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Estimation of standard errors and confidence intervals in small samples

Kazuhiko HIRAMATSU® and Hiroshi OKAMURA"®

Abstract The standard errors and confidence intervals have been used as a measure
of the accuracy of estimators. However, it is known that the estimates of standard
error using the standard procedures based on the unbiased estimate of variance and
the bootstrap method are biased and the bootstrap confidence intervals based on the
percentile method are too short when the sample size is small. The amounts and
causes of these biases are examined and the corrections of these biases are discussed.
The results indicate that the biases in the standard error using the standard proce-
dures would be negligible. However, our Monte Carlo simulations show that the bi-
ases in the bootstrap estimate of standard error and confidence intervals would not
be negligible when sample size is equal to or less than 10 or the ratio of the number
of parameters estimated to the sample size is larger than 0.1. We therefore recom-
mend that researchers carefully consider the effective sample size when applying the
bootstrap method. In particular, since the result of hypothesis test can be affected
by the bias, bias corrected bootstrap method such as calibration or other method

should be used when the effective sample size is small.
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Fig. 1. Relative bias of standard errors of mean es-
timated by the standard procedure using eq.(2)
and the bootstrap method
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Fig. 2. Probability that the estimated 90% confi-
dence intervals for the mean cover the population
mean. The numbers of bootstrap samples and
Monte Carlo trials are 100 and 10000, respectively.
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value. The numbers of bootstrap samples and Monte
Carlo trials are 100 and 10000, respectively.
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Table 1. Comparison of probability that the estimated 90% confidence intervals for
the mean cover the true value. The numbers of bootstrap samples and Monte Carlo

trials are 100 and 10000, respectively.

bootstrap
Sample size t-distribution Percentile BC BC.
5 0.8960 0.7853 0.7689 0.7710
10 0.8992 0.8473 0.8305 0.8324
15 0.8984 0.8662 0.8505 0.8513
20 0.8973 0.8721 0.8553 0.8569
30 0.8997 0.8834 0.8614 0.8642
50 0.8984 0.8904 0.8694 0.8702
100 0.9001 0.8961 0.8819 0.8831
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