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ABSTRACT
Online retailers and content distributors benefit from
an active community that shares credible reviews and
recommendations. Today, the most popular approach
to encouraging credibility in these communities is self-
regulation; community members rate reviews according
to their accuracy and usefulness, thus helping to weed
out reviews that are inaccurate. This self-regulation,
while powerful, is limited by its insularity. Commu-
nity members generally base their assessments on a re-
viewer’s comments and actions only within the commu-
nity. This ignores relationships the reviewer has outside
the community that may be quite relevant to evaluat-
ing the reviewer’s comments; for example, a relationship
between an author and reviewer. We present a simple
method for mining the Web to detect many such as-
sociations. Our method, together with self-regulation,
provides for more comprehensive detection of bias in re-
views by alerting the user to the potential for an undis-
closed relationship between a reviewer and author. We
provide preliminary results using book reviews in Ama-

zon.com demonstrating that our approach is a high-
precision method for detecting strong relationships be-
tween reviewers and authors that may contribute to re-
viewer bias.
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1. INTRODUCTION
Online retailers encourage their user communities to

contribute reviews and advice because such communi-
ties draw users and translate into increased sales [8, 5,
20]. However, these communities cannot be left unat-
tended. Without some supervision there is a risk that
the value of the community’s content will be diluted by
biased or otherwise erroneous posts (see, for example,
[24]) and that the content provider will be vulnerable
to lawsuits [26, 15]. A popular approach to mediat-
ing this risk is self-regulation in the form of ratings and
comments. Examples of this include Amazon.com’s “Was
this review helpful to you?” feature, “Karma”on Slash-

dot.com and “diggs” on Digg.com. These ratings are
generally based on the content of the associated review,
and possibly, the reviewer’s history in the community,
as this is the only information that is readily available to
the community. That is, the self-regulation system as it
commonly exists today does not support the discovery
of information external to the community. Such infor-
mation can be valuable when detecting the potential for
bias on the part of a reviewer.

The lack of tools to assist the community in self-
regulation means that relevant external relationships are
hard to detect. For example, the Amazon.com commu-
nity was slow to discover that a reviewer of obscure tech-
nical books had a career as a seller of the same books
[17]. In addition, professional relationships and friend-
ships are not easily detected, yet may be quite useful
when weighing reviews.

We introduce an approach to assessing the validity
of online reviews that aims to bring the broader con-
text of the reviewer into the online community. Our ap-
proach uses simple Web-mining algorithms to discover
association rules that impact bias. We apply associa-
tion rule mining algorithms used in [6] to discover key-
words associated with sensitive topics, to detect exter-
nal (and Web-represented) relationships between users
of online communities. In particular, we look for asso-
ciation rules between book reviewers and the authors of
the books they review. An association rule of the form
Reviewer A → Author B reflects that Author B is fre-
quently mentioned in Web documents that also mention



Reviewer A. Clearly, co-occurence of names in a single
document is insufficient evidence of a relationship. How-
ever, when this co-occurence is repeated across a large
number of documents that are also a significant fraction
of the documents containing either one of the names, we
believe that it is compelling evidence of a relationship.
Indeed, this simple idea of looking for co-occurence of
terms on the Web has been shown to be powerful in a
broad array of information retrieval applications includ-
ing search query interpretation (e.g. [11]) and indexing
and annotation [7, 9], as well as the fundamental nat-
ural language problem of identifying semantic patterns
[4, 19, 25].

We demonstrate our approach using review data ex-
tracted from Amazon.com. In particular, we mine the
reviews associated with 300 books categorized as “cryp-
tography” by Amazon for associations between the re-
viewers and the authors. Our results indicate that the
approach offers high precision (few false positives). There
is an inevitable limitation to the recall of our approach
due to the fact that relationships not reflected strongly
on the Web are not detected by our algorithm. However,
for authors and reviewers with a strong Web presence,
it performs well. These results demonstrate our detec-
tion tool can enhance the accuracy of self-regulation in
online communities. In addition, the increasing avail-
ability of search engines with little or no query limits
(see, for example, [16, 27]) means the approach can be
used on a broad scale.

Overview. In Section 2 we discuss related work. Our
model and algorithm are described in Section 3. Ex-
perimental results are in Section 4 and we conclude in
Section 5.

