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Property of Average Precision as Performance Measure for
Retrieval Experiment

KAzUAKI KISHIDA®

Average precision is often used for evaluating methods or models at retrieval experiments.
However, statistical properties of average precision or mean average precision have not yet
been known sufficiently. The purpose of this paper is (1) to define mathematically average
precision and to analyze its properties from the mathematical formula, and (2) to discuss
some issues on statistical test for determining a difference of retrieval performance between
two systems by using mean average precision as an evaluation measure. To do this, first,
a mathematical model of measurement error developed in statistical science is introduced
for estimating the degree to which the variation of relevance judgments change the result
of statistical test by average precision. Second, we examine the effect of discovering relevant
documents that were not found due to adopting pooling method for developing test collection.
A part of results at NTCIR-1 Workshop is used for showing some examples in a real setting.
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Table 1 Minimum values of average precision. Table 2 Expected values of average precision in the case
R of random output.
N 5 10 30 50 100 500 R
10 | 0.354  1.000 N 5 10 30 50 100 500

20 | 0.161 0.331
30 | 0.105 0.206 1.000
40 | 0.078 0.149 0.550
50 | 0.062 0.117 0.399 1.000
100 | 0.030 0.057 0.173 0.312 1.000
300 | 0.010 0.019 0.053 0.090 0.191
400 | 0.008 0.014 0.040 0.067 0.138
500 | 0.006 0.011 0.032 0.053 0.108 1.000
1,000 | 0.003 0.006 0.016 0.026 0.052 0.307

10 | 0.607  1.000
20 | 0.353 0.568
30 | 0.253 0.402 1.000
40 | 0.199 0.313 0.771
50 | 0.164 0.257 0.629 1.000
100 | 0.090 0.138 0.330 0.521  1.000
300 | 0.034 0.050 0.116 0.181 0.345
500 | 0.021 0.031 0.071 0.110 0.209 1.000
1,000 | 0.011 0.016 0.036 0.056 0.106 0.503
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Fig.1 Sampling for estimating average precision.
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Fig.2 System of pooling for relevance judgment.
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Table 3 Change of average precision after finding a new
relevant document at the rank 101.
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Table 8 Differences of MAP at the significance level 0.05:

including the effect of unknown relevant docu-

ment.
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