing links to be relatively low compared
the larger Web, which has no such guidelines and restrictions. However,
no such bound is observed. Again, we make no particular claims on
the .gov collection being a good representative of the Web at large. On
the one hand, the in-degrees should increase if we would consider a
larger set of pages (since we cannot detect incoming links from pages
outside the collection) leading us to underestimate the in-degrees. On
the other hand, the limited crawl will likely have favoured pages with
larger numbers of incoming links (e.g., how can a crawler find pages
with no incoming links?) leading us to overestimate the mean in-degree.
To put these numbers in perspective, Najork et al. (2007) use a Web
crawl of 464 million pages and 18 billion hyperlinks, and find a mean
in-degree of 6.10 and a mean out-degree (not limited to pages in the
crawl itself) of 38.11.

We have also included character-length of pages in Table 8. The pages
in .gov have mean length 6,345 characters (median 1,892) and the pages
in Wikipedia are shorter with a mean length of 2,473 characters (median
1,309).

The Wikipedia collection is thus more densely linked. This is surpris-
ing in the sense that the .gov domain is much older, and link density
tends to increase over time (Leskovec et al., 2005, 2007). There are at
least two effects which help explain why the Wikipedia link graph is
more “complete” than the .gov link graph. First, due to the strongly
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structured nature of Wikipedia and the existence of author guidelines,
it is much clearer for Wikipedia authors where to link to and when.
Second, due to peer editing and automatic link detection, “missed”
links will be added in a matter of time.

4.2.2 Connectedness

The link density of graphs determines to a large extent the connectedness
of the graph. Connectedness is a concept expressing the degree to
which documents are reachable from each other via links. A graph is
connected if there are no unconnected nodes. In an undirected graph,
each node can be reached from any other node by following the links. A
component is a subset of the graph that is connected. The connectedness
of a graph is an important aspect for link-based propagation algorithms
like PageRank, hits and relevance propagation, and affects how visible
pages are. A page that can be reached via hyperlinks from many other
pages is in a sense more visible than a page that cannot be reached by
following links at all.

How well-connected are the documents in the two collections? The
connectedness of (random) graphs goes through phases (Janson et al.,
2000). In the first phase, most nodes are isolated and only a few are
connected to a few others in the form of trees. With a few more links,
many more trees form and the first cyclic components start appearing.
As more and more links are present, a single dominating component
emerges, swallowing up many of the small trees and isolated nodes.
With the equal numbers of nodes and links, such a giant component is
already present. In the last phase, with N nodes and more than 1

2 NlogN
links, the graph is almost fully connected, with only a few nodes here
and there that are unconnected.

For the Wikipedia collection the threshold for the final phase is
4,417,592 links, for the .gov collection the threshold is 8,757,264 links.
The actual numbers of links in Wikipedia (12,401,667) and .gov (9,840,998)
are higher than these thresholds. The Wikipedia collection is much fur-
ther beyond this threshold than the .gov. In terms of the phases of
the connectedness of random graphs, we expect both collections to
have a huge giant component containing almost all documents in the
collection.

With the high link densities, we see a single giant component, i.e., a
large set of connected pages. The giant strongly connected component
(scc) of the .gov collection contains 912,877 (or 73.16%) documents and
the giant weakly connected component (wcc) contains 1,209,325 (or



4.2 comparative analysis of link structure 77

Collection scc wcc

.gov 912,877 (73.16%) 1,209,325 (96.92%)

Wikipedia 606,030 (91.91%) 657,601 (99,73)

Table 9: The size of the connected components of .gov and Wikipedia

96.92%). The giant scc of the Wikipedia collection contains 606,030 (or
91.91%) and the giant wcc contains 657,601 (or 99.73%). The wcc and
especially the scc of the Wikipedia collection contain a much larger
part of the entire collection than the scc and wcc of the .gov collection.
For both the .gov and Wikipedia collections, the percentage of pages
in the scc is considerably larger than in the large crawl of (Broder
et al., 2000). Soboroff (2002) finds that the .gov collection structurally
resembles much larger Web crawls but is very closely connected due
to either starting the crawl from a small number of seeds or to the
.gov domain being more densely linked than the Web in general. The
Wikipedia collection is a complete dump and the high link density
cannot be a crawling artefact, as also observed by Buriol et al. (2006).
The high connectedness might be explained by the shared authorship
and encyclopedic organisation of Wikipedia. An author writing a new
article can link to existing Wikipedia articles and can also add links to
the new article by updating related pages. What does this mean for the
link degree structure of the Wikipedia and .gov collections?

4.2.3 Global degree distributions

In this part, we look at the degree distributions of the global and local
links and particularly the differences between incoming and outgoing
links. Our hypothesis is that in Wikipedia, incoming and outgoing links
are very similar in nature. We again look at the cumulative in-degree
and the out-degree distributions. We repeat some of the Wikipedia de-
gree distributions shown in the previous chapter for ease of comparison.
We use the same method as described on page 51.

The .gov and Wikipedia in-degree distributions (left side of Figure 9)
are surprisingly similar. Both show clear power laws, with Wikipedia
having slightly higher probabilities because of its higher link density.
In terms of graph evolution, both Wikipedia and the Web are scale-
free networks. There are bigger differences between the out-degree
distributions of the two collections (right side of Figure 9). In Wikipedia,
the out-degrees follow a power law distribution above 10 outgoing
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Figure 9: ccdf of the global incoming (left) and outgoing (right) link
degrees of all pages for .gov and Wikipedia.

links, suggesting that Wikipedia is also scale-free in its out-degree
distribution. This might be caused by the presence of many list pages
with links to all Wikipedia articles related to a particular topic, such as
the article List of environment topics, which is extended when new articles
on environmental topics are created. The .gov out-degrees adhere less
to a power law. Above 100 outgoing links, the curve becomes less steep
and suddenly drops above 500 outgoing links. This might be an artefact
of the collection.

