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Abstract.  Information retrieval systems have traditionally been eval-
uated over absolute judgments of relevance: each document is judged
for relevance on its own, independent of other documents that may be
on topic. We hypothesize that preference judgments of the form \doc-
ument A is more relevant than document B" are easier for assessors to
make than absolute judgments, and provide evidence for our hypothesis
through a study with assessors. We then investigate methods to evaluate
search engines using preference judgments. Furthermore, we she that
by using inferences and clever selection of pairs to judge, we needchot
compare all pairs of documents in order to apply evaluation methods.

1 Introduction

Relevance judgments for information retrieval evaluation have traditionally been
made on a binary scale: a document is either relevant to a query or it is not.
This de nition of relevance is largely motivated by the importance of topicality

in tasks studied in IR research [1].

The notion of relevance can be generalized to a graded scale of absolute
judgments. Jarvelin and Kekalkinen [2] proposed doing so to identify very rele-
vant documents in addition to relevant and non-relevant documents. They devel-
oped thediscounted cumulative gain(DCG) measure to summarize performance
taking into account both graded relevance and greater importance for items re-
trieved at the top ranks. DCG has been used to evaluate web search applications
where the rst few results are especially important. In web search applicatims,
factors other than topical relevance, such as quality of information, quality of
display, or important of the site, are often included in assessing relevance.

Although evaluations over graded relevance allow for ner distinctions among
documents, adopting graded relevance has two signi cant drawbacks. First, the
speci cs of the gradations (i.e. how many levels to use and what those levels
mean) must be de ned, and it is not clear how these choices will a ect relative
performance measurements. Second, the burden on assessors increases with the
complexity of the relevance gradations; when there are more factors or ner
distinctions to consider, the choice of label is less clear. High measured levels of
disagreement on binary judgments [3] suggests the di culty of the problem.



When measurement is di cult in practice or not completely objective, judg-
ments of preferencemay be a good alternative [4]. Instead of assigning a relevance
label to a document, an assessor looks at two pages and expresses a preference
for one over the other. This is a binary decision, so there is no need to determine
a set of labels and no need to map judgments to a numeric scale.

Of course, using preference judgments poses a new set of questions: how do
we use preference judgments to evaluate a search engine? The number of pairs
of documents is polynomial in the number of documents; will it be feasible to
ask for judgments on every pair? If not, which pairs do we choose? But these
guestions are more amenable to empirical investigation.

There is another advantage to direct preference judgments: algorithms such
as RankNet [5] and ranking SVMs [6] are trained over preferences. Sometimes
preferences are obtained by inference from absolute judgments [5]. By collecting
preferences directly, some of the noise associated with di culty in distinguish-
ing between di erent levels of relevance may be reduced. Additionally, absolute
judgments result in ties in inferred preferences; direct preferences may allow
more data to be used for training.

In this work we follow three successive lines of investigation. First, wecom-
pare assessor agreement and time spent per judgment for preference and absolute
judgments. Next, we consider the evaluation of search engines when judgments
are preferences. Finally, we look at focusing assessor e ort to collect su cient
preferences to be able to compare search engines accurately.

2 Previous Work

The idea of pairwise preference judgments has not been explored much in the IR
literature. When the idea of preference judgments has arisen, the practice has
typically been to infer preferences from existing absolute judgments (e.g. [7, 8]),
sidestepping questions about collecting preferences directly.

The most closely related previous work is that of Joachims, who rst hy-
pothesized that a click could be treated as a preference judgment (the document
clicked being preferred to all ranked above it) [6], then used an eye-tracking study
to verify that hypothesis [9]. Neither work touched on questions of evaluatia.

Buckley and Voorhees'sbpref evaluation measure [10] is calculated by sum-
ming the number of relevant documents ranked above nonrelevant documents. It
suggests the idea of preferences, but it is de ned over absolute judgments. The
calculation of bpref entails inferring that each relevant document is preferred to
every nonrelevant document, but all the relevant documents are \tied": none is
preferred over any other.

