Journal of Pedagogical Research

Volume 7, Issue 2, 2022 N
https://doi.org/10.33902/JPR 202313362 V

Journal of Pedagogical Research

Introduction to the special issue on “Computational thinking and
mathematics teaching and learning”

Guest Editors
Max Stephens! and Chantal Buteau?

The University of Melbourne, Australia (ORCID: 0000-0001-9744-4027)
2Brock University, Canada (ORCID: 0000-0001-9401-7011)

We have been witnessing in the last decade an emerging and growing international conversation
about computational thinking (CT) in education in response to the rapidly evolving technology
development. At the core, many argue that all students in today’s technology-based world should
now develop an understanding of the functioning basics of digital technologies (what an algorithm
is, what Al is, etc.) and that they should also be equipped to participate in solving problems with
them - e.g., through creating a computer program (Modeste et al., in press). This newer need has
led to different educational reforms (curriculum revisions) and changes in primary and secondary
school classrooms, that integrate CT, in countries worldwide (Dagiene et al., 2019; Bocconi et al.,
2016). Of importance, this call to promote CT in contemporary education has been reflected since
2021 by the assessment of students” CT by PISA, the Program for International Student Assessment
(OECD 2018).

There has been long-standing and recent sound research (e.g. Leron & Dubinsky, 1995; Noss &
Hoyles, 1996, Weintrop et al., 2016; Benton et al., 2017; Gadanidis, 2017; to name only a few) that
supports different issues at stake concerning the potential of CT integration to support students
learning. In mathematics, this research dates back to the work of Papert (1980) with ‘Logo’, a
programming language designed for children, with an approach of having students turn the
computer into an “object-to-think-with” (i.e., a powerful tool). Nevertheless, incorporating CT in
mathematics, or in other disciplines such as STEM, in the school classroom still remains not
straightforward and generates many practical challenges, such as: how to prepare teachers to
meaningfully integrate CT activities; how to evaluate students’” CT; how to design or select a rich
CT-integrated mathematics task; ways to help teachers understand how students’ learning of
mathematics may be affected by a CT integration; etc.

This Special Issue focusses on the CT integration in mathematics education and aims at
providing a forum to discuss diverse issues related to the school mathematics curriculum and
classroom teaching and learning. We invited papers that would provide insights into clarifying and
explaining the international trends and their growing impact on the curriculum, classroom
practices, and learning- in the compulsory years of schooling as well as in the senior high school
years. In particular, this Special Issue aims at bringing contributions relevant to teachers,
mathematics curriculum experts, and teacher educators who are engaged in or keenly interested in
these issues, from a practical point of view.

Of the numerous proposals received, eight papers are included in this Special Issue. These
papers focus mainly on three areas, the first one being CT as an agent for national curriculum
reforms and development—Whitney-Smith discusses “examples of alternative approaches to
addressing CT in national curricula for the compulsory years of schooling” and explains “how CT
has been adopted as a driver for mathematics curriculum change in Australia.”
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The second area addressed by the authors is CT as a newer need in teacher education — Moon
and colleagues describe a “novel method of introducing [K-12 mathematics and science pre-service
teachers] to CT through a five-lesson module within the context of an existing... methods course”
to provide them with firsthand experience to help develop their “intuitions around CT” and “the
roles it can play in their math and science classrooms;” Broley and colleagues present a
collaborative professional development initiative involving in-service and pre-service mathematics
teachers planning, implementing, and reflecting on the implementation of coding-based
mathematics activities with Grade 5-9 school students, resulting in benefits for all of those
involved; and Mumcu and colleagues discuss the implementation by pre-service teachers of an
unplugged computer science activity to integrate CT into real mathematics classrooms and how
this benefitted the middle school students, and highlighted the need to integrate classroom
management as part of CT-related teacher education.

And the third main area is CT as a disrupter or agent in (enhancing) student learning—
Munasinghe and colleagues explore and argue for the incorporation of unplugged activities to
support school students’ learning of programming, including in the context of mathematics
education; Tupouniua discusses students” algorithmic thinking by presenting “three illustrative
cases of emergent challenges evident as students grapple with the process of creating an
algorithm” in three different mathematical algorithmatizing tasks, and ends with some practical
pedagogical suggestions to address such challenges; Meller and colleagues present a study in
which 12-15 year old children collaborated with their parents, in a non-formal out-of-school
context, to “learn about mathematics and [CT] through a series of playful educational tasks with
an educational robot” in order to examine “the STEM learning potential and obstacles” and
parents-children relations in such a context; and Kaup and colleagues present a quantitative study
aiming at examining whether CT-integrated interventions in a primary mathematics classroom
related to the areas of a) number knowledge and arithmetic, b) algebra, and c) geometry, may
positively impact students” performance.

Interestingly, the eight papers of this Special Issue stress the diversity of CT integration in
compulsory education undertaken by different jurisdictions. We thus have asked the authors to
separately provide a very brief overview of integration approaches in their respective jurisdictions
in order to give a quick synopsis to the reader of this Issue. In the following, we report on them,
first about Turkey, and then in the order of the papers’” appearance in this Issue:

¢ In Turkey (Mumcu et al. paper), computer science education in K-12 is compulsory in the
5th and 6th grades and the 9th grades of Science High Schools. It is optional in other levels
and institutions. The curriculum published in 2018 aims to enable students to "acquire and
develop problem-solving and computational thinking skills" (Turkey, Ministry of National
Education, 2018). CT is included in the "Information Technologies and Software" course
curriculum for students at all levels, from primary to secondary school. CT activities are
included in this course's "Problem Solving and Programming" unit. The expected time
allocated to the "Problem Solving and Programming" unit constitutes 50% of the total time.
It covers learning outcomes for problem-solving, algorithm creation, programming
components, block-based programs, and logic.