In fact, the in- and out-degree distributions of Wikipedia show little
difference apart from the slope of the distributions. This suggests that
outgoing links indeed behave much like incoming links. This could be a
consequence of having many reciprocal links—if a link from page A to
B tends to be reciprocated by a link back from B to A, the graph would
be symmetrical and in-degree and out-degree highly correlated—but
we have already seen above that the Wikipedia collection has fewer
reciprocal links than the .gov collection. Note that this is also consistent
with the idea mentioned in Section 4.1 that links in Wikipedia signal
a semantic relation: if a link from A to B means that B is relevant (in
some sense) to A, then it is also likely A is relevant (in some sense) to
B.

4.2.4 Relevant link distribution

Is the degree distribution of relevant pages different from non-relevant
pages? If there is a difference, we could possibly exploit this to separate
relevant from non-relevant pages. For both collections we have available
sets of search requests and associated sets of relevant pages. How are
the link degrees of these relevant pages distributed?
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Tasks # topics # rel. docs # rel./topic

Home Page 75 83 1.17

Named Page 75 80 1.07

Topic Distillation 75 1,600 21.33

Mixed 225 1,763 7.84

Table 10: Statistics of the relevance judgements of the trec 2004 Web
Track tasks.

In the previous chapter we saw that the incoming link degree distri-
bution over the relevant pages in Wikipedia follows a power law with a
less steep slope than the distribution over all pages. Do the different
natures of Wikipedia and the Web lead to different distributions of
relevant pages?4

For .gov, we use the trec 2004 Web Track data consisting of 225

retrieval topics and in total 1,763 relevant pages. This is a mix of Home
Page, Named Page and Topic Distillation topics. Statistics about the
number of topics and relevant pages are shown in Table 10. For the
Home Page and Named Page tasks, the target is a single entry page
(although some entry pages have multiple urls, giving rise to multiple
relevant pages per topic). For the Topic Distillation topics, there are
21.33 relevant pages per topic on average.

The in-degree distribution of all and relevant pages for .gov is shown
in the top left of Figure 10. The relevant pages show a similar dis-
tribution as the total set of pages, but with a less steep slope. Low
in-degree pages are relatively less frequent among the relevant pages. If
we compare this with the in-degree distribution of the (relevant) pages
of Wikipedia (top right in Figure 10), we can see almost no difference.
Incoming link patterns are apparently very similar in Wikipedia and
the Web, despite the many differences mentioned in Section 4.1.

We now turn to the out-degree distributions of (relevant) pages for
the .gov (bottom left of Figure 10). The out-degree distribution of the
relevant pages in .gov is almost the same as that of all pages. There
is a difference between 5 and 100 outgoing links, which seems largest
somewhere between 10 and 50. Above 100 outgoing links, the set of
relevant pages is similarly distributed to the full collection. The set of

4 Of course, the different tasks target different types of pages. Web-centric search tasks
often target entry pages, which are often not relevant within the ad hoc methodology. A
difference in the degree distribution of relevant pages might be ascribed to the different
natures of the search tasks. We would expect any such differences to be reflected by the
impact of link evidence on retrieval.
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Figure 10: ccdf of all pages and relevant pages for the global incoming
link degrees in .gov (top left) and Wikipedia (top right) and
for the global outgoing link degrees in .gov (bottom left) and
Wikipedia (bottom right).

relevant pages has relatively many pages with 5–100 outgoing links.
For Wikipedia (bottom right of Figure 10), there is a marked difference
between the distributions of relevant and all pages. Above 10 outgoing
links, the distribution of the relevant pages falls less quickly than the
distribution of all pages. The gap increases up to around 500 outgoing
links, then seems to remain stable. Again, the out-degrees show similar
behaviour to the in-degrees, which further supports our hypothesis that
in Wikipedia there is little difference between incoming and outgoing
links.

To sum up, on a global level the Web and Wikipedia link structures
show a lot of similarities. The Wikipedia in-degrees seem very similar
to in-degrees in the Web. Out-degrees in Wikipedia behave very sim-
ilarly to in-degrees, and by transitivity should also behave similarly
to in-degrees in the Web. For Web-centric search tasks, the out-degree
distribution of relevant pages stays close to the out-degree distribution
of non-relevant pages. Do these observations still hold when we zoom
in on a small set of documents retrieved in response to a particular
query?
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Figure 11: Cumulative distribution of the local link in-degrees (left) and
out-degrees (right) for .gov and Wikipedia.

4.2.5 Local degree distributions

On the left side of Figure 11 we compare the local in-degree distribu-
tions of the top 100 retrieved results for .gov and Wikipedia collections.
The Wikipedia distribution lies slightly higher than the .gov distribu-
tion, meaning the local link graphs for the Wikipedia topics are more
densely interlinked than the local graphs for the .gov topics. This is
to be expected with the higher global link density of the Wikipedia
collection. Apart from that, the distributions are very similar, which is
in line with the observations of the global in-degrees.

For the out-degree distributions (right side of Figure 11) there is a big-
ger difference between global and local degrees. On a global level, the
out-degree distributions of the .gov and Wikipedia collection showed
bigger differences than the in-degree distributions, but in the local
graphs, the out-degree distributions seem more similar. The Wikipedia
distribution stays above the .gov distribution up to around x = 30,
which is where the .gov distribution starts fluctuating and crosses the
Wikipedia distribution.

Next, we compare the distribution over relevant and all pages for
.gov, in the top left of Figure 12. The gap between the two distributions
grows with increasing in-degree. The high local in-degree pages are
relatively more frequent among the relevant pages than among all
pages. The same holds for the relevant pages in Wikipedia (top right of
Figure 12). In the local sets the in-degrees behave in the same way as in
the global sets, but the difference between relevant and all pages is not
as pronounced as for the global in-degrees.

For the local out-degrees in .gov, the bottom left of Figure 12 shows
a difference between relevant and all pages that grows from a few
outgoing links up to 35 or so. Above that, no difference is visible.
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Figure 12: Cumulative distribution of all pages and relevant pages for
the local incoming link degrees in .gov (top left) and Wikipe-
dia (top right) and for the local outgoing link degrees in .gov

(bottom left) and Wikipedia (bottom right).

