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ABSTRACT
Programming is a complex task that requires the development of
many skills including knowledge of syntax, problem decomposition,
algorithm development, and debugging. Code-writing activities are
commonly used to help students develop these skills, but the difficulty of writing code from a blank page can overwhelm many
novices. Parsons problems offer a simpler alternative to writing
code by providing scrambled code blocks that must be placed in
the correct order to solve a problem. The extensive literature on
Parsons problems documents numerous benefits to using them as
both formative and summative assessments. These include more
efficient learning, the possibility to dynamically adapt to learner
needs, and more reliable grading. Despite these positive findings,
further research is needed in order to draw broader inferences.
Most work has been conducted at single institutions under unique
conditions that are not easily replicated, and some prior studies
have been inconclusive or had limitations that affected data validity.
To address this, we propose a multi-institutional and multi-national
study of the effectiveness of Parsons problems for novice programmers. We will focus on introductory programming courses (CS0/1/2)
that use Java, Python, and C/C++ as these are the most common
teaching languages. The working group will collaborate to refine
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BACKGROUND

Researchers have studied many variations of Parsons problems
and have used a variety of names for them [1–3, 9, 11–14, 16, 17].
Parsons and Haden, who referred to them as Parson’s Programming Puzzles, originally proposed them to maximize engagement,
constrain the logic, permit common errors, model good code, and
provide immediate feedback [16]. We use the term ‘Parsons problems,’ which was later coined by Denny, Luxton-Reilly, and Simon
[4]. Despite increasing use of Parsons problems in computing classrooms, and a growing body of literature exploring their benefits,
current findings are from single institutions. This suggests a need
for replication work and large scale evaluations [5].
Compared to writing code from a blank page, Parsons problems
are considered to be easier for novices as they greatly constrain the
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problem-solving space. A common variation that adds complexity
is the use of distractor blocks, although studies have reported mixed
findings. Harms et al. found that cognitive load was increased by
the addition of distractors, leading to lower learning efficiency and
rates of success when solving problems without distractors [10]. In
contrast, Ericson found that distractors helped participants recognize errors in code and learn to write code [6]. From a theoretical
standpoint, Margulieux et al. hypothesize that learners develop
better conceptual knowledge when prompted to compare multiple
conceptions, and highlight Parsons problems with distractors as an
exemplar task [15]. This is just one example of an area that needs
additional study with respect to Parsons problems.

been documented, many studies are inconclusive or conducted at a
small scale suggesting a need for replication and further research
to produce generalisable results. Our working group will lay the
groundwork for such studies. Our extensive review of the literature
will act as a useful starting point for those interested in learning
about Parsons problems. The list of open research questions will
guide computing education researchers exploring Parsons problems, and our experimental resources and protocols will facilitate
this work. Our report will lay the foundation for future research
on Parsons problems in computing education and influence how
introductory programming is taught.
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GOALS

A key goal of the working group will be to conduct an extensive
review of the literature that classifies prior research and presents a
synthesis of empirical findings. We will explore the defining properties of Parsons problems, and present a framework that will be
useful for capturing the many variations of Parsons problems that
have been proposed. In this initial phase of the working group, relevant literature will be gathered from previous reviews and seminal
work to form a corpus that will serve as a validation set for the
proposed search. Alongside inclusion and exclusion criteria, key
search terms will be defined and used to conduct the search on
source databases. This extensive literature review will enable us to
identify and publish a list of research questions that require further
exploration. We will select a subset of these questions and design
materials and protocols for their investigation which we will refine
through small-scale pilot studies. Candidate research questions,
drawn from recent prior research, include broad investigation of
the effects of solving Parsons problems with and without distractors, and exploring the benefits and challenges of solving Parsons
problems compared with writing the equivalent code. The experimental resources will be a key outcome of the working group, and
will support follow-up research that can be conducted at a larger
scale. Prior studies of the effectiveness of Parsons problems have
been conducted at single institutions, so multi-national and multiinstitutional studies will contribute important new knowledge.
When designing the experiments and resources, and conducting
related pilot studies, we plan to leverage the open-source ebook platform, Runestone, which allows Parsons problems to be used in both
formative and summative assessments [8]. Runestone is a robust
platform for running experiments at scale, with tens of thousands
of students and hundreds of institutions currently using computing
ebooks that have been published on Runestone. These ebooks contain hundreds of Parsons problems. Runestone also supports novel
variations of Parsons problems, such as adaptive Parsons problems,
in which the difficulty of the problem is personalized based on the
learner’s performance [7]. Runestone also provides direct support
for A/B testing, which facilitates experiments looking to establish
causal effects.

3

CONCLUSION

Parsons problems have a long history in computing education practice, providing convenient scaffolding for students learning to program. Although various benefits to students and educators have
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