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Abstract 

 

Background: In a digital society, coding has emerged as a critical skill, essential for 

equipping citizens with the competencies needed for the 21st century (Tuomi et al., 2018). 

Recognizing its value, scholars have promoted the integration of coding into education to foster 

students’ 21st century skills (Gretter & Yadav, 2016). In Canada, coding has also been regarded 

as an important skill (Francis et al., 2017). Much work has been done to promote coding 

integration in K–12 education, especially in Ontario, where coding has been integrated into the 

elementary mathematics education curriculum (Ontario, 2022; Ministry of Education of Ontario, 

2020). Therefore, this research aims to investigate (1) how Ontario ministry of education 

conceptualized coding within their curricula, and (2) how Ontario Math Support integrated 

coding into their lesson plans.  

Conceptual Framework: In this study, I created a conceptual framework, named Coding 

Content Knowledge for Mathematics Teaching and Learning (CCKMTL) model. This model 

combined curriculum analysis (Posner, 2004), mathematics content knowledge (Ball et al., 

2008), and a pedagogical framework for integrating computational thinking (Kotsopoulos et al., 

2017), offering a multifaceted lens through which to investigate coding integration into the 

Ontario elementary mathematics curricula. 

Methodology: This research employed a qualitative study methodology. Data were 

collected from Ontario curriculum documents and Ontario Math Support’s lesson plans.  

Results: The findings revealed that Ontario’s educational framework systematically 

incorporated coding at various educational stages, which enabled students to apply coding to 

mathematical challenges as well as other transdisciplinary problems (e.g., music, finance). 
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Implications: The study has practical and theoretical implications. Practically, it 

provides valuable reference for multiple communities, including in-service, pre-service teachers, 

school administrators, policymakers, and educational researchers on how to integrate coding into 

mathematics teaching and learning. Theoretically, this study has expanded the computational 

thinking model developed by Kotsopoulos et al. (2017) by identifying related themes and 

subthemes. It potentially broadens its scope and applicability within the context of elementary 

mathematics. Therefore, future research plans to use the CCKMTL framework developed in this 

study to investigate the design of curriculum policies that have effectively integrated coding into 

various educational programs, such as mathematics, science, music, etc. 
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Résumé 

Contexte: Dans une société numérique, le codage est apparu comme une compétence 

essentielle, indispensable pour doter les citoyens.nes des compétences nécessaires pour le 21e 

siècle (Tuomi et al., 2018). Reconnaissant sa valeur, des universitaires promeuvent l'intégration 

du codage dans l'éducation pour favoriser les compétences du 21e siècle des étudiants 

universitaires  (Gretter & Yadav, 2016). Au Canada, le codage a également été considérée 

comme l'une des compétences les plus importantes (Francis et al., 2017). De nombreux travaux 

ont été réalisés pour promouvoir l’intégration du codage dans l’éducation K-12, en particulier en 

Ontario, où le codage a été intégré dans l’enseignement des mathématiques du primaire 

(Ministère de l'Éducation de l'Ontario, 2020). Ainsi, cette recherche vise à étudier (1) comment 

le ministère de l'Éducation de l'Ontario a conceptualisé le codage dans leurs programmes 

d'études, et (2) comment l’équipe de soutien en mathématiques de l’Ontario a intégré le codage 

dans leurs plans de leçon. 

Cadre Conceptuel: Cette étude a créé un cadre conceptuel, nommé modèle de 

Connaissance du Contenu du Codage pour l’Enseignement et l’Apprentissage des 

Mathématiques (CCCKMTL). Ce modèle combine l’analyse du curriculum (Posner, 2004), la 

connaissance du contenu mathématique (Ball et al., 2008), et un cadre pédagogique pour intégrer 

la pensée computationnelle (Kotsopoulos et al., 2017), offrant une lentille multifacette à travers 

laquelle étudier l’intégration du codage dans l’enseignement des mathématiques du primaire en 

Ontario. 

Méthodologie: Cette recherche a employé une méthode d’étude qualitative. Les données 

ont été collectées à partir de documents du curriculum de l’Ontario et des ressources de soutien 

en mathématiques de l’Ontario. 
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Résultats: Les résultats ont révélé que le cadre éducatif de l’Ontario intégrait 

systématiquement le codage à divers stades éducatifs, ce qui permettait aux élèves d’appliquer le 

codage à des défis mathématiques ainsi qu'à des problèmes transdisciplinaires (par exemple, 

musique, finance). 

Implications: L’étude a des implications pratiques et théoriques. D’un point de vue 

pratique, elle fournit une référence précieuse pour plusieurs communautés, y compris les 

enseignants en service et en formation, les administrateurs scolaires, les décideurs politiques et 

les chercheurs en éducation sur comment intégrer la programmation dans l’enseignement et 

l’apprentissage des mathématiques. Théoriquement, cette étude a élargi le modèle de pensée 

computationnelle développé par Kotsopoulos et al. (2017) en identifiant des thèmes et sous-

thèmes liés. Elle élargit potentiellement sa portée et son applicabilité dans le contexte des 

mathématiques élémentaires.  
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Chapter 1: Introduction 

 

1.1 Research Background  

 

Coding, the act of writing code that tells a computer or machine what to do, is an 

essential part of computer science (Van Roy & Haridi, 2004). However, coding has now 

transcended its traditional boundaries of computer science and is now recognized as a valuable 

skill for various disciplines (Demirer & Sak, 2016). Its applications range from data analysis and 

automation to web development and scientific research, and scholars in social sciences use 

coding for text mining, sentimental analysis, data visualization, and digital archiving (Mäntylä et 

al., 2018). Because of this versatility, coding is recognized as one of the core competencies of 

“21st-century skills” (Kanbul & Uzunboylu, 2017). 

Recognizing its importance, several countries have taken steps to integrate coding into 

their educational systems (Fraillon et al., 2020). In Singapore, for instance, the Ministry of 

Education has developed a curriculum to enhance computational thinking (CT) and 

programming abilities across all levels, from primary to tertiary (Seow et al., 2019). Similarly, in 

2022, the Ministry of Education of the People’s Republic of China announced that they would 

launch an assessment on K-12 students’ information literacy and implement artificial 

intelligence-related courses in K-12 education, thus integrating coding and programming into 

education (Ministry of Education of the People’s Republic of China, 2022). Moreover, most 

primary schools in China have launched a compulsory course for students called “Basic 

Information Technologies,” which introduces basic coding concepts (Jiang & Li, 2021). More 

recently, in 2024, coding will become part of the national computing curricula (from ages 5 to 

14) in England (Jones et al., 2021).  
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In Canada, some provinces have significantly invested in coding education, recognizing 

its value in fostering problem-solving, teamwork, critical thinking, and innovation. For example, 

British Columbia introduced coding into the K–12 curriculum in 2016, with the government 

funding professional development programs to support teachers in integrating coding into their 

lesson plans (Burgmann, 2016). In addition, Nova Scotia’s Action Plan for Education (2017) 

highlights coding as a key competency and introduces mandatory coding courses in middle 

school technology education (Julie, 2017).  

These initiatives across countries emphasize a global movement towards integrating 

coding in education to prepare students for a digital future. This raised my interest in studying 

how to integrate coding into educational contexts. To explore further, I decided to investigate 

coding integration in Canadian educational contexts.  

 

1.2 Why Focus on Coding Integration? 

 

Before delving into the rationale of investigating coding integration in Canadian 

educational contexts, it is essential to define what coding integration entails in this study. 

According to Dralle-Moreano’s statement (2021), coding integration refers to systematic 

incorporation of computer programming principles and activities into educational contexts. It 

encompasses the use of coding languages and tools to enhance teaching and learning experiences 

(Dralle-Moreano, 2021). 

Prior research has shown coding integration can support students’ learning process. For 

instance, Tugun et al. (2017) conducted experimental research to examine how to integrate 

coding into 9th grade classrooms. They found that flipped classrooms were ideal environments 

for students to learn coding. Additionally, Egbert et al. (2021) investigated how early elementary 
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school students could learn coding in the classrooms. Their findings demonstrated that coding 

activities (i.e., robots and well-designed age-appropriate coding tasks) could motivate students 

and engage students in the learning process (Egbert et al., 2021). Much of these studies focused 

on classroom settings.  However, there is limited research investigating coding integration within 

the curricula. Therefore, this research focuses on how to integrate coding into curricula. 

Specifically, I focus on coding integration in Canadian curricula, concentrating on coding 

integration into Ontario elementary mathematics curricula.  

Canadian provinces and territories are responsible for their own educational systems and 

programs, and thus coding integration varies across Canada. My main rationale for focusing on 

Ontario is that this province is the most populous province in Canada, constituting 38.3 % of the 

country’s population (Ontario, 2023). Most importantly, the Ministry of Education of Ontario 

has integrated coding into the elementary mathematics curricula (i.e., Grades 1 to 8) from 2020. 

This integration signifies a major step preparing the future generation for the digital society from 

an early age.  

Specifically, there are several reasons why incorporating coding into education at early 

age is crucial. First, integrating into elementary mathematics can lead to more engagement for 

young learners than traditional learning methods because coding projects are interactive (Govind 

et al., 2020). For example, Videnovik et al. (2020) used two specific tools: the “Scotti Go!” 

board game and the BBC “Micro:bit” platform to teach coding in primary schools. Their findings 

indicated that integrating coding into primary education could improve students’ critical and 

problem-solving skills and raised their interest in learning and motivation (Videnovik et al., 

2020). Second, early exposure to coding can prepare students for a future in which digital 

literacy is a prerequisite for many jobs (Welch et al., 2019), such as machine learning engineers, 
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data scientists, and software developers (Khuraisah et al., 2020). Third, coding tools at the 

elementary level can encourage teamwork and help students develop social skills, such as 

communication and collaboration, as they work together to solve problems (Gim, 2021). For 

instance, Calder and Rhodes (2021) investigated how ScratchMaths (a collaborative problem-

solving platform) facilitated students’ learning processes and their findings indicated that coding 

could improve primary students’ collaborative learning in elementary mathematics. 

Overall, in Ontario, the strategic inclusion of coding within the elementary mathematics 

curricula not only aligns with the evolving demands of the 21st century (Lafee, 2017) but also 

fosters a more interactive and collaborative learning environment for young learners (Calder & 

Rhodes, 2021). Considering these advantages, my master’s research explored how coding was 

integrated in the Ontario elementary mathematics curricula.   

 

1.3 Research Objectives and Questions 

 

In this thesis, I analyzed the ways that coding was integrated into Ontario education 

curricula. There are two research questions guiding this study:  

(1) How was coding conceptualized in the Ontario elementary mathematics 

curricula? 

(2) How was coding integrated into Ontario Math Support’s lesson plans?  

Specifically, to answer the first research question, I delved into the conceptual foundation 

of coding in the Ontario curricula, aiming to understand the educational values, skills, and 

competencies that coding was intended to develop in students. This involved analyzing Ontario 

curriculum documents to identify its goals, definitions, and expectations set forth by educational 

policymakers regarding coding education within Ontario mathematics contexts. It was a critical 
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and first step in appreciating the broad context of why coding should be integrated into the 

mathematics curricula. Additionally, to address this question, I applied case study approach (i.e., 

Case 1, Grades 1 to 3; Case 2, Grades 4 – 6; Case 3, Grades 7 – 8) to capture the diversity of 

coding concepts and activities across different educational levels. The result of this question is 

presented in Chapter 5, and the discussion for it is displayed in Chapter 7. 

The second research question transitioned from the theory to practice by examining how 

these conceptual goals of coding integration were operationalized by Ontario Math Support’s 

lesson plans. There are two main reasons why I chose the resources provided by Ontario Math 

Support. Firstly, the resources are closely aligned with the Ontario Ministry of Education’s 

curriculum guidelines. Secondly, Ontario Math Support is known for its high-quality resources 

that are freely accessible to teachers (Ontario Math Support, 2024). This accessibility ensures 

that all students, regardless of their socio-economic backgrounds, can benefit from these well-

developed educational materials. To answer this question, I adopted a CT framework developed 

by Kotopoulos et al. (2017) and conducted content analysis to examine how coding was 

integrated into the mathematics lesson plans. The result of this question is presented in Chapter 

6, and the discussion for it is shown in Chapter 7. In the next section, I will present an overview 

of the thesis.  

 

1.4 Overview of the Thesis 

 

This master’s thesis consists of eight chapters. In the introduction, which is the first 

Chapter, I presented the research background and the research questions of the study. In Chapter 

2, I present a literature review to illustrate the relationships between coding, teaching, and 

learning mathematics. In Chapter 3, I outline a conceptual framework for conducting this 
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research. Chapter 4 covers the methodology employed in my study. The results of my research 

are presented in Chapter 5 and 6, each focusing on a specific dataset – Ontario official curricula 

(Chapter 5) and lesson plans provided by Ontario Math Support (Chapter 6). In Chapter 7, I 

discuss the two research questions, and point out the weakness and strengths of the conceptual 

framework and the limitation of the research. In Chapter 8, I revisit the findings while explicitly 

detailing the contributions of this study. Specifically, this study enriches the existing literature on 

curriculum studies and CT. Finally, I present the implications and future research directions. 
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Chapter 2: Literature Review 

 

Firstly, in this chapter I provide a more detailed description of how I am conceptualizing 

coding in this thesis by describing the relationship between coding and computational thinking 

(CT). Then, I examine the intersection of coding and mathematics education in the research 

literature to show how coding and mathematics have been integrated in prior research. 

 

2.1 Defining Coding and Computational Thinking  

 

Coding has broadly been conceptualized in two ways. The first way has typically focused 

on coding skills involved in writing a programming language rather than the theoretical concepts, 

perspectives, and contents that emerge from mathematics education and other disciplines 

(Albion, 2016). For example, a skill-based definition of coding may focus on coding as the 

acquisition of programming languages (e.g., Java, Python, C++, and HTML) (Albion, 2016). In 

contrast, others have suggested an expansive view of coding that goes beyond programming and 

can be seen as a combination of skills, such as problem solving and design thinking (Tuomi et 

al., 2018). For instance, when coding, a UX (i.e., user experience) designer needs not only to use 

programming languages (HTML) but also to understand the user needs, conceptualize solutions, 

and iteratively refine their products (e.g., Apps, Games) using critical and analytical thinking 

(User experience designer, 2024). It demonstrates that coding is multifaceted, blending technical 

skills with complex cognitive processes aimed at solving problems and expressing intricate 

ideas. 

This expansive view of coding aligns with the concept of CT, which also transcends mere 

programming (Shute et al., 2017). CT is defined as the application of computer science concepts 



   

 

  22 

 

to solve problems and develop technological fluency (Barr et al., 2011; Shute et al., 2017; Wing, 

2006). Shute et al. (2017) described CT as a problem-solving process that entails the use of core 

computer science principles, such as decomposition, abstraction, algorithms, debugging, 

iteration, and generalization (Shute et al., 2017). These principles are not only fundamental to 

coding but also crucial for engaging with and solving a wide array of problems. 

Moreover, CT extends beyond computer science; it shares similarities with mathematical 

thinking (e.g., problem solving) (Rich et al., 2019), engineering thinking (designing and 

evaluating processes) (Grover, 2011), and scientific thinking (systematic analysis) (Weintrop et 

al., 2016). This interdisciplinary nature emphasizes CT’s role as a bridge, linking computer 

science with broader educational and cognitive domains. Given the similarities between the 

definitions of coding and CT presented above, this study regards CT as a specific form of coding.  

 

2.2 Integrating Coding and Mathematics  

 

My goal for this section is to synthesize the current debates and research about the 

relationships between coding and mathematics education. After reviewing the current literature, 

two themes about the ways in which coding and mathematics have been integrated in lessons: (1) 

Coding as contexts for improving mathematics competencies and (2) Mathematics as contexts 

for improving coding competencies. Considering that the words “contexts” and “competencies” 

are broad terms, I will define the terms “contexts” and “competencies”, and present how I will 

use these two terms in Themes 1 and 2. 

The term, contexts, refers to the circumstances or settings in which an event or activity 

occurs (Mishler, 1979). It includes the conditions that influence the nature of learning or teaching 

(Edwards et al., 2009). In educational terms, a context can refer to the specific setting in which 
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learning takes place, including the classroom environment, workplace, etc. (Thornton Moore, 

2004). In this study, the coding contexts (Theme 1) refer to the scenarios in which coding is 

taught and learned, ranging from conducting coding tasks in the classrooms to solving real-life 

problems (e.g., developing website pages, applying machine learning to predict students’ 

performance) (Videnovik, et al., 2021). The mathematic contexts (Theme 2) refer to settings in 

which mathematics concepts are taught and learned, ranging from traditional classroom lessons 

to hands-on problem-solving sessions (Boaler, 1993).  

