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ABSTRACT
Many novice programmers struggle to write code from scratch
and get frustrated when their code does not work. Parsons prob-
lems can reduce the difficulty of a coding problem by providing
mixed-up blocks that the learner assembles in the correct order.
Parsons problems can also include distractor blocks that are not
needed in a correct solution, but which may help students learn
to recognize and fix errors. Evidence indicates that students find
Parsons problems engaging, easier than writing code from scratch,
useful for learning patterns, and typically faster to solve than writ-
ing code from scratch with equivalent learning gains. This working
group leverages the work of the 2022 ITiCSE working group which
published an extensive literature review of Parsons problems and
designed and piloted several studies based on the gaps identified
by the literature review. The 2023 working group is revising, con-
ducting, and creating new studies. We will analyze the data from
these multi-institutional and multi-national studies and publish the
results as well as recommendations for future working groups.
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1 INTRODUCTION
Programming courses often require students to write code from
scratch, but the difficulty of this task can overwhelm novice stu-
dents [1, 5]. One recommendedway to reduce the difficulty of whole
tasks such as writing code from scratch is to use completion prob-
lems such as Parsons problems [8]. In Parsons problems learners
arrange mixed-up fragments in the correct order to solve a problem
[2]. The problems may also include extra blocks, called distractors,
that are not needed in the solution. Parsons problems were named
for Dale Parsons who published one of the early studies on them in
computing education with Patricia Haden [6]. They thought that
Parsons problems would be engaging since they were puzzle-like,
that distractors would help students learn to avoid or fix common
syntax and semantic errors, and that the solved problems would
serve as examples of well-written code. They provided evidence
that most students found solving Parsons problems useful for learn-
ing to program [6]. The growing research on Parsons problems
has also provided evidence for several benefits from Parsons prob-
lems [2] including engagement [4], learning efficiency [3, 10], and
recalling programming patterns [9]. However, there is a clear need
for replication studies and more multi-institutional studies since
most of the research has been single institution studies of less than
500 participants.
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2 OBJECTIVES
The 2022 ITiCSE working group on Parson’s problems conducted
an extensive literature review and designed and piloted several
studies based on issues raised by the literature review [2]. We have
revised these studies and the research questions and are in the
process of conducting studies with the goal of better understanding
the effectiveness of Parsons problems in multiple contexts. Several
of the working group members have already received approval to
conduct the studies with human subjects and are currently running
one or more studies. Some members have access to students in the
months before the conference and will run the studies then. Others
will contribute by conducting think-aloud observations to gather
more in-depth feedback and/or by helping analyze the data.

3 STUDIES
All studies begin with an introduction page that describes the parts
of the study and the estimated completion time. The studies include
a pre-survey with self-efficacy questions as well as questions where
students rate their familiarity with the concepts covered by the
study. Since many of the institutions do not use the study plat-
form, the open-source ebook platform Runestone, there are video
introductions to the types of problems in the study and practice
problems to check that students can effectively solve these types of
problems. All studies include a post-test. There is also an optional
pre-test and optional post-survey to gather more information on
the study participants.

There are three between-subject studies in which participants are
randomly assigned to one of two conditions. These studies compare
the learning performance on the post-test between the conditions.
The three studies p3pt, class-exp, and class-tog take from 50 to 75
minutes to complete. In p3pt the conditions are solving Parsons
problems with distractors versus writing code from scratch. In class-
exp the conditions are solving Parsons problems with distractors
versus no distractors. In class-tog the conditions are solving write
code problems with Parsons problems as scaffolding versus write
code problems with no scaffolding.

The 2022 working group also created a 30 minute study python-
swap, to test the hypothesis that solving Parsons problems can help
students learn to write code for common algorithms. In python-
swap students solve a series of Parsons problems with the first
containing blocks with comments that describe the algorithm for
swapping the values of two variables, the second containing blocks
with both the comments and code, and the third with blocks that
only contain the code. The post-test asks students to write the swap
code for two isomorphic problems. We plan to create a similar study
using the rainfall problem, which has been used as an assessment
in computing education [7].

We also identified the need for another study with and without
distractors for students with more experience in Python and are
currently developing that study.

4 CONTEXT OF STUDIES
Our studies of Parson’s problems will be conducted in at least
thirteen institutions situated in at least eight countries. In particular,
we are conducting studies at the University of Toronto in Canada,
the University of Chile in Chile, Falmouth University and Newman

University in England, Ashesi University in Ghana, Indian Institute
of Technology Madras in India, the University of Canterbury and
Victoria University in New Zealand, University of Strathclyde in
Scotland, and Berea College, Duke University, the University of
Illinois, and the University of Michigan in the USA.

The study settings are diverse beyond institution and country.
They are being conducted at a variety of institution types from small
liberal arts teaching-focused schools to large research universities.
The course modality ranges from in-person to online. Studies are
being conducted in the language of instruction which includes both
English and Spanish. The proportion of international students in the
course ranges from none to around a third. The gender breakdown
in the courses range from 50% female and 50% male to a small
percentage of females. The type of courses include introductory
programming (CS1) courses which primarily focus on teaching
programming to computing majors to courses that serve multiple
majors in which programming is only a component of the course.
Student backgrounds range from novice programmers with no prior
programming experience to intermediate programmers who have
a semester or more of prior experience. Course sizes range from
less than 30 students to more than 200, and the number of sections
of a course where the study is being administered ranges from one
to six. Prior familiarity with Parsons problems varies from no prior
experience to significant exposure in the same e-book platform as
the studies.
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