This is again very similar to the global out-degree distributions. For
Wikipedia (bottom right of Figure 12), the difference between relevant
and all pages slowly grows from 1 to 10 outgoing links, then seems to
stabilise.

In sum, from the degree distributions, there seems to be no big differ-
ence between the global and local link degrees. So far it seems the main
difference between Web and Wikipedia hyperlinks is the distribution of
the outgoing degrees. Wikipedia local in- and out-degrees show similar
behaviour to each other and to their global counterparts. Does this also
mean that in their relation with relevance, the incoming and outgoing
link degrees are similar?

4.2.6 Prior probability of relevance

In this final part of the comparative analysis of the Web and Wikipedia
link structure, we want to find out how the link degrees are related to
the relevance of retrieval results. As in the previous chapter, we again
analyse the prior probability of relevance of a page with a particular
degree (see Section 3.2.3 on page 55 for details on how we derive the
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Figure 13: Global link degree prior probability of relevance for .gov (left)
and Wikipedia (right)

prior probabilities). This time we look at both incoming and outgoing
link degrees for global and local graphs of the Wikipedia and .gov

collections.
On the left side of Figure 13 we see the probability of relevance over

the global incoming and outgoing degrees for the .gov collection. As
the different shapes of the relevant and overall distributions suggested
in Figure 10, the pages with high in-degree have a higher probability of
being relevant than pages with low in-degree. Above 1,000 incoming
links the data becomes sparse and the curve becomes erratic, but overall
the probability of relevance seems to increase monotonically with in-
degree. In other words, in the Web, global in-degree is an indicator of
the type of pages the Web users are looking for. The prior probability
of relevance of the outgoing degrees is at the bottom and only visibly
in the middle range of the distribution. At a different scale—a log-
log scale for instance—the full range of the curve would be visible.
However, we use this scale to clearly show the difference between
incoming and outgoing link evidence. Web pages with out-degrees in
the middle range (peaking somewhere between 10 and 100) have a
higher probability of being relevant than pages with lower or higher
out-degrees.

In the Wikipedia collection (right side of Figure 13) both in- and
out-degree seem to be good indicators of relevance: a higher degree
corresponds to a higher probability of relevance. Recall from above that
the fraction of reciprocal links in Wikipedia is actually lower than that
of .gov; it is not a result of pages linking back-and-forth. This, again,
signals the difference in the link structure of Wikipedia and the Web
at large. For the semantic links of Wikipedia, the difference between
incoming and outgoing links seems to disappear and both can be used
as indicators of relevance.
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Figure 14: Local link degree prior probability of relevance for .gov (left)
and Wikipedia (right)

The prior probability of relevance for the local degrees is shown in
Figure 14 for .gov on the left side and for Wikipedia on the right side.
The most striking difference between the local and global degrees in
.gov is that the local out-degrees show a stronger relation with relevance
than the global out-degrees.

In this section we looked in detail at the .gov and Wikipedia link
structures to see if and in what way the Wikipedia link structure differs
from general Web link structure. Wikipedia has a denser link structure,
which might be a consequence of the shared authorship, encyclopedic
organisation and the fact that Wikipedia is a single domain. This also
results in greater connectedness, with over 90% of the pages belonging
to the giant scc.

The degree structures of Wikipedia and .gov are fairly similar. Both
collections have power law distributions of incoming and outgoing
links, although in Wikipedia the outgoing link degrees are very similar
to the incoming link degrees, which might again be attributed to the
shared authorship aspect of Wikipedia. If all contributors to Wikipedia
can control both incoming and outgoing links, we expect them to behave
in similar ways.

The relevant pages have a slightly different distribution, adhering
less to a power law. We also found that the global degree distributions
are similar to the local degree distributions, which was also observed
by Chakrabarti et al. (2002).

Finally, we looked at the relation between link degrees and relevance.
Because the relevant pages tend to have a different degree distribution
from the non-relevant pages, degrees are related to the relevance of
retrieval results, with pages with higher degrees in general having a
higher probability of being relevant. A major finding is that, because of
the similarity between incoming and outgoing links in Wikipedia, both
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in- and out-degrees are related to relevance. In the Web, where authors
only have control of the outgoing links of their own pages, outgoing
link degree are only somewhat related to relevance on a local level.
Incoming link degrees show a stronger relation with relevance, both
globally and locally, and are therefore more important.

From the previous chapter we know that the global in-degrees are
not very effective for Wikipedia ad hoc retrieval, while the local in-
degrees are. Does the similar behaviour of the in- and out-degrees
mean that the same holds for the effectiveness of out-degrees? Does
the similar behaviour of the Wikipedia and .gov in-degrees mean that
global degrees are also less effective than local degrees for Web-centric
tasks? In the next section we compare the impact of link evidence on
Web and Wikipedia retrieval.

4.3 experiments

We now turn to the second part of our set of research questions. What
is the impact of link evidence on Web and Wikipedia retrieval? And
how do more complex link-based ranking algorithms compare against
simple link degree counts in terms of retrieval effectiveness? For the
impact of link evidence on the Web, we focus on Web-centric retrieval
tasks where link evidence is known to be effective (the impact on ad hoc
search on the Web is discussed in Chapter 7). The .gov collection was
used for the trec 2004 Web track data and comes with a mixed query
set of 225 topics divided equally between Topic Distillation, Home Page
and Named-Page topics. Here the known-item search topics tend to
have a single relevant document (possibly more due to duplicates in
the collection), and the distillation topics tend to have a larger set of
key results.

As in the previous chapter (see Section 3.2.4, page 57), we first
illustrate the impact of global and local link evidence by discussing in
detail one of the trec Web Track topics. We then describe the baseline
systems used for the Web and Wikipedia experiments and the impact
of link evidence on retrieval performance, including the HITS and
PageRank algorithms.

4.3.1 Naive Link-based Ranking

Topic 119 of the trec 2004 Web Track has as title Groundhog day
Punxsutawney and is about a celebration day in Punxsutawney, where
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people watch whether a groundhog leaves its burrow and sees its own
shadow, to determine how long winter will last.