The term, competencies, refers to the knowledge, skills, attitudes, and behaviors that 

students are expected to develop in a subject area (Albanese et al., 2008). Skills include hard 

skills, such as the ability to perform specific tasks (e.g., solving mathematics problems, or 

designing a computer program), and soft skills, including collaboration and creativity (Vogler et 

al., 2018). In this study, the mathematics competencies (Theme 1) include two components: (1) 

specific mathematics skills, which are the cognitive aspects of learning mathematics (e.g., 

reasoning and, problem solving) (Karagiannakis et al., 2014) and which can be regarded as hard 

skills, and (2) mathematics attitudes, which refer to the affective domain of learning 

mathematics, encompassing learners’ emotions, beliefs, and attitudes towards mathematics (e.g., 

self-efficacy, enjoyment, and math anxiety) (Vukovic et al., 2013; Hoffmann, 2010) and which 

can be regarded as soft skills. Coding competencies (Theme 2) also comprise two components: 

(1) coding skills, which refer to the technical abilities required to write, test, and debug software 

or algorithms (e.g., debugging and pattern recognition) and which can be regarded as hard skills 

(Kalyenci et al., 2022), and (2) coding attitudes, which encompass the affective dimensions 

related to coding (e.g., confidence, persistence, and creativity) (Mason & Rich, 2020) and which 

can be regarded as soft skills.  
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By defining contexts and competencies, I gain a structured lens through which to 

examine the relationships between coding and mathematics. Next, I will present the studies 

related to Theme 1. 

 

2.2.1 Theme 1: Coding as Contexts for Improving Mathematics Competencies 

 

The first theme that I identified in the research literature was that coding contexts could 

enhance students’ mathematics competencies, more specifically the skills and attitudes. That is, 

in these studies, researchers or educators involved students in coding tasks and then found 

benefits for mathematical competency development. I begin with a review of the existing 

literature on the influence of coding contexts on mathematics education. 

To begin, within coding contexts, various mathematics skills can be developed. One set 

of fundamental mathematical skills that has been shown to develop in coding contexts are 

measurement skills (Ceylan & Aslan, 2023). Measurement skills involve understanding and 

applying units of measurement, as well as comparing and estimating lengths, weights, and 

volumes (Welch et al., 2022; Browning et al., 2014). For example, a study conducted by Ceylan 

and Aslan (2023) employed a quasi-experimental research design to examine how to improve 

preschool students’ mathematics measurement skills within coding programs. Specifically, in the 

coding programs, the student used robotics to understand what length measurement, area, and 

volume were. They found that students who participated in these coding programs (i.e., robotics) 

exhibited significant improvement in measurement skills (Ceylan & Aslan, 2023). In addition to 

measurement skills, patterning skills can also be developed within coding contexts (Miller, 

2019). For example, Miller (2019) applied coding (i.e., six lessons, three with a focus of Scratch 

and three with a focus of coding robots) to improve Grade 2 students’ mathematics pattern 
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recognition skills and found that the students gained a better understanding and recognition of 

mathematical patterns and structures in coding contexts compared to students in traditional 

contexts (Miller, 2019). A third set of mathematical skills that coding can develop are geometric 

skills. For instance, a study conducted by Iskrenovic-Momcilovic (2020) highlighted the 

effectiveness of Scratch (a high-level, block-based programming language) in teaching and 

learning geometry. Specifically, in the study, the students were required to create lines and 

complex geometric shapes using block-like interface. The study found that engaging in coding 

using the Scratch program greatly improved students’ understanding of geometry concepts (e.g., 

the concepts of a quadrilateral, triangles, angles) (Iskrenovic-Momcilovic, 2020). These findings 

collectively emphasized the potential of coding contexts in enhancing students’ mathematics 

skills. By facilitating deeper engagement with complex mathematical concepts through coding 

contexts, students can improve these specific mathematical skills. 

Beyond mathematics skills enhancement, integrating coding into mathematics can 

positively influence students’ attitudes toward the subject. For example, a study conducted by 

Heinzman (2022) found that high school students felt a great sense of a community after coding 

training and were more confident and empowered to learn mathematics. Furthermore, this study 

demonstrated that coding could significantly enhance high school students’ engagement, self-

efficacy, and interest in learning mathematics (Heinzman, 2020). Heinzman’s findings were 

echoed by Ke’s (2014) study, which explored the effectiveness of designing educational 

computer games on students’ dispositions toward mathematics. Ke (2014) observed that coding 

activities helped students develop more positive attitudes towards mathematics, marked by 

increased self-confidence, value, enjoyment, and motivation. Together, these studies highlighted 

the powerful role of coding in redefining how students perceived and engaged with mathematics, 
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presenting a promising direction for educational strategies aimed at enhancing mathematics 

attitudes within coding contexts.  

Whereas the above studies have treated coding contexts as programming environments, 

recently, the exploration of the impact of coding contexts on students’ mathematics 

competencies has expanded to include a specific focus on CT (Grover & Pea, 2018; Grover & 

Pea, 2013). For example, Gadanidis et al. (2017) designed a course that aimed to integrate CT 

into elementary mathematics teacher education. This course was developed to help students (pre-

service teachers) acquire a deeper conceptual understanding of mathematics and CT-based 

teaching methodologies. Their findings showed that the inclusion of CT ignited students’ (i.e., 

pre-service teachers’) interest and creativity but also motivated them to embed coding contexts 

into their future mathematics instruction.  

Despite these positive outcomes, some studies have cautioned against overestimating the 

efficacy of coding contexts in improving mathematics competencies. For example, Kalelioğlu 

(2015) reported the limited effect of coding contexts on improving primary students’ 

mathematical reflective thinking. Specifically, in this study, the researcher designed a 5-week 

course based on Code.org (i.e., a blocky coding platform) for 4th grade students to improve their 

mathematics reflective thinking skills toward problem solving. However, there was no 

significant difference between the pre-test and post-test results of students’ performance after the 

coding course. This outcome suggested that the programming course based on Code.org might 

not significantly enhance primary students’ mathematics reflective thinking skills. Similarly, 

Bernardo and Morris (1994) found no effect of coding contexts on improving high school 

students’ mathematics modeling and procedural comprehension. They created a BASIC 

programming course intended to teach students programming languages. Yet, no significant 
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differences emerged between the treatment group (i.e., the BASIC programming course) and the 

control group (i.e., a traditional class) in terms of mathematics modeling or procedural 

comprehension test scores. These results underscore the complexity of integrating coding into 

mathematics education and highlighted the need for further research to better understand the 

different ways in which coding is integrated. 

In summary, despite these studies noting limited efficacy of coding contexts on 

mathematical competencies, there is ample evidence that coding contexts have potential to 

significantly improve students’ mathematical competencies. In theme 2, my focus will shift to a 

different way that coding has been integrated with mathematics. I will present research that 

shows how mathematics can serve as contexts for improving coding competencies. 

 

2.2.2 Theme 2: Mathematics as Contexts for Improving Coding Competencies  

 

In this section, I examine a second way that coding and mathematics have been integrated 

in prior research: by using mathematics contexts to improve students’ coding competencies. I 

present research that has shown the use of mathematics contexts for developing coding skills 

(including CT skills) and coding attitudes.  

Whereas in the research in Theme 1, students learned mathematics by engaging in coding 

tasks, this second body of work shows how coding competencies can be learned by engaging in 

mathematics tasks. Researchers have suggested benefits to using mathematics contexts (tasks) 

instead of coding contexts (tasks). For example, previous research has shown that coding 

education in schools has been limited, because of the constrained budgets (Boyabatlı et al., 

2016), insufficient training for teachers (Mason & Rich, 2019), and the absence of systematic 

policies from schools (Fraillon et al., 2020). By incorporating coding concepts into mathematics 
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—a core school subject—these barriers can be effectively addressed (Dohn 2020; Popat & 

Starkey, 2019). This approach emphasizes the direct application of mathematical principles to 

understand and apply coding competencies (Dohn 2020; Popat & Starkey, 2019). 

Two kinds of coding competencies can be developed through contexts of mathematics 

teaching and learning. First, specific coding skills, including specific CT skills, such as 

debugging, sequential skills, and abstraction thinking, can be enhanced. Among these crucial 

coding skills, abstraction plays an important role as it enables students to generalize from 

specific instances, focusing on relevant information while disregarding unnecessary details 

(Wing, 2006; Wing, 2011). A study conducted by Leonard et al., (2016) found that when 

designing mathematics related games, students’ abstraction skills significantly improved. 

Specifically, the study showed that Grade 7th students demonstrated an enhance capability for 

abstraction by creating complex games. These games incorporated elements of cultures, 

procedural knowledges, and both incremental and goal-directed learning in their design. These 

results were aligned with research conducted by Stigberg and Stigberg (2020), who found that 

students’ sequential skills would be improved, when introducing programming curriculum into 

primary mathematics instruction. The study was situated in Sweden, where programming had 

been integrated into mathematics curricula with the objectives to foster students’ problem 

solving, logical thinking skills and motivate students to learn mathematics (Stigberg & Stigberg, 

2020). Specifically, to improve students’ sequential skills (i.e., the ability to organize ideas in the 

correct chronological order), the teachers designed an unplugged activity called a clapping chant. 

In the activity, the students worked in pairs, alternated counts to three, and gradually replaced 

“one” with a clap, “two” with a foot stamp, and “three” with finger snapping to master sequential 
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skills. In sum, these findings above emphasize the positive influence of mathematics contexts on 

the development of coding skills.   

Second, within mathematics contexts, coding attitudes, such as confidence, motivation, 

self-efficacy can also be enhanced (Chan et al., 2023). For example, Dohn (2020) investigated 

whether the students’ interest in coding would improve in lower secondary mathematics settings. 

Specifically, the researcher designed a course that included six consecutive mathematics lessons 

over three weeks, requiring students to use the learning resources titled “Programming in Math” 

to learn mathematics functions. A statistically significant increase in students’ coding interest 

was observed after the mathematics lessons.  

In summary, mathematics contexts not only facilitate the development of coding skills, 

such as sequential and abstraction skills, but also positively influence students’ attitudes towards 

coding, including coding interest. This approach emphasizes the importance of mathematics, a 

core educational subject, in overcoming common barriers to coding education and demonstrates 

a reciprocal enrichment between mathematics learning and coding competencies.  

 

2.3 An Alternate Framework to Support Integration 

 

In the last section, I presented research showing two different ways in which coding and 

mathematics have been integrated. However, in these studies, CT was only partially achieved, if 

at all. Considering that CT is a specific form of coding, I will introduce a pedagogical framework 

developed by Kotsopoulos et al. (2017) that focuses on types of activities that can foster CT. The 

selection of this framework is based on its comprehensive structure and adaptability across 

educational levels. Moreover, the chosen model focuses on how to integrate CT across various 
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disciplines, suggesting its potential to support integration of coding with CT. In this section, I 

will detail this model.  

Kotsopoulos et al. (2017) developed their framework based on the available literature on 

CT. It consists of four types of activities: unplugged, tinkering, making, and remixing. 

Unplugged experiences involve coding concepts without digital devices, such as computers, 

phones, and robotics. The idea for incorporating unplugged activities into the CT model stems 

from the desire to make CT more accessible to young children (Kotsopoulos et al., 2017). It is 

particularly beneficial for beginners, young students, or those with limited access to technology 

due to financial constraints (Lee & Junoh, 2019). Tinkering involves disassembling and making 

minor adjustments to existing objects. It encourages exploration through “what if” scenarios. The 

reason for integrating tinkering within instruction arises from the recognition of the natural 

curiosity and exploratory behavior that learners, especially children, exhibit towards 

understanding how things work (Kotsopoulos et al., 2017). Contrary to tinkering, which involves 

modifying or experimenting with existing objects, making is defined as the process of creating 

entirely new objects from scratch, utilizing a diverse combination of resources and tools (Papert, 

1980). The decision to incorporate making within the CT model is driven by an emphasis on 

creation and innovation as central to learning and understanding technology and complex coding 

concepts (Kotsopoulos et al., 2017). Finally, remixing involves applying acquired knowledge to 

different contexts, such as real-life or financial scenarios, and across disciplines like literacy or 

arts. It extends beyond mere problem-solving within familiar contexts, advocating for the 

application of knowledge in novel settings (Kotsopoulos et al., 2017). And the decision to 

integrate remixing within the CT model is motivated by the recognition of adaptability, 

creativity, and cross-disciplinary learning as pivotal in the digital age (Kotsopoulos et al., 2017).  
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I used Kotsopoulos’s pedagogical framework as a conceptual framework for my thesis 

for several reasons. First, the framework advocates for hands-on, experiential learning, and it 

encourages students to actively engage with coding and CT concepts through practical activities. 

Secondly, it aims to promote creativity and exploration in the learning process and foster a 

dynamic and engaging educational experience. Moreover, the framework aims to connect 

coding/CT education to real-world applications, demonstrating the practical relevance of 

coding/CT skills and reinforcing the transferability of knowledge from theories to practices. 

Additionally, the framework is tailored for teachers and practitioners, and it aims to provide them 

with a structured pedagogical framework for integrating coding into real practices. It shows a 

broad scope, encompassing various pedagogical approaches and activities to enhance the 

learning experiences. Based on all these attributes of the framework, this framework aligns with 

one of the study’s objectives, which is to identify various coding learning opportunities created 

by lesson plan designers (Chapter 6).  

 

2.4 Conclusion of Chapter 2 

 

In this chapter, I first explored the relationships between coding and CT, where I 

regarded CT as a specific form of coding within the context of this study. Specifically, CT in this 

study extends beyond programming and is considered to encompass a range of skills, including 

design thinking, problem solving, etc. I then discussed two ways that coding and mathematics 

have been integrated in the research literature, as outlined in Themes 1 and 2. Specifically, 

Theme 1 demonstrated that within coding contexts, mathematics competencies could be 

improved, while Theme 2 illustrated that within mathematics contexts, coding competencies 

could be enhanced. Generally, these two themes offered a diverse range of perspectives on this 
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topic, highlighting the broad consensus on coding’s importance, innovation, and utility in 

mathematics teaching and learning. Finally, I introduced a pedagogical framework with the 

potential to fully integrate CT into mathematics, further guiding my selection of an appropriate 

conceptual framework for this study. This literature review therefore established a solid 

foundation for my master’s thesis. In the next chapter, I will present the conceptual framework 

used in the study.  
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Chapter 3: Conceptual Framework 

 

In this chapter, I begin by explaining how I developed my conceptual framework. I then 

delve into two aspects related to it: (1) content knowledge in mathematics teaching and (2) 

curriculum analysis. Finally, I present my conceptual framework, which I have named Coding 

Content Knowledge for Mathematics Teaching and Learning (CCKMTL). 

 

3.1 Ideas Building Towards my Conceptual Framework  

 

I construct my conceptual framework from two theoretical perspectives. The first 

perspective comes from the idea that coding is the content knowledge that teachers must 

understand and integrate into their teaching mathematics practices. This study thus adopts Ball et 

al.’s (2008) definition of content knowledge for teaching, which includes two main components: 

subject matter knowledge and pedagogical content knowledge. The second perspective stems 

from the consideration of how curricula can be analyzed. Consequently, this study adopts 

Posner’s (2004) argument that curriculum analysis (CA) serves as a method to guide this study’s 

analysis. 

By combining these two perspectives, I have developed a conceptual framework that 

serves as a detailed guide for investigating how to integrate coding into mathematics curricula. In 

the next section (Section 3.1), I will discuss the first perspective, which relates to content 

knowledge. 
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3.2 Content Knowledge in Mathematics Teaching (Subject and Pedagogy) 

 

This first perspective is based on Ball et al.’s (2008) definition of content knowledge for 

teaching, which includes two components: subject matter knowledge and pedagogical content 

knowledge. In this section, I first explain what subject matter knowledge entails and then discuss 

pedagogical content knowledge. 

 

3.2.1 Subject Matter Knowledge 

 

Subject matter knowledge (SMK) refers to a deep understanding of the content to be 

taught within a specific discipline (Shulman, 1986). It includes a comprehensive grasp of the 

concepts, theories, and principles and methodologies within the discipline (Ball et al., 2008).  

In my master’s thesis, SMK extends beyond traditional boundaries and includes two 

disciplines: mathematics and coding. This interdisciplinary approach recognizes that the skill 

sets, and conceptual understanding required for mathematics are now linked with coding 

competencies. Specifically, the Ministry of Education of Ontario (2020) acknowledges the 

importance of this integration and outlines the specific goals within the mathematics curricula 

that integrate coding across various grades (i.e., Grades 1 to 8), aiming to equip students with a 

comprehensive skill set for both mathematics and coding. Therefore, in my study, to possess 

SMK, educators must have a deep understanding of both disciplines. 

 

3.2.2 Pedagogical Content Knowledge 
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Pedagogical content knowledge (PCK) represents a blend of content expertise and 

pedagogical skills and enables teachers to tailor their instruction in ways that make the SMK 

accessible and engaging to learners (Ball et al., 2008). In my thesis, PCK is examined in the 

context of how lesson plan designers can adapt their instruction to complement the Ontario 

mathematics curricula and incorporate coding. 

