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Computa(onal Thinking (CT) in Schools

0. COMPUTATIONAL THINKING IN (MATHEMATICS) EDUCATION

h7ps://educators.brainpop.com/
Ø Increasing integration of CT and coding in school curricula in the last 

decade; e.g. in England, New-Zealand, France, Japan, South Africa, 
Finland, Ontario (Canada), etc.

Ø Since 2021, in PISA’s mathematics framework:
“students should possess and be able to demonstrate [CT] skills as they 
apply to mathematics as part of their problem-solving practice.”

Ø “To reading, writing, and arithmetic, we should add computational 
thinking to every child’s analytical ability.” (Wing, 2006)

à CT: Thinking like a computer scientist

Ø Three key aspects of CT in math education (Kallia et al., 2021):
1. problem solving as a fundamental goal of mathematics education in which 

CT is embedded;
2. thinking (cognitive) processes that include (but are not limited to) 

abstraction, decomposition, pattern recognition, algorithmic thinking, 
modelling, logical and analytical thinking, generalization and evaluation of 
solutions and strategies; and

3. phrasing the solution of a mathematical problem in such a way that it can 
be transferred or outsourced to another person or a machine 
(transposition). (p. 179, our emphasis)

Ø Pioneer Seymour Papert (e.g. 1980), 
à « object-to-think-with »

Broley, Buteau, Modeste, Rafalska, &  Stephens (submi7ed). In Handbook of Digital Resources in Math EducaKon



CT in University Mathematics
Integra(on of programming/compu(ng/CT in our courses and 
programs:

Ø As a required skill (Computer Science course requirement)
Ø Within exis;ng courses; e.g. modeling, numerical analysis

Ø E.g., a survey of 46 mathema;cs departments in the U.K. 
found that 89% of undergraduate mathema;cs programs 
teach programming to all students, most commonly in 
numerical analysis or sta;s;cs (Sangwin & O’Toole, 2017). 

Ø Through a more integrated approach (e.g., throughout a 
program), as a learning and/or problem-solving tool, e.g. 

Ø Manchester Metropolitan University in the U.K. (Lynch, 2020) 
Ø University of Oslo in Norway (Malthe- Sørenssen et al., 2015)
Ø Carroll College in the United States (Cline et al., 2020)
Ø Brock University in Canada (with an inquiry-based approach)
Ø …

0. COMPUTATIONAL THINKING IN (MATHEMATICS) EDUCATION

Buteau, Broley, Dreise, & Muller (in press). In EpiDEMES

Research has shown that programming for 
university may support students’ learning
in many areas, such as:

Ø algebra (Leron & Dubinsky, 1995)
Ø calculus (Clements, 2020)
Ø probability (Wilensky, 1995)
Ø sta;s;cs (Mascaró et al., 2016) 
Ø combinatorics (Lockwood & De Chenne, 2020)
Ø … 



In This Seminar Talk:
MICA I-II-III course sequence at 
Brock University (Canada)

1. Student projects
2. Student engagement
3. Course design and content
4. Teaching approach
5. EvaluaGon
6. Students’ learning experience
7. ImplementaGon constraints

and condiGons

In This PresentaGon

Buteau, Muller & Ralph (2015). In Online Proceedings of Coding+Math Symposium.

Ongoing Research (2017-23)
1. How do students come to appropriate ‘progmaGcs’, i.e., 

programming as an instrument for authenGc pure or 
applied mathemaGcs invesGgaGons? 

2. Is this appropria4on sustained over 4me (i.e., past course 
requirement)?

3. How do instructors create a learning environment that 
supports students’ instrumental geneses development?

www.ctuniversitymath.ca

Ø Case study context: MICA courses
Ø NaturalisGc (i.e. non-

intervenGonal), IteraGve Design, 
Mixed-Method

Ø Longitudinal: following student 
parGcipants over MICA I-II-III



Using Programming to Conduct Pure or 
Applied Mathema7cal Inquiries 

Students program to explore the dynamics of the dynamical 
system of the 2-parameter cubics on [0, 1] – MICA I

Students program to simulate the spread of an epidemic 
using a cellular automaton model – MICA III

1. STUDENT PROJECTS 



Student Engagement Process h"ps://ctuniversitymath.ca/research/

2. STUDENT ENGAGEMENT



Student engagment in 
MICA projects

1.Formula*ng a problem/ 
conjecture to inves*gate

2.Programming an interac*ve 
environment enabling the inquiry

3.Conduc*ng the inquiry using the 
environment

4.Communica*ng results

Research Processus from mathema:cians
who use programming as a tool in their
work (Broley, 2015)

