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ABSTRACT

Abstraction is a fundamental skill and concept in computer science
and it is also a difficult skill to teach. The purpose of the working
group is to analyse different perspectives of abstraction’s concep-
tualisation and ways of teaching the skill. Therefore as a result of
the working group we will be first identifying how abstraction is
discussed and defined in key literature. As a team we will agree
on the perspectives and models we will like to explore in teaching
context. Finally we will work with computing educators and com-
puting education researchers to design a pedagogical framework
that will enable the development of the abstraction skills.
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1 BACKGROUND AND RELATED WORK

Abstraction is a key concept in Computer Science Education that
plays a crucial role in shaping the way students understand and
interact with computational concepts. It serves several purposes,
such as the ability to focus on essential information while omitting
unnecessary details, or generalising disparate information to an
expression that is more descriptive. Understanding how abstrac-
tion is conceptualized on an intricate scale can help inform how
it is applied by students, and how it is taught and assessed. This
is essential to improving learning experiences and honing the de-
velopment of crucial computational skills. Broadly speaking, the
ability to abstract is seen in being able to judge the necessity of
information, whether by removing, adding or identifying common
traits. In Computer Science this is often manifested in being able
to break problems down, construct solutions up and fluidly move
between levels of specificity [3, 14].

According to Piaget, the process of reflection brings together the
full range of adult cognitive abilities. Reflective abstraction involves
making observations, linking them, and making inferences beyond
observable phenomena through logical and hypothetical deduc-
tions [12]. In turn the Constructivist approach states that learning
occurs through reflection, making it essential to present content
and exercises that encourage deductive reasoning for developing in-
ferential skills [2]. This is supported by studies examining effective
indicators of abstraction ability [9]: the highest level of learning is
observed through creation via reflection on knowledge.
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Explicit frameworks for the classification of abstraction skills ex-
ist. Perrenet et al’s study [13] documents abstraction using Richard
Skemp’s model of abstraction [20]; performance is judged against
thresholds at each undergraduate level. This same model is used by
Hazzan for empirical purposes [16]. Hill et al’s triad classification
of abstraction as conceptual, formal, and descriptive takes inspi-
ration from Piaget but may not capture the same type or level of
abstraction [11].

Hierarchical frameworks of concept formation such as the Block
model [18] and Sfard’s model [1] have been applied to computa-
tional skills and mathematical skills respectively. There is potential
for applying them to the teaching of abstraction skills to under-
graduate CS students.

Empirical studies in Computer Science Education have explored
abstraction skills, often focusing on qualitative aspects [6, 7, 15,
19]. Where focused in higher education, these studies are aimed
at pulling out insights rather than providing actionable points in
details for HE educators.

Frameworks in Computer Science Education
We are evaluating frameworks of the following types:

categorizations of abstraction skills [4, 10, 11, 13];
hierarchical frameworks of concept formation skills [1, 18];
frameworks for effective knowledge transfer [8];
evaluation of processes that offer the best indication of ab-
straction ability [9].

These are present in both Mathematics and Computing education
research. We feel these are relevant in that they can inform the
design of guidelines and structuring pedagogical framework that
will support the development abstraction skills.

2 GOAL OF THE WORKING GROUP

The goal of this working group is to apply current research findings
in abstraction to the development of a pedagogical framework [21]
underpinned by constructivism [2].

Our pedagogical framework. This working group is motivated by
the fact that it is difficult to teach, understand, and apply abstraction
in problem solving scenarios in CS1, CS2, and CS3. As a group we
are identifying, evaluating and analysing abstraction models in the
literature to see if they can be translated and transferred in the
context of our diverse curriculum setting. Our current definition of
a pedagogical framework is:

e learning and conceptualised models of abstraction (Block
model, Sfard’s model and Concrete, representational, abstract
framework for example [1, 8, 17, 18];

e tools and problems that are suitable for developing and as-
sessing abstraction skills [5];

e instructional design and practices (e.g. creation activities,
comprehension, debugging and testing, pair-programming).

The broad questions we are exploring are:

(1) What do we mean by abstraction skills and how can we
determine when undergraduate CS students have acquired
them?

(2) How can we adapt suitable abstraction frameworks for the
most effective transfer of knowledge and abstraction skills?
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(3) Can we use these abstraction frameworks to design a peda-
gogical framework as described in Our pedagogical frame-
work that achieves this aim?

There are three main perspectives that are important here: theo-
retical computer scientists, computer science education researchers
and educators whose modules aim is to develop abstraction skills.
Given the diversity of the members, we are able to collate a range of
relevant materials in context e.g. exercises, learning materials and
instructional materials that intend. We are aligning the materials
with the chosen abstraction model(s) and developping pedagogical
guidelines to facilitate their application. Following this, we will
provide examples of how these can be implemented in teaching
and learning environments, offering practical tools for educators.
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