We use global degrees, i.e., the total number of incoming links, outgo-
ing links, or combined in- and outgoing links for a page. To illustrate the
effect of global degrees, we took the top 1,000 articles from the baseline
run described below in Section 4.3.2, and list the 10 articles with the
highest global indegree in Table 11 for .gov. For comparison, the naive
link-based ranking of Wikipedia topic 339 is shown on page 58.

What we see is that the content-only run has mostly pages in the
top ranks with the word Groundhog in the title, and several of them are
related to weather forecasts. The global degree mainly has pages that
seem to have no bearing on the topic at all, but instead are navigational
pages such as Site Map, AMS Search and Metadata Records By Catalog
Title. As in Wikipedia, the global in-degree in .gov leads to infiltration
of important but off-topic pages.

We see that the local degrees keep slightly better focus on the topic
of request. The fifth and eighth results are about weather forecasts and
the latter is about Groundhog Day. We also observe that local links are
sparser and just a few local links are all it takes to infiltrate the lower
ranks.

Although the global in-degree showed a clear relation with relevance,
the link-only ranking has mainly off-topic results in the top. Because
the local links keep more focus on the topic, we expect that local link
evidence is more effective for the .gov topics as well.

4.3.2 Baselines

The baseline for Wikipedia is the same as in the previous chapter (see
Section 3.1.4, page 48). For the Web collection, we use a mixture lan-
guage model over three document representations: document text, in-
coming anchor texts and title field. This provides a much better baseline
than using text alone (Kamps, 2005). For a collection D, document d
and query q:

P(q|d) = ∏
t∈q

((1− λ1 − λ2 − λ3) · P(t|D)

+ λ1 · Pdoc(t|d) + λ2 · Panchor(t|d) + λ3 · Ptitle(t|d))

where each of the document language models is estimated as described
in Section 3.1.4 on page 48.

For the mixture model run, all three models are weighted the same
with λ1 = λ2 = λ3 = 0.1.
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Title Content

NCDC: Climate-Watch, Groundhog Day Special Report 1.89e-06

NOAA Puts Groundhog to the Test 2.76e-08

EOS Highlights Archive – nasa Satellite Saw More U.S. Snow
In Early Winter; Groundhog May See More Coming (February 2

2001)

4.98e-09

FTWSWSTX/1 1.15e-09

Hewitt celebrates Groundhog Day with ‘shadow’ from Columbia
High School

1.83e-10

Groundhog Job Shadow Day 1.53e-10

Groundhog Day in Souda Bay 1.47e-10

EO News: A Snowy Winter for Western U.S. - February 2, 2001 1.02e-10

Title Global in-degree

Site Map 3,119

Online Library - hud 2,119

Bureau of Labor Statistics Home Page 1,119

AMS - Search 730

The United States Mint 722

NHGRI: In The News 518

Metadata Records By Catalog Title 448

FCC Universal Licensing System 348

Title Local in-degree

Bureau of Labor Statistics Home Page 61

NTP Meetings & Events 58

Recalls and other Press Releases 5

What’s New 3

NCDC: Climate of 2001 - Climate Perspectives Reports 3

Youth Opportunity Movement Highlights 3

California Department of Motor Vehicles home page 2

Hewitt celebrates Groundhog Day with ‘shadow’ from Columbia
High School

2

Table 11: Titles with the highest in-degrees in the .gov collection for
trec topic 119, ‘Groundhog day Punxsutawney’
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.gov Wikipedia

Variables In Out Length In Out Length

In – 0.10 -0.01 – 0.19 0.16

Out – -0.07 – 0.65

Length – –

Table 12: Correlation between length and degrees for Web and Wikipe-
dia collections.

The way the link priors are incorporated into the retrieval model is
described in Section 3.3.1 (page 60). The degree score for a page may be
based on either local or global, and either in-degree or out-degree (leading
to four logical cases).

4.3.3 Length prior

Document length is related to relevance for ad hoc retrieval (Singhal
et al., 1996), but not for Web tasks (Kamps, 2005). For Wikipedia, the
baseline system uses a length prior to promote longer documents. For
Web retrieval, a length prior might be detrimental. We first need to sort
out the impact of document length on the relevance of retrieval results.
Moreover, document length might actually be correlated to the link
degree. Intuitively, we would expect that a document with many links
going out is longer than a document with very few links going out.
How is the length of documents related to the link degree? Moreover,
we have seen above that the in- and out-degrees in Wikipedia show
similar behaviour: how do these correlate?

Table 12 gives the correlation between the in-degrees, the out-degrees
and the document length for both collections. For .gov, we see a low cor-
relation between in-degree and out-degree and no correlation between
length and the degrees. For Wikipedia, we see a low correlation between
in-degree and out-degree and between length and in-degree. However,
there is a strong correlation between out-degree and document length
in the Wikipedia collection. This makes sense, since pages contain-
ing more textual content will naturally give rise to more links inside
Wikipedia.

We choose our baseline runs based on experiments with the docu-
ment length priors. The best run for the .gov collection uses no length
prior (Table 13)—map drops from 0.3970 to 0.3419 when using the
length prior, mrr drops from 0.4662 to 0.3868. The best run for the
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.gov Wikipedia

Collection map mrr map mrr

Standard 0.3970 0.4662 0.2561 0.6969

Length prior 0.3419 0.3868 0.3157 0.8119

Table 13: Impact of length prior on Web and Wikipedia retrieval. Best
scores are in bold.

Wikipedia collection uses a document length prior—map goes up from
0.2561 to 0.3157, mrr goes up from 0.6969 to 0.8119. We choose these
best runs as baseline runs for the experiments with the link priors. That
is, without length prior for .gov and with length prior for Wikipedia.
Note that the higher map for the Web data can be attributed to differ-
ences in the tasks, where there is a large fraction of known-item search
topics for the Web data. The Mean Average Precision score is an average
over the total number of relevant documents. With very few relevant
documents per topic, it is easier to obtain a high map than when there
are many relevant documents.

