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Abstract
An essential aspect of programmersâ€™ work is the correctness of their code. T his
makes current HCI techniques ill-suited to analyze and design the programming systems
that programmers use everyday, since these techniques focus more on problems with
learnability and efficiency of use, and less on error-proneness. We propose a framework
and methodology that focuses specifically on errors by supporting the description and
identification of the causes of software errors in terms of chains of cognitive
breakdowns. T he framework is based on both old and new studies of programming, as
well as general research on the mechanisms of human error. Our experiences using the
framework and methodology to study the Alice programming system have directly
inspired the design of several new programming tools and interfaces. T his includes the
Whyline debugging interface, which we have shown to reduce debugging time by a

factor of 8 and help programmers get 40% further through their tasks. We discuss the
framework's and methodology's implications for programming system design, software
engineering, and the psychology of programming.
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