Mizzaro has proposed measures of assessor agreement for both absolute and
preference judgments [11], but we could nd no work that empirically evaluated
whether assessors tend to agree more on one or the other as we do here.

In a study that lends support to this work, Rorvig made the case for preference-
based test collections using an idea from mathematical psychology known as



\simple scalability" [12]. He argued that, despite their high cost, preference judg
ments are an imperative for tasks for which the goal is to nd highly-relevant
documents. Rorvig showed that necessary conditions for the application of sim-
ple scalability held in practice, but we were unable to nd any follow-up studies
on preferences versus absolute judgments.

Thus to the best of our knowledge this is the rst comparison of absolute
judgments versus preference judgments in terms of assessor performance. It is
also the rst investigation into making preference judgments cost-e ective by
reducing the total number needed for evaluation of search engines.

3 Assessor Study

Our study investigated whether preferences are \easier" to make than absolute
judgments by measuring inter-assessor consistency and time spent on each judg-
ment. All judgments will be made on web pages retrieved by the Yahoo!, Google,
and Microsoft Live search engines.

We compared three types of judgments: (1) absolute judgments on a ve-
point scale (Bad, Fair, Good, Excellent, Perfect); (2) binary preference judg-
ments as described above; and (3) a stronger version of preference judgment in
which the assessor can additionally say that he or shele nitely preferred one
page over another. To mitigate against assessors abstaining from hard deiss,
neither preference type allowed an \equal" or \same" judgment. *

3.1 Experimental Design

Measuring agreement requires that each query be seen by at least two di erent
assessors for each of the three judgment types. Since an assessor cannot see the
same query twice, we needed at least six assessors. Requiring that each assessor
see every query imposed the constraint that assessors could not enter their own
queries; the implications of this will be discussed in the next section.

Judging Interfaces  We designed interfaces for each of the three judgments
types. Screenshots for two of them are shown in Figure 1; the binary preference
interface is identical to Figure 1(b) but excludes the \De nitely Here" buttons.

The query was shown at the top of the screen. If the assessor did not under-
stand the query, he or she could obtain context by clicking on the magnifying
glass button to see snippets from the top 20 web pages retrieved by a search
engine. The order of these pages was randomized so as not to in uence the
assessor's judgments.

We allocated the same area to each web page in all three interfaces, regardless
of whether one or two pages were shown. We highlighted the query terms that
we found in a simple parse of the web page to make it easier for the judge to
nd relevant content.

4 A followup study that included a \duplicates" judgment on pairs show ed results
consistent with those described in the next section.



(a) Absolute judgments.

(b) Preference judgments.

Fig. 1. Screenshots of the judgment interfaces.

Queries We sampled 51 queries from Microsoft's Live Search query logs. We
chose queries that had previously been judged for the purpose of assessing search
engine quality; in particular, we selected a biased sample that had some diversit

in existing judgments, but was in other respects random. Some of the queries
had clear intent, but most were vague, underspeci ed, or had myriad possible in-
tents. The queries can generally be considered \informational”; examples include
\andie mcdowell", \binghamton", \soda pop and oral hygiene".

Assessors The six assessors were Microsoft employees. All assessors had back-
grounds in information retrieval or related elds and had experience in judging
web pages for relevance.

Web Pages For each query, we took the top ve web pages retrieved by three
large search engines. The number of unique pages for a query depended on



the diversity of results retrieved by the engines: if all three retrieved the same
documents, there would only be 5 pages to judge, but if they all retrieved di erent
documents, there would be 15 pages. There were on average 11.9 unique pages
per query, indicating a high degree of diversity among the top ranked results.

We did not remove web pages that had duplicate content but di erent URLSs.
We made this decision because there were some cases in which the URL provided
some valuable additional information that helped judge relevance. For example,
one query speci ed a product number. Two identical pages about the product
were retrieved. Neither page contained the product number, but it was part of
one of the URLs. It is important to note, however, that this will be the source
of some disagreements in the preferences judgments.

In order to avoid time delays or temporary internet outages, we pre-captured
web pages by saving images of them to disk. This also guaranteed that the pages
were saved at a xed point in time and the experiment could be reproduced.

