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ABSTRACT
Concreteness fading is a technique for teaching abstract concepts,
where a given concept is re-introduced in three stages with decreas-
ing levels of concreteness. Over the years, its effectiveness has been
empirically and theoretically supported in mathematics and science
education, encouraging the recent adoption of the technique in
computing education research. My research aims to advance our
understanding of this technique and use it to support learning in
computing education. The motivation that drives this research is
my belief that the concreteness fading approach can have a sig-
nificant impact on how we model and design learning process in
computing education, and broad implications for how we design
learning interfaces and systems.
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1 INTRODUCTION
The theoretical framework of concreteness fading was first concep-
tualized by Bruner as an instructional technique to facilitate the
learning and transfer of abstract ideas [2]. As shown in Fig. 1, he
believed that new concepts and procedures could be better deliv-
ered when presented in three progressive forms—enactive form, a
physical or concrete model of the concept; iconic form, a graphic
or pictorial model; and symbolic form, an abstract model of the
concept.

While concreteness fading is generally used to assist the assimila-
tion of abstract concepts, it has the potential to offer insight on how
we view, understand, and interact with concept. For instance, the
three stages of concreteness fading, concrete-intermediate-abstract,
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Figure 1: Bruner’s framework for concreteness fading

can be used to model three “levels of abstraction,” a notion often
cited when highlighting the importance of abstraction in techni-
cal disciplines, such as computer science and engineering. Donald
Knuth argued that a trait that distinguishes computer scientists
and engineers is their ability to transition from varying “levels of
abstraction” to simultaneously see things “in the large” and “in the
small [5].” Two other Turing Award recipients, Juris Hartmanis and
Dijkstra, supported this idea, saying that computer science deals
with phenomena of an enormous range of scale and that abstraction
is “the only mental tool” that can help computer scientists operate
and piece these varying levels of abstraction together [3].

While I am excited by the proposed importance of this notion in
computing education, what fascinates me, even more, is its poten-
tial to broadly impact the way we design learning interfaces and
systems. For example, consider ‘explorable explanation’ which is a
form of interactive medium that engages readers in active reading
by allowing them to interact with the simulation of the presented
idea [8]. Also, take dynamic textbook, for instance. Its ability to
quickly adapt its contents and engage students in learning is start-
ing to make it a popular choice over traditional static textbooks
among schools. As learning interfaces and systems become increas-
ingly interactive, it is exciting to envision how enabling these media
to present a concept and explanation at different levels of abstrac-
tion and support navigation between them may yield new ways to
model and design learning process. To this end, I seek to explore
the following research questions:
• How should we design interface and interaction methods to
support concreteness fading?

• Can we introduce novel interactions for learning using concrete-
ness fading?

2 RELATEDWORK
One of the key works that shape my dissertation is a recent paper
by Fyfe and Nathan [4]. They provide a theoretical ground and
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Figure 2: Learning progression used to study how concreteness fading can be used to teach recursion. Participants moved from
comic to visualization and then to code.

motivation for my research. The authors note that despite years
of research in concreteness fading, it remains an underspecified
theory of instruction with some critical gaps in the literature. To
address these gaps, the authors contribute (1) clarification of the
terms concrete, abstract, and fading; and (2) six testable hypotheses
that can be used to establish design principles for concreteness
fading. My research uses the theoretical underpinnings presented
by Fyfe andNathan, andwill exploremost, if not all, of the suggested
hypotheses to improve our understanding of how to implement
concreteness fading.

Other works in computing education close to my research in-
clude those of Trory et al. [7] and Arawjo et al. [1]. Trory et al.
explored how to design augmented reality-based learning envi-
ronment for teaching computing concept (internet routing), using
the concreteness fading approach. Inspired by the success of Drag-
onbox [6], a mobile game app that uses concreteness fading to
teach algebra, Arawjo et al. [1] studied the potential of teaching
programming with gamified semantics where programming con-
structs are initially presented as physical, familiar manipulative,
such as reflecting glass, and gradually fade into abstract constructs
resembling traditional text-based programming languages.

3 RESEARCH APPROACH AND METHODS
To understand how to design for concreteness fading and how it sup-
ports learning, I conducted a comprehensive systematic literature
review, using five research databases associated with computing
(ACM Digital Library and IEEE Xplore), education (ERIC), and mul-
tidisciplinary (SCOPUS, Google Scholar) areas. The analysis of 221
papers unveiled valuable insights, such as how it was implemented,
what type of tasks and concepts were tested, and what groups
benefited from this technique. By analyzing a diverse set of im-
plementations, I formulated a general framework for concreteness
fading and derived design dimensions. The summary of the other
insights concerning the identified effect of concreteness fading on
different tasks and groups are used for formulating hypotheses.

I have also conducted an empirical study with CodingStrip1, a
proof-of-concept programming learning environment that employs

1https://codingstrip.github.io/

concreteness fading, as shown in Fig. 2. After participants learned
recursion using the progression in CodingStrip, they were given
a transfer test. In it, they were asked to solve recursion problems
on ‘abstract code,’ which has the same structure as the ‘concrete
code’ they learned but had arbitrary naming schemes and different
input values. Pre- & post- questionnaires, interview, observation,
and think-aloud methods were also used to study the effect of our
intervention on their interest in learning programming, and per-
ceived difficulty of learning programming. Additional computing
concepts are in the process of being added to CodingStrip.

4 CONCLUSION
My research is still at an early stage, and thus, I would greatly benefit
from attending the doctoral consortium. Some of the challenges I
am looking forward to discussing at the consortium are identifying
(1) the next step with CodingStrip and (2) the best way to design
experiments for some future projects. The consortiumwill be a great
opportunity to get some feedback on the planned experiments and
advice on how to best prepare and conduct them.
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