First we will discuss the experiments with the link evidence on the
Web collection, then on the Wikipedia collection.

4.3.4 Web

We measure performance in terms of Mean Average Precision (map) and
Mean Reciprocal Rank (mrr) scores. For topics with multiple relevant
documents, the map gives a better idea of the overall performance,
while mrr gives an indication of early precision. For topics with only
one relevant document, the map score is the same as the mrr score:
with only one relevant document, the average precision is the same as
the precision of the first relevant document. In our discussion we will
mainly focus on map.

Recall from the previous chapter that in Wikipedia, the global in-
degree hurt performance unless we used the log of the degree, and
even then give little improvement. The local in-degree was much more
effective and became less effective when we used the log of the degree.
We will compare the Web and Wikipedia results in more detailed in
the next subsection. The top half of table 14 shows the results for the
link prior runs on the Web track collection. We tested all the runs for
significance of the increase or decrease in performance over the baseline
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map mrr

Run id Global Local Global Local

Baseline 0.3970 0.4662

All In-degree 0.4701• 0.4544
•◦ 0.5843• 0.5462

•

All Out-degree 0.4261
◦

0.3978 0.5031
◦

0.4819

All Log In-degree 0.4449
•

0.4410
•

0.5209
•

0.5148
•

All Log Out-degree 0.4082
•◦

0.4181
•

0.4789
◦

0.4879
•◦

External In-degree 0.3278
•◦

0.2178
•

0.4603 0.3142
•

External Out-degree 0.3176
•

0.0820
•

0.3863
•

0.1641
•

External Log In-degree 0.4361
•

0.4127
•

0.5130
•

0.4823
•

External Log Out-degree 0.3952 0.3988 0.4621 0.4669

Table 14: Results of the link degree priors on the 225 topics of the .gov

collection

using the bootstrap test, one-tailed, using 100,000 resamples. We report
three significance levels, p<.05 (◦), p<0.01 (•◦) and p <0.001 (•).

Using the normal degree priors, global degrees are more effective
than local degrees. Apparently, Web search tasks do not require the
more topical focus of the local link degrees. The normal priors are more
effective than the log priors, except for the local out-degrees. Global,
query-independent link evidence is so important that no toning down
is needed. Note that the global degrees are applied on all retrieved
results. There is no need to limit the impact of global link evidence on
the top 100 results as in the previous chapter.

With log degree priors, the local out-degrees are more effective than
the global out-degrees. All global link evidence leads to significant
improvements upon the content-only baseline. Overall, the global in-
degrees are the most effective.

The local degrees also lead to significant improvements—apart from
the non-log out-degree priors—but in general at lower significance
levels.

These results are in line with the analysis of the prior probability of
relevance over degrees in Section 4.2.6. For Web-centric search tasks,
global link evidence is the most effective, and in-degrees are more ef-
fective than out-degrees. In other words, link evidence is most effective
for finding entry pages when derived independent of the query. Entry
pages must have more incoming links than other pages of the same
Web site.
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4.3.4.1 Site-external links

We can try to distinguish between site-internal Web links (for example,
navigational links within a site) and site-external Web links (for ex-
ample, a link to related content on a different site). Site-internal links
are often considered to be less useful (Kleinberg, 1999) because they
serve purely navigational purposes. We first identified the site of a
page as its base url, with the removal of any prefix starting with www

and excluded links between pages within the same domain. We further
reduced the set by removing links between base urls when either
is a substring of the other. For example, a link between www.nih.gov

and www.nlm.nih.gov is regarded as site-internal, while a link between
www.nlm.nih.gov and www.nichd.nih.gov is regarded as site-external.
The resulting set of site-external links contains 1,693,477 links (or 15%
of all links). For the Web collection, we use either the full link graph or
the site-external links.

If we consider only site-external links, the in-degrees are more effect-
ive when used as log priors, but the improvements are much smaller
than when using all links. Site-internal links are thus also important
for locating entry pages. The site-external out-degrees are ineffective
and the global in-degrees are more effective than the local in-degrees.

All normal degree priors have a negative impact. The local site-
external degrees even lead to disastrous drops in performance. They
seem to promote the wrong documents. This is in stark contrast to the
highly beneficial impact of the local degrees over all links. Not only that,
it is also in complete contrast with the claim that the query-dependent
hits algorithm benefits from ignoring site-internal links (Kleinberg,
1999). But the main difference between the set of pages on which hits

is used and this set of top ranked results is that, for hits, the set of top
ranked results is expanded with pages connected to those results. We
will address this issue in Section 4.3.7.

4.3.4.2 Sub-tasks

We take a closer look at the difference between global and local, incom-
ing and outgoing and site-internal and site-external links by zooming in
on the three sub-tasks of the trec 2004 Web Track: Home Page finding,
Named Page finding and Topic Distillation. For Home Page finding,
links are highly effective. Global degrees are more effective than local
degrees and incoming links are more effective than outgoing links. With
the external links, the outgoing links are only effective when used as
log priors.
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Home Page Named Page Topic Dist.

mrr mrr map

Run id Global Local Global Local Global Local

Baseline 0.4438 0.6595 0.0973

All In-degree 0.6575• 0.6239
•

0.6399 0.6596 0.1320• 0.0997

All Out-degree 0.5272
•◦

0.5264
◦

0.6466 0.5749
◦

0.1137
•◦

0.1100

All Log In-degree 0.5524
•

0.5466
•

0.6758 0.6805 0.1143
•

0.1044
•◦

All Log Out-degree 0.4733
•

0.4738
◦

0.6543 0.6847•◦ 0.1071
•

0.1053
•

External In-degree 0.5876
•◦

0.4032 0.3182
•

0.1847
•

0.1029 0.0774
◦

External Out-degree 0.3286
•◦

0.0726
•

0.5515
•◦

0.0915
•

0.0892
◦

0.0843

External Log In-degree 0.5341
•

0.4823
•

0.6737
•◦

0.6645
◦

0.1112
•

0.1010
◦

External Log Out-degree 0.4519 0.4385 0.6429
◦

0.6688
◦

0.0997
◦

0.1002
•◦

Table 15: Results for the degree priors over the different tasks.