Judgments As shown in Figure 1, the three interfaces had buttons along the top
for judging documents, as well as a \Bad" button at the top left of the displayed
web pages (in the same location relative to the web page for consistency). Irhe
preference interface, a \Bad" judgment could be used for pages that were clearly
not relevant, had not been properly loaded, or were spam. A page labeled \Bad"
would not be seen again for any subsequent preference judgment.

We gave assessors guidelines explaining di erences between relevance labels.
The guidelines included the topicality of the page as well as the ease of nding
relevant content on the page, trust in the domain, the likelihood that the page
re ects the intent of the query, and so on. Assessors used the same guidelines
for both absolute and preference judgments.

We xed pages in a random order prior to any judging. Assessors made
absolute judgments in that order. For preference judgments, the rst two pages
in the xed order were presented rst. The next judgment retained the preferred
page and asked for its preference over the next page in the xed order. When all
comparisons involving the preferred page were exhausted, judgments restarted
with the next two pages in the xed order.

3.2 Results and Analysis

Agreement There are two types of agreement: agreement between two assessors
over all judgments, or agreement about each judgment over all assessors. We
chose to look at the latter in an attempt to average out di erences in expertise,
prior knowledge, or interpretation of the query.

Agreement for absolute judgments is shown in Table 1. Each cellX;; J2) is
the probability that one assessor would sayJ, (column) given that another said
Ji (row). They are normalized by row, which is why columns do not add to
1. The percentage of pages with each label is 20%8%; 25% 25%; 2%, for Bad,
Fair, Good, Excellent, and Perfect, respectively.

Agreement for preference judgments is shown in Table 2(a). For comparison,
we inferred preferences from the absolute judgments: if the judgment on page A



Bad Fair Good |Excellent| Perfect || Total
Bad 0.579 | 0.290 | 0.118 | 0.014 | 0.000 || 221
Fair 0.208 | 0.332 | 0.309 | 0.147 | 0.003 || 307
Good 0.095 | 0.348 | 0.286 0.260 0.011 273
Excellent | 0.011 | 0.167 | 0.264 | 0.535 | 0.022 || 269
Perfect | 0.000 | 0.042 | 0.125 | 0.250 | 0.583 24

Table 1. Assessor agreement for absolute judgments.

A<B |A;B bad|A>B ||{Total A<B |A;B bad|A>B ||Total
A<B |[0.752| 0.033 |0.215(/2580| | A<B |0.657| 0.051 |0.292|/2530
A;B bad| 0.208| 0.567 |0.225|| 413 | |A;B bad| 0.297| 0.380 | 0.323|| 437
A>B |0.201| 0.034 |0.765(|2757| | A>B |0.278| 0.053 | 0.669 || 2654
(a) Preferences. (b) Inferred preferences.

Table 2. Assessor agreement for actual (a) and inferred (b) preference judgmers.

A B|/A<B |A;B bad/A>B (A B || Total
A B | 0.247 | 0.621| 0.000 | 0.132| 0.000 || 219
A<B 0.059| 0.661| 0.043 | 0.221| 0.015 || 2288

A;B bad| 0.000 | 0.244| 0.453 | 0.300| 0.002 || 406
A>B 0.012 | 0.212| 0.051 | 0.670| 0.055 || 2389
A B | 0.000 | 0.180| 0.005 | 0.680| 0.134 || 194

Table 3. Assessor agreement for de nite preference judgments.

was greater than the judgment on page B, we inferred that A was preferred to
B. To compare to true preferences, we had to assign some preference to pairs of
pages that were given the same label (\ties"). Table 2(b) gives results when the
assigned preference is random (i.e. the expected value of a coin ip), simulating
an assessor that makes a random judgment about which of two similar pages is
preferred.

Statistical signi cance between Tables 2(a) and 2(b) can be measured by a

2 test comparing the ratio of the number of pairs agreed on to the number
disagreed on for both preferences and inferred preferences. The dierence is
signicant ( 2=143;d =1;p 0).

