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Introduction

In 2004, eight Bootstrappers/Scaffolders/BRACErs were part of an ITiCSE working group (there were also four group members from outside the Fincher/Petre/Teneberg stable). The working group studied the reading and tracing skills of novice programmers [Lister R., et al (2004); McCartney, et. al. (2004)].
A common belief among CS teachers is that the primary difficulty faced by novices when learning to program is learning how to design (or “problem solve”).  To challenge that belief, the working group studied the reading skills of novice programmers – if a student struggled to understand existing code, then the student’s weakness could not be in problem solving.
Most of the 500+ students studied were half-way through their first year of programming. Students were presented with small pieces of code that performed some iterative operations on arrays.  Students were given 12 tasks in all. Here is one of the easier tasks (in Java): 

Consider the following code fragment:


int[] x = {2, 1, 4, 5, 7};


int limit = 3; 

int i = 0;


int sum = 0;


while ( (sum<limit) && (i<x.length)){



++i;



sum += x[i];


}

What value is in the variable "i" after this code is executed?


a)   0


b)   1


c)   2


d)   3

Of the 500+ students studied, one third answered the above question incorrectly. 
Apart from asking several hundred students to answer the 12 tasks, we also asked around 30 students to "think out loud" as they answered the tasks. We were surprised at the popularity of simplistic reasoning strategies. (Well, certainly Raymond was surprised.) Students who successfully answered these questions tended to "crank" their way through the code ("hand execute", "trace", or "desk check").  Even among the top 25% students, there was little evidence that they solved the tasks the same way that we suspect an expert programmer or academic would approach the tasks.  We suspect that an expert programmer or academic reads a piece of code with the purpose of extracting the purpose of the code ("plans" or "schema".)  We suspect that an expert programmer or academic tends NOT to "crank" their way through the code.

In Raymond’s discussions with people about this working group, a common criticism has been the exact form of the tasks.  Some critics think that the given tasks are unnatural and encourage a “cranking” approach. For example, some of the tasks presented students with "buggy" code; does such "buggy" code lead novices into an atypical style of reasoning? Some critics believe we’d see a deeper approach employed by students if we used more "authentic" reading tasks. By authentic, we mean a task closer to real code debugging, where the incorrect behaviour of the program is known, from running the buggy code.
Questions
Question 1

Do “expert” programmers (e.g. teachers, final year students, or graduates) also “crank” their way through the 12 given tasks, or do they manifest a deeper approach? 
Question 2

Do students manifest a deeper approach to solving reading tasks when the tasks are closer to “authentic” debugging? 
Evidence to be Collected
The same sort of evidence we collected in the original working group study. We made transcripts with the audio tapes from the "think out loud" students. We also collected the annotations that students made as they solved the tasks (“doodles”). 
Sampling, bias, analysis, cost.
If several institutions become involved in the project, then issues of sampling and bias are easier.  A large sample can be gathered across several institutions, and it’s possible to assess bias by investigating differences between institutions.

The cost of transcribing "think out loud" tasks is high, but it is a very rich source of data.  The collection of annotations is practically free; we just have to give each subject some paper and then make sure we get it back.
Actually, for Question 1, a small sample may be sufficient. We don’t want to establish the exact proportion of experienced programmers who can answer these questions, but simply establish that a deeper approach exists.
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