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Abstract 

 For a variety of reasons, there are many high school aged students who underachieve in 

their mathematics studies. There is some research that suggests that low mathematics motivation 

and self-efficacy could be responsible for part of this underachievement, and other research that 

found that combining mathematics with music in a cross-disciplinary style improved 

mathematics motivation and self-efficacy in their participants. The goal of this research was to 

further explore cross-disciplinary pedagogical approaches and to understand the experience of 

participants as they learned mathematics concepts through the framework of musical instrument 

design and construction. Through this understanding it was also my goal to improve my teaching 

practices, and to better facilitate this goal I chose Action Research as my methodology for its 

focus on professional development and finding solutions to everyday problems. This research 

found that there are some benefits to participants’ feelings of motivation, competence, and 

confidence for mathematics when placed in this musical framework and that there are many 

ways in which the teacher was able to improve their teaching practices through designing and 

executing these cross-disciplinary lessons.  
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Chapter 1: Introduction 

This research represents the intersection of several aspects of my life. My love and study 

of music, the way these studies unintentionally shifted my career path towards education, my 

more recent interest in designing and constructing musical instruments, and the way this new 

interest helped me re-evaluate my tenuous relationship with mathematics. In 2017 I became 

interested in constructing custom guitar-like instruments which were not commercially available, 

and to achieve these designs I was forced to learn some new mathematical concepts. As a 

teenager, I had decided I was not a “math person” and did not give it a second thought until 

attempting to design these instruments. The fact I found the mathematics I was using to be 

fascinating rather than tedious was an interesting revelation. At the same time, I had been 

working as a private music teacher at a music therapy clinic where my job relied on adapting 

learning material to meet the needs of a variety of learning styles. At some point, it occurred to 

me that had a mathematics instructor been able to adapt their lessons to include music in some 

capacity, I may have been more open to the idea of being a “math person” and perhaps improved 

my performance in mathematics class. All of this has culminated into an interest in the cross-

disciplinary pairing of mathematics and music, and how exploring this pairing can help me 

improve my educational practices. 

While researching this topic in a more empirical capacity I found that I was not alone in 

seeing cross-disciplinary pedagogical approaches as a potential solution to engaging otherwise 

uninterested students in mathematics. Many high school students underachieve in their 

mathematics education, possibly due to insufficient self-efficacy for the subject (Anderson et al., 

2015; Skaalvik & Skaalvik, 2009). Studies into the integration of mathematics and music have 

demonstrated improvements to mathematics self-efficacy (An & Tillman, 2014; An er al., 2015; 
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An Et al., 2011). Many of these studies have involved pre-service teachers rather than high 

school aged students, leaving a potential gap in the research. Ideally, the new context a cross-

disciplinary pairing of mathematics and music provides may help students with low self-efficacy 

(Bandura, 1997), motivation, or feelings of competence and confidence in their mathematics 

studies. 

This research had two goals. The primary goal was to create a series of cross-disciplinary 

lessons which combined mathematical concepts into a musical framework and to understand the 

experience of participants who took part in these lessons. Through this understanding my aim 

was to improve my teaching practices both broadly speaking and in the specific domain of cross-

disciplinary education. The secondary goal was to add to the existing pool of knowledge 

pertaining to cross-disciplinary education with a specific focus on the pairing of mathematics and 

music. Ideally, this research would not only improve my teaching practices but possibly help or 

inspire others who wish to explore and experiment with cross-disciplinary education.  

Research Questions 

The overarching research question was: How do students describe the experience of 

learning mathematics through the real-world context of instrument construction, and how can 

understanding this experience improve my teaching practice? Guiding sub-questions were:  

1. What is the sense of motivation students feel when they apply mathematics in a real-

world context?   

2. What are students’ feelings of competence and confidence in mathematics in an 

interdisciplinary music and mathematics learning experience?   
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Autobiographical Statement 

As the intent of my research was to examine the pedagogical experience of integrating 

mathematics and music, I feel that the best way to situate myself autobiographically is to reflect 

on my experiences with mathematics, music, and education. By doing so, it will be easier to 

understand how the three disciplines eventually intersected to inspire my research.  

I would describe my experience as a mathematics student as quite average. Although I 

usually understood the content, I never felt the urge to devote excess time or effort to learn the 

material thoroughly and was usually satisfied so long as my grades were around 75 percent. I 

was not usually interested in the subject, so I did what was required to safely achieve a passing 

grade for the course and not much more. The one topic I do remember specifically enjoying was 

geometry. The content seemed practical and hands-on, and I was able to interact with it in a way 

that I typically could not with more abstract mathematics topics like algebra. Later in my high 

school career, I overheard some of my peers discussing the physics course they would be taking 

the following year, which piqued my interest. Although I did not fully understand what the 

course would entail, it sounded like it would have the practical elements which I enjoyed in 

geometry class. I decided to ask my mathematics teacher if there was any chance that I could 

take the class the following year. The answer was no. I did not possess the prerequisite 

knowledge, and in my teachers’ opinion, I would not be able to attain it over the next five 

months. I feel it was at this moment I decided I was clearly not a “math person” and the subject 

wasn’t for me. I continued to underachieve through the rest of my high school mathematics 

career. 

As for my experience with music, from the moment I received my first guitar at 14 years 

old, it has been a life-long obsession. I began playing in bands in high school and continue to the 
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present day. At 20 years old I was finally able to afford formal lessons, which enabled me to 

enter the music department at Vanier College, and later at Concordia University. Although I 

appreciate many aspects of music, something that I find interesting in retrospect is the fact that 

many aspects of music that have interested me over the years have been somewhat mathematical 

in nature. During high school, I was immediately drawn to music theory and would often hide at 

the back of the class to obsessively write down all the note permutations for chords, scales, and 

modes that I could think of. During my post-secondary studies, I became very interested in 

compositional techniques which were more mathematical in their nature, such as procedural, 

aleatoric, and serial music. I continue to find writing music with these types of parameters 

exciting.  

I never planned to pursue work as a teacher in any capacity, it simply occurred to me 

during my musical studies that a logical way to also make some kind of an income would be to 

offer guitar lessons. As I continued to teach, I found myself enjoying the work more and more. It 

was very satisfying to help my students succeed at their goals and to vicariously relive the 

excitement of learning new musical concepts through them. By the end of my studies, most of 

my work experience was in teaching music privately, so I decided to seek out full-time 

employment in this field. I eventually found work at a music therapy clinic as an adaptive music 

teacher, which would turn out to be a pivotal moment for my development as a teacher. The 

majority of my clients at this job were children with exceptionalities, and it was my 

responsibility to adapt the lesson material to meet their needs. This task was intimidating at first, 

but as I gained experience on the job, I felt a tremendous sense of growth in my skills as a 

teacher. This is when my interest in adapting educational material to meet the needs of the 

student began. 
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In 2017, I began a new hobby: designing and building custom “guitar-like” instruments. 

Due to the unique nature of these instruments, I was forced to learn some mathematical formulas 

and concepts to ensure they would play in tune and have the optimal string tension. It was at this 

point I began to re-evaluate the narrative I had created for myself regarding my mathematics 

abilities. As it turned out, when I had an interest in solving the problem, the mathematics also 

became interesting to me. It was not long after this that my interest in mathematics, music, and 

education would all converge to inspire my proposed research. My experience with mathematics 

has taught me the importance of self-efficacy and how feeling like I cannot succeed can be a 

self-fulfilling prophecy. My experience with music taught me that the intrinsic motivation a 

person feels for one subject can sometimes be harnessed to fuel learning in another. Finally, my 

experience as a private music teacher has taught me that with the right approach content can be 

made interesting and accessible to a much wider set of learners than may be initially believed.  

With any research, it is important to address the potential bias that might arise. As my 

research was inspired heavily by my own personal experiences, I have taken caution when 

analyzing the data to avoid making connections that simply confirm my own lived experience. 