For Named Page finding, links add very little to the content-only
baseline. But the baseline is much higher than for home page finding,
indicating that content-based retrieval is better for named paged finding.
It is harder to improve upon this baseline. The log priors are more
effective than the normal priors and the local degrees are generally
more effective than the global degrees, except for the normal external
link degree priors. The effectiveness of the log priors suggests that link
evidence is somewhat noisy and needs to be curbed. It is not clear
whether this is because of infiltration of important but off-topic pages
or because the link priors push up pages that are topically relevant but
not the desired ones. A possible explanation could be that pages with
high in-degree are often home pages, which are considered irrelevant
for the Named Page finding topics. The global in-degrees have a large
impact on the ranking, but hardly affect the mrr. This suggests that
global in-degree is unrelated to the relevance of named pages. Pages
targeted by Named Page topics are equally spread over global in-degree
distribution.

The scores for the Topic Distillation topics (columns 6 and 7) are
much lower. Note that here we show the map scores, because there
are multiple relevant pages per topic. However, the low scores indicate
that the relevant key resources are not ranked highly. The link priors
can improve performance. Global degrees are more effective than local
degrees. In-degrees are more effective than out-degrees for the global
priors, and vice versa for the local priors.
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map mrr

Run id Global Local Global Local

Baseline 0.3157 0.8119

In-degree 0.2871
•

0.3272
•

0.7899 0.8249

Out-degree 0.2943
• 0.3276• 0.7691

•◦
0.8265

Log In-degree 0.3192
◦

0.3243
• 0.8341•◦ 0.8288

◦

Log Out-degree 0.3169 0.3218
•

0.8311
•◦

0.8254
◦

Table 16: Results of the link degree priors over the top 100 results for
the inex Wikipedia collection.

The global in-degrees are very effective for Home Page finding and
Topic Distillation, and have no impact—thus no negative impact—on
the Named Page finding topics. In general then, for Web-centric search
tasks, global in-degrees are highly effective, as has been established
before (Craswell et al., 2001, Kamps, 2005, Kraaij et al., 2002). Outgoing
link degrees are also effective but less so. Although they are probably
less related to popularity, they do seem to identify entry pages. Entry
pages tend to have outgoing links to various parts of the site. Local
link evidence can be effective as well, but its positive impact is usually
smaller than that of global link evidence, suggesting that its relation to
relevance comes from its correlation to global link evidence—a page
can only have a high local degree if it has a high global degree—and
not from its relation to the topical context of the query.

One would expect that introducing topical focus to link evidence
would make it even more effective. After all, the requested pages might
not have relevant text but still be topically related to the query. The main
difference between Web-centric search tasks and ad hoc retrieval seems
to be that there is no need to make link evidence sensitive to topical
context of typical Web search queries. Instead, it is used to distinguish
entry pages and other important and popular Web pages from the large
bulk of low-quality pages and pages deeper in the hierarchy of sites.

4.3.5 Wikipedia

The results for Wikipedia are shown in Table 16. The results of the
in-degree are repeated from Chapter 3 for ease of comparison. The
global in- and out-degrees hurt performance when used directly as
priors, with in-degree worse for map and out-degree worse for mrr.
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If we curb their impact by taking the log of the degree, the global
out-degree has an insignificant impact on map but a significant positive
impact on mrr. The log global in-degree significantly improves both
map and mrr. Global in- and out-degree are different from each other.
Locally, however, the difference between incoming and outgoing link
evidence has almost completely disappeared. As the probability of
relevance analysis already suggested (see Section 4.2.6 on page 82),
in Wikipedia the difference between incoming and outgoing links is
small, and the local outgoing links are just as informative as the local
incoming links. The direction of the links does not affect their impact.
Their contribution is symmetrical, thereby conflating the notions of
authorities and hubs.

If we compare this to the impact of links on the Web, there are two
important differences: the nature of the set of documents and the direction
of the links from which the link degrees are derived. This relates to our
hypothesis that in Wikipedia there is little difference between incoming
and outgoing links. With shared authorship, there is no difference
between incoming and outgoing links in Wikipedia, while in the Web,
the incoming links of a page are often authored by someone other than
the page author herself and are less biased than the outgoing links,
which are all authored by the page author.

For Web-centric search tasks, global degrees are more effective than
local degrees, showing that for entry page finding, the importance
of link evidence is not related to the query, but to the type of pages
that tend to be desirable results for Web searchers. Evidence is best
derived from the entire collection. For ad hoc search in Wikipedia, this
is different. First, there are no entry pages within the set of encyclopedic
articles. Each page stands on its own.5 Second, the search task requires a
different set of documents that cannot be identified properly by looking
at query-independent link evidence. For ad hoc retrieval, link evidence
is best derived from a set of document related to the query.

The other important difference of link impact is the link direction.
For typical Web search, incoming links are more useful or informative
than outgoing links. The link direction matters for finding entry pages,
while for finding articles on a certain topic, the link direction is less
valuable. Incoming and outgoing links are equally informative.

One structural difference between Web and Wikipedia links that
might make links in Wikipedia more useful for ad hoc retrieval is

5 Although the guidelines state that long Wikipedia articles should be split up into a main
article and several articles discussing sub-topics or aspects of the main topic, where the
main topic article could be interpreted as an entry page for that topic. As the encyclopedic
entries grow over time, more and more of them are split up.
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that Wikipedia pages are meant to stand on their own. Whereas in
some Web sites individual pages might be hard to understand or even
be meaningless without the context of their surrounding pages, each
Wikipedia article is meant to be interpretable independent of others.

4.3.6 Beyond degrees: HITS and PageRank

We briefly move away from the degree analysis and look instead at
two propagation-based algorithms, hits and PageRank. As discussed
in Section 2.3.6, there are many link-based ranking algorithms that
are more complex and try to derive information about quality and
authority of pages. Most of these algorithms use the links to propagate
scores through the network of pages and are iterative in nature to let
the scores converge to a stable distribution. Here, connectedness plays
a role. Through propagation, pages affect the scores of other pages that
are part of the same graph component. The more connected the graph,
the larger the components and the more pages are affected by each
other.

