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a) Descriptive project title

Promoting Meaningful Learning in Computer Science Courses by Leveraging
Concreteness Fading

b) Project summary (max 150 words):

Our project will investigate innovative approaches to enhancing teaching and
learning in computer science courses by examining how to use concreteness
fading--an instructional technique that has been proven to be effective in math
and science education--to improve the teaching and learning in computer science
(CS) courses. Concreteness fading has the potential to foster deep learning by
helping learners make connections between what they are learning and what
they already know. Our project will seek to realize the potential of this technique
in real-world classroom settings through the design and evaluation of new tools
that implement concreteness fading in computer science contexts. We anticipate
that this will provide benefits to both students who are struggling to make sense
of abstract computer science concepts, as well as instructors who are struggling
to make abstract concepts relatable to students.

¢) Project goals/outcomes and, where applicable, research question(s) to be
investigated:

e Provide learning contents and tools, such as programming learning
environment, that leverage concreteness fading as an instructional
technique

e Present use cases describing how concreteness fading can be utilized for
teaching particular computer science concepts

e Advance our understanding of how concreteness fading can influence
various aspects of learning in computer science education, such as
engagement and performance

e Offer design recommendations on how to implement concreteness fading
in the teaching and curriculum design

d) Project rationale and description, including review of relevant literature (where
applicable) and contextual information:

In recent years, computer science programs (CS) faced a huge growth in
enroliment [1]. Despite the popularity and importance of this field, one-third of the
students worldwide fail [2]. As a discipline, the computer science curriculum is
typically fast-paced and courses tend to build on pre-requisite knowledge that
students have to master in earlier courses. Therefore, it can be extremely
challenging for students who struggle early on in introductory computer science
(CS1/2) courses to catch up once they fall behind [3]; this makes success in
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introductory computer science courses critical for the rest of their studies. In fact,
studies show that high failure rates in CS1/2 courses lead to increased dropout
rates from the computer science program [4].

Among several factors that are implicated as the causes for high failure rates in
CS1/2 courses, many agree that the abstract nature of concepts and programing
language makes it fundamentally difficult to approach and make sense of the
materials [5]. In mathematics and science education, when instructors struggle
with a similar problem of conveying its abstract concepts and language to
learners, concreteness fading has shown to be an effective method [6, 7].

The theoretical framework of concreteness fading was first conceptualized by
Bruner as an instructional technique to facilitate the learning and transfer of
abstract ideas [8]. He believed that new concepts and procedures could be better
delivered when presented in three progressive forms (Fig. 1)---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. Bruner argued that
grounding a concept in a form that is concrete and already familiar to learners
can facilitate meaningful learning of foreign concepts [9, 10, 11].

While research continued to confirm the positive effect of the technique on
students’ performance in math and science education, in computer science, only
recently a few works have examined the potential of using concreteness fading to
teach abstract concepts [12, 13]. As a step towards understanding how to utilize
concreteness fading for teaching abstract CS concepts, we have conducted an
iterative design study, from which we developed a proof-of-concept programming
learning environment called CodingStrip.t

Our design of this system is unique in two ways: (1) it establishes a concept in
the form of comic and then strips away the details to transition into the next
stage, visualization, and then to the final stage, code; (2) while the details are
stripped away during the progression, each stage is designed to reference the
previous stages to help learners easily recognize the connections across the
stages. Preliminary findings from this study demonstrate that concreteness
fading can help learners understand programming constructs by leveraging
multiple representations, by fostering self-efficacy in novice learners, and by
tailoring the interfaces to different learning styles. These findings showed its
potential as well as the next step for our research, which is examining ways to
tailor the interface to each learner based on their knowledge, preferences, and
learning styles.

1 https://codingstrip.qgithub.io
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As such, we believe that taking this instructional technique of concreteness
fading and applying it to computer science contexts can greatly benefit students
taking computer science courses at the University of Waterloo, as well as impact
computer science teaching practices beyond the university.
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Figure 1. Bruner’s theoretical framework of concreteness fading

e) Plan/methods/procedures for carrying out and assessing the project:

There are 4 studies in this project. The first study focuses on examining the
challenges in introductory computer science courses and the need for
concreteness fading techniques; this will involve interview and participatory
design studies with first-year computer science instructors as well as students
with experience in the CS1/2 courses. The second and fourth studies involve
conceptualization of new tools to concretely implement concreteness fading to
teach abstract computer science concepts (e.g., recursion). This would involve
lab experiments testing different interfaces of the concreteness fading tools.
Finally, the third study will focus on working with first-year computer science
instructors to develop a module that implements concreteness fading to teach a
computer science concept, and evaluate its effectiveness compared to traditional
teaching methods. The metrics for evaluation may include, but not limited to, the
following:

programming test (reading & writing computer programs)
memory test (e.g., short-term and long-term recall)
engagement

confidence
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interest in learning more
transfer test

explanation test
metacognitive accuracy, etc.

f) Statement regarding areas of expertise of project applicant(s)

We have background in Human-Computer Interaction, Artificial Intelligence,
Machine Learning, Data Mining, as well as research experience with a number of
learning-related projects, along with development experience in building
educational applications and learning content. Our background and experience
qualifies us to conduct a project of this kind, in which we will need to conduct
both qualitative and quantitative studies, as well as develop the relevant learning
content and tools. Most importantly, this project is the extension of a recent
research project of ours, in which findings from a qualitative study showed
promising potential for future work. Our background, experience, and prior work
will help us lead this project to success.

g) Outline of project’s broader impact -- contribution to UWaterloo community and
beyond:

Although the project focuses on improving CS courses, the results will inform
effective use of concreteness fading as a general technique for teaching abstract
concepts in other disciplines.