The crux of my research relies on the assumption that participants will be lacking in motivation, 

competence, and confidence for mathematics and additionally will have a strong intrinsic interest 

in music. To make this research valuable, I have done my best to understand the unique 

experiences of others and not let my own personal biases or experiences skew how I have 

interpreted the data. 
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Chapter 2: Literature Review 

 Broadly speaking my research is interested in the potential benefits a cross-disciplinary 

pairing of mathematics and music might have for students who are lacking in feelings of 

motivation, competence, and confidence for mathematics. The potential breadth of this topic 

leaves a lot of ground to be covered when reviewing the literature, and to facilitate this I will be 

organizing this review into different sections. The first will cover the concept of self-efficacy and 

its utility for understanding students’ feelings of motivation, confidence, and competence in their 

mathematics learning. Next, I will examine the specific connection between self-efficacy and 

mathematics education. Following that, I will review attempts to integrate mathematics into other 

disciplines. Next, I will examine the current Quebec curriculum for secondary school 

mathematics and to what level it addresses cross-disciplinary approaches to mathematics. 

Finally, I will examine the specific case for music as a cross-disciplinary partner for 

mathematics, and review attempts to integrate the two disciplines thus far.  

Self-Efficacy as a Framework for Understanding 

In 1997, Albert Bandura proposed a theory of self-efficacy which asserted that an 

individual’s subjective judgement of their capability to execute a task can drastically impact their 

ability to carry it out (Bandura, 1997). For example, Bandura noted that children who regarded 

themselves as efficacious were more successful at solving mathematical problems (Bandura, 

1997). Since the theory's inception, we have come to understand that it is key to some 

motivational processes and that it plays a crucial role in whether or not individuals feel they can 

accomplish tasks and develop the resilience to actually complete them (Pajares & Urdan, 2006). 

In other words, the theory of self-efficacy serves as a useful framework for understanding 

elements of my participants' feelings of motivation, competence, and confidence for mathematics 
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as I try to improve my teaching practices. With this said, it is not advised to attempt to measure 

self-efficacy unless your research is specifically designed to do so (Pajares & Urdan, 2006), 

therefore I will instead use ideas and concepts derived from existing research and literature 

pertaining to the theory of self-efficacy to guide my understanding of my participants’ 

experience with the cross-disciplinary lessons, and how I can use this information to inform and 

improve my teaching practices.  

To better understand how aspects of self-efficacy may appear in the experiences of my 

participants it is useful to examine the four sources of self-efficacy posited by Bandura: mastery 

experience, vicarious experience, verbal persuasion, and physiological and affective states 

(Bandura, 1997). Mastery experience, which is described by Bandura as the most influential 

source of self-efficacy, occurs after an individual has completed a task and is then able to use this 

authentic information as evidence of success or failure. Vicarious experience occurs when one 

individual witnesses another perform a task and is able to use this information to assess how they 

feel they themselves would fare when attempting it. Verbal persuasion occurs when an 

individual’s belief in their capabilities is altered by the feedback of another. This can be in the 

form of an instructor telling a student that they believe in the student’s abilities to complete a 

task but must be used carefully as supporting unrealistic beliefs will often undermine self-

efficacy down the road. Finally, physiological and affective states describe the impact that 

physiological and emotional states can play on an individual’s ability to judge their 

performances. Moderate levels of arousal can heighten attentiveness, but high levels can 

debilitate performance (Pajares & Urdan, 2006), therefore it is important to consider the 

emotional state of an individual as it can impact their success and through that their self-efficacy 

(Bandura, 1997). In addition to these factors, it is important to keep in mind that Self-efficacy is 
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domain, context, and task-specific, which means that a student can have high self-efficacy in one 

subject and low self-efficacy in another (Pajares & Urdan, 2006). By keeping all of this in mind, 

I will be able to better utilize the concept of self-efficacy as a framework for understanding the 

experiences of my participants.   

Self-Efficacy and Mathematics Learning 

With the basic concepts of self-efficacy established, it is worthwhile to investigate the 

connection between self-efficacy and mathematics achievement. A study was conducted in 2010 

which examined the effect of the perceived classroom environment on mathematic self-efficacy 

and on standardized test performances in mathematics (Fast et al., 2010). To do this, researchers 

assembled recruited 1163 participants who were in the fourth, fifth, and sixth grades and had 

them complete the “Student Motivation Questionnaire” and had each student complete a 65-item 

mathematics test appropriate to their grade level. The researchers for this study concluded among 

other findings that higher levels of mathematics self-efficacy positively affected the student’s 

mathematics performance. Adding to this, another study conducted in 2009 sought to explore the 

connection between self-concept, self-efficacy, and mathematics achievement (Skaalvik & 

Skaalvik, 2009). To facilitate this, the researchers examined two longitudinal studies, one with 

246 middle school students, and the other with 484 high school students. Participants had their 

self-concept, self-efficacy, intrinsic motivation, goal orientation, and self-esteem measured 

through a questionnaire, and their mathematics grades were collected at two points during the 

study. The authors concluded that the results of their study strongly indicated that self-concept 

and self-efficacy were important mediators in academic achievement. 

Another study conducted in 2005 examined the self-perception of ability and 

achievement students felt across their high-school transition (Silverthorn, Et al, 2005). Their 
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research had 342 participants from grades 8 to 11 complete questionnaires designed to measure 

self-perception of academic ability and then measured their achievement by examining the 

grades they obtained in their classes. The researchers found that self-perception can predict 

achievement, and then that later achievement can predict future self-perception forming a type of 

feedback loop, which in the wrong circumstances could work against the students’ achievement. 

Additionally, a study was conducted in 2009 which examined sources of middle school students’ 

self-efficacy in mathematics (Usher, 2009). To facilitate this, eight students from grades 6-8 

were selected from a larger group who had already participated in another study earlier that year. 

Using data collected from the previous study and interviews, researchers investigated the 

students’ self-efficacy for self-directed learning, mathematics self-efficacy, grade-self efficacy, 

and general self-efficacy to better understand the existing connections. Ultimately, researchers 

concluded that their results were consistent with the theories posited by Bandura, even noticing 

that the classroom a student is placed in had an impact on their learning, with children in a 

“gifted class” receiving a boost in confidence and students in a “remedial” class tending to feel 

more discouraged. Finally, a research study conducted in 2013 attempted to better understand 

why postsecondary students chose STEM majors by examining data collected for a longitudinal 

study (Wang, 2013). Variables measured in this study included participants' exposure to math 

and science courses, 12th-grade math achievement measured by math standardized test scores, 

12th-grade math self-efficacy beliefs, l0th-grade math achievement, 10th-grade attitudes toward 

math. This study concluded that there was evidence that mathematics self-efficacy accrued 

during the time in secondary school learning could play a significant role in whether or not a 

student chose to pursue a career in STEM of which mathematics is an integral component.   
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 Bandura’s theory proposed that the perceived successes a person experiences tend to 

increase self-efficacy, whereas perceived failures tend to undermine it. A person’s subjective 

perception of success or failure is important to this concept, as they need to actually believe they 

have succeeded in some way to increase their self-efficacy (Bandura, 1997). Students tend to 

view mistakes as a source of embarrassment rather than an opportunity for learning (Allen & 

Schnell, 2016) and are often under the impression that to be “good” at mathematics one needs to 

answer questions quickly (Anderson, 2007). When they feel they are at risk of appearing foolish 

they may cease effort in an attempt to protect their self-worth (Dweck, 2006; Summers, 2006). 

Attempts to protect one’s self-worth in mathematics learning often lead to the widespread and 

incorrect belief that some people are “naturally” or “genetically” predisposed for success in 

mathematics (Anderson, 2007; Sole, 2019), which allows individuals to relinquish their 

responsibility for making an effort in the classroom.  

There has been research which indicates that some aspects of the pedagogical approach 

utilized by current mathematics teachers could be contributing to the self-efficacy and self-

perception issues affecting some students. For example, in 2014 a study was conducted to 

investigate the connection between teacher characteristics and teachers’ beliefs about 

mathematics teaching (Clark et al., 2014). To better understand this connection the researchers 

analyzed data collected from a series of surveys pertaining to teacher knowledge, teaching 

experience, mathematics teaching beliefs, and awareness of students’ mathematics dispositions. 