However, given the broad scope of pedagogical content knowledge as well as this study’s 

focus on identifying the ways that coding was integrated into mathematics lessons, I have 

decided to incorporate the pedagogical framework developed by Kotsopoulos et al. (2017) into 

the PCK domain. This incorporation involved several steps. Firstly, I delineated the core 

components of the PCK domain – knowledge of content, knowledge of pedagogy, and the 

intersection where pedagogical strategies practitioners (e.g., lesson plan designers) could use to 

meet SMK. Similarly, I outlined the main elements of the pedagogical model developed by 

Kotsopoulos et al. (2017), focusing on its strategies, principles, and outcomes as they related to 

coding and mathematics. Secondly, I mapped the key elements of Kotsopoulos et al. (2017)’s 

model onto PCK domain. This involved aligning specific pedagogical activities from the model 

with PCK. The goal was to identify overlaps and areas where the model could fill gaps in 

traditional PCK regarding the coding integration into mathematics teaching and learning. Finally, 

I extracted the four components from Kotsopoulos et al. (2017)’s model (i.e., unplugged, 

tinkering, making, and remixing) to analyze the PCK related contents (i.e., in this study, it 

referred to the effective activities for coding integration within Ontario Math Support’s lesson 

plans). Overall, this framework can provide a structured approach to analyzing and identifying 

effective strategies for integrating coding into the teaching and learning of mathematics. The 

framework applied is depicted below (see Figure 1), as previously discussed in section 2.3. 
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Figure 1 

Pedagogical Framework for Coding (Kotsopoulos et al., 2017) 

 

 

In sum, SMK and PCK are two fundamental aspects of content knowledge for 

understanding how to integrate coding into mathematics curricula. These two elements will 

guide my research as I identify the conceptualization of coding and the coding learning 

opportunities provided by lesson plan designers. In the next section, I will delve into the 

importance of curriculum analysis. 

 

3.3 Curriculum Analysis Model  

 

A curriculum is a comprehensive plan for an educational program that outlines the 

learning objectives, content, teaching strategies, and assessment tools, and resources required to 

facilitate effective learning (Young, 2014). It serves as a guide for both teachers and students by 
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providing a structural framework that details what needs to be taught, how it should be taught, 

and how learning could be assessed (Shkedi, 2009). Curricula (i.e., plural noun of curriculum) 

are designed to ensure that education is coherent and comprehensive, meeting the educational 

requirements of a school or educational system (Connelly & Connelly, 2012). Having established 

a foundational understanding of what constitutes a curriculum and its pivotal role in structing the 

educational experience, the focus now shifts to curriculum analysis.  

Curriculum analysis (CA) evaluates how each part (i.e., curriculum) fits together in focus 

and coherence (Posner, 2004). In this master’s thesis, I adopted Posner’s definition of CA (2004) 

that dissects a curriculum into its individual elements, evaluates the coherence among these 

elements, identifies the foundational beliefs and ideas that influence its formation, and examines 

how these guiding principles impact the quality of educational experience. Specifically, there are 

four components within Posner’s CA (2004): curriculum documentation and origin, curriculum 

proper, curriculum in use, and curriculum critique. Figure 2 presents the details of these 

components within CA. 

 

Figure 2 

Curriculum Analysis (Posner, 2004) 
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Briefly, curriculum documentation and origin refer to the fundamental documents that 

outline the curriculum’s objectives, contents, teaching strategies, and even assessment tools. It 

also involves the historical contexts behind the curricula’s development, including educational 

policies, theories, and societal needs (Posner, 2004). Curriculum proper refers to the official 

curricula used by educational institutions. It is what educators expect to follow and implement in 

their practice (Posner, 2004). Curriculum in use concentrates on the actual implementation of the 

curricula in practice. It involves how the teachers and educators interpret and deliver the 

curriculum contents to students (Posner, 2004). Finally, curriculum critique involves a critical 

analysis or evaluation of the curriculum from various perspectives. The process often leads to 

recommendations for curriculum improvement (Posner, 2004). In conclusion, CA is a 

multidimensional process through which the researcher seeks to understand the curriculum as a 

dynamic cultural artifact shaped by various educational, social, and ideological influences 

(Prentice, 1971). It aims to enhance the quality of curriculum design and implementation 

(Posner, 2004).  
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As we can see, these two perspectives (content knowledge for teaching and curriculum 

analysis) have the potential to help me understand (1) what kind of content knowledge educators 

should be equipped with when integrating coding into teaching and learning mathematics and (2) 

how to analyze curricula as a researcher. It leads to my next section where I integrate the two 

perspectives (content knowledge and curriculum analysis) to construct my conceptual 

framework. 

 

3.4 Conceptual Framework 

 

I build my conceptual framework (see Figure 3) based on the two perspectives discussed 

above: content knowledge (Ball et al., 2008) and curriculum analysis (Posner, 2004). I call this 

framework Coding Content Knowledge for Mathematics Teaching and Learning (CCKMTL). 

 

Figure 3 

Conceptual Framework 
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As shown in Figure 3, there are three aspects within my conceptual framework. In the 

first part of the framework, I focus on SMK, curriculum documentation and origin, and 

curriculum proper. This part aims to (1) analyze the curriculum documentation, examining how 

the curriculum is documented and presented and (2) investigate its origins, exploring what 

perspectives are embedded in the curricula and the rationale behind its development.  

In the second part of the framework, the focus shifts to PCK, and curriculum in use. The 

aims of this part are to (1) investigate the application of coding within the context of 

mathematics education, understanding how coding concepts are integrated into Ontario Math 

Support’s lesson plans and (2) analyze how coding can be applied to real-life situations, such as 

financial mathematics, mathematics in technology-rich environments, or ethics in mathematics. 

This consideration emphasizes the importance of learning opportunities provided by educators in 
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facilitating coding integration within mathematics contexts. Thus, I integrate a pedagogical 

framework (Kotsopoulos et al., 2017) within this part, which comprises four components: 

unplugged, tinkering, making, and remixing. These components are designed to provide a 

comprehensive view to understand different learning opportunities for coding within 

mathematics contexts. 

The third part focuses on criticizing the coding integration into curricula from an overall 

perspective. The reason I use content knowledge is that it merges the analysis results from both 

SMK and PCK, thus providing a critical evaluation of the coding integration within Ontario 

mathematics curricula. The discussion of this part is detailed in Chapter 7, Section 7.4 

limitations. 

In conclusion, CCKMTL is designed to analyze the complex interplay between content 

knowledge for teaching, specifically SMK and PCK, and CA that supports coding integration 

into mathematics contexts. It serves not only as a tool for academic investigation but also as a 

guide for educators, curriculum designers, and policymakers striving to effectively integrate 

coding within mathematics curricula. In the next chapter, I will present my methodology for the 

study.  
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Chapter 4: Methodology 

 

In the chapter, I first provide a rationale for choosing to conduct a qualitative research 

method for this study. I then explain why and how I chose case study approach to answer my 

first research question and a content analysis method to address my second research question. 

 

4.1 Qualitative Research Design 

 

In this study, I employed a qualitative research method (Fossey et al., 2002). Qualitative 

research design is a methodological approach used to explore social phenomena (Fossey et al., 

2002). Unlike quantitative research, which focuses on numerical and statistical analysis to draw 

conclusions, qualitative research emphasizes the importance to understand the quality, meaning, 

and depth of the content (Fossey et al., 2002).  

There are two reasons why I chose qualitative research for my study. Firstly, qualitative 

research allows me for conducting a deeper exploration of Ontario’s curricula to understand the 

reasons why Ministry of Education of Ontario (2020) integrates coding into mathematics 

contexts. Secondly, qualitative research is ideal for studying phenomena within their natural 

settings (Merriam, 2022), allowing me to observe and interpret different coding learning 

opportunities created by Ontario lesson plan designers. Therefore, I could capture the nuance of 

coding integration within Ontario mathematics curricula.  

Specifically, to answer the first research question (How was coding conceptualized in the 

Ontario elementary mathematics curricula?), I chose the case study methodology as the primary 

research approach. To answer the second research question (How was coding integrated into 

Ontario Math Support’s lesson plans?), I chose content analysis method as the main approach. 
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First, I will present the details of the case study method and justify why this approach is 

appropriate for my study.  

 

4.2 Data and Analysis for Research Question 1  

 

4.2.1 Choice of Case Study Methodology  

 

To answer the first question, I chose case study approach as the primary method. Case 

study consists of a detailed investigation and allows for data collected over different educational 

levels within a specific context (i.e., Ontario mathematics curricula) (Hartley, 2004). In this 

study, there are three cases identified within Ontario elementary mathematics curricula: primary 

elementary (Grades 1 to 3; Case 1), junior elementary (Grades 4 to 6; Case 2), and intermediate 

elementary (Grades 7 to 8; Case 3).  

There are two reasons why I chose case approach. Firstly, case studies can allow for an 

in-depth exploration (Yin, 2003). Specifically, each case (i.e., Case 1: Grades 1 to 3; Case 2: 

Grades 4 to 6; Case 3: Grades 7 to 8) in this study allows for a focused examination of the 

curricula specific to that educational level. This targeted approach can highlight the nuanced 

insights into how coding is introduced and evolves as students progress. Secondly, by analyzing 

different cases within the same educational system, I can compare how coding is approached and 

conceptualized according to each educational level. Thus, I can identify patterns, discrepancies, 

and opportunities for integrating coding into mathematics contexts according to specific 

educational level (Dai et al., 2023). 
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4.2.2 Data Collection and Analysis  

 

Official Ontario curricula (Ministry of Education of Ontario, 2020), including all the 

curricular documents published for coding integration within mathematics contexts from Grade 1 

to Grade 8, were selected as data. I purposefully selected the curricular documents because (1) 

they were publicly available, (2) they were about coding integration within mathematics 

curricula, and (3) they were from Grades 1 to 8. Then, based on the educational levels suggested 

by the Ministry of Education of Ontario (Ontario, 2024), I categorized them into three individual 

cases: Case 1 for Grades 1 to 3 (primary elementary); Case 2 for Grades 4 to 6 (junior 

elementary); and Case 3 for Grades 7 to 8 (intermediate elementary). These three cases were 

categorized based on Ontario schooling systems which would be discussed in Chapter 5, section 

5.1. Additionally, a coding scheme, including coding concepts and skills, was developed for the 

data analysis. There were two steps how I coded these cases. Firstly, I created a code book that 

included “coding concepts,” “coding skills,” “coding benefits,” and “coding’s connection to the 

previous / next educational level” to analyze “what coding is.” Secondly, I used the open coding 

method to examine “how coding is integrated into official Ontario curricula”. The code book will 

be presented in Chapter 5, section 5.2.  

 

4.3 Data and Analysis for Research Question 2 

 

4.3.1 Choice of Content Analysis Method  

 

Regarding question two, I chose content analysis as the primary method. Content analysis 

is a research method used to systematically analyze the content of materials. It is a technique for 
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making replicable and valid references from texts to the contexts of their use. This method 

focuses on interpreting the meaning of content in context (Drisko & Maschi, 2016).  

There are two reasons why I made this choice. Firstly, content analysis allowed me to 

interpret content within its broader social, cultural, and educational contexts. In this study, it is 

crucial for me to comprehend how coding was implemented by lesson plan designers within 

mathematics contexts. Secondly, content analysis has the capability to produce both qualitative 

and quantitative data. Specifically, in this research, it enabled me to not only derive meaningful 

themes and narratives for various coding learning opportunities, but also count and analyze the 

occurrences of specific coding learning opportunities (i.e., unplugged, tinkering, making, and 

remixing). 

 

4.3.2 Data Collection and Analysis  

 

Thirty-five lesson plans provided by Ontario Math Support were selected as data 

(https://ontariomath.support). Table 1 presents the lesson plans provided by the Ontario Math 

Support website (Ontario Math Support, 2024). 

 

Table 1 

Lesson Plans Analyzed in the Research 

 Name of the lesson plans Expectations for coding* 

Grade 1 • Story characters on a grid; 
• Please direct me to my seat; 
• Let’s play hockey; 
• Barnard commotion and 

motion; 
• Hen runs away from fox. 

• “Solve problems and create computational 
representations of mathematical situation 
using coding concepts and skills (i.e., 
sequential events)” (Ontario, 2022, Grade 1 
C3).  

https://ontariomath.support/
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Grade 2 

 

• Coding with coins; 
• Dancing to code; 
• Building number sentences; 
• Coding for the squirrel. 

 
 

• “Solve problems and create computational 
representations of mathematical situation 
using coding concepts and skills (i.e., 
sequential, and concurrent events)” (Ontario, 
2022, Grade 2 C3). 

 

Grade 3 

 

 

 

 

Grade 4 

 

 

 

 

Grade 5 

 

 

 

 

Grade 6 

 

 

 

 

 

 
 
• Dance patterns; 
• Making change; 
• Coding a table of value. 
 
 
 
 
 
 
 
• Coding the way; 
• Dancing our way to coding 

using patterning; 
• Coding on a coordinate grid; 
• Let’s paint our classroom; 
• Scratch your probabilities. 
 
 
 
 
• Budgets and spreadsheets: 

Making plans; 
• Navigational coding; 
• Recalling math facts through 

coding; 
• Exploring patterns with 

fractions using scratch. 
 
 
 
• Coding transformations; 
• Part1: which integer is 

greater? 
• Part2: Mystery Integer! 
• Start small – making 

informed; financial 
decisions; 

• Coding and composite 
numbers. 
 

 
 

• “Solve problems and create computational 
representations of mathematical situation 
using coding concepts and skills (i.e., 
sequential, concurrent, and repeated events); 
Identify, describe, extend, create, and make 
predictions about a variety of pattens, 
including those found in real-life contexts” 
(Ontario, 2022, Grade 3 C3). 

 
 

• “Solve problems and create computational 
representations of mathematical situations 
by writing and executing code, including 
code that involves sequential, concurrent, 
repeating, and nested events” (Ontario, 
2022, Grade 4 C3). 

 
 
 
 

• “Solve problems and create computational 
representations of mathematical situations 
by writing and executing code, including 
code that involves conditional statements 
and other 
https://www.dcp.edu.gov.on.ca/en/”(Ontario, 
2022, Grade 5 C3). 

 
 
 

• “Solve problems and create computational 
representations of mathematical situations 
by writing and executing efficient code, 
including code that involves conditional 
statements and other control structures” 
(Ontario, 2022, Grade 6 C3). 

 
 
 
 

https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
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Grade 7 

 

 

 

 

Grade 8 

 

• Get the wolf to her pups; 
• Restaurant order app; 
• $20 or 20%; 
• Draw a maze; 
 
 
 
 
 
• Coding and geometry; 
• Coding with Pythagorean 

theorem; 
• Coding YouTube 
 

• “Solve problems and create computational 
representations of mathematical situations 
by writing and executing efficient code, 
including code that involves events 
influenced by a defined count and/or 
subprogram and other control structures” 
(Ontario, 2022, Grade 7 C3). 

 
 

• “Solve problems and create computational 
representations of mathematical situations 
by writing and executing code, including 
code that involves the analysis of data in 
order to inform and communicate decisions” 
(Ontario, 2022, Grade 8 C3). 

 
* These expectations are retrieved from the Ontario Ministry of Education (Ministry of Education of Ontario, 2020; 

Ontario, 2022) 

 

These lesson plans were purposefully chosen based on four criteria: (1) they were 

publicly available, (2) they were aligned with Ontario’s coding curricula (Ministry of Education 

of Ontario, 2020), (3) they were within mathematics contexts, and (4) they were from Grades 1 

to 8. A coding scheme based on Kotsopoulos et al.’s (2017) pedagogical framework was then 

developed to facilitate data collection. This scheme included four categories: unplugged coding 

learning opportunities, tinkering coding learning opportunities, making coding learning 

opportunities, and remixing coding learning opportunities. Subsequently, content analysis was 

conducted to identify these four components of coding learning opportunities within the selected 

lesson plans. After that, thematic analysis (Braun & Clarke, 2012) was used to identify the 

themes and sub-themes emerging from each coding learning opportunity. Thematic analysis is a 

qualitative research method used to identify, analyze, and report themes within the data. 

Specifically, the four coding learning opportunities mentioned above, which focused on 

pedagogical integration of coding into mathematics lesson plans, provided lenses through which 

https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
https://www.dcp.edu.gov.on.ca/en/
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the data was viewed. They guided me to pay particular attention to themes and subthemes related 

to specific coding learning opportunities (i.e., unplugged, tinkering, making, and remixing). 

These four coding learning opportunities acted as scaffolds that supported the thematic structure, 

ensuring the themes were directly derived from the data. Table 2 presents the themes and 

subthemes emerging from the data analysis process. 

