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ABSTRACT
In our previous research we found that teaching novice program-
mers introductory programming in Java using subgoal labels led to
deeper knowledge [2] and increased persistence for students po-
tentially at risk of dropping out or failing their first undergraduate
course in CS [3]. Subgoals are an instructional tool that is designed
to bridge the gap between novices and experts, i.e., students and
instructors. Experts often have difficulty explaining concepts at a
level that novices understand because they have automatized much
low-level knowledge. The task analysis used to identify subgoals
makes this knowledge explicit. Subgoals are often expressed to
students through subgoal-labeled worked examples that explicitly
state the conceptual knowledge expressed through examples. This
instructional design of examples allows students to see past su-
perficial details of the example to the structural problem-solving
procedure being exemplified [3].

Given the increasing number of universities using Python in
introductory programming classes, we have begun the process of
defining the subgoals to use in Python-based introductory courses.
We have repeated the Task Analysis by Problem Solving (TAPS)
development process [1] that we used to create Java-based instruc-
tional materials. As with the Java-based instructional materials,
we have created subgoals for both evaluating programs written in
Python and writing programs in Python. We have identified sub-
goals for evaluating expressions, conditionals, loops, and functions.
For writing programs, we have identified subgoals for writing ex-
pressions, conditionals, loops, functions, and using libraries. We are
seeking feedback from the community on the identified subgoals
before developing the instructional materials, including worked
examples and practice problems. We are also seeking feedback and
input on the proposed research experiment to assess the impact of
the instructional materials.

The poster will present an overview of the TAPS development
process for identifying the Python subgoals and the proposed exper-
imental design for assessing the effectiveness of the instructional
materials. The original study used a quasi-experimental design.
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Two sections of an introductory programming course were taught
in Java used subgoal-labeled worked examples during class along
with subgoal-labeled practice problems while the other sections of
the course used traditional practice problems during class. Students
in all sections completed the same quizzes, lab and programming
assignments, and exams. We analyzed "Explain in Plain English"
quiz questions [2], overall student performance on quizzes and
exams [3], and self-reported survey answers. We anticipate a simi-
lar experimental design for evaluating the Python based subgoal
instructional materials with the exception of using the "Explain in
Plain English" quiz questions due to the labor and time required
for analysis of such responses. We intend to have a similar quasi-
experimental situation with two sections of the introductory class
learning through subgoal-labeled worked examples and the remain-
ing sections of the class taught in the traditional format. We will
again have quizzes and exams to assess student performance. We
hope the CS Education research community will provide feedback
and options for improving our experimental design, including a
replacement for the Explain in Plain English quiz questions.

Both Java and Python subgoals will be available along with infor-
mation on how to use the instructional materials in the classroom.
All instructional materials are freely available from the project
website, https://www.cs1subgoals.org/. Instructional materials are
implemented in an e-book available at Runestone Academy.
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