This research concluded that a teacher’s personal experience with factors such as race and gender 

could impact their pedagogical approach, specifically impacting whether they believe in 

incremental mastery, or how long they feel a student should be allowed to struggle with a 

mathematics problem before intervention. For example, the study found that as the percentage of 
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students qualifying for free and reduced meals increased, the teachers’ belief in incremental 

mastery decreased. Although this study could be seen as somewhat tangential to the self-efficacy 

or self-perception of mathematics students, allowing a student to struggle on a question for a 

length of time based on factors which are not related to whether or not it appropriately challenges 

said student seems as though it could create a situation where the student begins to cultivate a 

self-perception in which they feel they are “bad” at mathematics. 

Building on this, a 2015 study was conducted to better understand the decline in post-

secondary STEM enrollment in Montreal, Quebec (Simon, Et al, 2015). By collecting and 

analyzing the self-reported data of 1309 post-secondary students through use of a questionnaire 

which examined their self-efficacy, intrinsic motivation, and achievement goal orientation, this 

study concluded that self-efficacy and achievement goals were important factors in persistence 

and performance and that there is a need to utilize instructional methods which promote critical 

aspects of student motivation, defined by the authors as self-efficacy, mastery, and autonomy. 

Given this conclusion and that the study was predicated on the decline in STEM enrollment, this 

would support the idea that the current pedagogical methods found in mathematics classrooms 

might not be supporting students’ self-efficacy in the most effective manner. Finally, a 2016 

article discussing the importance of mathematics identity (Allen & Schnell, 2016) pointed to 

some pedagogical habits in the mathematics classroom which could be detrimental to student 

learning. One example being the habit to call upon the entire class for answers which can 

privilege stronger students while discouraging those who struggle, or prioritizing exercises which 

give students the impression that success in mathematics lies in generating correct answers 

quickly. The ideas contained within the article are consistent with the theories of self-efficacy 

and growth mindset proposed by Bandura and Dweck (2016) respectively. Overall, there is 
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evidence supporting the idea that to help our students reach higher levels of achievement in 

mathematics we should adopt student-oriented instructional methods that better support their 

learning. 

Finally, elements of motivation are also included in Bandura’s theory of self-efficacy. 

The first element he discusses is “Expectancy Value Theory,” explaining that self-efficacy can 

be bolstered when the individual has the right incentive (Bandura, 1997). Expectancy Value 

Theory can be described as a type of motivation which is derived from the individual seeing 

some type of value in completing the task they are provided (Eccles & Wigfield, 2002) and that 

value can be perceived in the mathematics classroom whenever students ask what has become 

known as “the question” by many mathematics educators, “when are we going to use this?” 

(Goetz, 2016). Research has demonstrated that students are more motivated to perform 

mathematical tasks when they can see some type of value in learning from the tasks. For 

example, one study of individual students’ engagement with mathematics learning when placed 

in other contexts found that one participant who self-identified as disliking mathematics was 

better able to engage with the discipline when it was placed in the context of a topic she was 

interested in, in this case societal issues (Anderson et al., 2015). This is further supported by a 

2009 study which sought to better understand the connection between student perception of 

classroom achievement goals, self-efficacy, perceived instrumentality of classroom work, and a 

sense of belonging within the classroom (Walker & Greene, 2009). To do this Walker and 

Greene distributed questionnaires to 249 students between the ages of 14 and 19 years old to 

measure these factors. Results of their study supported the idea that students who believe that the 

current work they are doing is instrumental to their future are more likely to focus. Some have 

proposed that the solution to motivational deficits in regard to Expectancy Value Theory is to 
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provide students with problems that they might see in the real world. A 2011 article which 

provides five broad suggestions for improving mathematics learning in the classroom points out 

that students are not usually interested in pseudo-realistic questions (the example given being if a 

barn has 27 heads and 78 legs, what combination of cows and chickens reside within it) and 

suggests to instead devise problems which are relevant or meaningful to students (Gasser, 2011). 

Adding to this, in his book “Cross-Curricular Teaching and Learning in Secondary School 

Mathematics” author Robert Ward-Penny explains that one of the key advantages to a cross-

curricular approach to mathematics pedagogy is that the mathematical concepts can be taught in 

a way which feels more authentic to students (Ward-Penny, 2011). These last two references add 

support to the idea of investigating what impact placing mathematical concepts in a real-world 

context might have for mathematics learners.  

Integrating Mathematics into other Disciplines 

One approach which may allow students to improve their mathematics self-efficacy is to 

integrate mathematics into other disciplines, often those which are considered to be more artistic. 

Some have argued that integration is an effective way to demonstrate to students that they can 

use mathematics in a way that is creative or to solve real problems that they might encounter in 

their day-to-day life (Fry, 2016). Looking to the book “Cross-Curricular Teaching and Learning 

in Secondary School Mathematics” once again, we see the author assert that interdisciplinary 

integration might better prepare students for tasks and problems they will face outside of the 

formal school environment post-graduation as problems in the real world are seldom divided 

neatly by subject or discipline (Ward-Penny, 2011). Research conducted which has focused on 

integrating mathematics into other disciplines has demonstrated that for some students it can help 

them learn the mathematics concepts. One such study examined the experience of 22 elementary 
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school children aged 5 to 6 as their teacher conducted a class where they created origami “snap-

dragons” and then with a deck of playing cards interacted with them to understand the use of 

greater than (>) and less than (<) symbols (Hunter-Doniger, 2016). This study concluded that, 

despite the lesson being a bit more complicated to run, it did seem to engage the students and 

enhance their learning experience. Adding to this is a 2017 article in which the author recounts 

the experience of combining photography and mathematics in her classroom at a middle-school, 

high-school, and college level. The aim of this integration was to have students take pictures 

using a camera or their phones, and then try to describe their selected photographs in 

mathematical terms, usually using geometry. The author concluded that although this type of 

integration needs more examination and evidence, it did seem to benefit her students and allow 

them to see how mathematics exists in their everyday life (Jaqua, 2017).  

In a similar vein, a 2014 article discussed the experience of a mathematics and English 

teacher who collaborated on cross-curricular lessons for their eight grade students which had 

them to explain mathematical concepts through poems, music, or music videos (Counihan & 

Silcox, 2014). Their evaluation of this collaboration is that the students were engaged in their 

projects and that it was an effective way to allow students to teach and learn from their peers. 

Finally, a study conducted in 2012 examined the effects of having 44 college-level physics 

students create drawings based on their class readings over the semester along with written 

reflections (Veen, 2012). After an analysis of the drawings and reflections the author of this 

study felt that the students’ drawings of how they conceptualized the course content provided a 

powerful means of understanding how students think and process information. Furthermore, it 

seemed to help some students organize their thinking which could be a useful learning strategy 

for some. One key issue with this approach is that for it to be executed effectively, mathematics 
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educators either need to expand their pedagogical knowledge of other disciplines, or reach out to 

other educators for their input (Omniewski & Habursky, 1999; Weinberg & McMeeking, 2017). 

This can be time-consuming for teachers who may already feel overtaxed in their workload. 

Quebec Mathematics Curriculum: Secondary School 

 Although the interdisciplinary potential of mathematics is not the focal point of the 

Quebec curriculum for secondary mathematics (Ministère de l’Éducation du Québec [MEQ], 

2004), it does make some effort to at least address the potential for this approach. The curriculum 

for cycle one students (grades 7 and 8) points out that number sense in mathematics can be used 

for “understanding musical code.” I find this to be a somewhat cryptic connection as “code” 

could refer to a number of things, but if I were to hazard a guess, I would assume this is in 

reference to reading and writing musical notation. The section for cycle two students (grades 9, 

10, and 11) is more specific, connecting number sense with musical intervals and ratios, as well 

as connecting geometric transformations to the melodic variations common in the era of J.S. 

Bach.  