 

Table 2 

Themes and Subthemes that Emerged from Thematic Analysis 

Coding learning opportunities Themes Subthemes 

Unplugged Kinesthetic  Body, Dance, Tools 

 Oral Introduction, Discussion 

Tinkering Code manipulation -- 

 Interactive learning -- 

Making Generalization -- 

 Digital Making Scratch, Google related tools, 

Others 

Remixing Mobilizing knowledge -- 

 Application in various contexts -- 

 

 

Finally, I created narrative descriptions to display how each coding learning opportunity 

was demonstrated across all the lesson plans. The detailed code books will be presented in 

Chapter 6, section 6.1.  
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In summary, this study employed case study approach to answer the first research 

question, and content analysis to address the second question, ensuring a comprehensive 

examination of coding integration within teaching and learning of mathematics in Ontario 

curricula. The chosen methods allowed for an in-depth understanding of how coding was 

conceptualized (first research question) and implemented (second research question) across 

various educational levels (Grades 1 to 8). In the next chapter, I will present the results from the 

case study analysis. 
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Chapter 5: Result 1 Ontario Curricula 

 

In this chapter, I present the results for my first research question: “How was coding 

conceptualized in the Ontario elementary mathematics curricula?”. I first present a brief 

description of the Ontario education system and why the Ministry of Education in Ontario aims 

to integrate coding in the mathematics curricula. I then compare primary elementary, junior 

elementary, and intermediate elementary curriculum documents using case study approach to 

explain how the Ministry of Education in Ontario conceptualizes coding within their 

mathematics curricula. 

 

5.1 Curriculum Documentation and Origins: Ontario Education  

 

In Ontario, the Ministry of Education is responsible for overseeing all aspects of the 

province’s public education system (Ontario, 2024). Specifically, the Ministry of Education in 

Ontario has a website that offers services and resources for various communities (Ontario, 2024). 

Specifically, for parents, it offers detailed information about associated fees, fundraising efforts, 

and ways to engage in their children’s education (Ontario, 2024). For teachers, it informs 

teachers of professional development opportunities and supplies essential teaching tools 

(Ontario, 2024). Finally, for school boards, it provides guidance on matters such as education 

funding grants, collective agreements, and additional resources (Ontario, 2024).  

Following this overview of the Ministry’s roles, it is also important to understand the 

structure of the schooling system that the Ministry governs. Specifically, kindergarten is offered 

for children from the ages of four to six; however, it is not mandatory. School attendance is 
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compulsory in Ontario from the age of six to eighteen. Students attend elementary school from 

Grade 1 to Grade 8, which covers the age range from 6 to 13 years old. After completing eight 

years of elementary school, students enter secondary school from Grade 9 to Grade 12. Upon 

completion of Grade 12, they can obtain their high school diploma (Ontario, 2021). Table 3 

provides a brief introduction to the schooling system in Ontario. Next, I will provide an overview 

of the aims of coding in the Ontario elementary curricula (Grades 1-8). 

 

Table 3  

Ontario Schooling System (Ontario, 2021) 

School Systems Level Grade Age 

Elementary Kindergarten  Junior Kindergarten  4 years old 

Senior Kindergarten 5 

Primary  1-3 6-8 

Junior 4-6 9-11 

Intermediate  7-8 12-13 

Secondary (High) N/A 9-12 14-18 

University and College College  College’s Degree 18-21 

University  Bachelor’s degree 18-22 

 

 

5.1.1 Ontario Curricula: Aims of Coding  

 

In the Ontario curricula, coding is regarded as a fundamental component in mathematics, 

specifically in algebra (Ministry of Education of Ontario, 2020). In early grades, students are 

introduced to understand basic coding concepts (i.e., sequences, loops). This foundational 
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knowledge is progressively expanded upon, leading to more advanced programming abilities by 

Grade 8. By this stage, students are expected to proficiently write and execute code that 

addresses complex problems and conveys mathematical ideas computationally (Ministry of 

Education of Ontario, 2022, p. 477).  

The Ontario curricular documents provide several reasons for emphasizing coding in the 

mathematics curricula. Firstly, a key reason for emphasizing coding in the curricula is its 

potential to enhance students’ understanding of mathematical concepts and principles. According 

to the curricula, engaging students in coding activities can deepen their comprehension of 

mathematics through practical applications and problem solving (Ministry of Education of 

Ontario, 2020). Calder and Rhodes (2021) supported this reasoning, highlighting the significance 

of coding and collaborative learning in facilitating students’ mathematical conceptual 

understanding and problem-solving abilities.  

In addition, coding in Ontario curricula reflects a broad educational goal to equip students 

with 21st century skills that are essential for success in various fields, including STEM (science, 

technology, engineering, and mathematics) (Kanbul & Uzunboylu, 2017). The Ministry of 

Education of Ontario (2020) proposed that integrating coding into educational practices was not 

only about learning to program, but also about fostering a set of skills and ways of thinking that 

were crucial for navigating and succeeding in the modern world. These (i.e., a set of skills) 

include critical thinking, digital literacy, problem solving, and collaborative learning (Ministry of 

Education of Ontario, 2020). These skills could prepare students for an evolving future, which is 

aligned with the research of Tuomi et al. (2018) who proposed that coding skills were becoming 

more and more important in our evolving society. 
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In summary, the curricular documents suggest that integrating coding into K-8 Ontario 

mathematics curricula serves multiple objectives. This integration not only aims to enhance 

students’ mathematical understanding through practice but also aspires to prepare them for the 

evolving digital future (Ministry of Education of Ontario, 2020). The objective reflects the 

commitment of the Ontario Ministry of Education to develop well-rounded citizens who are 

equipped to adapt to a rapidly changing world. The next section will present three cases of 

coding concepts and practice within the educational system (i.e., primary elementary, junior 

elementary, and intermediate elementary). 

 

5.2 Curriculum Proper: Teacher Support for Coding Integration in Mathematics  

 

This section uses the case study approach to analyze and compare the primary 

elementary, junior elementary, and intermediate elementary Ontario curricula. For each of my 

three cases, I present two steps. First, I focus on the “what” aspect, examining the curricula’s 

specific contents centered on coding. Second, I concentrate on the “how” aspect, examining the 

conceptualization of coding. 

 

5.2.1 Case 1: Grade 1-3 Primary Elementary 
 

In Case 1 (i.e., primary elementary, from Grades 1 to 3), I begin by addressing the 

“what,” aspect. I then explain the “how,” aspect. 

5.2.1.1 What. Starting with what, the curricular documents in Case 1 use the term 

“coding skills.” This highlights that students may not only passively learn coding concepts like 

“variable,” “operations,” and “codes,” but also actively engage in conducting coding activities 
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(Resnick & Rusk, 2020). Specifically, Grade 1 students begin by learning to construct and 

change codes for sequential operations, thus understanding the step-by-step execution of tasks. 

By Grade 2, the complexity increases as students will be required to tackle codes for concurrent 

operations. In addition, they will learn to manage multiple actions simultaneously. In Grade 3, 

students will use loops, or repeats, to automate long processes or to condense processes that 

involve patterns and repeating steps. Overall, the Ontario curricular documents within Case 1 

emphasize a gradual development of students’ coding skills and indicate that within each grade, 

students are introduced to understand and master more complex coding concepts.  

Furthermore, beyond the technical skills, the curriculum is structured to offer students a 

range of benefits that extend into academic development. Firstly, they provide students with 

opportunities to improve mathematical understanding. Specifically, the logical structure of 

coding directly complements mathematical concepts, thus reinforcing skills such as pattern 

recognition, sequencing skills, and algorithmic thinking (Ontario, 2020). Secondly, coding at 

early ages promotes the development of social skills, such as communication (Ontario, 2020). 

Specifically, students at early ages are encouraged to describe how changes to code can affect the 

outcomes. Table 4 presents the coding concepts and skills expected for primary elementary 

students in Ontario. 
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Table 4  

Coding Concepts and Skills for Primary Elementary 

Grades Coding Skills Coding Concepts 
Grade 1 “Solve problems and create 

computational representations 
of mathematical situations by 
writing and executing code, 
including code that involves 
sequential events” (Ontario, 
2022, Grade 1 C3.1).  

“Read and alter existing code, 

including code that involves 
sequential events, and describe 
how changes to the code affect the 
outcomes” (Ontario, 2022, Grade 
1 C3.2).  

“Sequential events: a set of instructions carried out 

one after another, usually top to bottom or left to right 
on a screen (Note: see also concurrent events)” 
(Ontario, 2022, Grade 1 C3.1).  

 
Grade 2 

 
“Solve problems and create 

computational representations 
of mathematical situations by 
writing and executing code, 
including code that involves 
sequential and concurrent 
events” (Ontario, 2022, Grade 
2 C3.1).  

 
“Read and alter existing code, 

including code that involves 
sequential and concurrent events, 
and describe how changes to the 
code affect the outcomes (Ontario, 
2022, Grade 2” C3.2).  

 
“Concurrent events: Two or more events that occur at 

the same time. (Note: see also sequential events)” 
(Ontario, 2022, Grade 2 C3.1).  

 
Grade 3 

 
“Solve problems and create 
computational representations 
of mathematical situations by 
writing and executing code, 
including code that involves 
sequential, concurrent, and 
repeating events (Ontario, 
2022, Grade 3” C3.1).  
 

 
“Read and alter existing code, 

including code that involves 
sequential concurrent, and 
repeating events, and describe 
how changes to the code affect the 
outcomes” (Ontario, 2022, Grade 
3 C3.2) 

 
“Repeating events: Something that happens over and 

over again. In coding, loops are used to repeat 
instructions. (Note: See also loop)” (Ontario, 2022, 
Grade 3 C3.1) 
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5.2.1.2 How. Coding in the case of primary elementary is introduced in a simplified 

form, often through visual languages. Visual languages, in this context of coding integration, 

especially for Grades 1 to 3 students, refer to using graphical representations (such as icons, 

symbols, bodies, or blocks) to convey programming concepts (Strawgacker & Bers, 2019). This 

approach might make it easier for the students who may not yet have the reading or typing skills 

necessary for traditional text-based programming languages (Noone & Mooney, 2018).  

An example provided for Grade 1 students is shown in Figure 4, where they can explore 

mathematical situations through physical activities (i.e., a kind of visual language) that simulate 

coding logic. Specifically, in the example, the section called “code/instruction to model 

movements from one location to another” shows a sequence that corresponds to directional 

movements the student might use in a real block-based coding environment. 

 

Figure 4 

An Example from the Grade 1 Ontario Curriculum (Ontario, 2022) 
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In Grade 2, it is also observed that coding is presented through physical activities. Figure 

5 shows an example provided in the curriculum for Grade 2 where the students are engaged in a 

task: Working in pairs, they play the role of two dancers with the objective of synchronizing 

their dance movements. During the learning process, they learn the coding concept “concurrent 

events.” 

 

Figure 5 

An Example from the Grade 2 Ontario Curriculum (Ontario, 2022) 
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\

 

 

In Grade 3, there is a similar task provided as an example. However, compared to the one 

in Grade 2, this task, presented in Figure 6, expects students to understand what “loops” are by 

repeating the movement.  

 

Figure 6 

An Example from the Grade 3 Ontario Curriculum (Ontario, 2020) 

 

 

All of the example tasks illustrated in Figures 4 – 6 can be regarded as unplugged 

activities. They emphasize the importance of teaching and learning coding without the use of 

digital devices (Battal et al., 2021). Through such activities, students may learn foundational 

coding concepts and logical sequencing in a tangible and kinesthetic manner, thus enhancing 

their understanding of coding principles through physical enactment (Lengel & Kuczale, 2010). 
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In summary, as students progress through the early stage of coding (primary elementary, 

Grades 1 – 3), the curricula suggest that students should gain coding skills and also develop a 

foundational understanding of using tools (e.g., unplugged activities) for creativity and problem 

solving. Moreover, this initial exposure lays the foundation for a more in-depth exploration of 

coding and its applications in later grades (i.e., Grades 4 – 8). Next, I will discuss Case 2, 

focusing on curricula in junior elementary. 

 

5.2.2 Case 2: Grade 4-6 Junior Elementary  

 

In Case 2 (i.e., junior elementary, from Grades 4 to 6), my discussion will start with the 

“what” aspect, followed by an explanation of the “how” aspect. 

5.2.2.1 What. The curricula for junior elementary students include three coding concepts: 

nested events, conditional statements, and control structures. Specifically, in Grade 4, students 

will work with codes that include nested events. In Grade 5, the focus shifts to integrating both 

conditional statements and control structures. The curricula aim to enable students to perform 

actions based on specific conditions. In Grade 6, the curricula aim to refine students’ coding 

efficiency, expecting them to achieve tasks using fewer instructions (Ministry of Education of 

Ontario, 2020). 

In addition, these grade levels represent a continuation and expansion of the coding and 

skills acquired from primary elementary (Case 1) levels.  For example, Grade 4 students learn 

about nested events through activities like creating repeating patterns with the rotation of a 

square, building upon the concept of repeating events introduced in Grade 3. Table 5 presents the 

coding concepts and skills expected for junior elementary students in Ontario. 
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Table 5  

Coding Concepts and Skills for Junior Elementary  

Grades Coding Skills Coding Concepts 

Grade 4 “Solve problems and 
create computational 
representations of 
mathematical situations 
by writing and executing 
code, including code that 
involves sequential, 
concurrent, repeating, 
and nested events” 

(Ontario, 2022, Grade 4 
C3.1). 
 

“Read and alter existing 
code, including code 
that involves sequential, 
concurrent, repeating, 
and nested events, and 
describe how changes to 
the code affect the 
outcomes” (Ontario, 
2022, Grade 4 C3.2).  

“Nested events: Control structures that are placed inside other 
control structure; for example, loops occurring inside other 
loops, or a conditional statement being evaluated inside a loop 
(Note: see also control structure)” (Ontario, 2022, Grade 4 
C3.1). 

 

Grade 5 

 
“Solve problems and 
create computational 
representations of 
mathematical situations 
by writing and executing 
code, including code that 
involves conditional 
statements and other 
control structures” 
(Ontario, 2022, Grade 5 
C3.1).  

 
“Read and alter existing 
code, including code 
that involves conditional 
statements and other 
control structures, and 
describe how changes to 
the code affect the 
outcomes” (Ontario, 
2022, Grade 5 C3.2).  

 
“Conditional statement: a type of coding instruction used to 
compare values and express and make decisions. A conditional 
statement tells a program to execute an action depending on 
whether a condition is true or false. It is often represented as an 
if-then or if-then-else statement” (Ontario, 2022, Grade 5 C3.1).  
 

“Control structures: a line or block of code that influences the 
order in which other code is executed. Control structures affect 
the flow of the program and include sequencing lines of code, 
repeating lines of code (loops), or selection to execute or not 
execute specific lines of code (conditional statements). 
Sequence, repetition, and selection are all control structures. 
(Note: see also execute)” (Ontario, 2022, Grade 5 C3.1).  

 

Grade 6 

 
“Solve problems and 
create computational 
representations of 

 
“Read and alter existing 
code, including code 
that involves conditional 

 
“Efficient code: code that uses the lowest number of instructions 
to accomplish a task, thereby minimizing storage space and 
execution time” (Ontario, 2022, Grade 6 C3.1).  
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mathematical situations 
by writing and executing 
efficient code, including 
code that involves 
conditional statements 
and other control 
structures” (Ontario, 
2022, Grade 6 C3.1).  

statements and other 
control structures, and 
describe how changes to 
the code affect the 
outcomes and efficiency 
of the code” (Ontario, 
2022, Grade 6 C3.2).  
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5.2.2.2 How. Case 2 highlights coding as contexts for enhancing students’ mathematics 

skills. For example, Figure 7 presents an example from Grade 4 (Ministry of Education of 

Ontario, 2020), where students are required to generate a repeating pattern through the rotation 

of a square. This coding activity involves multiple mathematics concepts, such as spatial 

reasoning (e.g., moving horizontally and vertically between locations), geometry (identifying 

shapes like squares and triangles), arithmetic operations (addition, subtraction, multiplication, 

and division of whole numbers), and the concept of repeating patterns in geometry. This 

approach reinforces the findings of my literature review, particularly Theme 2, suggesting that 

coding contexts have the potential to develop students’ mathematics skills.  

 

Figure 7 

An Example from the Grade 4 Ontario Curriculum (Ontario, 2022) 
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In Grade 5, using coding contexts to improve students’ specific mathematics skills can 

also be observed. Figure 8 showcases an example where the students are expected to improve 

their number sense (i.e., a mathematics skill) when they are learning the coding concept 

“conditional statements”.  