(p.56)

(p.37)

Maths pures Maths appliquées

Similar engagement to that
of research mathema*cians
(Broley, Buteau, & Muller, 2017;
(Buteau, Gueudet, Muller, Mgombelo, &   
Sacristán,  2019)

2. STUDENT ENGAGEMENT

Implica(on: Having students engage in such
projects provides opportuni3es for students to 
develop skills needed in professional prac3ce



MICA courses at Brock University

• Designed in 2000 by prac..oner mathema.cians
• Course Format: 2 hours lecture + 2 hours lab, weekly

• Evalua.on mainly from projects (individual – 4 to 5 per course): 

70% to 80% of a student’s final grade

• Original project (topic of their choice; possibly in pairs) as 

summaJve evaluaJon

• Programming language: Java, Maple, VB.net, C++, Python

• Mathema.cs Content: Instructor’s choice

InsJtuJonal

decision

since 2001

Buteau, Muller & Ralph (2015). In Online Proceedings of Coding+Math Symposium

3. COURSE DESIGN AND CONTENT



Content 
Example in 
MICA I-II-III

MICA I*
* Will need to be revised:
• Since 2020: coding in 

Gr.1-8 math curriculum
• Since 2021: also in Gr. 9

MICA II

MICA III

Main Learning Objec2ve:
Learn to design, program, 

and use interacBve 
environments in order to 
conduct pure or applied

mathemaBcal invesBgaBons

3. COURSE DESIGN AND CONTENT

Buteau, Muller & Ralph (2015). In Online Proceedings of Coding+Math Symposium



Simula'on of
rowing-boat 

running 'me
(P. MacGregor;

MICA II)

Explora'on of the 
changes in the water 
supply of Lake Erie 
(Ontario) over 'me 
and explain why and 

how it changes 
(Ramona & M. Griffith, 
& A. Sones ; MICA III)

Simula'on of the 
effects on the 

economy of central 
banks’ monetary 

policy according to 
the Price Adjustment 

Model (G.Billard & R. 
Bruno; MICA I)

Is it beCer to 
walk or run 
in the rain?  

(K. Maheu & 
M. Lilly; 
MICA II)

Encryp'on Pseudorandom-ness 
Explorer (N. Marshall; MICA I)

“Gearing Up for Grade 9” 
Learning Object, including 

Hps, lessons, worksheets, and 
interacHve games; tested with 

teachers and students 
(L. Broley & K. Wamboldt, 

MICA I)

Explora'on of the inner symmetries of the 
Mandelbrot set, and its bounded area as the 
exponent of the iteraHve complex funcHon 

defining the Mandelbrot set increases. 
(A. ProfeOo; MICA II)

3. COURSE DESIGN AND CONTENT: STUDENT ORIGINAL FINAL PROJECTS 

Examples of Students’ 
Original Projects



In Lectures:
“the rela)onship of 

the teacher to 
learner is very 
different: the 

teacher introduces 
the learner to the 

microworld in which 
discoveries will be 

made, rather than to 
the discovery itself”
(Papert, 1980, p. 209)
à Part 1 of the student’s

engagement

Project Guidelines:
à All parts of the 

student’s 
engagement

‘Guiding’ Students

In labs:
à Mainly parts 2-3 

of the student’s 
engagement

“[Instructor] coming around 
to all the computer checking 

on everyone’s work had a 
huge impact. [He/she] kind 

of forces you to ask 
ques)ons which is really 

helpful because at )mes I 
don’t like asking ques)ons 
because I feel stupid but 

[he/she] doesn’t make you 
feel stupid by any means.”

(MICA III student)
MICA I-III Project Guidelines: www.ctuniversitymath.ca/category/teaching-resources/

Buteau, Sacristán, & Muller (2019). In Construc+vist Founda+ons.

4. TEACHING MICA COURSES

Buteau, Muller et al. (in press). In The Mathema+cs Teacher in the Digital Era (2nd Edn) +  Broley, Ablorh, Buteau, Mgombelo, & Muller (submiaed). In INDRUM 2022



Teaching approach
(guidance) for final projects

• The assignment projects completed during the course serve as 
models for students

• Lectures stop
• The instructor plays a mentor role, par9cularly for part I of the 

student engagement: formula(on of problem/conjecture, 
feasibility, added value of programming for the inquiry, and 
resources

• Some instructors provide a list of suggested topics (basic ideas
to build on)

• Teaching assistants mainly help with the programming of 
mathema9cs

4. TEACHING MICA COURSES

Buteau, Sacristán, & Muller (2019). In Construc(vist Founda(ons.