We can also explore redistributing ties at di erent rates to model di erent
levels of agreement. Up to about 70% agreement on ties, true preference agree-
ment is still signi cantly greater than inferred preference agreement. Above 80%
inferred preference agreement is signi cantly greater.

Agreement for the two-level \de nite" preferences is shown in Table 3. As-
sessors do not appear to have been very consistent in their use of the \de nitely"
judgment. When the de nite judgments are pooled together with the preference
judgments (i,e.A<B and A B treated as identical), the agreement is slightly
less than in Table 2(a), but more than Table 2(b).



PreferencgDe nite |Absolute [[Overall
Assessor 1 3.50 3.41 7.96 3.70
Assessor 2 3.24 3.67 6.12 3.55
Assessor 3 2.35 2.82 5.56 2.82
Assessor 4 4.13 4.30 8.78 471
Assessor 5  2.72 3.30 8.20 3.17
Assessor 6  2.09 2.40 3.21 2.31

[Overall | 287 | 315 | 6.33 | 3.23 |

Table 4. Median seconds per judgment by each assessor in each interface.

Time Table 4 shows the median number of seconds spent on each judgment by
each assessor for each interface, along with overall medians for each assesand
for each interface.® Absolute judgments took about twice as long to make as
preferences. As the table shows, there was little variance among assessors.

Two main variables a ect the time it takes to judge a page or a pair of pages:
time spent reading the page(s) and time spent deciding on the correct judgment.
One reason that preferences could be faster is that the assessor \memorizes" the
page, or at least forms an impression of it, so that he or she does not have to
re-read it each time it appears. If this were the case, judgments would get faster
as each document had been seen.

To investigate this, we looked at the time each assessor spent makingjadg-
ment the rst time the page was shown. For the preference, de nite, and absolute
judgments, the median time spent on a judgment when seeing a document for
the rst time was 3.89, 5.40, and 6.33 seconds, respectively. Thus it seems tha
making a preference judgment is faster than making an absolute judgment even
after taking reading time into account.

Additional Analysis The \context search" button, which allowed assessors to
see twenty search results, was used a total of 41 times, slightly under once per
seven queries. There was no correlation between the judgment interface and use
of context search.

After each query, assessors were presented with a feedback page to report
their con dence in their judgments and their understanding of the query on a
scale of 1 to 5, with 1 being least con dent and 5 most. The median for both
questions was 4, and despite not having \ownership" of queries there was no
signi cant correlation between con dence and time spent judging.

4 Evaluating Engines

With preference judgments, standard evaluation measures like average precision
and DCG can no longer be used. We must develop new evaluation measures.

5 Median is reported instead of mean due to hours-long outlying inter-j udgment times
that skewed the means upward.



NDCG | ppref | wpref NDCG | ppref | wpref

DCG | 0.748 |0.485| 0.584 DCG | 1.000 |0.873| 0.866

NDCG 0.662| 0.738 NDCG 0.873| 0.866

ppref 0.950 ppref 0.941

(a) Correlation between evalua- (b) Agreement on system dier-
tion measures. ences.

Table 5. Comparisons between evaluation measures de ned over absolute judgmerts
and measures de ned over preferences.

A simple but intuitive measure is the proportion of pairs that are correctly
ordered by the engine. We call this \precision of preferences" oppref for short.
More formally, over all pairs of pagesi;j such that i is preferred toj by an
assessor, ppref is the proportion for which the engine rankedabove] . If neither
i norj is ranked, ppref ignores the pair. Ifi is ranked butj is not, ppref considers
i to have been ranked abovg .

The pairs in ppref can be weighted for a measure we callvpref. We use a
rank-based weighting scheme: for pages at ranks and j such that j > i , let
the weight wy = W wpref is then the sum of weightsw;; over pairsi;j
such that i is preferred toj and the rank of i is less than the rank ofj. The
normalizing constant is the sum of all weightsw;; .

4.1 Results

We compared evaluations between four di erent measures: DCG, normalized
BCG (NDCG) ppref, and wpref. A common formulation of DCG is DCG @k =
i=1 2¢li 1 =log,(i +1) [5], where rel; is the relevance of the document at

rank i. NDCG@k is DCG@Kk divided by the DCG of the top k most relevant
documents ranked in descending order of relevance.