 

Figure 8 

An Example from the Grade 5 Ontario Curriculum (Ontario, 2022) 



   

 

  64 

 

 

 

A similar example is provided in the curricula from Grade 6. Figure 9 presents an 

example from Grade 6 where the students are expected to improve their calculation skills and 

logical thinking while grasping the coding concept “pseudocode.” 
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Figure 9 

An Example from the Grade 6 Ontario Curriculum (Ontario, 2022) 

 

 

In summary, coding in Case 2 is not only a tool for enhancing technical skills but also a 

means for deepening students’ specific mathematical skills. It is expected to be a bridge between 
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primary elementary and intermediate elementary. Next, I will discuss Case 3, intermediate 

elementary. 

 

5.2.3 Case 3: Grade 7–8 Intermediate Elementary 

 

In Case 3, I will start by addressing the “what” aspect and I will then explain the “how” 

aspect. 

5.2.3.1 What. At the intermediate level, two coding concepts are introduced in Grade 7: 

defined count and subprograms. In contrast, Grade 8 does not introduce new coding concepts to 

students. Instead, students are encouraged to reflect on the coding concepts and skills they have 

acquired previously and explore how coding can be utilized to manipulate data, which will 

facilitate more informed decision-making. According to the curricula, this approach aims to 

provide students with opportunities to (1) develop their data analytical skills and (2) apply 

coding from mathematics to other disciplines (e.g., data analysis). Table 6 presents the coding 

concepts and skills expected for intermediate elementary students in Ontario. 
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Table 6  

Coding Concepts and Skills for Intermediate Elementary 

Grades Coding Skills Coding Concepts  

Grade 7 “Solve problems and 
create computational 
representations of 
mathematical 
situations by writing 
and executing efficient 
code, including code 
that involves events 
influenced by a 
defined count and/or 
subprogram and other 
control structures” 
(Ontario, 2022, Grade 
7 C3.1).  

“Read and alter existing 
code, including code 
that involves events 
influenced by a defined 
count and/or 
subprogram and other 
control structures, and 
describe how changes to 
the code affect the 
outcomes and the 
efficiency of the code” 
(Ontario, 2022, Grade 7 
C3.2). 

“Defined count: In coding, the number of times instructions 
are repeated based on a predefined value or until a condition 
has been met” (Ontario, 2022, Grade 7 C3).  
 
“Subprogram: a small set of instructions for completing one 
small task. Subprograms can be combined in a main program 
to accomplish a large task using small steps” (Ontario, 2022, 
Grade 7 C3).  
 

 

Grade 8 

 
“Solve problems and 
create computational 
representations of 
mathematical 
situations by writing 
and executing code, 
including code that 
involves the analysis 
of data in order to 
inform and 
communicate 
decisions” (Ontario, 
2022, Grade 8 C3.1). 

 
“Read and alter existing 
code involving the 
analysis of data in order 
to inform and 
communicate decisions 
and describe how 
changes to the code 
affect the outcomes and 
the efficiency of the 
code” (Ontario, 2022, 
Grade 8 C3.2). 

 
“Flow chart: a type of diagram that shows the sequence of 
steps involved in performing an algorithm. In coding, specific 
symbols are used to indicate different control structures in the 
algorithm (e.g., an input is written in a parallelogram; a 
process is written using a rectangle)” (Ontario, 2022, Grade 8 
C3).  



   

 

  68 

 

5.2.3.2 How. At the intermediate elementary stage, according to the curricula, the 

students first need to consolidate their acquired knowledge. This consolidation is observed in the 

Grade 7 documents, where they indicate that students are required to review the coding concepts 

learned from previous grades, including sequential events, concurrent events, nested events, etc.  

Figure 10 presents an example from Grade 7 where the students are required to use the coding 

concepts learned from previous grades, such as the loops, conditions to create a shrinking 

pattern. 

 

Figure 10 

An Example from the Grade 7 Ontario Curriculum (Ontario, 2022) 

 

  

In contrast to Grade 7, coding is transdisciplinary at Grade 8. By that stage, students are 

expected to apply coding across various disciplines, such as mathematics, finance, data analysis, 

literacy, etc. Figure 11 presents an example from Grade 8 where the students are expected to 

decide how to get a larger rectangular area of a school yard. Specifically, in this example, the 
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task of determining how to obtain a larger rectangular area of a schoolyard integrates coding 

with mathematics through the application of area calculation, finance through budget 

management for the project, data analysis in evaluating different configurations, and literacy in 

presenting the solution. This showcases how coding serves as a bridge across disciplines, 

enabling students to apply CT, problem solving, and mathematics skills in diverse contexts (i.e., 

finance, data analysis, literacy). 

 

Figure 11 

An Example from Grade 8 Ontario Curricula (Ontario, 2022) 

 

 

In conclusion, in the intermediate elementary curricula, students are expected to 

consolidate coding concepts acquired in previous grades and learn to apply coding across various 
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contexts (e.g., mathematics, finance, literacy, data analysis), thus enhancing their analytical and 

mathematical abilities.  

 

5.2.4 Summary of the Three Cases 

 

In summary, these three cases present how the integration of coding with mathematics 

evolves from a foundational and simplified approach at the primary elementary level to a more 

advanced, transdisciplinary, and practically applied approach at the junior and intermediate 

elementary levels. This evolution stems from introducing coding as a visual tool (i.e., use coding 

contexts that incorporate visual languages, such as shapes, icons and even body movements to 

illustrate mathematical concepts and principles) for mathematics problem solving. It has the 

potential to foster students’ creativity and practical understanding in complex, real-world 

scenarios across various disciplines. As students navigate diverse mathematical situations, the 

curricula are designed to encourage students to build computational skills and also develop a 

deeper comprehension for the role of coding in understanding mathematics and solving problems 

across various disciplines beyond mathematics. In the next section, I will present the summary of 

this chapter. 

 

5.3 Conclusion of Chapter 5 

 

 In conclusion, this chapter elucidated the aims of coding as integrated into the Ontario 

mathematics curricula. It began by detailing the goals for coding integration set by the Ontario 

Ministry of Education, which included fostering CT, and preparing students for a tech-rich 
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society. I then presented three cases that examined how coding was conceptualized and 

integrated into different educational levels within Ontario’s curriculum. The case studies spanned 

through the primary, junior, and intermediate levels of elementary education, providing a 

comprehensive analysis of what coding was, and how coding was used and applied across 

different levels. The findings from the case studies offered valuable insights into the 

effectiveness of the curricula in achieving its intended aims. 

Therefore, building on the insights gained from this detailed examination, the next 

chapter (chapter 6) will delve into the practical application of the Ontario curricula. It will focus 

on how lesson plan designers craft coding learning opportunities within mathematics contexts, 

effectively bridging theoretical coding knowledge with practical coding skills.



   

 

  72 

 

Chapter 6: Result 2 Ontario Curriculum in Use 

 

In this chapter, I present my results for my second research question about how Ontario 

Math Support’s lesson plan designers provided coding learning opportunities (i.e., curriculum-in-

use). To achieve this goal, I applied a pedagogical framework created by Kotsopoulos et al. 

(2017) to identify the coding learning opportunities within 35 lesson plans provided by the 

Ontario Math Support website. 

 

6.1 Ontario Curriculum in Use      

 

By adopting Kotsopoulos et al.’s (2017) pedagogical framework, I developed a codebook 

that included four components: unplugged, tinkering, making, and remixing. I then coded each 

lesson plan (n = 35) according to these components. Table 7 provides a summary of the coding 

opportunities I have identified from those 35 lesson plans. Specifically, the table’s first column 

lists the grade levels, while the top row presents the four components.  

 

Table 7  

Summary of Coding Learning Opportunities in Lesson Plans 

Grade Name Unplugged Tinkering Making Remixing 
 Grade 1 Story characters on a 

grid 
Physically 
move; hands on 
activity 

Physically 
position 
through grid 
 

 
--- 

 
--- 
 

 Please direct me to my 
seat 

The entire 
lesson is 
unplugged 
coding 
 

Iterative 
process of 
navigating the 
grid 

Creation of 
grids and 
obstacles 

--- 
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 Let’s play hockey Physically 
movements; 
storytelling 

Using coding 
cards to create 
scenarios 

--- 
 

Transfer the 
knowledge 
to other 
contexts 
 

 Barnard commotion 
and motion  

Warm-up 
activities; 
physical 
movements 

Pseudocode 
interpretation 
and 
movements 

Students 
craft their 
own 
sequences of 
movements 

Transfer the 
knowledge 
to other 
contexts 
 

 Hen runs away from 
fox 

Discussion and 
conceptualizati
on of animation 

Experiment 
with code 

Create new 
things on a 
visual coding 
platform: 
Scratch 
 
 

--- 
 

Total 5 Lesson plans 5/5 5/5 3/5 2/5 
Grade Name Unplugged Tinkering Making Remixing 

Grade 2 Coding with coins Physically 
move around a 
10x10 grid  

Write codes 
using a 
sequence of 
actions 
 

Create codes 
on grip paper 

--- 
 

 Dancing to code Dancing, 
arrange cards 

Modify dance 
sequence 
 

Create own 
dance 
sequence 
 

--- 
 

 Building number 
sentences 

Use physical 
materials like 
100’s chart, 

counter, and 
sticky notes 
 

Adjust 
number 
sentences and 
corresponding 
codes 

Create their 
own number 
sentences 

--- 
 

 Coding for squirrel Students are 
encouraged to 
use 
mathematical 
tools 

Create and 
modify their 
solutions 

Create a map 
of forest on 
large sheets 
of grid paper 

Lesson 
structure 
moves from 
adding 
numbers to 
sharing 
quantities 

Total 4 Lesson plans 4/4 4/4 4/4 1/4 
Grade Name Unplugged Tinkering Making Remixing 

Grade 3 Dance patterns Dance moves Use dance 
elements to 
expand the 
movement 
vocabulary 
with patterns 
 

Create dance 
phrases  

How 
original 
code was 
altered and 
resulted in 
new patterns 
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 Making change  Pre-existing 
code 

Make changes 
using coins 
 

Create a new 
version of 
code 
 

--- 
 

 Coding a table of value --- 
 

Alter code Create new 
patterns 

Real-life 
contexts 

      
      
Total 3 Lesson plans 2/3 3/3 3/3 2/3 

Grade Name Unplugged Tinkering Making Remixing 
Grade 4 Coding the way Physical maps Modify codes 

to navigate 
through the 
grid 

Construct 
their own 
maps 

Guide a 
partner 
through a 
grid using a 
set of oral 
coded 
translations 

  
Dancing our way to 
coding using 
patterning 

 
Dance and 
physical 
movements 

 
Create and 
adapt their 
dances 

 
Work 
together to 
create 
repeating 
dance 

 
Learn 
dances from 
other 
people’s 

codes 
  

Coding on a coordinate 
gride 

 
Paly a version 
of Battleship 

 
Modify the 
game by 
arranging 
letters 
 

 
Scratch 

 
Real-world 
scenarios, 
like GPS 

 Let’s paint our 

classroom 
Use concrete 
materials to 
understand area 
calculation;  

Modify code 
sequences to 
determine the 
paint needed 
for wall 

Scratch --- 
 

  
Scratch your 
probabilities 

 
Discussion 

 
Adjust codes 

 
Scratch 

 
Apply code 
to different 
probability 
contexts 

      
Total 5 Lesson plans 5/5 5/5 5/5 4/5 

Grade Name Unplugged Tinkering Making Remixing 
Grade 5 Budgets and 

spreadsheets: making 
plans 

 
--- 

 

Explore the 
spreadsheets 
by clicking on 
cells to see 
the coding 
behind 
calculations 

Create 
budget 
spreadsheets 

Budgeting 
scenarios 
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Navigational coding 

 
Using 
coordinate 
plane 

 
“If/then” 

statement 

 
Create new 
maps; 
plugged in 
activities: 
Google Map 

 
Different 
contexts: 
draw 
neighbourho
od 

 Recalling math facts 
through coding 

--- 
 

Tinker 
existing codes 
to observe the 
relationship 
between 
multiplication 
facts and 
division 

Create pixel --- 
 

  
 
Exploring patterns 
with fractions using 
scratch 

 
 
 

--- 
 

 
 
Modify  
Scratch codes 

 
 
 
Scratch 

 
 
Connect to 
real-life 
scenarios 

Total 4 Lesson plans 1/4 4/4 4/4 3/4 
Grade Name Unplugged Tinkering Making Remixing 

      
Grade 6 Coding transformation Use graph 

paper 
programming 

Determine if 
the 
instructions 
will 
successfully 
transfer an 
image 

--- 
 

--- 
 

  
Part1: which integer is 
greater 

 
Role plays 
between 
teachers and 
students 

 
Modify codes 
in Scratch 

 
Scratch 

 
--- 

 

  
Part2: mystery integer! 

 
Introduction 
and direct 
instruction for 
pseudocode 

 
Translate 
pseudocode to 
Scratch 

 
Scratch 
 

 
Apply skills 
in new 
projects 

  
Start small: making 
informed; financial 
decisions 

 
Discussion 

 
--- 

 

 
Google 
sheets 

 
Financial 
contexts 

  
Coding and composite 
number 

 
Introduction 

 
Translate 
pseudocode to 
Scratch 

 
Scratch 

 
Apply to 
new 
contexts 

Total 5 Lesson plans 5/5 4/5 4/5 3/5 
Grade Name Unplugged Tinkering Making Remixing 



   

 

  76 

 

Grade 7 Get the wolf to her 
pups 

Cartesian plane Alter 
instructions 

--- 
 

--- 
 

  
Restaurant order app 

 
--- 

 

 
Adding 
features like 
automatic 
calculation of 
total cost 

 
Restaurant 
order app 

 
The new 
context is 
the 
developmen
t of 
restaurant 
ordering app 
 

 $20 or 20% Discussion and 
math talks 

Modify 
existing codes 
 

A discount 
app 

Real-world 
scenarios 
 

 Draw a maze Discussion Making 
changes 
through 
Scratch 

Scratch Historical 
mathematics 

      
Total 4 Lesson plans 3/4 4/4 3/4 3/4 

Grade Name Unplugged Tinkering Making Remixing 
Grade 8 Coding and geometry --- 

 
--- 

 
Scratch Apply 

knowledge 
of geometric 
shapes to 
code 
transformati
on in 
Scratch 

  
Coding with 
Pythagorean theorem 

 
--- 

 

 
--- 

 

 
Scratch 

 
Apply their 
understandi
ng of 
Pythagorean 
Theorem to 
different 
contexts 

  
Coding YouTube 

 
--- 

 

 
--- 

 

 
YouTube 
monetization 

 
Use 
“if/then” to 

create 
algorithms 

Total 3 Lesson plans 0/3 0/3 3/3 3/3 
 
Total  

 
35 Lesson plans 

 
25/35 

 
28/35 

 
28/35 

 
21/35 

for all 
grades 
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In addition, Figure 12 shows the distribution of four coding learning opportunities across 

35 lesson plans from Grades 1 to 8: unplugged, tinkering, making, and remixing. Four trends are 

noticeable in the table. First, unplugged opportunities are most prominent in the earliest grades, 

especially in Grade 1 and Grade 4, which show the highest levels of unplugged opportunities. 

There is a noticeable decline as the grade levels increase, with the lowest presence in Grade 7 

and none in Grade 8. Second, tinkering opportunities are consistently present across all grade 

levels but are most prominent in Grade 1. Unlike unplugged, tinkering does not show a 

significant decline and remains present through Grade 8. Third, making opportunities are 

introduced at a lower frequency than the unplugged opportunities in the early grades but 

maintain a consistent presence across all grades. The peak for making opportunities is found at 

Grade 1 and Grade 4, after which there is a slight reduction (i.e., Grades 1 to 2, there is a decline; 

from Grades 2 to 4, there is an increase; after Grades 4, there is a decline), but presence remains 

stable in the higher grades. Finally, remixing has the lowest overall presence among four 

opportunities. It begins with a modest representation in Grade 1 and continues with a low but 

steady presence up to Grade 8.  

In the following sections, I will further unpack each of the four learning opportunities. I 

will first explore unplugged coding learning opportunities in the next section.  

 

Figure 12 

Bar Charts for Coding Opportunities in Lesson Plans 
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Note. In this figure, the vertical axis (1-8) represents grades 1 through 8, while the horizontal axis (0-20) indicates the number of 

lesson plans included. Each lesson plan is counted once per coding learning opportunity. For example, a lesson plan that 

comprises several unplugged activities is coded once under the unplugged learning opportunity category. 

 

6.1.1 Unplugged for Curriculum in Use 

 

As described in earlier chapters, unplugged activities emphasize active, physical 

engagement to teach and learn coding within mathematics. I identified 25 lesson plans that 

created unplugged opportunities to teach and learn coding. As shown in Table 8, two themes 

emerged from those unplugged opportunities: (1) unplugged is kinesthetic (n = 18) and (2) 

unplugged is oral (n = 7). This section is structured around these two main themes, each with its 

own set of sub-themes. The first theme, kinesthetics, has three sub themes: body, dance, and 

tools. The second theme, oral, is divided into two sub themes: introduction and discussion. 
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Table 8 

Unplugged for Curriculum in Use 

Codes Sub-code Explanation Lesson Plans 

Kinesthetic 

 

 

Body 

 

Students may use their body 
movements, hand signals, or 
facial expressions to 
represent different coding 
concepts or algorithm. 