Key teaching features, according to 
students

• What? Programming (of the math)
• How? Seeking help (62%) and/or 

Work on own (53%) by, e.g.:
• Independently gaining knowledge

required to address the challenge
• Taking their @me and persevering
• Preparing the math before

programming it
Broley, Ablorh, Buteau, Mgombelo, & Muller (submiFed). In INDRUM

4. TEACHING MICA COURSES

(anonymous questionnaire, MICA I-II-III, n=43)

• One-on-one help with programming, making 
example codes available, providing addi@onal 
programming informa@on to the class on demand,...

• A class atmosphere that promotes a safe 
environment to ask ques@ons, allows for working 
individually or collabora@vely, and individual 
contribu@on to the math content presenta@on.

• Individual instructor/TA interven;ons (e.g. in labs), 
such as re-explaining mul@ple @mes when needed, 
individually explaining what a student is doing 
wrong and why, guiding towards rather than telling 
the answer, etc. 

• ImpacUul ways of being (e.g. kind and suppor;ve) 
for instructor/TA

• Organiza;on of the course enabling mul@ple modes 
of individual help (e.g. in labs)

What students find most
challenging, and how they
handle it

(anonymous ques@onnaire, MICA I-II-III, n=73)

Broley, Buteau, Levay, Marshall, Mgombelo, Muller, & Sardella (in press). In RUME



How student projects are evaluated
• Use of marking schemes
• Projects are evaluated on:

• Design of interac9ve environment for the 
mathema9cal inquiry

• Accuracy of the programmed mathema9cs
• Programming norms (sub-procedures, comments, 

efficiency, etc.)
• Report of their mathema9cal inquiry
• Some9mes: ~10% on crea9vity, e.g. by extending the 

assigned inquiry
• Final project marking schemes have an 

addi9onal component pertaining to the 
formula9on of the problem/conjecture 
(originality, depth,…)  

Buteau & Muller (2016). In DEME

5. EVALUATING STUDENT PROJECTS

For marking scheme examples, see the MICA I-III Project Guidelines: www.ctuniversitymath.ca/category/teaching-resources/

ALSO, a MICA course contains:
• 2 math standard math tests (~20%)
• Programming quizzes in MICA I (~9%)
• Some9mes: oral presenta9on of their final 

projects (~5%)



Students’ Views
« The courses teach you how to use an 

interac1ve programming environment [...] 
and allows you to use it to inves1gate 
different mathema1cal theorems and 

concepts. It is very effec-ve because it 
allows you to make your own program to 

be able to see how this concept works, 
and play around with it to reach a further 

understanding of the concept. » 
(a MICA III student)“The main standout between the 

assignments given in the MICA courses and 
those given in other math courses is the 

ability to have the related concepts 
permanently embedded in your brain. I 

believe this embedding occurs because we 
write codes to solve the problems from 

scratch. If I had not built the programs on 
my own, I would not understand the way 

that they work.
(Ramona, MICA III)

Almost 50% of students
in MICA I-II-III who

filled an anonymous
online ques1onnaire 
(n=43) indicated the 
final project as being
the one from which

they learned the most.

Buteau, Muller, Marshall, Sacristán, & Mgombelo (2016). In DEME

Buteau, Muller, & Marshall (2015). In DEME

6. STUDENTS’ REPORTED LEARNING EXPERIENCE

Broley, Ablorh, et al. (in 
press). In RUME 

Implica(ons: A PBL approach
may be effec1ve to integrate
programming in university
math



Constraints and Condi+ons for 
such an Inquiry Approach
• The course curriculum requires « white space »; i.e., one should consider:

àavoiding to overload the course content
àplanning for significant classroom >me dedicated to students engaging in  inquiry projects (e.g., 

the 2-hour weekly labs in the MICA courses).
• One of the projects is original (required constraint)
• From our experience, having kowledgeable teaching assistants is essen>al for 

suppor>ng the work of the instructor in courses such as MICA.
• Such a PBL approach (to integra>ng programming in mathema>cs courses) works

well par>cularly with small cohorts
• Consensus among instructors concerning programming languages may be

preferrable (if there is a sequence of courses)

7. IMPLEMENTATION CONSTRAINTS AND CONDITIONS FOR SUCH AN INQUIRY APPROACH

• The course content can be flexible to the 
instructor’s interests. The content closely
aligns with the instructor’s selection of 
projects.

Buteau, Sacristán, & Muller (2019). In Construc)vist Founda)ons.
Buteau, Broley, Dreise, & Muller (in press). In EpiDEMES
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