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1 Introduction

Confidence intervals for the binomial distribution based on a normal approximation work well if there the success prob-
ability is relatively large. In several practical situations (e.g., in clinical research or in software testing) one encounters
small success (or failure) probabilities (see e.g. Jovanovic and Zalenski (1997) and Becker and Camarinopoulos (1990)).
In such cases the normal approximation does not work well and one also needs to derive valid confidence intervals
when there are zero successes or failures.

2 Project Goals

In this Bachelor’s project you must first do a short literature review (starting with Jovanovic and Levy (1997) and Pires
and Amado (2008)) of the main approaches to confidence intervals for the binomial distribution, with emphasis on the
case of intervals for zero successes. You should also look at so-called Bayesian methods. In the course Mathematical
Statistics you were introduced to the classical, frequentist approach to statistics. In this approach data is used to
select models that fit best to data. Often, these models depend on parameters, in which case the selection boils down
to choosing optimal parameters. The parameters are considered as constants. There is another approach to statistics
that tries to incorporate prior knowledge by treating the model parameters as random variables, the distributions of
which depend themselves on parameters (hyperparameters). Data is then used to update this prior knowledge using
Bayes’ Theorem. This approach is therefore called Bayesian statistics. Confidence intervals are called credible intervals
in Bayesian statistics (since they have a different interpretation). An example of a paper dealing with the problem of
zero successes or failures is Tuyl et al. (2008).

A specific task is to use the literature review to find a solution to a practical problem that arose from contacts
that I have with the Dutch government. The problem is not only to give sound confidence intervals for software
testing (modelled in a simplistic way as independent Bernoulli trials with very small success probabilities) but also to
prescribe how many tests one should perform to determine the success probability of detecting a software error within
an order of magnitude.
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