Cycles one and two of the Quebec mathematics curriculum share three core competencies 

which students are expected to master before graduation: “Solves a situational problem”, “Uses 

mathematical Reasoning”, and “Communicates using mathematical language.” The cross-

disciplinary integration of music and mathematics has the potential to satisfy all three 

competencies in many capacities. For this research, the learning experience will focus 

specifically on the cross-disciplinary activity of instrument design and construction. For 

competency one, “solves a situational problem”, there are many aspects of musical instrument 

design where a situational problem can be solved with mathematics. One example would be 

trying to determine the appropriate gauge of string to achieve the correct tension at a specified 
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pitch for a stringed instrument. The second competency, “Uses mathematical Reasoning”, is 

described as having the student organize their thinking and use inductive or deductive 

approaches to solve a problem with mathematics. Students who construct an instrument will 

often be working to some sort of budget and will be able to use mathematics to determine what 

combination of materials and parts can be sourced to meet that budget while still fulfilling their 

design goals. All of these problems can then be analyzed, and solutions can be deduced and 

applied to further iterations of their designs.  

The third competency “Communicates using mathematical language” can be achieved 

when expressing different temperaments and tuning systems available in instrument design. 

Since the time of Pythagoras humans have been devising different approaches to how we 

determine the exact distance between notes in our musical scales (Fauvel, Flood, & Wilson, 

2010) with each one being a trade off between how pure the intervals sound versus how well the 

instrument can play in multiple keys. For example, a perfect fifth interval in the time of 

Pythagoras would be described as the simple ratio 3:2. This means that if our starting pitch were 

440 hertz, the perfect fifth above it would be 660 hertz. A more modern approach to determining 

intervals is to use the twelfth root of two which can be expressed as , or 1.05946. Compared 

to the mathematical language of ratios used for a Pythagorean tuning, we now see the use of 

square roots and decimal points. Using this tuning approach, a perfect fifth above 440 hertz 

would now be 659.24. This seemingly minor deviation from the simple ratios previously used 

has considerable ramifications when it comes time to play one instrument in several keys, and to 

express it requires a different mathematical language than the simple ratios of Pythagoras.   

It is encouraging to see that the Quebec curriculum for mathematics acknowledges the 

utility of integrating music and mathematics, but it would be nice to see this potential elaborated 
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on in greater detail. Given that there is some evidence for the potential benefit of integrating 

mathematics into other disciplines, what case can be made for music as a cross-disciplinary 

partner? As far back as Pythagoras, the connection between music and mathematics has been 

understood (Ward-Penny, 2011). In present day, the field of acoustics is rife with examples of 

how music manifests itself mathematically when we examine the physical properties of musical 

instruments and how our perception of sound functions (Rogers, 2004). A review of the book 

“Musicmathics” volume 1 by Gareth Loy shows that we can use mathematics to understand 

almost every aspect of sound, be it the ratios which produce musical scales, the physics used to 

create and measure sound, or how we understand our perception of sound through 

psychoacoustics (Loy, 2006). Compositionally speaking, how we understand written music, note 

duration, interval distance, and many other factors can all be seen through a mathematical lens 

(Ward-Penny, 2011).  

Specific Case for Music and Mathematics 

 With these connections between mathematics and music in mind, it would stand to reason 

that some might have attempted to integrate the two disciplines for pedagogical reasons. An 

explorative study performed in 2011 found that having preservice teachers integrate mathematics 

into a musical composition exercise had a positive effect on their attitude, engagement, and 

confidence towards mathematics teaching and learning (An, et al., 2011). Another study had both 

pre-service and in-service teachers attempt to create mathematics lessons that integrated musical 

activities and then examined the different strategies and approaches used. Although no data were 

collected on the effectiveness of the lessons created, the authors of the study did feel that the 

diversity and creativity demonstrated in creating the lessons during the study support the 

potential advantages of integrating mathematics and music in a pedagogical setting (An & 
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Tillman, 2014). A 2015 study found that when preservice teachers were given an intervention 

that emphasized and demonstrated the potential of integrating mathematics and music, their 

mathematics teaching self-efficacy was demonstrably improved (An et al., 2015). Another study 

examined the self-reports of in-service teachers with experience ranging from kindergarten to 

grade twelve after they had taken part in an instructional course on integrating core academic 

subjects into music. A comparison of the self-reports from before and after the course had mixed 

results. Although the teachers expressed that the course had improved their music knowledge, 

they did not feel any more confidence in their ability to integrate music in their own classrooms 

(Colwell, 2008). A common feature of all of these studies is that they were always conducted 

with in-service or pre-service teachers and not students. This leaves a gap in the literature which 

my research hopes to fill. 

 Although many of these studies are encouraging examples of the integration of 

mathematics and music, there are a few common misconceptions that must be addressed when 

approaching this research topic. Firstly, there is a notion that students with an aptitude for 

mathematics will be innately inclined to succeed in music and vice-versa. According to current 

research, this belief is not substantiated in any meaningful way (Vaughn, 2000).  There is some 

evidence pointing to this perceived connection being more likely a result of a student’s socio-

economic status. For example, a study that examined the SAT scores of music and non-music 

students found that students who were enrolled in music class often went to schools that were 

more financially secure (Elpus, 2013). Additionally, students who participated in music classes 

that used instruments rather than choral music also seemed to be at an advantage. Once again this 

might be connected to socio-economic status as being able to afford an instrument and lessons to 

excel as it indicates a potential economic advantage.  
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The notion that musical and mathematical aptitude are innately linked is problematic as it 

can encourage the same belief in “innate” skills which are somewhat responsible for low 

mathematics self-efficacy in some students. Secondly, the way in which the two disciplines are 

integrated is important. Ideally, when two disciplines are integrated it is done in a co-equal 

fashion (Bresler, 1995), which implies that the value and content of both disciplines are equally 

respected and represented to create a whole greater than the sum of its parts. The antithesis of co-

equal integration is subservient integration, which occurs when one discipline is strongly 

favoured and the other is integrated in a shallow way which provides little-to-no additional 

insight or understanding of it. An example of subservient integration might be playing classical 

music in the background while students do mathematics problems. Although this may create a 

pleasant atmosphere for mathematics to take place, the students are not learning anything 

substantial about the music outside of its mere existence. If music is integrated into mathematics 

in a subservient fashion then the quality of music education will be compromised (Bresler, 

1995). In a worst-case scenario, a shallow integration of music into mathematics could be passed 

off as adequate in regard to the inclusion of music into the curriculum, in an attempt to cut costs 

without having to acknowledge the lack of opportunities to learn music at their establishment 

(Colwell, 2008; Wiggins, 2001). 

 These are valid concerns, but they do not discourage my interest in the integration of the 

two subjects. I feel that instrument design and construction is not at risk of having one discipline 

be subservient to the other as the musical thought process necessary to design the instrument for 

practical playability and the implicit mathematics necessary to ensure that the instrument 

functions properly are equally important to the mathematics needed see the project through to 

completion. Additionally, with the correct planning, this approach of instrument design and 
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construction can include participants of many socioeconomic classes. Of course, access to better 

tools can speed up the building process, but with patience, much of the work can be done on a 

relatively modest budget. Furthermore, through upcycling, raw materials for instruments can be 

found in old furniture, discarded pallet wood, or even worn-out skateboards (Sway, 2017).  
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Chapter 3: Methods and Methodology 

Methodology 

To conduct my research, I chose Action Research as a methodology. Action research is 

described as a systematic approach to investigation which enables the researcher to find solutions 

to problems they confront in their everyday lives and can be used as a source of professional 

development (Stringer, 2007). In the case of this research, the everyday problem is mathematics 

students who are having trouble engaging with the subject, and the improvements I would like to 

make are to my teaching practices. Key elements of Action Research are addressing practical 

problems, generating knowledge, collaboration, following a cyclical process, and improving 

practice (Koshy, 2005). In regard to addressing a practical problem, statistics from PISA 

(Programme for International Student Assessment) indicate the mathematics performance of 

Canadian students has dropped from 3rd globally in 2003 to 9th in 2015, which indicates that 

elements of our approach to mathematics pedagogy may not be working or that others are 

outpacing us. I feel that this is a practical problem and that my attempt to understand the 

experience of my participants as they had mathematics learning integrated into a musical 

framework could be beneficial in understanding the larger problem at hand.          