2. RELATED WORK
Our approach to detecting potential bias relies on an

algorithm for mining Web-based association rules intro-
duced in [6]. We discuss association rule mining more
in Section 3.

As mentioned earlier, the most prevalent approach to
evaluating reviews relies on the user community to de-
tect bias and other fallacies in reviews. Complementing
this, there are some services (e.g. eModeration [10])
that provide manual evaluation of user contributions as
a for-fee service.

Our bias detection technique is a natural component
of a reputation system (see, for example, [22, 12, 21].
These systems generally rely on the actions of the com-
munity members to distribute trust information accu-
rately. Our technique is complementary as it gives com-
munity members additional input on which to base their
trust evaluation.

In [1, 23] and [13], automated approaches to measur-
ing reputation are proposed. In [1], reputation is based
on the stability of contributed content over time. In
[23] and [13], reviewer reputation is correlated with the
accuracy of reviews over time, where a review is more
accurate the closer it is to the consensus view. Hence,
all these approaches require multiple reviews to be ef-
fective. In contrast we offer an approach that can be
used to evaluate a single isolated review.

Figure 1: The confidence of the association
Bapna ⇒ Shmueli is 0.24.

Finally, we note that our approach is similar in spirit
to the Wikiscanner tool for assessing the credibility of
Wikipedia content [14], as that tool also brings external
information (namely authorship via IP address) into the
credibility evaluation process.

3. MODEL AND APPROACH
We detect potential bias through association rules [2,

3]. In our experimental setting, an association rule is an
implication of the form A⇒ B, where A is the name of
a reviewer of a book authored by B or B is the name
of a reviewer of a book authored by A. Recall that an
association rule, A⇒ B, is said to have high confidence
if Pr(B|A) is large, and large support if Pr(A ∧ B) is
large.

Our algorithm takes as input the creators of a product
(e.g. authors of a book) and reviewers of that product.
Let the function R(·) output the set of reviewers asso-
ciated with a given creator, that is, B ∈ R(A) if and
only if B has reviewed a product created by A. We use
the algorithm of [6] to look for associations between all
pairs in the set P = {(A, B)|A ∈ R(B) or B ∈ R(A)}.
In particular, for (A, B) ∈ P we take the following steps:

1. Issue a search engine query: “A”, and retrieve the
number of returned hits, nA.

2. Issue a search engine query: “B”, and retrieve the
number of returned hits, nB .

3. Issue a search engine query: “A”“B”, and retrieve
the number of returned hits, nA∧B .



Association Evidence Number of Pairs

Co-authors on a published work 11
Acknowledgment in a published work 1

Academic advisor and advisee 1
Interviewer and interviewee in a published article 2

Co-organizers of a conference 1
Co-members of standards committee 2

Speakers at the same conference 2

Table 1: The evidence found for the 20 identified associations.

Based on this, we estimate the confidence of the as-
sociation A ⇒ B using the same mechanism as in [6],
namely:

Confidence(A⇒ B) ≈ nA∧B/nA

where nA and nA∧B are the number hits returned by the
search engine on the query“A”and the number returned
for the query, “A”“B”, respectively.

If A ∈ R(B) then we say A has potential bias if at
least one of A ⇒ B and B ⇒ A is a high-confidence
association rule as defined above. Of course, a high-
confidence association rule is not definitive evidence of
bias, however we believe it is useful information when
evaluating the credibility of the review.

We illustrate our approach to detecting associations
with a concrete example. In Figure 1, we show a re-
view of the book, “Data Mining for Business Intelli-
gence”. A Google query for the reviewer’s name, Ravi
Bapna, yields 3, 130 results, while a query for the re-
viewer, Ravi Bapna, together with the first author, Galit
Shmueli, yields 760 results.1 Hence, the association
{Ravi Bapna} ⇒ {Galit Shmueli} has a confidence of
0.24, and indeed the first page of results for the latter
query reveals they have authored papers together.

4. EXPERIMENTAL RESULTS
To evaluate our approach we considered the top 300

books (ordered by relevance) categorized as “cryptogra-
phy” by
Amazon.com. We chose the area of cryptography for two
reasons. First, given that the cryptography community
is relatively small, our suspicion was that it would lead
to more instances of associations between reviewers and
authors than other categories (for example, the New
York Times best seller list). Second, we have some fa-
miliarity with the community through program commit-
tee service and conference publications and so we have a
better ability to evaluate the accuracy of our algorithm
in detecting associations between people than we would
in other communities.