¢ In the United States (Moon et al. paper), the last decade has seen a steady increase in the
presence of CT across K-12 schools. The term CT, along with closely associated concepts
and practices, such as problem decomposition and developing algorithms, are increasingly
being found in standards documents, disciplinary frameworks, and new classroom
curricula. The result is mathematics, science, computer science, and a growing array of
social science and humanities K-12 classrooms that are incorporating CT.

¢ In the province of Ontario in Canada (Broley et al. paper), the Ministry of Education
recently revised its elementary and lower secondary mathematics curricula, and introduced
a new collection of “coding” expectations as part of the Algebra strand in Gr.1-9 (2020,
2021). It is thus expected that all students are “to learn to use coding concepts and skills to
solve problems across mathematical topics and to create computational representations of
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mathematical situations, by reading, altering, writing, and executing code” (Broley et al.,
p-20). The Ministry grounds the integration of coding, or more broadly CT, as part of the
transferable skills that “are in high demand in today’s globally connected world, with its
unprecedented advancements in technology” (Ontario Ministry of Education, 2020, p. 30).
Other Canadian provinces have also started integrating CT in their compulsory curricula;
e.g., in Alberta as part of their science curriculum or in New-Brunswick as part of their
technology curriculum.

e As for Australia (Whitney-Smith paper), CT has been an essential component of the
curriculum since 2015, explicitly developed within the learning areas of Technologies. The
revised Australian Curriculum Version 9.0, published in 2022, provides new explicit
content within the learning area of Mathematics for students to develop their CT skills with
applied learning opportunities across the other dimensions of the curriculum. Artificial
intelligence, quantum computing, machine learning and other rapidly emerging
technologies, coupled with the digitalisation of everyday practices and the shift towards
being a data driven society, have led to a new way of working, consuming, communicating,
and learning. Hence the growing importance for all students to be able to think
computationally. As the implementation of the Australian Curriculum is the responsibility
of the school and curriculum authorities in the eight Australian States and Territories, they
decide how and when the Australian Curriculum is implemented in their jurisdiction,
choosing to adopt or adapt. The Victorian Curriculum F-10, for example, introduced
explicit CT content in Mathematics in 2017.

¢ In New Zealand (Tupouniua paper; Munasinghe et al. paper), as a result of their 2018
curriculum revision in which digital technologies was given greater emphasis throughout
the compulsory curriculum, CT was positioned as one of the two main focus learning areas
within the subject of Technology. The primary goal of the CT learning area is for students
from Year 1 to 13 to gradually develop their understanding of core programming concepts
such as algorithmization, abstraction, decomposition, and data representation through age-
appropriate programming environments and authentic contextualized tasks. More
generally, the overarching aim of promoting CT is to enhance student proficiency in not
only using, but also creating digital technologies.

e In Denmark (Mgller paper; Kaup et al. paper), CT is not yet implemented in the
compulsory school national curricula. Technology Comprehension was tested in 46 schools
and evaluated under two implementation strategies, including CT. The ideas were
intended to inform a future decision regarding mainstream implementation. In contrast to
the first strategy, which considered Technology Comprehension a separate subject, the
second strategy incorporated Technology Comprehension competencies and learning goals
into existing subjects such as Danish, mathematics, arts, physics/chemistry, science, craft
and design, and social studies. A newly drafted curriculum, including mathematics,
supported both approaches.

These diverse approaches to integrate CT in education also point to different understandings of
CT, and its connections to programming and coding technology. The reader is invited to pay
attention to this as they read the issue. Furthermore, the discussion concerning CT in schools
continues to evolve, and for the interested reader, three papers in the Special Issue chart this
development in some depth: those by Whitney-Smith, Moon and colleagues, and Broley and
colleagues. In summary, the papers in this Special Issue, with their different contexts and
understanding of CT, help us gain insight into diverse practical issues and opportunities, such as:
a) ways to incorporate CT into national curriculum documents; b) ways, opportunities, and
challenges to integrating CT into teacher preparation and teacher professional learning; c)
classroom applications on related pedagogical issues; and d) involvement of different stakeholders
(parents, pre-service teachers, etc.) in children’s CT learning. With the continuing increase of CT
integration in mathematics and STEM classrooms, more research is needed to better understand
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and inform emerging situations in curriculum development involving CT, teacher education,
teacher professional learning, and implementation in schools, including for example:

e Interfaces between CT, computer science, and mathematics and their relationship to the
school curricula;

e Good pedagogy practices for teaching algorithmics and data analytics in the senior high
school mathematics curricula;

e Assessing CT in mathematics classrooms and in large-scale national and international
assessments;

e Exploring and evaluating different models of teaching and learning of CT in mathematics
settings; and

e The relevance of artificial intelligence (Al) in school education as an emerging feature and
now unavoidable component related to CT.

We end by thanking the contributing authors and all of the reviewers. As we well know, their
contributions are what made this Issue possible. A special thanks to the editor-in-chief of this
journal for his confidence in us to produce this Special Issue and for his unfailing guidance and
support throughout its development.
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