As for generating knowledge, although there is already a fair amount of research into 

mathematics motivation, competence, and confidence, I feel that as my research is focusing on 

these factors in the context of cross-disciplinary pedagogy that there is potential to add to the 

existing pool of knowledge, albeit in a fairly niche area of interest. While collaboration can take 

several forms, in my research it was achieved through consistent feedback from my supervisors 

as each lesson of my research was conducted. This outside perspective was used to shape my 

upcoming lessons and improve my teaching practice as the research progressed.  
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Utilizing a cyclical process (Koshy, 2005; Stringer 2007) was achieved by researching, 

putting the research into practice, evaluating the lessons or activities which had been conducted, 

and then using that reflection to guide additional research. By repeating this process, I was able 

to refine my research and practice to gain more accurate and valuable knowledge regarding 

music-mathematics integration and how it might relate to a student’s self-efficacy.  The final 

element outlined is improving practice, which I feel was achieved personally by deepening my 

understanding of cross-disciplinary education both theoretically and in the classroom. More 

broadly, I feel this was achieved by adding to the pool of knowledge regarding cross-disciplinary 

education and depending on its perceived effectiveness could inspire others to explore this area 

of research in more depth. This thesis will certainly outline which elements of the lessons and 

activities seemed effective and make recommendations as to how they could be integrated into 

more common practice in mathematics and music classrooms. 

 A key feature of Action Research is the opportunity it provides for collaboration 

throughout the research process. By choosing a critical collaborator, the primary researcher is 

better able to maintain the rigour and quality of their findings (Koshy, 2005). Naturally, it is 

ideal for this collaborator to be someone with a strong level of knowledge and expertise in the 

subject matter which is to be researched. For this research, I was able to collaborate with my 

committee member, Dr. Ben Bolden, whose expertise in music and education was invaluable in 

evaluating and improving my cross-disciplinary lessons. 

           Action Research has been described as the most effective when it is phenomenological, 

interpretive, and hermeneutic (Stringer, 2007). Phenomenologically, I chose to focus on my 

participants' lived experiences with mathematics learning as well as my own experience with the 

discipline. By doing this I was able to tailor my activities to provide a positive mathematical 
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experience for my participants. As for interpretative, I focused on the subjective experiences of 

participants as they engaged with the activities and then used that knowledge to shape future 

lessons as well as perform data analysis.  

As for hermeneutic, analysis of my data used a hermeneutic interpretative 

phenomenology. There are several reasons why I feel this approach was the best choice for my 

research. The philosophy of hermeneutics has been described as the science of interpreting 

human meaning and experience, and through it, interviews and observations can be interpreted as 

narratives to reveal meaning (Crist & Tanner, 2003). This reflects the approach I used for my 

data analysis, where data from the interviews with my participants, as well as my own 

observations came together to form a type of narrative around my participants' experience with 

mathematics learning and their reaction to my cross-disciplinary lessons. Central to the notion of 

hermeneutics is understanding (Bent, 2005). This meant that rather than focus on trying to find a 

theory to generalize or predict a phenomenon (Crist & Tanner, 2003) I was able to instead allow 

my understanding of my participants’ experience to evolve as the research progressed. 

Although I came into this research with theories like self-efficacy and interdisciplinary 

education in mind, the hermeneutic approach allowed me to use the aspects of self-efficacy as a 

lens for my observations and interpretations that focus on the unique experiences my participants 

were relaying to me. Hermeneutic interpretive phenomenology does not require researchers to 

bracket their own preconceptions or theories during the process (Crist & Tanner, 2003), I feel 

this was advantageous as it allowed me to use my experience as a music teacher and an amateur 

luthier to improve the lessons as the research progressed, and then to analyze aspects of the data 

which pertained to music learning and instrument design. Finally, hermeneutic interpretative 

phenomenology encourages the use of collaboration when it comes to interpreting and 
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understanding data (Crist & Tanner, 2003), which directly aligned with my chosen methodology, 

Action Research. This manifested in correspondence with my committee member Dr. Ben 

Bolden, who provided useful insight and feedback during my research process.  

Methods 

Participants 

Participants for this research were selected based on a few sets of criteria. The first was 

that they at least be in secondary school as some of the mathematical concepts I wished to work 

with would generally be above the capabilities of a grade school student. The second was a 

general lack of excitement for mathematics class. This did not mean they had to be 

underperforming in mathematics, but I was hoping to seek out participants who were not 

particularly passionate about the subject. Finally, participants in this research needed to have at 

least some interest in music and playing an instrument. This did not mean they had to have any 

set amount of technical skill or experience, but they did need to at least have the interest. 

Regarding sample size, Action Research is not concerned with generalizability so much as 

creating new knowledge (Koshy, 2005) therefore I could have theoretically completed this 

research with as few as one participant. With that said, I ultimately selected three participants as 

this would give me multiple perspectives to accrue insight from, while at the same time allowing 

me to give each participant the individual time and attention I felt this research would require. 

These participants were Elizabeth, a 15 year old identifying as female in the 10th grade, Olivia, 

another 15 year old identifying as female in 10th grade, and Madelyn, an 18 year old identifying 

as female in her first year of Cégep.  
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Recruitment 

 Initially, recruitment for this research was going to use convenience sampling as it would 

allow me to select participants who were easily accessible and willing to participate, even if they 

were not the most appropriate to answer the research question (Teddlie & Tashakkori, 2009). 

This would allow me to select participants from the after-school program at which I am 

employed. Ultimately, this is where I found three participants who were readily available to 

participate in the research. The participants I selected, two of whom are siblings, had recently 

taken part in a series of online guitar lessons I conducted through the after-school program. I felt 

these three students would make ideal participants for a few reasons. Firstly, I knew that two 

were in high school and that one had just recently graduated. Second, as they were participating 

in a series of guitar lessons, I knew that they all reached the minimum interest in music and 

playing an instrument I required. Finally, because I knew these students and all of their parents 

personally through the after-school program, I had casually discussed mathematics learning with 

and about these students on a few occasions and gathered that none were particularly excited 

about what they learned in their mathematics class.  

As I was able to select these participants based on these known factors, it might be more 

accurate to describe my recruitment as purposeful sampling because that is the strategy that was 

ultimately employed. With all of this in mind, during a routine call to all parents before the end 

of the virtual guitar lessons, when I called the parents of these particular students, I took the time 

to give a brief description of my research project and get permission to run the idea of 

participating in it to their children. With their permission, at the end of the final guitar lesson, I 

asked the group if I could explain my research to them and after giving them the details asked if 

any of them would be interested in participating. All three expressed interest in participating, and 
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with that information, I contacted one parent by phone and the other by Facebook messenger to 

give a full description of the research, and to provide the letter of consent/information. Once I 

had the letters of consent/information signed I emailed out a lesson schedule to participants for 

the upcoming interdisciplinary lesson times. 

Ethics 

To ensure that my research was done ethically I was careful to ensure that I followed the 

proper ethical procedures at each step of the research process. Before commencing my research, 

I secured approval from my institution's board of ethics, and I gained the necessary permissions 

from the site to use said site when possible. While recruiting I contacted participants and their 

parents or legal guardians to inform them of the study's general purpose, assure the participants 

of the voluntary nature of their participation, and provided the appropriate consent forms 

necessary. Among my participants, there were no major differences in culture, religion, or 

gender that required specific care or consideration. While collecting my data, I respected the 

work area when I was able to use it, was open about the purpose and use of the study data, 

avoided leading questions, avoided disclosing sensitive information, provided rewards for 

participating, and ensured that all data was and will continue to be securely stored for at least 

five years. While analyzing the data I ensured that I was reporting the multiple perspectives of 

my participants including perspectives that may have felt contrary to the emerging findings of 

the research and was careful to use pseudonyms when reporting on my participants. When 

reporting my data, I have been careful not to misrepresent any evidence, data, or findings and 

have avoided disclosing any information that could harm my participants. Furthermore, I have 

done my best to communicate my data in a clear and straightforward manner (Creswell & Poth, 

2018).  
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Site 

           Due to the Covid-19 pandemic, the vast majority of this research was conducted remotely 

over the “ZOOM Cloud Meetings” video teleconferencing software to comply with social 

distancing regulations. This was the case for the cross-disciplinary lessons as well as the one-on-

one interviews with each participant. During these remote meetings typically all three 

participants would utilize their personal computers and would call in from their bedrooms. 