PageRank and hits are obvious choices to further examine the dif-
ference between global and local evidence. They are probably the two
most well-known link-based ranking algorithms, are typically used
on a global and local level respectively, and both algorithms use only
the link topology for ranking. Descriptions of the PageRank and hits

algorithms can be found in Section 2.3.6.2.
For PageRank, we set the damping factor to the default value of 0.85

and use the resulting score as a document prior probability similar to
the link degrees. Because all pages in the collection necessarily have a
positive PageRank score, we use the score directly as a prior:

PPR(d) ∝ PR(d)

Plog PR(d) ∝ log (1 + PR(d))

where PR(d) is the PageRank of document d. For the log prior we use
1+ PR(d) to ensure the prior is always positive. PageRank scores below
1 would otherwise turn into negative scores.

We computed hits authority and hub scores, both with and without
expanding the initial root set of top retrieved results. Instead of iter-
ating until the scores converge, we stopped after 5 iterations. For the
topological ranking this hardly has any impact, but for the resulting
score distribution the impact is much bigger. The more iterations we
use, the larger the gap between low and high scores. The shape of
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Rund id map ∆ mrr ∆

Baseline 0.3970 0.00% 0.4662 0.00%

PR All 0.4861
•

22.44% 0.5988• 28.44%

PR External 0.4252 7.10% 0.5360
•◦

14.97%

Log PR All 0.5021• 26.47% 0.5877
•

26.06%

Log PR External 0.4582
•

15.42% 0.5588
•

19.86%

hits All 100 Auth. 0.3900 -1.76% 0.4711 1.05%

hits All 100 Hub 0.3467
◦ -12.67% 0.4190

◦ -10.12%

hits External 100 Auth. 0.4090 3.02% 0.4978◦ 6.78%

hits External 100 Hub 0.3498
• -11.89% 0.4267

◦ -8.47%

Table 17: Results of combining content-based and hits scores on the
.gov topics.

the distribution is important when combining the hits scores with the
content-based scores. To combine the authority and hub scores with
the content-based scores, we use the score directly as a prior:6

PAuth(d) ∝ Auth(d)

PHub(d) ∝ Hub(d)

We will first discuss the experiments using only the top 100 results.
Expansion of this set is discussed in Section 4.3.7. The results of using
PageRank and hits for re-ranking results on the .gov collection are
shown in Table 17. PageRank is far more effective than hits. The normal
PageRank scores are the most effective for mrr while the log PageRank
scores are more effective for map. The improvements are comparable to
those of the global degrees, although the PageRank scores are slightly
more effective in general and especially when we use the log of the
scores.

For hits, the site-external links are more effective than using the full
link graph, showing that for Web-centric search, authority is indeed
better measured by ignoring links between pages written by the same
author(s). The authority scores are more effective than the hub scores,
much as the local in-degrees are more effective than the local out-
degrees. However, the local degrees are more effective than the hits

6 We experimented with both 1 + hits(d) and hits(d) and found the latter to give the best
overall performance.
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Rund id map ∆ mrr ∆

Baseline 0.3157 0.8119

PR 0.2320
• -26.51% 0.7790

◦ -4.05%

PR top 100 0.2845
• -9.88% 0.7940 -2.20%

Log PR 100 0.3096 -1.93% 0.8351◦ 2.86%

Log PR 10000 0.2855
• -9.57% 0.8351◦ 2.86%

hits 100 Auth. 0.3131 -0.82% 0.8015 -1.28%

hits 100 Hub 0.3140 -0.54% 0.7910 -2.57%

Table 18: Results of combining content-based and hits scores on the
Wikipedia topics.

scores. This might be a result of the number of iterations used for the
hits algorithm. If we start with computing authorities and update the
hubs afterwards, the first iteration authority scores are similar to the
local in-degrees. After each subsequent iteration, the high authority
scores remain relatively stable while the low authority scores rapidly
drop to zero. This stretches the distribution more and more, and results
in the authority scores dominating the content-based score such that it
has almost no impact on the final ranking.

The impact of hits and PageRank on the Wikipedia topics can be
seen in Table 18. Similar to the global degrees, the query-independent
PageRank scores hurt performance, especially when used over all re-
trieved results. If we use the log of the scores only the mrr improves,
but overall precision drops, where the global degrees could slightly
improve map. The hits scores hurt performance on Wikipedia, which
fits with our conjecture in Section 4.1 that the links in Wikipedia do not
confer authority.

In Table 19 we see the impact of PageRank on the different topic
types of the .gov collection. The Home Page (hp) and Topic Distillation
(td) topics benefit most from the normal PageRank scores. The log
priors are also effective but to a lesser extend. The reverse is true for
the Named Page (np) topics. The normal PageRank scores hardly affect
the baseline performance, but the log version significantly improves
it. Relevant named pages are not the most important pages overall—
otherwise the normal PageRank scores would be more effective—but
page importance does play a role. Named pages are more important
than the bulk of the pages on the Web.

The site-external links alone also lead to improvements, but PageRank
is more effective when using all links. The site-external link graph is
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hp np td Mix

Run mrr mrr map map

Baseline 0.4438 0.6595 0.0973 0.3970

PR All 0.6616• 0.6789 0.1411• 0.4861
•

PR Ext. 0.5807
•

0.5846
•◦

0.1243
•

0.4252

log PR All 0.6590
• 0.7281• 0.1334

• 0.5021•

log PR Ext. 0.5972
•

0.6598 0.1260
•

0.4582
•

Table 19: Results for PageRank on .gov using Home Page (hp), Named
Page (np), Topic Distillation (td) and the mixed (Mix) topics.

much sparser, and far fewer pages have incoming site-external links.
With fewer links, the graph is less connected and pages have less impact
on each other. In a Strongly Connected Component, all pages affect
each other’s PageRank. When there are many small islands in the link
graph, only pages on the same island affect each other’s PageRank and
the resulting PageRank score is thus less “global”. Arguably, higher
connectedness better reflects the flow of popularity and importance.