Story characters on a grid (G1) 
Please direct me to my seat (G1) 
Let’s play hockey (G1) 
Barnard commotion and motion(G1) 
Coding with coins (G2) 
Making change (G3) 
Part1: which integer is greater (G6) 
 

 Dance Dancing can be used to 
represent code structure and 
flow. Dancing not only 
makes the process of 
learning coding fun but also 
helps in memorizing and 
understanding the sequence 
and structure. 
 

Dancing to code (G2) 
Dance patterns (G3) 
Dancing our way to coding using 
patterning (G4) 
 
 
 

 Tools Tools refer to any physical 
objects or aids that facilitate 
the process of learning 
coding. These tools can be 
simple, like using different 
colored blocks to represent 
different types of commands 
in a program. 
 

Building number sentences (G2) 
Coding for squirrel (G2) 
Coding the way (G4) 
Coding on a coordinate gride (G4) 
Let’s paint our classroom (G4) 
Navigational coding (G5) 
Coding transformation (G6) 
Get the wolf to her pups (G7) 
 
 

Oral 
 

 

Introduction The teacher outlines the 
objectives, explains the core 
concepts, and demonstrates 
how the activity relates to 
coding scenarios. For 
instance, the teacher might 
use storytelling, or real-life 
examples to illustrate 
complex coding principles in 
an understandable way. 
 

Part2: mystery integer! (G6) 
Coding and composite number (G6) 

 Discussion The teacher might use open-
ended questions to prompt 
students to think about the 
concepts in different ways. 

Hen runs away from fox (G1) 
Scratch your probabilities (G4) 
Start small: making informed; 
financial decisions (G6) 
$20 or 20% (G7) 
Draw a maze (G7) 
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6.1.1.1 Unplugged is Kinesthetic. Kinesthetic refers to a learning approach centered on 

physical activities and movements (Lengel & Kuczala, 2010). Within kinesthetics, there are three 

sub-themes: body, dance, and tools. 

The first sub-theme, body, focuses on using bodily movements and gestures to facilitate 

the learning of coding concepts (Lengel & Kuczala, 2010). This use of bodily movement to 

facilitate learning can be seen in the lesson plan “Please direct me to my seat” (Grade 1; Figure 

13), where students are required to use their bodies to represent the “codes.” Specifically, two 

students are first provided with a 5 x 5 grid on a floor with some obstacles (e.g., game tickets, 

drinks, hot dog, and the seats). Then one student (A) gives oral instructions (i.e., codes) to help 

another student (B) navigate around the obstacles and get to their seats. In this context, student B 

is using the body to enact the codes and understand what codes mean. Moreover, the approach 

(i.e., using bodies) may help students feel more engaged in the learning process (Lengel & 

Kuczala, 2010).  

 

Figure 13 

An Example from the Lesson Plan “Please direct me to my seat” (Grade 1) 
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Another example is the lesson plan “Barnyard commotion and motion,” (Grade 1; Figure 

14) which also involves physical actions (i.e., kinesiology) and collaborations (working with 

peers or teachers). In the lesson plan, students are first presented with a lot of instructions (e.g., 

rules, roles, figures, etc.). Then, the students are required to come up with a solution practiced by 

physical movements (e.g., hands, teams). They also need to work together with their peers to 

solve the problems. In this learning opportunity, multiple coding concepts may arise from the 

practice, such as pseudocoding and sequential events, as illustrated by this lesson plan. 

  

Figure 14 

An Example from Lesson Plan “Barnyard commotion and motion” (Grade 1) 
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The second sub-theme of kinesthetics, dance, is more than body movements; it is a 

narrative medium through which coding concepts can be articulated and understood by “bodies” 

(Hanna, 2008). In the lesson plan “Dancing to code” (Grade 2), dancing movements are 

emphasized (Table 9). This lesson plan encourages students to “create and perform a set of 

dances in a chosen sequence containing precise instructions for performing the dances” (Grade 

2- Coding Lesson - Dancing to code, 2024, p. 2). Specifically, during the activity, the teachers’ 

instructions serve as the “codes,” requiring students to illustrate “sequences” through their dance 

moves. This method effectively engages students in the learning process (Flesch et al., 2021). 
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Table 9 

An Example from the Lesson Plan “Dancing to code” (Grade 2)  

Active Learning Part 

Teachers’ instructions Teacher moves 

“Invite the students to regroup again 
Have them choose cards and create a dance 
set with the dances they selected” (Grade 2 - 
Coding Lesson - Dancing to code, 2024, p. 5). 

“The teacher circulates and asks teams 
questions to get them arrange the cards for 
their sequence in an organized manner” 
(Grade 2 - Coding Lesson - Dancing to code, 
2024, p. 5). 

 

The final sub- theme, tools, refers to various unplugged resources used to facilitate 

hands-on interaction with coding concepts (e.g., Saxena et al., 2020). These tools range from 

simple items, such as pencils, pens, and paper, to more structured materials like grids or blocks. 

In the lesson plan, “Building number sentence” (Grade 2), the students are required to use 

physical materials like a 100’s chart, counters, and sticky notes to create and understand number 

sentence. Figure 15 presents the details of the activity during the portion where the students can 

use the unplugged sticky notes to demonstrate sequences. Specifically, if they start at 50 on the 

chart and move back one square, they will reach 49. Alternatively, if they place sticky notes at 50 

and 49, they will notice that there is a 1 square difference between these 2 numbers. Overall, the 

tools in this lesson plan are designed to simplify the understanding of sequence for students and 

lay the foundation for using “plugged devices” in subsequent activities (Grade 2 – Coding 

Lesson - Building number sentence, 2024, p. 3).  

 

Figure 15 

An Example from the Lesson Plan “Building number sentence” (Grade 2) 
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In summary, the theme kinesthetic refers to unplugged opportunities in which students 

can use bodies, dance, and tools to understand coding concepts. This approach may not only 

enhance students’ comprehension and engagement in coding learning but also bridge the 

conceptual gap between theoretical knowledge and practical knowledge. It might be an effective 

strategy to introduce coding concepts in an accessible and engaging manner. Next, I will present 

the details of the second theme: unplugged is oral. 

6.1.1.2 Unplugged is Oral. The second theme for unplugged activities, oral, is divided 

into two sub-themes: introduction and discussion. These two sub-themes emphasize the 

importance of verbal engagements and contribution to teaching and learning coding.  

The first sub-theme, introduction, is the initial phase where the teachers introduce the 

coding concepts verbally. It aims to ensure all the learners have a solid understanding of the 

definitions of different coding concepts. For example, in the lesson plan “Coding and composite 

number” (Grade 6), the students start by conceptualizing their algorithm in pseudocode before 

coding in Scratch. Specifically, Figure 16 presents an instruction from the lesson where the 
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teacher is suggested to introduce two examples of pseudocode and the students will learn to 

express their math thoughts when decomposing an algorithm.  

 

Figure 16 

An Example from the Lesson Plan “Coding and composite number” (Grade 6)  

 

 

The other sub-theme, discussion, always builds upon introduction. This sub-theme is 

represented by asking questions, answering questions, sharing ideas, and even debating various 

topics on coding. In the “$20 or 20%” lesson plan (Grade 7), the class is designed to begin with a 

discussion. Initially, the teacher presents a large poster (Figure 17). Subsequently, the teacher 

poses several questions to the students, including, “What are they telling you?”, “What are they 

noy telling you?”, and “What do you see?” (Grade 7 – Coding Lesson – $20 or 20%, 2024, p. 3). 

Then the students are required to discuss these questions with their peers. The lesson claims that 

this discussion will lead to the lesson’s objective: creating a calculator that assists in choosing 

the more beneficial discount (Grade 7 – Coding Lesson – $20 or 20%, 2024, p. 4). In addition, 

the activity involves the coding concept of condition.  Specifically, during the discussion of the 
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poster, students will be encouraged to apply this concept of condition to choose the more 

beneficial discount. In this context, the condition may serve as a decision-making criterion. This 

approach has the potential to teach students not only the technical aspect of coding— such as 

how to implement conditions in a program—but also critical thinking and decision-making 

skills. 

 

Figure 17 

An Example from the Lesson Plan “$20 or 20%” (Grade 7) 

 

 

In conclusion, the theme of unplugged is oral includes aspects of the lessons that aim to 

help students understand the coding concepts before delving into actual coding. The lesson plans 

demonstrate that by actively engaging in dialogues, debates, and collaborative problem solving 

with their peers, students can solidify their understanding of coding concepts and principles. In 
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the next part, I will summarize the themes related to unplugged activities that were explored 

above. 

6.1.1.3 Summary for Unplugged Curriculum in Use. In this section, I explored how 

students can learn coding through unplugged opportunities. Figure 18 presents the unplugged 

opportunities and their alignment with student development. 

 

Figure 18 

Bar Charts for Unplugged Curriculum in Use 

 

Note. On the vertical axis, the two themes: kinesthetic and oral, emerge from the unplugged learning opportunities. The 

horizontal axis represents the number of lesson plans featuring these two themes. Specifically, when a lesson plan included both 

kinesthetic and oral activities, it is coded under the theme which is predominant. This approach ensures that each lesson plan is 

counted only once, based on its primary focus.  

 

As the chart illustrates, kinesthetic forms are most used in lessons at the primary level 

(Grade 1 – Grade 3). By incorporating kinesthetic forms into the learning of coding, educators 

can leverage the tendencies of young learners to explore and understand not only the coding 

concepts but also the world around them (Strawhacker & Bers, 2019). This observation aligns 
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with Cheatum and Hammond’s research (2000) which suggests that physical activities could 

effectively enhance students’ learning experience. In addition, a systematic review research 

conducted by Sneck et al. (2019) supports the observation by stating that increased physical 

activities can positively affect young children’s mathematics performance.  

While kinesthetic forms are the mostly used for young learners (Grade 1- Grade 3), oral 

forms are mostly used in the lessons at the junior level (Grade 4 – Grade 6). This finding is 

echoed by Shiel et al.’s research (2012) which demonstrates that as children grow older, their 

cognitive and language abilities improve, allowing them to engage more deeply with oral forms 

of learning. Although lesson plan designers show a preference for using oral forms at the 

intermediate level (Grade 7 – Grade 8), the total number of unplugged opportunities (i.e., oral 

forms of learning) at that stage is smaller than that at the primary and junior levels. This trend 

suggests that by the time students reach the intermediate level, students are expected to have 

already acquired a foundational understanding of mathematics and coding; therefore, the need 

for unplugged coding opportunities (i.e., oral forms of learning) is reduced. 

In conclusion, the application of unplugged opportunities in lesson plans is strategically 

aligned with the developmental stages of students, from kinesthetic forms in early stages to oral 

forms in later grades. These opportunities not only improve students’ learning experiences 

through active engagement but also have the potential to support students’ cognitive and 

language development, which demonstrates a positive impact on developing students’ 

competencies. In the next part, I will explore the role of tinkering opportunities across all grades, 

which differ from unplugged coding opportunities by emphasizing the alteration of codes to 

observe different outcomes. 
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6.1.2 Tinkering for Curriculum in Use 

 

As described in prior chapters, the goal of tinkering opportunities is to encourage 

experimentation, creativity, and learning through hands-on experience. Specifically, tinkering 

emphasizes a hands-on, exploratory opportunity to teach and learn coding within mathematics. I 

identified a total of 28 lesson plans applying tinkering opportunities to teach and learn coding. 

As shown in Table 10, two themes emerged from these tinkering opportunities: (1) Tinkering as 

code manipulation (n = 15); (2) Tinkering as interactive learning (n = 13). 

 

Table 10 

Tinkering for Curriculum in Use 

Codes Explanation Lesson Plans 

Code 
manipulation 

It involves trying out different programming 
constructs, debugging, and refining the code to 
improve its functionality. And the tinkering 
process is not just about achieving specific 
goal, but also about exploring possibilities.  

Coding with coins (G2) 
Dancing to code (G2) 
Building number sentences 
(G2) 
Coding a table of value (G3) 
Coding the way (G4) 
Scratch your probabilities (G4) 
Recalling math facts through 
coding (G5) 
Exploring patterns with 
fractions using Scratch (G5) 
Coding transformation (G6) 
Part1: which integer is greater 
(G6) 
Part2: mystery integer! (G6) 
Get the wolf to her pups (G7) 
Restaurant order app (G7) 
$20 or 20% (G7) 
Draw a maze (G7) 
 

Interactive 
learning 

In the process of tinkering as interactive 
learning, the learners interact with the material, 
and receive feedback from their actions. And 
the interaction is not just between the learner 
and the material or the tool but often involves 
interaction with peers (other learners). It is an 

Story characters on a grid (G1) 
Please direct me to my seat 
(G1) 
Let’s play hockey (G1) 
Barnard commotion and motion 
(G1) 
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interactive process of testing ideas, observing 
results, and learning from successes and 
failures.   

Hen runs away from fox (G1) 
Coding for squirrel (G2) 
Dance pattern (G3) 
Making change (G3) 
Dancing our way to coding 
using patterning (G4) 
Let’s paint our classroom (G4) 
Budgets and spreadsheets: 
making plans (G5) 
Navigational coding (G5) 
Coding and composite number 
(G6) 

 

6.1.2.1 Code Manipulation. The first theme, code manipulation, refers to the hands-on, 

experimental opportunities to understand the structure of the codes by directly manipulating it. 

This manipulation involves writing, adjusting, and understanding the codes to see how these 

changes affect the outcomes. In the lesson plan “Exploring patterns with fractions using Scratch” 

(Grade 5), students are given opportunities to modify Scratch codes to explore different 

fractions. Figure 19 displays an example where students are required to adjust parameters and 

sequences in the code (i.e., manipulate the code) and see real-time changes in how fractions are 

depicted. This hands-on approach not only solidifies their understanding of fractions but also 

encourages their problem-solving skills as they experiment with creating various patterns 

through coding.  

 

Figure 19 

An Example from the Lesson Plan “Exploring patterns with fractions using Scratch” (Grade 5) 
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While code manipulation allows learners to explore and play with codes, tinkering as 

interactive learning emphasizes the importance of creativity and interaction with contexts 

involved in the task. It will be explored in the next section.  

6.1.2.2 Interactive Learning. The second theme, interactive learning, emphasizes 

engagement, interaction, and direct involvement with the materials being studied. This can be 

seen in the “Dance patterns” lesson plan (Grade 3), where students are required to interact with 

the codes and observe the outcomes. For example, the lesson provides students with three 

questions: “(1) What action was needed to start the circle pattern?”, “(2) What action was needed 

to start the ballerina?”, “(3) What would happen if we used the same action for both (either flag 

clicked, or space bar hit)? Alter the code and then?” (Grade 3 – Coding Lesson – Dance patterns, 

2024, p. 7).  

Tinkering activities in the lesson encourages students to experiment with code by 

changing actions (such as starting a circle pattern to initiate a ballerina’s movement) and 

observing the outcomes. This tinkering process (i.e., experiment with code and observe the 
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outcomes) is not merely manipulating codes and is interactive and exploratory, thus allowing 

students to engage directly with materials (e.g., flag, space bar, etc.) and learn through trial and 

error. 

Similar to “Dance patterns” (Grade 3), the “Let’s paint our classroom” lesson plan (Grade 

4) also requires students to think about different real-life situations by using “if, then”. The two 

examples below illustrate the “if, then” logical structure by presenting real-word scenarios when 

making decisions based on specific conditions. Specifically, regarding the first one, the scenario 

shows the conditional logic in action: if I know the coverage of one can to paint, then I can 

calculate how many cans are necessary to paint the entire classroom by dividing the classroom’s 

total area by the area one can covers. Regarding the second scenario, the conditional logic is used 

to calculate the expense: if the cost of one can is known, then the total cost can be calculated by 

multiplying this cost by the number of cans required.    

(1) “[If] one can of paint covers about 35 square meters of area, [then] how many cans 

are we going to need?” (Grade 4 – Coding Lesson – Let’s paint our classroom, 2024, p. 

5). 

(2) “[If] one can of paint cost around $50, [then] how much will it cost us to paint our 

classroom?” (Grade 4 – Coding Lesson – Let’s paint our classroom, 2024, p. 5).  

In this lesson plan, through tinkering with these activities, students have the potential to 

learn what the coding concept “if / then” is and also actively apply their knowledge to real-world 

situations, such as making a plan to paint the classroom. In this learning situation, the theme, 

interactive learning, emphasizes learning through doing, exploring, and making connections 

between knowledge and its application in real-world mathematics problem solving. 
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In conclusion, interactive learning activities emphasize the potential of integrating coding 

into real-life scenarios, allowing students to connect coding concepts to practical mathematics 

application. In the next section, I will summarize the tinkering opportunities that were explored 

above. 