Occasionally Elizabeth and Madelyn would share one computer as they are siblings and reside in 

the same household. For the final lesson, the social distancing restrictions placed by the 

provincial government were reduced and I was able to meet with the three participants at the 

Dawson Boys and Girls Club community center.  

Interdisciplinary Activities 

This research utilized a set of lessons and activities which aimed to broaden my 

participants’ understanding of stringed instruments and inspire them to explore their creativity by 

designing their own. By demonstrating the mathematics necessary to design and construct a 

musical instrument it was my hope that participants would see a new way that mathematics could 

be practically used in their lives. The lessons and activities for this research were split into two 

sections. Section one contained lessons one through four and generally covered information I felt 

the students should know before attempting to create their own designs, while section two 

covered lessons five through eight and was focused on the actual design and creation process. 

For additional information regarding these lessons please see Appendix B.  

Lesson 1: 

           This lesson was designed as a general overview of stringed musical instruments from 

around the world, how they are classified, and how they function. The lesson began with a brief 
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introduction and overview of what it would entail and what its purpose was. After this, a 

PowerPoint presentation was used to demonstrate various stringed instruments from around the 

world. The slideshow covered plucked instruments, bowed instruments, struck instruments, 

plectrums, and construction types. As each slide progressed participants were asked to 

hypothesize on how these instruments worked, or why they were designed the way they were. At 

the end of the lesson participants were given a list of musical instrument qualities and for each 

one asked what instrument they thought would best match the quality we were discussing. Once 

the lesson was complete participants were asked if they needed clarification on any part of the 

lesson, and to provide any feedback they might have. They were given a brief description of the 

content they would learn the following week and the lesson was concluded.  

Lesson 2: 

This lesson was designed to show the geometric and mathematical nature of how we 

space frets across the fingerboard of an instrument by studying a “Strähle Construction” (Table 

B1). The lesson began with a brief introduction and overview of what it would entail and what its 

purpose was. Participants were reminded of the materials they would require for the activity and 

given time to find any materials they were missing. Once all participants were ready the 

PowerPoint slideshow containing the lesson's content began. Participants were given a brief 

history lesson on the story of Daniel Strähle and his fret spacing technique. They were then led 

through the 8 geometrical steps to create a Strähle construction, drawing each step on a Bristol 

board that had been provided. I performed each step alongside them to ensure participants had a 

point of comparison as they followed the instructions.  

Once all participants had completed their geometric drawings, they were asked to cut out 

the necessary portions and create pilot holes at key intersections on their drawings. They were 
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then asked to place the drawing on a plank of wood that had been provided and place a screw at 

the first and last point of the drawing. Once the screws were fastened, they were asked to drive 

nails into the remaining intersections. Once all screws and nails were firmly secured, they were 

asked to remove the drawing and attach a classical guitar string to the plank. From there each 

participant tuned their string to pitch and began the process of fine-tuning their “instrument”. 

Using the whiteboard function on ZOOM I demonstrated the concept of string clearance for frets 

and assisted each participant in their adjustments. By the end of this process each participant had 

a functional, albeit crude instrument which could play simple melodies (Table B1). Once the 

lesson was complete participants were asked if they needed clarification on any part of the 

lesson, and to provide any feedback they might have. They were given a brief description of the 

content they would learn the following week and the lesson was concluded. 

Lesson 3: 

           This lesson was designed to demonstrate the many ways a stringed instrument can be 

tuned, and what advantages or drawbacks different tunings have. The lesson began with a brief 

introduction and overview of what it would entail and what its purpose was. Once participants 

were ready the PowerPoint slideshow began. Participants were asked to think about what 

“tuning” was, and why we might choose to tune different instruments in different ways. Next, 

they were introduced to the concepts of symmetrical, asymmetrical, and open tunings, and 

provided examples of which instruments used them and why. Next, participants were provided 

with a table of note cycles and with a pen and paper asked to create their own symmetrical 

tunings. Once this was complete the lesson shifted to how chords are constructed and how 

inversions and voicings work. After all this information was disseminated, participants were 

tasked with three “tuning problems” to solve. Using a ukulele and a tool for visualizing tunings 
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(Table B1) they were given time to come up with a solution to each problem. Once the lesson 

was complete participants were asked if they needed clarification on any part of the lesson, and 

to provide any feedback they might have. They were given a brief description of the content they 

would learn the following week and the lesson was concluded. 

Lesson 4: 

This lesson was designed to show participants the mathematical nature of string tension, a 

factor that impacts all stringed instruments. The lesson began with a brief introduction and 

overview of what it would entail and what its purpose was. Once participants were ready the 

PowerPoint slideshow began. The importance of proper string tension is described as necessary 

for playability and the long-term health of an instrument. Following this, key terms to be used as 

mathematical variables are introduced. Each term is explained individually along with the way 

each variable impacts the others. Next, participants were refreshed on the mathematics’ order of 

operations and once it was clear they understood they were introduced to three string tension 

formulas. The first formula was used for calculating string tension, the second was used for 

calculating the desired gauge of a string to achieve a predetermined tension, and the third was 

used for determining the correct length of a string to achieve proper tension. Once these formulas 

were understood by the participants we moved onto the practical portion of the lesson. Each 

participant was provided a “harp-like” instrument (Table B1) with adjustable string posts, 

meaning the length of each string could be altered. Using the formulas we learned, participants 

were asked to decide on a pitch and tension for the initial string, a musical scale to tune the 

instrument to, and then to use that information to extrapolate what the length of the remaining 

strings should be. All mathematics for this portion were done by filling out a table on a word 

document which was provided to each participant. I worked on the formulas alongside the 
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participants to ensure that the material was being understood and as a point of reference. Once all 

the mathematics were complete, participants adjusted the string posts, tuned their instruments to 

pitch, and were able to test out their results. Once the lesson was complete participants were 

asked if they needed clarification on any part of the lesson, and to provide any feedback they 

might have. They were given a brief description of the content they would learn the following 

week and the lesson was concluded. 

Lesson 5: 

This lesson was designed to introduce key elements necessary for stringed instrument 

design, and then to let participants bounce ideas off each other while creating rough designs of 

their instruments. The lesson began with a brief introduction and overview of what it would 

entail and what its purpose was. Once participants were ready the PowerPoint slideshow began. 

The importance of string placement and headstock angle were explained, along with the pros and 

cons of different approaches. Following this, the mechanics and importance of the truss rod was 

explained through images and the use of the whiteboard function on ZOOM. Next participants 

were given some basic limitations they would have on their instrument designs with explanations 

as to why I would not be able to produce certain features with my toolset and timeframe. They 

were then provided with an inventory of parts I had available for the construction of their 

instruments. Once this was complete, I had a slide prepared for each participant with design 

ideas based on instruments they had expressed interest in during the second one-on-one 

interview. After this, the lesson moved into the brainstorming phase. Each participant went into 

detail on what they wanted to build and began to draw rough sketches of their ideas. As the 

lesson progressed they checked in with me about design ideas and I provided feedback. Once the 

lesson was complete participants were asked if they needed clarification on any part of the 
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lesson, and to provide any feedback they might have. They were given a brief description of the 

content they would learn the following week and the lesson was concluded. 