DCG and NDCG were calculated over both sets of absolute judgments ob-
tained for each query. Since assessor disagreement could be a source of variance
in a comparison between absolute measures and preference measures, we calcu-
lated ppref and wpref over the preferences inferred from the absolute judgments.

Pearson correlations among the four measures calculated for each query
are shown in Table 5(a). The absolute-based measures correlate well, and the
preference-based measures correlate well. The correlation between wpref and
NDCG is nearly as high as the correlation between DCG and NDCG.

We can also measure \agreement" among the measures in determining whether
one system is better than another. We calculate each measure for each query and
each system, then look at the sign of the di erence between two measures on
each query. If both measures say the di erence is positive or negative, they agree;
otherwise they disagree. As Table 5(b) shows, the measures agree at a fairly hig
rate, though preference measures agree more with each other than they do with
absolute measures.



5 E cient Judging

One of the biggest obstacles to the adaption of preference judgments, is that the
number of document pairs increases polynomially with the number of documents.
Although we had at most 15 documents for any query (105 preferences), in a
large-scale evaluation there would likely be dozens or hundreds, as pages are
drawn from di erent engines and di erent test algorithms. A polynomial increase

in the number of judgments means much greater cost in assessor time, no matter
how much faster assessors are at judging. In this section we look at ways teduce
the number of judgments required.

5.1 Transitivity

If assessors are consistently transitive, the full set of judgments is not neceary;
this is the idea behind comparative sorting algorithms such as heapsort. The
rate of growth in the number of comparisons needed by these algorithms is in
O(nlgn), much slower than the O(n?) growth rate of all comparisons.

To evaluate transitivity, we iterated over all triplets of documents i;j;k in
each set of preference judgments. We counted the number of times that, ifwas
preferred toj andj was preferred tok, the assessor also preferredto k.

Transitivity holds for over 99% of triplets on average. Each individual assessor
was consistently transitive at least 98% of the time. This suggests we canse
a sorting algorithm with a minimum of information loss, and possibly improve
assessor consistency at the same time. This agrees with Rorvig's nding that
preference judgments of relevance are transitive [12]. Figure 2 shows tii&(n Ig n)
growth rate compared to the O(n?) rate.

5.2 \Bad" Judgments

In Section 3 we discussed the use of \Bad" judgments in the preference interface.
About 20% of absolute judgments were \Bad". Since we can reasonably assume
that nothing will be preferred to these pages, we can additionally assume that
every non-"Bad" page would be preferred to any \Bad" page. Therefore each
\Bad" judgment gives us O(n) preferences.

The empirical reduction in judgments by inferring preferences in this way
is shown in Figure 2. At n = 15, this has reduced the number of judgments
to about 40 (averaged over all queries and all assessors that were assigned a
preference interface for that query). The average decrease fro®(nlgn) over
all values ofn is 16 judgments.

The curve appears to be increasing at a rate of Ign, though it is not clear
what it will do as n continues to increase beyond 15. Presumably increasing
n results in a greater proportion of bad pages, so it may be that the curve
asymptotically approaches a linear increase.
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Fig. 2. Number of judgments made by assessors under di erent conditions.

5.3 Cost-E ective Judgments

Applying transitivity and \Bad" judgments still gives us the full set of preference
judgments, though some are inferred rather than asked of the assessor directly.
There are additional steps we can take to increase the utility of the assessdrs
time, and, even with some judgments unmade, still prove that di erences be-
tween systems exist on a particular set of queries. This is based on the work
of Carterette et al. [13], who showed that by estimating the utility of a possi-
ble judgment and bounding performance di erences, the relative performance of
systems could be determined with very little e ort.

Estimating Utility Each judgment has a particular utility in helping us de-
termine the sign of the di erence in a measure over each engine. For example, if
ppref is the measure of interest, and engine§; and E, both rank document A
above document B, then whether A is preferred to B or not is of no consequence:
the di erence in ppref between the two engines will be the same regardless.