We plan to share our experience and findings within the University of Waterloo
through seminar talks and invite instructors from multiple faculties/departments to
attend. We will also aim to publish our findings at several top-tier computer
science education conferences, including SIGCSE, in order to describe use
cases and design guidelines that help others adopt concreteness fading
techniques in their teaching.

h) Plan for dissemination:

i.  Atthe individual level:
a. Share our research with potential collaborators or researchers
working on relevant projects.
ii.  Atthe Department level:
a. Present our experience and findings at a Ph.D. seminar,
introductory CS course (e.g., CS105/115/135) meetings.
b. Advertise information about our developed tools to faculty members
in the CS department, and share them for use of any kind, if
interested.
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iii.  Atthe university (uWaterloo) level:
a. Present our experience and findings at 2020 Teaching and
Learning Conference.
b. Develop a module in an introductory CS course based on
concreteness fading
iv. At the national and/or international levels:
a. Make our learning contents and tools available on the Internet
b. Provide open source repositories for anyone to use, modify, and
refine the learning contents and tools from the project
c. Present our experience and findings at relevant international
conferences

i) Budget:

We would like to hire a Graduate Research Student in the spring term of first and
second year to maintain momentum and to develop resources in a timely
manner. This student will be tasked with the development of a tool and module
for use in our studies (this will take place in our lab and through a uWaterloo CS
course). We also need to use Amazon Web Services (AWS) to host an online
programming learning environment (for experiments in the first year and for
running a CS course in the second year). Moreover, we would like to use part of
the budget to pay the participants for our studies.
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Iltems Amount Amount Justification
Year 1 Year 2
AWS Usage Fee $1,200 $4,800 Year 1: $100/month * 12 months
Year 2: $100/month * 12 months
Study#1 remuneration $900 $15/participant * 60 participants
Study#2 remuneration $1,950 $15/participant * 130 participants
Study#4 remuneration $1,500 $30/participant * 50 participants
TOTAL $2,100 $8,250 $10,350 (= Yearl + Year2)
Research Rate # Amount Amount Justification
Assistant(s) hours Year 1 Year 2
PhD Research $48.01/h 10 $7,681 $7,681 Year 1: $7,681 * 1 term
Assistant our hours/ Year 2: $7,681 * 1 term
week

Vacation pay 4% N/A $307.24 $307.24 Year 1: $307.24

Year 2: $307.24
TOTAL $7,988.24 $7,988.24 | $15,976.48

(= Yearl + Year2)

ltems Research Justification
Assistant(s)

TOTAL $10,350 $15,976.48 $26,326.48
(= 10,350 + 15,976.48)

j) Sustainability:

Sustainability of this project will be ensured by the sharing of our resources over
the Internet. Specifically, the code base used to build our tools will be stored in
open-source repositories for anyone to use, modify, and refine. In the case that
we are unable to maintain a server due to cost, the code and learning contents
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can be made publicly available through services, such as Github,? at no cost. As
a result, our learning contents and tools will be available for use and further
development even after the LITE grant funding has expired. One of our
applicants will be tasked with maintaining the repository, and as a point of
contact.

k) Timeline

2019
Activities and Milestones

Jan |Feb ([Mar |Apr |May |Jun |Jul |Aug |[Sep |[Oct |[Nov |Dec

Project begins X

[Study #1] Interview /
participatory design study
to understand the
challenges of intro
computer science courses
and ways to incorporate
concreteness fading

[Study #2] Work with
Research Assistant to
design prototypes of the
programming learning X X X
environment, and conduct
lab experiments evaluating
various aspects of the new
tool.

Prepare publication for an X X
HCI conference

Develop a module for 2020
Winter term CS course that

makes use of the X X X
previously developed tools

for concreteness fading

Submit progress report X

2020

Activities and Milestones Jan |Feb |Mar |Apr [May |[Jun [Jul | Aug Sep |[Oct |Nov |Dec

2 https://github.com/
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[Study #3] Work with
instructor;s to deploy the
modules in one or more CS | X X X X
courses, with students as
research participants

[Study #4] Enhance tool
for concreteness fading
based on classroom X X X
findings, run additional
experiments

Present findings at
Teaching and Learning X
Conference at uWaterloo

Prepare publications for an
HCI and/or computer X X
science education
conference.

Prepare final report and
present findings at various X X
talks and departmental
seminars

o . 2021
Activities and Milestones

Jan

Submit final report
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