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Abstract
A statistical analysis of the TREC-3 data shows that performance differences across queries is greater than
performance differences across participant runs. Generally, groups of runs which do not differ significantly at large,
sometimes accounting for over half the runs. Correlation among the various performance measures is high.

1. Introduction
Although the purpose of the TREC trials is primarily to leam from one another what works
and what does not work in information retrieval, rather than picking winners and losers,
there is a need to determine which runs produce results which are significantly different from
the results of other runs. By significantly different we mean that, by standard statistical
tests, the differences among the performance scores for the various runs, averaged over
queries, appear to be greater than what might be expected by chance. Only by looking at
statistically significant differences can we generalize the TREC results to other queries and
databases.
The question-of chance arises because the set of fifty queries actually processed in the
TREC-3 trials is really a random samplefromthe population of all possible queries which
could be asked of the database. We assume our results hold not just for the particular set
of queries we used in TREC-3, but for any similar set of queries. The function of statistical
testing is to determine which differences among run means appear to be real and which
differences appear to be the result of sampling variation. These conclusions can be drawn
only with a predetermined error probability of saying there is a difference in runs when there
is not, the alpha error probability, usually set at .05. At the same time, there is also an
undetermined beta error probability of saying there is no difference when there actually is.
In choosing a statistical test, one attempts to minimize beta for the preset alpha value.
In this paper, we will look at the variables which have been used to summarize the output
from each TREC-3 run and at the results of statistical tests primarily using the analysis of
variance (ANOVA) followed by a posteriori.tests of individual differences between the
means of pairs of runs. The ANOVA technique makes a number of assumptions about the
data, but when it may be used it is to be preferred to the nonparametric approach, called the
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Friedman test, which makes no assumptions beyond a level of measurement at least ordinal.
The reason for this preference is that nonparametric tests, in general, have a higher beta
error probability than the corresponding parametric tests. However, we will also look at
two other approaches, for comparison with the primary one: ANOVA applied to an arcsine
transformation of the original data and the nonparametric Friedman test. However, the
nonparametric test is based on a rank-transformation of the data, so that a certain amount
of information about differences in performance is being ignored. The comparative ordering
of the runs will be by average rank, rather than by the original scores (such as average
precision) and so the ordering may change.
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All of these approaches control the alpha error probability at .05 both for the initial test,
whether or not there is overall a significant difference among a set of treatments (in our case
runs), and for the set of a posteriori tests which determine which pairs of means are
significant different. As Berenson, Levine, and Goldstein (1983) say relative to an
experiment in which c treatments (e.g., runs) are being compared and where Ho, the null
hypothesis, is that there is no difference between means:
In an effort to determine which of the c means are significantly different from the
others, it is improper for the researcher to use all possible two-sample t tests to
examine all pairwise comparisons between the means; all such comparisons would
not be independent and, if c was large enough, it is likely that the difference between
the largest and smallest of the <means> would be declared significant even if the null
hypothesis were true. That is, the greater the number of groups (i.e., levels of a
factor) c, the greater the number of pairwise comparisons [i.e., c(c-l)/2] between
means, and the more likely it would become to erroneously reject one or more of
them-even if Hg were true. Thus, if several pairwise comparisons were made, each
at the a level, the probability of incorrectly rejecting HQ at least once would increase
with c and would exceed a.
(page 86-87)
In fact, in the case of the TREC-3 Ad Hoc data, where there are 42 runs, there are
42(41)/2=861 possible pairwise comparisons and so, if each of these were tested at the
a=.05 level, the probability of incorrectly rejecting HQ at least once would be 1 - (.95)861,
i.e., almost a certainty.
As Berenson et al note, several a posteriori multiple comparison procedures have been
devised for investigating significant differences following a significant ANOVA. The one
which we use is the Scheffe test, which determines a minimum significant difference, based
on the number of means being compared and alpha, such that any pair of means differ
significant if their difference exceeds this value. Generally speaking, this minimum
significant difference will increase with the number of means being compared, since it is, for
example, much more likely we will get a large difference by chance when we are looking at
861 differences, rather than a single difference.
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