6.1.2.3 Summary for Tinkering Curriculum in Use. In this section, I explored how 

students can learn coding through tinkering. Figure 20 presents the tinkering opportunities and 

their alignment with student development. 

 

Figure 20 

Bar Charts for Tinkering Curriculum in Use 

 

Note. On the vertical axis, the two themes: code manipulation and interactive learning, emerge from the tinkering learning 

opportunities. The horizontal axis represents the number of lesson plans featuring these two themes. Specifically, when a lesson 

plan included both code manipulation and interactive learning, it is coded under the theme which is predominant. This approach 

ensures that each lesson plan is counted only once, based on its primary focus.  
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Specifically, interactive learning is more prevalent in the lessons at the primary level 

(Grade 1 to Grade 3), with eight lesson plans applying tinkering as interactive learning. In 

contrast to the primary level, at the junior level (Grade 4 – Grade 6), the lesson plan designers 

apply tinkering as code manipulation and include seven lesson plans. At the intermediate level 

(Grade 7 – Grade 8), both code manipulation and interactive learning are in decline, with code 

manipulation used in four lesson plans and interactive learning not applied at all. In this way, the 

distribution of tinkering across different grades underscores a nuanced approach to teaching 

coding. While primary grades focus more on interactive learning to lay a foundational 

understanding of coding, the emphasis gradually shifts towards code manipulation in junior 

grades, reflecting an advanced engagement with coding concepts. However, there is a discernible 

decline in both practices by the intermediate level, suggesting space for other practices, which 

leads to the next section, “making coding learning opportunities.” In this section, I explore how 

coding in the lessons encourages students to create new products to solve problems. 

 

6.1.3 Making for Curriculum in Use 

 

As described earlier, making refers to the process of creating something with a specific 

purpose in mind. When students are engaged in making, they aim to produce a final product or 

solution that meets predetermined requirements (Kotsopoulos et al., 2017). I identified a total of 

29 lesson plans that create making opportunities to teach and learn coding. As shown in Table 

11, this section focusses on two themes: (1) making as generalization (n = 10) and (2) making as 

digital making (n = 19). 
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Table 11  

Making for Curriculum in Use 

Codes Sub-code Explanation Lesson Plans 

Generalization -- Generalization refers to 
the broad principles that 
can apply across different 
types of making.  

Please direct me to my seat (G1) 
Barnard commotion and motion (G1) 
Dancing to code (G2) 
Building number sentences (G2) 
Dance patterns (G3) 
Coding the way (G4) 
Dancing our way to coding using 
patterning (G4) 
Budgets and spreadsheets: making 
plans (G5) 
Navigational coding (G5) 
Start small: making informed; 
financial decisions (G6) 
 

Digital Making Scratch 
 
 

Scratch is a visual 
programming. It helps 
users learn the basics of 
coding logic without 
writing traditional codes.  

Hen runs away from fox (G1) 
Making change (G3) 
Coding a table of value (G3) 
Coding on a coordinate grid (G4) 
Let’s paint our classroom (G4) 
Scratch your probabilities (G4) 
Exploring patterns with fractions 
using Scratch (G5) 
Part1: which integer is greater (G6) 
Part2: mystery integer! (G6) 
Coding and composite number (G6) 
Draw a maze (G7) 
Coding and geometry (G8) 
Coding with Pythagorean theorem 
(G8) 
 

 Google 
related 
tools 

Digital making tools 
provided by Google for 
educational purposes, 
including Google Doc, 
Google forms, Google 
sheets, etc.  
 

Recalling math facts through coding 
(G5) 
 

 Others Other tools, platforms, or 
methods that can be used, 
such as websites, games, 
etc.  

Coding with coins (G2) 
Coding for squirrel (G2) Restaurant 
order app (G7) 
$20 or 20% (G7) 
Coding YouTube (G8) 
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6.1.3.1 Generalization. The first theme, generalization, refers to the process of 

synthesizing knowledge and experiences to grasp abstract concepts. Generalization can be 

observed in the lesson plan “Start small! Making informed financial decisions” (Grade 6). The 

activity requires students to revisit and rehearse the learning process, then generalize what they 

have learned, and finally consolidate their learning by creating a final project. Figure 21 presents 

the details of the consolidation step of generalization activity in this lesson plan. 

 

Figure 21 

An Example from the Lesson Plan “Start small! Making informed financial decisions” (Grade 6) 

 

 

Another example of generalization can be found in the lesson plan “Navigational coding” 

(Grade 5), where students work in pairs and create their own map of a town after learning related 

coding and mathematics concepts from Grade 1 to Grade 4. This activity serves as an 

exemplification of generalization, particularly within the aspect of “activity learning aspect” 

from the lesson plan (Grade 5 – Coding Lesson – Navigational coding, 2024, p. 4). By this stage, 
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students are expected to apply their knowledge acquired from previous grades (e.g., spatial 

reasoning, concurrent coding) to develop a tangible project like Figure 22 (Grade 5 – Coding 

Lesson – Navigational coding, 2024, p. 1–4)   

 

Figure 22 

An Example from the Lesson Plan “Navigational coding”(Grade 5) 

 

 

In summary, the theme of generalization indicates parts of the lessons that encourage 

students to generalize their learning, connect it to real-world situations, and thus reinforce their 

coding and mathematics skills. These parts of the lessons involve students as active participants 



   

 

  98 

 

in the learning process. Thus, by engaging students in generalizing, the making activities in the 

lessons encourage students to create a project based on acquired knowledge. Beyond 

generalization, I found that the making activities in the lessons also focus on a second theme of 

digital making by introducing new technologies to assist students in solving problems. I present 

results related to digital making in the next section. 

6.1.3.2 Digital Making. The second theme, digital making, emphasizes the importance of 

technology in conducting coding activities (Kotsopoulos et al., 2017). I identified three sub-

themes related to types of digital tools: Scratch, Google related tools, and others. 

The first sub-theme, Scratch, is a visual programming language that targets children 

(https://scratch.mit.edu/). It allows learners to create interactive stories, games, and other projects 

using a simple block-based interface. These opportunities created with Scratch can be observed 

in the lesson plan “Exploring patterns with fractions using Scratch” (Grade 5), where students 

are tasked with using Scratch to gain a foundational understanding of fractions. Figure 23 

provides the details for the task: With teachers’ guidance, the students explore and apply patterns 

and observe how the size of the whole impacts the fraction size through coding in Scratch. This 

approach allows students to innovate and design their projects as well as develop their 

engagement and motivation towards learning coding. 

 

Figure 23 

An Example from the Lesson Plan “Exploring patterns with fractions using Scratch” (Grade 5) 

 

https://scratch.mit.edu/)
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Note. This task includes instructions for teachers to ask, “What would happen if we set the denominator to 3 – so that we are adding 

1/3 of the distance each time? Could you compare the result of this to the result with ½?” The lesson indicates that students may 

answer with, “The fraction (or decimal) getting added is smaller. It takes more steps (or terms of the patterns) to get close to 1 

whole” or “It is similar because you still don’t get to 1 whole when adding the fractions” (Exploring patterns with fractions using 

Scratch, 2024, p. 5).  

 

The second sub-theme, Google related tools, is a free online toolkit, offering various 

tools, such as Jamboard (https://workspace.google.com/products/jamboard/). In the lesson plan 

“Start small: Making informed financial decisions” (Grade 6), students use Jamboard to create 

computational representations of financial situations. Figure 24 presents an example from the 

lesson where students are encouraged to engage in activities such as calculating earnings and 

expenses and assessing the viability of a financial plan using Jamboard. These activities require 

students to apply their knowledge of mathematics, financial literacy, and coding in a practical 

and digital format (Grade 6 – Coding Lesson – Start small! Making informed financial decisions, 

2024, p. 1–2).   

 

Figure 24 

An Example from the Lesson Plan “Start small: making informed; financial decisions”(Grade 6) 

 

 

https://workspace.google.com/products/jamboard/)
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In addition to the two popular tools mentioned above, digital making also includes a final 

sub-theme, other tools, such as communication tools, game designed tools, or calculation tools. 

The sub-theme of other tools is observed in the lesson plan “Get the wolf to her pups,” (Grade 7) 

where the students are provided opportunities to collaborate with their peers through different 

platforms, such as Zoom, Microsoft, Google Meet (i.e., Google Meet is part of Google related 

tools, however, considering this lesson plan emphasizes the use of various collaborative 

platforms, such as Zoom, Microsoft, therefore, after discussing with my supervisor, we decided 

to categorize it under ‘other tools’). Figure 25 presents details of the application of these 

platforms in the lesson. This example highlights how digital making can foster collaboration and 

allow students to work from different locations, share ideas in real-time, and collectively 

contribute to digital projects. 

 

Figure 25 

An Example from the Lesson Plan “Get the world to help her pups” (Grade 7) 

 

 

 

In summary, digital making activities in the lessons have the potential to enhance 

students’ technology proficiency and encourages collaboration. Furthermore, these activities, as 
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presented in the lessons, aim to foster a learning environment where students can apply abstract 

coding concepts in a practical and innovative way, such as making a tangible project (e.g., 

making a town map) or applying various tools (e.g., Google related tools, Scratch). Next, I will 

present a summary of how students can learn coding through making.  

6.1.3.3 Summary for Making Curriculum in Use. In this section, I summarize results 

of how students can learn coding through making within the lessons. Figure 26 presents the 

making opportunities and their alignment with student development. 

 

Figure 26 

Bar Charts for Making Curriculum in Use 

 

Note. On the vertical axis, the two themes: generalization and digital making, emerge from the making learning opportunities. 

The horizontal axis represents the number of lesson plans featuring these two themes. Specifically, when a lesson plan included 

both generalization and digital making activities, it is coded under the theme which is predominant. This approach ensures that 

each lesson plan is counted only once, based on its primary focus.  
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As shown in the figure, I identified several trends in how making appears across grade 

levels in the lessons. Firstly, generalization is used equally at primary (Grade 1 – Grade 3) and 

junior levels (Grade 4 – Grade 6), but it is not used at the intermediate level (Grade 7 – Grade 8). 

Secondly, digital making is increasingly used as the educational level advances. Specifically, it is 

implemented in five lesson plans at the primary level (Grade 1 – Grade 3), eight at the junior 

level (Grade 4 – Grade 6), and six at the intermediate level (Grade 7 – Grade 8). The results 

indicate that as students progress through the grade levels, the focus of making activities shifts 

from generalization to digital making. The next section will explore how remixing can be used as 

coding learning opportunities, as presented in the lessons. 

 

 

6.1.4 Remixing for Curriculum in Use 

 

As described in previous chapters, remixing is a form of knowledge mobilization and 

requires students to identify usable parts of an object, then adapt and modify it to fit new 

purposes. As shown in Table 12, I identified two themes related to these remixing opportunities: 

(1) remixing is mobilizing knowledge (n = 6); (2) remixing is application in various contexts (n 

= 15). 

 

Table 12 

Remixing for Curriculum in Use 

Codes 
 

Description Lesson plans 

Mobilizing knowledge It refers to the creative process 
of taking existing ideas, 
concepts, or materials to 

Dance patterns (G3) 
Coding the way (G4) 
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generate new knowledge (e.g., 
Levin, 2008).  

Dancing our way to coding using 
patterning (G4) 
Coding on a coordinate gride (G4) 
Scratch your probabilities (G4) 
Part2: mystery integer! (G6) 
Coding YouTube (G8) 

 
Application in various 

Contexts 

 
It builds upon knowledge 
mobilization and encourages 
students to apply acquired 
knowledge to various contexts. 

 
Lets’ play hockey (G1) 
Banard commotion and motion (G1) 
Coding for squirrel (G2) 
Coding a table of value (G3) 
Budgets and spreadsheets: making 
plans (G5) 
Navigational coding (G5) 
Exploring patterns with fractions using 
scratch (G5) 
Start small: making informed; financial 
decisions (G6) 
Coding and composite number (G6) 
Restaurant order app (G7) 
$20 or 20% (G7) 
Draw a maze (G7) 
Coding with Pythagorean theorem 
(G8) 

 

6.1.4.1 Mobilizing Knowledge. The first theme, mobilizing knowledge, refers to the 

creative process of taking existing ideas, concepts, or materials to generate new knowledge (e.g., 

Levin, 2008). This can be observed in the lesson plan “Coding the way” (Grade 4) where 

students are required to use their understanding of coding principles to construct a new map that 

guides their partners. This activity embodies the theme “mobilizing knowledge” because through 

the act of designing a new map, students are not only applying what they have learned but also 

creating new things. Figure 27 presents the details of the activity within the lesson plan. 

 

Figure 27 

An Example from the Lesson Plan “Coding the way” (Grade 4) 
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Similarly, in the lesson plan “Coding YouTube” (Grade 8), the students are required to 

create an infographic that displays their learning about monetizing a YouTube channel. The 

creating of an infographic is a form of knowledge mobilization that requires students to 

generalize the learning process and make it more accessible to various audiences. 

 

Figure 28 

An Example from the Lesson Plan “Coding YouTube” (Grade 8) 

 

 

In summary, the theme of mobilizing knowledge emphasizes the ways the lessons 

encourage students to reimagine and repurpose existing knowledge to create new insights, 

making them more accessible to broad audiences. In the following section, I will discuss the 

second theme, application in various contexts, which delves deeper into how this repurposed 

knowledge can specifically address the needs of various disciplines.  
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6.1.4.2 Application in Various Contexts. The second theme, application in various 

contexts, builds upon knowledge mobilization and encourages students to apply acquired 

knowledge to various contexts. This theme is observed in the lesson plan “Draw a maze” (Grade 

7), where students are encouraged to apply their mathematics and coding knowledge acquired 

from the classroom in history and game design (Figure 29).  

 

Figure 29 

Maze of Potatoes/Labyrinthe de Pomme de Terre by OMAE-AFEMO (Grade 7) 

 

 

Another example is the lesson plan “Restaurant order app” (Grade 7), where students are 

encouraged to apply their coding and mathematics knowledge gained in the lesson to design a 

restaurant game. Figure 30 presents this game design project that intersects with disciplines such 

as game design, UX (i.e., user experience) design, and marketing.  

 

Figure 30 

An Example from the Lesson Plan “Restaurant order app” (Grade 7) 
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In sum, the theme of remixing as application in various disciplines emphasizes not only 

the transfer of knowledge from theoretical understanding to practical application but also 

encourages innovation and transdisciplinary collaboration. The inclusion of these types of 

activities has the potential to enhance students’ understanding and application of coding in 

various disciplines (e.g., Lesson plan “Restaurant order app” for Grade 7 students, integrates 

mathematics, coding, and game design. Similarly, lesson plan “Draw a maze” for Grade 7 

students, combines mathematics, coding, and history), thus preparing them for the complexities 

of real-world challenges. Next, I will present a summary of the remixing for coding learning 

opportunities. 

6.1.4.3 Summary for Remixing Curriculum in Use. In this section, I explore how 

students can learn coding through remixing. Figure 31 represents the remixing opportunities and 

their alignment with student development. 

 

Figure 31 

Bar Charts for Remixing Curriculum in Use 
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Note. On the vertical axis, the two themes: mobilization knowledge and application in various contexts, emerge from the 

remixing learning opportunities. The horizontal axis represents the number of lesson plans featuring these two themes. 

Specifically, when a lesson plan included both mobilization knowledge and application in various contexts activities, it is coded 

under the theme which is predominant. This approach ensures that each lesson plan is counted only once, based on its primary 

focus.  

 

Firstly, the theme, mobilization knowledge, is more emphasized at the junior level 

(Grades 4–6), while the theme, application in various contexts, is more evenly distributed across 

all the levels, with n = 4 at the primary level (Grades 1–3), n = 5 at the junior level (Grades 4–6), 

and n = 4 at the intermediate level (Grades 7–8). In conclusion, this observation suggests that the 

lesson plan designers applied remixing not only as a method to make coding more accessible, but 

also as a tool to encourage innovation, adaptability, and cross-disciplinary learning among 

students. In the next section, I will present a conclusion for this chapter. 

 

6.2 Conclusion of Chapter 6 
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 Chapter 6 explored how the Ontario math support lesson plans provided coding learning 

opportunities from four perspectives: unplugged, tinkering, making, and remixing. This 

exploration provided a detailed understanding of how coding learning opportunities are 

structured, extending from primary elementary to the more advanced stages in intermediate 

grades. In addition, it is important to note that these coding learning opportunities provided by 

the Ontario lesson plan designers are aligned with students’ developmental stages, ensuring that 

these opportunities are both age-appropriate and challenging.    