4.3.7 Expanding the HITS root set

We experimented with using only the top 100 or 200 results and with
expanding the top results with pages connected to those top results.
The original algorithm expands the root set R of the top 200 results
with all pages linked from R and up to 50 pages linking to a page in
R. This incoming link limitation is set because some pages have tens
of thousands or even millions of incoming links and would come to
dominate the local link graph. Because some Wikipedia pages have
thousands of outgoing links, a similar problem could occur if we set
no limit on the number of outgoing links used to expand the root set.
Therefore, we use the limit d to determine the maximum number of
incoming and outgoing links per page used for expansion. For d = 50,
up to 50 incoming links and 50 outgoing links of a page p are used
for expansion. We use the same limitation parameter d for .gov and
Wikipedia.

In Figure 15 we see the impact of the expansion parameter d on the
map of authority and hub rankings of the full link graph of .gov (top),
the site-external link graph (middle) and Wikipedia (bottom).
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Figure 15: The impact of expanding the root set on map for hits author-
ity and hub scores.

On .gov, the authorities perform much better than the hubs, both
when using all links and only site-external links. Using the full link
graph, expanding the root set only hurts performance. Expanding the
root set using all links introduces many pages from the same site, which
might be densely interlinked. When using only site-external links, the
best performance is observed when d is set to zero, but from d = 10
onwards, authorities perform better as d increases. If any pages from
other sites are added, a larger number of them better captures the
authority relations between sites. The full link graph without expansion
is much more effective for hits than the site-external link graph with
expansion. This means that site-internal links are useful to find entry
pages. They are also useful to confer authority to the most authoritative
pages within that site.

In Wikipedia, expansion hurts performance: it introduces many irrel-
evant pages. Especially highly connected pages are easily introduced
into the final set of pages, and lead to heavy infiltration. Without ex-
pansion, authority and hub scores are equally useful for ranking. With
expansion, hub scores are more effective than authority scores.

In sum, there seems to be little benefit in expanding the root set
of top retrieved results. Although expansion can potentially bring in
missing entry pages, and help identify the most authoritative pages, it
also brings in many irrelevant pages and cause loss of topical focus.

4.4 conclusions

In this chapter, we investigated the difference between Wikipedia and
Web link structure. We first performed a comparative analysis of Wiki-
pedia and .gov link structure and then investigated the value of link
evidence for improving search on Wikipedia and on .gov.

In our comparative analysis of Wikipedia and Web link structure we
hoped to find out:
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• Are there differences between the Wikipedia and .gov collection in
terms of link density and connectedness?

The .gov collection has a giant strong connected component larger than
earlier general Web crawls, but the giant strong connected component
of Wikipedia covers an even larger part of the collection. Wikipedia
is more densely linked, but both link structures are in the final phase
of connectedness. In terms of navigation, and the accessibility and
visibility of pages in the two collections, both link graphs are relatively
complete.

• What is the degree distribution of Wikipedia and the Web at large?
Are there differences between distributions of incoming and outgoing
links?

Although there are some striking differences between the Wikipedia
and .gov link structures, in many ways, they are very similar. Both have
power law degree distributions where the out-degree distribution falls
steeper than the in-degree distribution. Considering link direction, the
small difference between Wikipedia and .gov in-degrees suggest that
incoming linking patterns are guided by the same principles. The most
striking difference between the Wikipedia and .gov link structures are
the outgoing link degrees. In Wikipedia, the out-degree distribution is
more similar to the in-degree distribution than in the .gov collection.
As we mentioned in Section 4.1, this might be the effect of the shared
authorship and encyclopedic organisation of Wikipedia. Each topic has
a dedicated Wikipedia page, so it is mostly clear where to link to, and
the contributors can modify both the incoming and outgoing links of a
page, which conflates the notions of hub and authority and essentially
gives all pages equal authority.

• How does the link topology relate to the relevance of retrieval results?

For the .gov collection, the global in-degree is a good indicator of
relevance. Pages with many incoming links have a higher probability of
being relevant than pages with few incoming links. The prior probability
of relevance of the number of outgoing links first increases but then
drops again, making the out-degree a less reliable indicator of relevance
than the in-degree. For the Wikipedia collection, both in-degree and
out-degree are good indicators of relevance. More generally, we observe
that Wikipedia incoming and outgoing links are similar in character,
again suggesting that in Wikipedia the notions of authority and hub
are conflated.
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In our retrieval experiments, we hoped to find an answer to the
following question:

• What is the impact of link evidence on Web and Wikipedia retrieval?

The main difference between Web-centric search tasks and Wikipedia
ad hoc retrieval seems to be that there is no need to make link evidence
sensitive to the topical context of typical Web search queries. Instead,
it is used to distinguish entry pages and other important and popular
Web pages from the large bulk of low-quality pages and pages deeper
in the hierarchy of sites. It is useful to identify the type of pages that
tend to be desirable results for Web searchers. Local link evidence
keeps more focus on the topic, but promoting any relevant page is not
necessarily helpful, because the task assumes the user is only interested
in the entry-page of a topically relevant site. The global link graph is
much richer and better reflects the importance of documents.

For Wikipedia ad hoc retrieval, global link evidence is nowhere
near as effective as local link evidence. Query-independent aspects of
link evidence are less useful for ad hoc search. Global incoming link
evidence seems slightly more useful than global outgoing link evidence.
In Wikipedia, local link evidence is effective regardless of the direction
of the links; incoming and outgoing link evidence is equally effective.
As mentioned before, this makes sense if links in Wikipedia signal
a topical relation between linked documents. Topical relatedness is a
symmetrical relation.

The greater effectiveness of local link evidence implies that document
importance cannot be the sole explanation for the effectiveness of link
evidence for Wikipedia ad hoc retrieval. Local link evidence must
be related to topical relevance as well. In the next chapter we will
investigate how link evidence is related to both document importance
and topical relevance.