Lesson 6: 

The purpose of this lesson was to give each participant one-on-one time to fine-tune their 

design and create a to-scale drawing of their instruments. Although each of these lessons was 

done individually, they all followed the same routine. First, we decided on basic factors of the 

instruments such as size, number of strings, tuning, etc. Once this was determined we picked a 

scale for the drawing (typically 1inch in real life = 1cm on the drawing) and started placing key 

elements to the page. I drew the same measurements as my participants so that we could 

compare our two drawings and ensure that everything was being understood. The process began 

with the centerline, placement of the bridge and nut, placement of the 12th fret, the width of the 

nut, and the width of the bridge. Once these elements were in place the drawing had the key 

“playable area” of the instrument complete and participants were free to design the rest of their 

instrument around that. This was done until each participant was satisfied with the design they 

had been working on. Once the lesson was complete participants were asked if they needed 

clarification on any part of the lesson, and to provide any feedback they might have. They were 

given a brief description of the content they would learn the following week and the lesson was 

concluded. 

Lesson 7: 

The purpose of this lesson was to have each participant produce a one-to-one scale 

template of the instrument they were designing on a foam-core Bristol board (Table B1). The 

lesson began with a brief introduction and overview of what it would entail and what its purpose 

was, and once participants were ready it began. First participants were instructed to determine 
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the scale length and overall length of their instruments. Any participants who needed to combine 

two pieces of the Bristol board were instructed on how to do so. Once all participants were 

ready, they were instructed to draw a centerline and start placing measurements for the bridge, 

nut, 12th fret, end of the fretboard, and any other features of the playable areas of their 

instruments. Once this was complete, they were refreshed on how to design an instrument's 

headstock. Following this, they all used their time to start drawing and fine-tuning the other 

elements of their instruments. To ensure clarity I completed each of these steps on my own 

materials so that participants could have a visual reference to my instructions. Before the lesson 

concluded I had each participant select wood they preferred for the top of their instruments. Once 

the lesson was complete participants were asked if they needed clarification on any part of the 

lesson, and to provide any feedback they might have. We arranged times for me to safely pick up 

each template so that I could start working on the final construction of their instruments and the 

lesson was concluded.  

Lesson 8: 

This lesson was loosely planned as an opportunity to safely distribute the final products 

to my participants, discuss the results, and provide them an opportunity to experience the results 

of their hard work together. Before participants arrived, I set up three amplifiers and prepared 

cables and straps for the instruments. When my participants arrived they were each given their 

instrument and allowed some time to investigate the final product. As they did this, I explained 

issues I had during the build process and where the final products might differ from what they 

initially envisioned. We took time to re-tune the instruments and then participants were 

encouraged to plug them in and explore what they had created. As they played, I tried to provide 

some playing instruction where possible as some of the instruments were somewhat 



34 
 

unconventional. Once it seemed that every participant was satisfied, I asked for general feedback 

or reactions they had to their instruments. Finally, I collected any paper copies of designs they 

might have brought in for me. Once the lesson was concluded I thanked them all for their time, 

tidied the workspace up, and the data collection of the research was complete.  

Basic Action Research Routine 

Although these activities were pre-planned their content evolved throughout the research. 

To facilitate my research, I used the “Basic Action Research Routine” (Stringer, 2007) in which 

the three steps of “look”, “think”, and “act” were repeated cyclically until the research was 

completed. During the “look” phase, I began by implementing each week’s lesson and gathering 

relevant information while doing so. During this phase, I kept notes in my journal and built a 

picture of the research and setting through rich descriptions. At the “think” phase I reflected on 

each of the lessons and activities which had transpired and analyzed how participants reacted to 

them, paying special attention to my perception of their motivation, competence, and confidence 

throughout. This was an opportunity to think about what aspects of my lessons and activities 

were eliciting a positive reaction from participants and which were not. Finally, at the “act” 

phase I utilized the information I had collected to evaluate what I had already attempted during 

the previous lessons and used this knowledge to implement a modified approach in ways I 

thought would improve future lessons. This process was completed at each main phase of the 

research. As Action Research is rooted in collaboration, during the “think” phase I corresponded 

with my supervisors to discuss my findings and get an outside opinion before I moved on to the 

“act” phase. 
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Data Types 

 I collected four key types of data for this research. The first was interviews I conducted 

with each participant at the beginning, middle, and end of the study. The second was field notes I 

collected as I observed and had regular informal exchanges and discussions with participants 

during each activity. The third was in the form of journal notes which captured my thought 

process during the design and refining of the integrative lessons and activities. Finally, I 

collected the design work my participants created during the process. This was in the form of 

their rough notes, calculations, blueprints, and templates.   

Data Tools 

There were three data tools used for this research. The first was an interview protocol that 

was used to ensure interviews stayed on track and collected the key points of data necessary for 

the research. This protocol was designed in the style recommended by Kvale (2007) in which 

questions are organized by a theme and then use question types. A theme, in this case, refers to 

an area of interest the researcher wishes to gather data on, and question type refers to any of the 9 

types of questions described by Kvale (Introducing question; Follow-up question; Probing 

question; Specifying question; Direct question; Indirect question; Structuring question; Silence; 

Interpreting Question). An example of this would be to choose a broad thematic area like 

“mathematics attitude” and ask what Kvale refers to as an “indirect question”, for example, “how 

do you feel about math class?” If more information is desired having a “follow up question” like 

“have you always felt this way?” is useful for gaining more insight into their answer. Once this 

line of questioning was complete a “structuring question” could be used to move onto the next 

broad topic, for example, “I am curious what you are learning about in your math class now”, 

which can lead to the general topic of “mathematics knowledge.”  
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The second data collection tool I used was an observation protocol (See appendix E). 

This ensured that I made consistent observations during each activity and that I did not neglect to 

remark on subtle yet important details, for example, the state of my participants' work area, or 

even the time of day and weather. The final data tool was my journal which was used to take 

note of any thoughts I had over the research period when I was not in observation. These 

thoughts were often reflections about how activities were received, new ideas I wanted to try, 

and feedback from my supervisors I found useful. 

Data Collection 

To collect data for this research I proceeded through the following steps. First, before 

participant recruitment began, I started collecting thoughts for lessons within my journal which 

would be utilized throughout the research. Second, after recruiting participants but before 

beginning the cross-disciplinary lessons I conducted a one-on-one interview with each of the 

participants which were recorded for later analysis. Third, I conducted the first four cross-

disciplinary lessons with participants. During each individual lesson, I took notes according to 

my observation protocol which would become my field notes and after each lesson, I wrote a 

short reflection in my journal to capture my feelings about what I thought did and did not work 

for the lesson. Fourth, I conducted a second round of one-on-one interviews with my participants 

which were also recorded. Fifth, I conducted the second round of cross-disciplinary lessons 

during which I once again utilized my observation protocol and journal, but this time as my 

participants were working on designs for their instruments, I was also able to get copies of their 

work to use as artifacts. Finally, once all the cross-disciplinary lessons were complete I 

conducted a final round of one-on-one interviews, which were once again recorded.  

 



37 
 

Data Analysis 

 To analyze the data, I followed the process outlined in “Action Research” (Stringer, 

2007). This analytic process involved reviewing the collected data, unitizing the data, 

categorizing and coding, identifying themes, organizing a category system, and finally 

developing a framework. I felt that this process was the best fit for my research, as its cyclical 

approach to improving teaching practices would allow me to continually adjust and improve my 

interdisciplinary lessons. The first three steps of reviewing, unitizing, and categorizing the data 

were approached using Stringer’s “Basic Action Research Routine” (Stringer, 2007) in which the 

three steps of “look”, “think”, and “act” were repeated cyclically throughout the research as I 

attempted to understand and improve the lessons and activities I was conducting with my 

participants. During the “look” step I re-read journal notes I had taken after conducting each 

lesson, reviewed correspondence in which I received feedback and advice from Dr. Ben Bolden, 

and made connections to deepen my understanding of the data I had accumulated by each point.  

During the “think” step I tried to consider what aspects of the lessons had been working well and 

used this knowledge to try and improve the upcoming lessons. Finally, during the “act” step I 

executed these improvements to the best of my ability and made sure to take note of how my 

participants responded to the changes.  