Furthermore, since transitivity holds, each judgment we make may bring
additional transitive judgments along with it. For example, if we have already
judged that A is preferred to B and we are debating whether to next judge 8;C)
or (A;C), we should keep in mind that if we judgeB > C , we can inferA>C
by transitivity; likewise, if we judge that C > A, we can inferC > B . As above,
whether these transitive judgments are useful depends on how the documents
are ranked by the systems.

The utility function for a preference measure is:

UA;B)= p(A>B) gain(A>B )+ p(B>A) gain(B>A); where



gain(A>B):jwliA;B)sgn(rl(A) ri(B)) wz(A;B)sgn(ra(A) rz(B))j
+ jwi(Asi)sgn(ro(A)  ra(i))  wa(Aji)sgn(ra(A)  ra(i))j

i|B>i

+ jwa(i;B)sgn(ra(i) ri(B))  wa(i;B)sgn(ra(i) r2(B))j
iji>A

The sums are over pairs i{ B ) such that we had previously judged that B > i
and (i;A) where we had judgedi > A . These capture the transitive judg-
ments discussed in the paragraph above. The weightsv,(i;j ) are set for an
evaluation measure:w,(i;j) = 1 gives the utility function for ppref, while
Wn (i) ) = 1 =log, (minfr,(i);rn(j)g+ 1) (where ry (i) is the rank of documenti
by system n) produces the utility function for wpref.

Note that the expected utility relies on an estimate of the probability that
A is preferred to B. We assume a priori that this probability is % After we
have made some judgments involving A and some judgments involving B, we
may have more information. We can use a simple logistic regression modslich
as [14] to estimate these probabilities with no features; the model can easilyeb
adapted to incorporate any feature.

By judging pairs in decreasing order of utility, we can ensure that afterk
judgments we have the most possible con dence in the di erence between two
systems. The next question is how bigk has to be before we can stop judging.

Early Stopping Rule  Suppose after partially completing judgments, the ppref
of E; is greater than that of E, (excluding unjudged pairs). If there is no possible
set of judgments to the remaining pairs that would results in E, \catching up",
we can safely stop judging®

Although it is di cult to determine the exact point at which we are guaran-
teed that E; must be superior to E,, we can easily compute bounds oiic; E»
that allow us to stop judging before evaluating all pairs. A very simple bound
iterates over all unjudged pairs and assigns them a judgment depending on how
much they would \help" either engine. If we have a pairi;j such that E; ranked
i abovej but E, ranked ] abovei, then we want to know what happens ifj is
preferred toi, i.e. that pair helps E, and hurts E;. We assign judgments in this
way for all pairs, ignoring consistency of judgments. This gives us a loose bad.

The number of judgments that are required to di erentiate between systems
after applying dynamic reordering based on expected utility and the early stop-
ping rule is shown in Figure 2. The number of judgments has e ectively been
reduced ton on average. Reordering and early stopping can be applied to ab-
solute judgments as well, but the gain is not nearly as dramatic: on average it
results in only 1{2 fewer judgments per query.

Although there is no guarantee our results would continue to hold asn in-
creases, we can guarantee that using \Bad" judgments and transitivity will give

5 If we need all of the judgments in order to train a ranking algorithm, on th e other
hand, we may not want to stop.



us a slower rate of increase than making all preference judgments, and that using
dynamic reordering and the early stopping rule will give us an even slower rate of
increase. Furthermore, utility-based reordering produces that a set of judgments
is maximally useful no matter when the judging e ort is stopped.

6 Conclusion

We have performed the rst investigation into the direct acquisition of pref erence
judgments for relevance and the rst comparison of preference judgments to ab-
solute judgments. We have also provided a suite of methods by which preference
judgments can become practical to use for evaluation of search engines.

There are several clear directions for future work: choosing the correct evalu-
ation measure for preferences, the robustness of these measures to missing prefer-
ences, and measuring the uncertainty in an evaluation when preferences are miss-
ing are three. Additionally, whether training ranking algorithms over preference
judgments rather than inferred preferences results in more robust performance
is an interesting open question.
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