In the next chapter, I will discuss the results of Chapter 5 and Chapter 6 as well as the 

weaknesses and strengths of the conceptual framework used in this study. 
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Chapter 7: Discussion 

 

This section discusses the results presented in Chapter 5 and Chapter 6. Specifically, I 

answer the two research questions of the study. The results of the first research question (How 

was coding conceptualized in the Ontario elementary mathematics curricula?) were presented in 

Chapter 5 while the results of the second research question (How was coding integrated into 

Ontario Math Support lesson plans?) were shown in Chapter 6.  

 

7.1 Discussion on the First Research Question: How was Coding Conceptualized in the 

Ontario Elementary Mathematics Curricula? 

 

Chapter 5 provided a comprehensive overview of the ways coding is conceptualized in 

the Ontario elementary mathematics curricula. Specifically, the Ontario mathematics curricula 

conceptualized coding as a multifaceted approach to teaching and learning mathematics as well 

as consisting of multiple coding concepts (Ministry of Education of Ontario, 2020; Ontario, 

2022).  

Firstly, coding is fundamental within Ontario’s curricula (Ministry of Education of 

Ontario, 2020; Ontario, 2022). As illustrated in Chapter 5, coding is considered a key component 

in developing several skills for the 21st century, including mathematics thinking, problem 

solving, creativity, and digital literacy. It aims to cultivate a comprehensive skill set for students, 

applicable across various disciplines and real-life scenarios (Ministry of Education of Ontario, 

2020). These aims of the curricula are aligned with the research conducted by Sheridan et al. 

(2016), which demonstrates that coding could help learners transfer their skills from school to 

workplace contexts.  
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Secondly, coding has been conceptualized as a progressive learning journey, evolving 

from simple, tangible activities to complex, real-world applications. This progressive approach 

emphasizes the importance of building a solid foundation in coding skills and concepts for 

students at young ages before advancing to more complex projects. It aligns with Piaget’s (1953) 

perspectives, who argued that children develop intelligence by naturally progressing. A more 

recent study conducted by Strawhacker and Bers (2018) also supports this progressive curricular 

design. They state that integrating a coding and programming domain into developmental levels 

is a fundamental step for creating evidence-based computer science curricula (Strawhacker & 

Bers, 2018).  

In summary, coding in the Ontario curricula is conceptualized as a comprehensive 

approach that goes beyond merely teaching technical or mathematics skills (Ontario, 2022). It 

aims to enhance students’ mathematics learning and prepare them for a technology-rich society. 

Most importantly, coding is part of a developmental learning process that supports students’ 

growth across various disciplines. 

 

7.2 Discussion on the Second Research Question: How was Coding Integrated into Ontario 

Math Support’s Lesson Plans? 

 

In Chapter 6, four opportunities to learn coding were presented: unplugged, tinkering, 

making, and remixing. Figure 32 illustrates the progression of four opportunities across the 

grades. 

 

Figure 32 

Bar Charts for Coding Opportunities in Lesson Plans across Grade Levels 
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Note. My unit of the analysis is the lesson plan. That is, the numbers on the vertical axis represent the numbers of lesson plans that 

contained each specific learning opportunity. Additionally, each lesson plan is counted once per coding learning opportunity. For 

example, a lesson plan that comprises several unplugged activities is coded once under the unplugged learning opportunity category.  

 

Notably, tinkering is the most consistently emphasized opportunity, maintaining a high 

frequency across all grade levels, except for Grade 8. In contrast, remixing exhibits its greatest 

prominence at Grade 1, decreases sharply from Grade 1 to Grade 2, then increases, maintaining a 

steady presence from Grade 4 onwards. Unplugged opportunities are notably prevalent in the 

lower grades, specifically from Grades 1 to 6, whereas making opportunities persist across all 

grades. Below, I explain why these trends may happen. 

Unplugged opportunities are frequently used in the lower grades (Grades 1 to 6). One 

possible explanation is that unplugged opportunities often involve physical activities or visual 

representations, which are more suitable for students who may not yet have the skills to use 

digital devices. This reasoning is substantiated by Lee and Junoh’s (2019) research, which 

suggests that it is important to purposefully and systematically help children become familiar 

with coding and digital literacy from a very young age. In addition, their study emphasizes the 
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importance of presenting coding in a developmentally appropriate way (Lee & Junoh, 2019). 

Thus, when integrating coding into lessons, particularly for students at young ages, it is vital for 

researchers and educators to ensure that the approach engages them playfully. 

Tinkering and making opportunities are used more often in the lesson plans compared to 

unplugged and remixing opportunities. Specifically, tinkering encourages experimentation and 

iterative learning. Making supports students by applying digital creation in solving problems. 

The characteristics of these two opportunities align with the academic resilience (AR) theory, as 

AR encourages students to persist in the face of difficulties, adaptively overcome obstacles, and 

continuously improve their understanding and skills through repeated efforts (Wang et al., 1994). 

AR, therefore, underpins the educational value of tinkering and making by highlighting the 

importance of perseverance, adaptability, and the willingness to engage with challenging 

problems, thereby enhancing students’ likelihood of academic success. 

Remixing is the least used among the four opportunities in the Ontario lesson plans. This 

might be because remixing involves transferring knowledge and applying acquired knowledge 

from mathematics into different disciplines. This opportunity might be less familiar and more 

complex for both educators and students compared to those more straightforward opportunities 

(i.e., unplugged, tinkering, and making) (Kotsopoulos et al., 2017). In addition, the 

interdisciplinary nature of remixing might require both the educators and students to have a 

broad understanding and the ability to connect coding and mathematics skills from various fields 

(Dasgupta et al., 2016). Consequently, there is an urgent need for developing professional 

programs that equip educators with the skills to transfer coding concepts and skills from 

mathematics to other disciplines (Kong & Wong, 2017). Kong and Wong (2017) emphasize the 

importance of preparing teachers to introduce CT and coding into school subjects. Similarly, a 
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study conducted by Yadav et al (2017) also supports this recommendation. They suggest that 

preparing teachers for CT would empower them to prepare their students for the tech-rich society 

(Yadav et al., 2017).  

In conclusion, these four opportunities offer a multifaced approach to teaching and 

learning coding within mathematics contexts. They enhance students’ understanding of 

mathematics and coding concepts and equip students with essential skills in both disciplines. 

Moreover, these opportunities have the potential to create a learning environment that values 

experimentation, creativity, and collaboration, which aligns well with the demands of 21st-

century education. 

 

7.3 Strengths and Weakness of Conceptual Framework 

 

As detailed in Chapter 3, I developed a conceptual framework (Figure 3) for conducting 

this research. Although the conceptual framework has a systematic structure for understanding 

how to analyze coding integration in the Ontario mathematics curricula, it may require additional 

elements and clarifications to be effectively operationalized for my future research. Below, I 

present the strengths and weaknesses of the conceptual framework.  

Strengths: There are two significant strengths in using this conceptual framework. 

Firstly, it provides an understanding of coding integration from two perspectives. Specifically, 

the framework combines curriculum analysis and content knowledge for teaching, providing an 

understanding of Ontario curricula which extends from official curricula to curriculum in use. 

Through the combination, in my research, I gained insights into both the theoretical perspectives 

and practical applications of the Ontario curricula. Secondly, I used a pedagogical framework to 
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guide the analysis of coding learning opportunities. It offered a structured approach to 

identifying and understanding the diverse methods through which coding opportunities are 

created (by lesson plan designers) for the students. The framework also has potential to support 

my future research. By delineating different types of coding learning opportunities, this 

framework may provide me with a comprehensive toolkit for designing and implementing 

coding interventions and will also allow me to explore more themes and subthemes related to 

how to learn coding.  

Weakness: I found that there were two weaknesses in using the conceptual framework. 

Firstly, the conceptual framework is not designed to encompass a diverse range of participants, 

including students, teachers, and educators. By focusing solely on the analysis of official 

documents and lesson plans, the study may overlook critical insights and feedback from those 

actively engaged in the educational process. Second, the framework did not include ways to 

critique of the curricula, which limits the study’s ability to provide recommendations for 

effectively refining the Ontario curricula.  

In conclusion, while the conceptual framework I developed effectively combines 

curriculum analysis, content knowledge for teaching, and a pedagogical framework to offer a 

comprehensive understanding and practical application for coding integration within 

mathematics contexts, it lacks inclusivity regarding diverse participants and a lens for thorough 

critique of curricula, which limits its operational effectiveness for curriculum refinement in 

future research. The next section will discuss the limitations of the master’s thesis.   
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7.4 Limitations 

 

This master’s thesis study has some limitations. Firstly, these results could not be 

generalized into other settings (e.g., other provinces in Canada, other countries in the world). 

Specifically, the curricular documents and lessons in other provinces are different from Ontario. 

Consequently, the findings from this study may not be applicable to other provinces.   

In addition, considering that the research relies on curriculum analysis, I did not 

interview teachers, teacher educators, and students within the Ontario educational systems. 

Therefore, although the results provide a valuable reference for researchers interested in the 

integration of coding and mathematics, this research does not examine the effectiveness of 

coding integration for mathematics in actual classroom settings. 

Finally, the ways that I defined coding concepts may limit the generalizability of the 

results. Specifically, I have defined concepts for coding and coding integration at the beginning 

of research (Chapter 1 and Chapter 2). This approach limits this research’s scope to explore 

diverse definitions and perspectives of coding within mathematics contexts. Therefore, the 

results cannot be applied to other educational settings that have different definitions of coding. 

In conclusion, this master’s thesis presents valuable insights into the conceptualization 

and integration of coding within the Ontario elementary mathematics curricula and some of their 

publicly available lessons. However, the study’s results are subject to some limitations that must 

be recognized. The specificity of the Ontario context, with its unique educational frameworks, 

restricts the generalizability of the results to other regions or educational settings. This limitation 

underscores the importance of considering local contexts when interpreting the study’s findings. 
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Chapter 8: Conclusion 

 

In this final chapter, I first summarize the findings. Specifically, I revisit the entire study 

and connect its findings with existing literature, highlighting how my insights build upon and 

diverge from previous research. Furthermore, I articulate the specific contributions of my 

research to the field and outline directions for future investigations.  

 

8.1 Summary of the Findings 

 

 This qualitative research investigated how coding has been conceptualized and integrated 

into the Ontario mathematics curricula and Ontario Math Support’s lesson plans from Grades 1 

to 8. Two major findings emerged from the analysis of the Ontario documents, specifically the 

official Ontario curricula and the Ontario Math Support’s lesson plans. Each of the findings 

corresponds to one of the two research questions discussed in Chapter 7, sections 7.1 and 7.2.  

The first finding presented in Chapter 7, section 7.1, indicates that coding skills are 

emphasized in the Ontario curricula and are developed sequentially within the curricula 

documents. The results that support this finding were presented in Chapter 5 for each of the three 

cases: Case 1 (primary elementary; Grades 1 to 3); Case 2 (junior elementary; Grades 4 to 6); 

and Case 3 (intermediate elementary; Grades 7 to 8). Specifically, in Case 1, the youngest 

students must focus on foundational coding concepts that employ unplugged methods or visual 

languages. This focus has the potential to lay a foundation for understanding more complex 

coding concepts in the later grades. Following this, in Case 2, students are expected to build 

upon primary elementary levels and apply coding to enhance mathematics skills. Moreover, this 

phase is a transition between primary elementary and intermediate elementary. Then, in Case 3, 
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students are expected to apply coding into various disciplines. This stage aims to solidify 

students’ transdisciplinary skills, such as digital literacy and data analytical skills, thus 

potentially preparing them for the 21st century. This developmental sequence reflects existing 

theories in developmental psychology, especially those concerning students’ cognitive 

development (Strawhacker & Ber, 2019; Marinus et al., 2018; Gluga et al., 2013; Hwang et al., 

2008). These theories suggest that students benefit most from learning experiences that are 

tailored to their current level of understanding, then gradually increase in complexity as their 

skills develop (Piaget, 1953). In sum, this finding emphasizes the potential of coding curricula to 

adapt to the developmental stages of learners, potentially providing a solid foundation for 

lifelong learning and adaptability in a rapidly changing digital world. 

 My second finding presented in Chapter 7, section 7.2, demonstrates that the Ontario 

Math Support’s math lessons provide diverse opportunities to integrate coding into the teaching 

and learning process. The results that support this finding were presented in Chapter 6 where 

four opportunities were identified: unplugged, tinkering, making, and remixing, each offering 

unique benefits. The ways that these learning opportunities were integrated across grade levels 

reflected recommendations and practices described in existing literature in CT (Bers, 2018; Bers, 

2018). Specifically, in the lessons, unplugged is incorporated as an opportunity for young 

students to learn coding concepts, which is aligned with Brackmann et al.’s (2017) research 

where unplugged can effectively enhance primary students’ CT skills. In addition, tinkering (i.e., 

manipulating codes), which appeared across most of the grade levels, is similar to debugging 

(i.e., fixing errors to achieve the best performance of codes) (e.g., Kong & Wang, 2023) – a core 

practice of CT and a vital skill for computer programmers to grasp (Kong & Wang, 2023; Shute 

et al., 2017; Brennan & Renisck, 2012). Furthermore, this study identified making as a creative 
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method for introducing new technologies. Additionally, this study indicated that it had the 

potential to promote collaborative learning. Herro et al.’s (2021) research supported this 

argument, stating that making is an efficient way to develop social and CT skills, owing to its 

emphasis on collaborative problem solving. Finally, I identified that remixing was used in the 

Ontario lessons as an approach for students to apply their acquired knowledge from mathematics 

to various disciplines – something that can lead to CT learning. This potential for remixing to 

support CT is supported by Dasgupta et al.’s (2016) study. They propose that remixing, involved 

various domains, such as music, videos, and other interactive tools, and can be regarded as a 

pathway to learning CT (Dasgupta et al. 2016). In sum, the second finding shows that the 

Ontario lessons align with the broader goals of CT education that aim to equip students to master 

CT concepts, CT practices, and CT perspectives across various domains (Brennan & Renisck, 

2012), potentially preparing them for a rapidly evolving society.  

 In summary, these two findings collectively enrich the existing literature on curriculum 

studies and CT. Most importantly, these findings demonstrate how teachers and educators can 

integrate coding into practices, potentially preparing students for the rapidly evolving world. In 

the next and last section, I will present the implications and directions for future research.  

 

8.2 Implications & Future Research  

 

In conclusion, this research has practical and theoretical implications. Practically, it 

provides valuable guidance/reference for multiple communities, including in-service and pre-

service teachers, school administrators, policymakers, and educational researchers on how to 

integrate coding into teaching and learning mathematics. The proposed curriculum development 

identified in the study, advocates for a progressive, deliberate inclusion of coding skills and 
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concepts, aligned with cognitive development theories (Piaget, 1953). It has the potential to help 

students progressively build their coding and mathematics competencies in harmony with their 

developmental stages. Moreover, by incorporating a diverse range of learning opportunities, 

including unplugged, tinkering, making, and remixing, the curriculum in use has the potential to 

cater to various learning styles and preferences, thus providing a rich and varied learning 

experience for students across grades. For instance, kinesthetic learning opportunities (a form of 

unplugged learning opportunity), frequently used at lower grades, could potentially enhance 

students’ engagement and collaboration in learning coding and mathematics. Therefore, the 

researchers intending to develop young kids’ collaborative and coding skills could consider 

creating interventions that focus on kinesthetic formats, such as dancing, tools, and body 

movements. 

Theoretically, I have expanded the CT model developed by Kotsopoulos et al. (2017) by 

identifying related themes and subthemes. This potentially broadens its scope and applicability 

within the context of elementary mathematics.  Specifically, the expansion categorizes coding 

learning opportunities into four main areas: unplugged, tinkering, making, and remixing. Each 

category is supported by distinct thematic elements, further refined into subthemes when 

applicable. Unplugged opportunities emphasize kinesthetic engagement (with Body, Dance, and 

Tools subthemes) and Oral interactions (with Introduction, and Discussion subthemes). 

Tinkering involves hands-on Code manipulation and Interactive learning, both without further 

subthemes. Making is divided into Generalization and Digital making (with subthemes Scratch, 

Google-related tools, and Other tools). Finally, Remixing includes Mobilizing knowledge and 

Application in various contexts, both without subthemes. This framework not only deepens the 
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coding integration into elementary mathematics curricula but also proposes a structured approach 

to cultivating versatile skill sets for elementary students. 

Regarding future research, I plan to use the CCKMTL framework developed in the study 

to explore how curriculum policies can be designed to effectively integrate coding into various 

educational programs (e.g., mathematics, science, special education). My approach will involve 

reviewing policy documents from different countries and interviewing policymakers and 

educators worldwide. In addition, based on the CCKMTL framework, I aim to compare various 

international models of education that have successfully integrated coding. Specifically, I am 

interested in conducting a comparative analysis between China (i.e., Eastern culture) and Canada 

(i.e., Western culture) to understand how cultural differences impact the efficacy of coding 

integration in education.  
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