In the first phase of our experiment, we manually
scraped the author and reviewer names from the top
300 cryptography books. We scraped books with at
most 20 reviews, since books with more reviews are un-
likely to be dominated by reviews written by associates
of the authors, and hence our algorithm is less needed.
We scraped any name that contained both a first and

1Google results are from 8/13/2008.

last name (i.e. not just the names that Amazon.com

refers to as “real names” because they are linked to a
credit card). Middle names and initials were generally
included, although we omitted anything in quotes (e.g.
for the reviewer John Matlock “Gunny”, we just scraped
John Matlock). This phase reduced the pool of 300 to
64, as many books had either no reviews or only anony-
mous or single-name reviewers.

In the second phase of the experiment we issued Google
queries for each author name, each reviewer name and
each pair of author-reviewer names, and recorded the
number of hits returned. There were an average of 1.44
authors per book, an average of 3.45 reviewers per book,
and 305 author-reviewer pairs, leading to a total of 620
Google queries in total for the 64 books.2

We also manually reviewed the first page of hits for
each pair looking for evidence of an association between
the reviewer and author to serve as our “ground truth”
when evaluating the output of our algorithm. Of course,
our ground truth is imperfect as there certainly could
be associations not represented in the first page of hits,
however we did not find any associations that we were
aware of a priori (using our existing knowledge of the
community) for which that was the case. Through this
manual process we discovered 20 associations. The rea-
sons for the association ranged in strength, with co-
authorship being strong evidence of an association, and
presentations at the same conference being much weaker
(since it does not imply that the speakers had any in-
teraction at the conference, and so does not prove they
know each other). We summarize the discovered asso-
ciations in Table 1 below.

To evaluate the accuracy of our approach we consider
all author-reviewer pairs with a minimum number of
Google hits (or, “support”) of 10. We make this restric-
tion because the hits of pairs with lower support were
dominated by links to the Amazon.com review written by
the reviewer about the author’s book, and thus aren’t
evidence of a relationship between the reviewer and au-
thor.3

For each association involving a pair with minimum
support of 10, we calculate the confidence of the as-
sociation as defined in Section 3. We set thresholds
for minimum confidence and calculate the precision and

2The Google queries were mostly issued on 7/17/2008.
3Another approach to filtering these results would be
to require Google to not return hits in the Amazon.com
domain.
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Figure 2: The recall and precision for various minimum confidence values, based on all author-reviewer
pairs with support at least 10 (i.e. at least 10 Google hits).

recall of our algorithm with respect to the 20 true as-
sociations that we identified manually. That is, for a
confidence threshold of c, precision is the fraction of
the associations with confidence at least c that are true
associations, and the recall is the fraction of the true
associations that have confidence at least c. For exam-
ple, if c = 0, and the support threshold is 10, then our
algorithm produces 44 pairs including 18 of the true as-
sociations, and so precision is 0.409 and recall is 0.9.

We plot the (recall, precision) points in Figure 2. For
the high precision region, the graph indicates a roughly
2:1 relationship between precision and recall. The trade-
off stems from the fact that many relationships aren’t
represented well on the Web, and thus requiring high-
confidence in the association causes our algorithm to
miss some true associations. This underscores that the
best use case for this approach is as a complement to
other approaches to assessing reputation/bias.

5. CONCLUSION AND FUTURE WORK
We’ve introduced a simple, high precision tool for de-

tecting associations between people as an indicator of
potential bias in online reviews. With the increasing
availability of search engines with little or no bounds on
queries [16, 27] our approach can be easily integrated
into existing self-regulating communities to give the par-
ticipants additional context when assessing the credibil-
ity of user contributions.

In our initial experiments, we take a simple, generic

approach that appears quite accurate. That said, a gen-
eral search engine query may not be the best approach
for certain communities. For example, for academically
oriented communities like cryptography, Google Scholar
might yield improved results as a function of association
confidence.

Another direction for improvement is through increased
analysis of the search results. For example, various
forms of linguistic analysis of the hits can be used to
estimate the likelihood that the hit is really relating the
author and reviewer. Such an analysis can be costly
(e.g. in the case of deep linguistic parsing) but statisti-
cal attributes, like proximity, might prove quite effective
while only incurring modest cost.
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