Finally, once the lessons and activities were completed, I was able to move on to the final 

three steps of the data analysis: Identifying themes; Organizing a category system; And 

developing a framework. The process of “identifying themes” involved reviewing the interview 

transcripts I collected, selecting any quotes which had relevance to the research, summarizing 

those quotes into their key ideas, and then organizing these key ideas into categories. Following 

this, “organizing a category system” took those categories and grouped them into five overall 
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themes which paint an overall picture of the research. Finally, “developing a reporting 

framework” consists of bringing all of this information and analysis together into this thesis.  

Data analysis for this research was guided by the use of hermeneutic interpretative 

phenomenology. This philosophical approach allowed the data analysis to be centered on 

interpreting the experience of my participants (Crist & Tanner, 2003), and to use this 

interpretation to deepen my understanding of their experiences (Bent, 2005). This allowed me to 

home in on my participants' personal experience with learning mathematics, and to try and 

understand what challenges they were facing. Furthermore, the hermeneutic approach did not 

require me to bracket my own personal experiences from the analysis process (Crist & Tanner, 

2003) which meant I was free to draw upon my experiences as a musician, music teacher, and 

amateur luthier. This was particularly useful in understanding my participants' experience as 

music students, and as they learned to design musical instruments. Finally, the hermeneutic 

philosophy also encourages collaboration (Crist & Tanner, 2003), which in the case of this 

research took the form of my correspondence with Dr. Ben Bolden. Reflections on this 

correspondence in concert with my journal reflections would eventually manifest into a unique 

section of my findings chapter. 
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Chapter 4: Findings 

By the end of analyzing the data collected for this research, I had arrived at three 

overarching areas for findings. The first was key themes derived from the interview data. This 

section consists of five overall themes which serve to encapsulate all categorization of the data I 

had performed throughout my analysis. In an order which reflects the emphasis and importance 

as seemingly expressed by the participants, these themes were: Music Math Connection; Math 

Utility Disconnect; Math Ability Reflection; General Music; and Musical Instrument Design. 

Each of these themes will be discussed broadly, along with key categories belonging to them 

which felt pertinent to observations about the overall themes. The second overarching findings 

area was a reflection on the cross-disciplinary lessons conducted for this research. This reflection 

was achieved by examining my thought process to improve each lesson, my immediate reaction 

to each lesson based on my journal entries, the feedback I received from Dr. Bolden, and finally 

a post data analysis reflection which could take the three previous factors into consideration 

simultaneously. The final overarching area for findings was an examination of each of my 

participants individually through the lens of self-efficacy. This was done by re-visiting the data 

collected through their interviews and applying the knowledge I had gained about self-efficacy 

through the literature to see if I could better understand the mathematics learning experience of 

my participants.  

Themes from Interview Data 

Music Math Connection 

This theme is composed of categories that I feel help me to understand the experience of 

my participants as they were exposed to the ways in which music and mathematics overlap as 

disciplines. This could be by looking at the growth in their understanding of this overlap, or them 
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reflecting on how this cross-disciplinary approach differed from their usual mathematics 

classroom experience. This theme, along with “Math Utility Disconnect” had what seemed to be 

the strongest emphasis when reviewing the data collected from participant interviews. The 

categories I feel best represent this theme are: Musi-Math Connection; Musi-Math Utility; and 

Musi-Math Lessons: Positive. I will now examine each of these categories in detail.  

Musi-Math Connection 

While designing my research I was interested in how my participants’ understanding of 

the connection between music and mathematics might develop throughout this program. To try 

and track this development I ensured that I asked them in what ways they thought music was 

mathematical during each of the three one-on-one interviews throughout the research. Data 

collected from this inquiry was coded as “Musi-Math Connection” which I feel demonstrated a 

growth in the understanding of these connections for each participant. See Table 4.1: 

Table 4.1 

Participant responses to the connections between music and mathematics 

Student Interview 1 

Quotes 

Interview 2 

Quotes 

Interview 3 

Quotes 

Elizabeth • “Rhythms are pretty 

mathematical”  

• “Spacing in between 

notes” 

• “Definitely geometry. 

Like measuring.” 

• [Song writing] “That's 

more mathematical 

for some reason?; 

Because you have to 

think of a pattern that 

will sound and work.” 

• “Counting rhythm, 

could be 

mathematical.” 

• “There's the five lines 

and then there's a 

notes and geometry I 

guess?” 

• “Yeah, like geometry 

for building, it's very 

specific for notes.” 
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• “The frets, we only 

calculated some of 

them, like the 12, 

stuff like that.” 

• “I would go with 

something that's 

already a circle, like 

those diameter 

calculators. You get 

them in an art class.” 

Madelyn • “Everything kind of 

mathematical.” 

• “It always involves 

counting, so there's a 

basic math, good... Or 

I’m sure building 

instruments requires a 

lot of calculations and 

stuff.” 

• Probably a lot of 

geometry to make 

sure everything 

sounds good.  

• Reverberance? I Don't 

know, like the way 

that... You know how 

instruments have 

hollow spots? 

• “Counting I guess 

that's kind of math” 

• “To get stuff to like 

instruments to work 

in a way that they're 

not necessarily 

designed to.” 

• “Even just as simple 

as sound getting to 

your ears from the 

music that you're 

playing is math.” 

• “Where you put the 

thing to put the strap.” 

Olivia • “Theory, everything 

about writing music, 

everything about that 

kind of stuff, what 

sounds good intervals 

and stuff to your ear.”  

• “I think that really, 

really helped me out 

in like fractions in 

grades 5, because 

quarter note, whole 

note, half note, eight 

note.” 

• “There's the formulas, 

which is like algebra, 

I guess for the tuning 

and that kind of stuff 

we learned last class.”  

• “I think also just 

planning things out, I 

think it reminds me a 

lot of labs that I 

would do where we 

had to do prepping.” 

• “Putting the words on 

top of chords and 

stuff when to change 

them has been pretty 

mathematical.” 

• “Well, I learned how 

to read music around 

grade four, five, 

maybe three. And 

then once we went to 

fractions in school, I 

was like, This is the 

easiest thing ever.” 

• “I mean, whenever 

I've had to write - 

composition, […] but 

I think there's a lot of 

math” 

• “Pretty much 

everything about 

music theory is 

mathematical.” 
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• “All the wires and 

stuff, I imagine 

circuits and stuff and 

science, and so I was 

like, Well, that's 

probably pretty 

mathematical.” 

• “The shape of it in 

general, like the 

circles and stuff, 

having to do those 

where... I took a lot of 

math.” 

• “Yeah I mean, it's all 

measurements and 

ratios, the size of it, 

and there was a lot 

more math than I 

thought I was gonna 

go into that.” 

• “There's a lot of math 

I've realized that goes 

into the frets.” 
 

When reviewing the statements coded as “Musi-Math Connection” there appears to be a 

clear growth in the connection participants were able to make between music and mathematics. 

During the first interview participants mostly pointed out that music is mathematical through 

rhythm, counting, and intervals. By the second interview, which took place after four music-

mathematics lessons we see participants forming deeper connections between the two 

disciplines, pointing more specifically to geometry and algebra as areas of overlap. By the final 

interview, participants' answers had become more instrument-oriented, but even within this 

scope, they were making significantly more connections between music and mathematics, 

remarking on patterns, geometry, rhythm, string length, fret spacing, note spacing, acoustics, 

intervals, electronics, and ratios.  

 



43 
 

Musi-Math Utility 

 “Musi-Math Utility” was used to code instances of participants describing their own 

experience combining the two disciplines and what utility that had for them. This would often 

indicate a preference for the tangible and hands-on approach to learning mathematics I designed 

my lessons to provide, with Madelyn remarking that: 

“This was more interesting 'cause it was like real life instead of the weird concept of 

math – That has its use, but it's stupid and I don't like it.” 

Not only did this sentiment tell me that my lessons were working as intended, but it helped to 

support my suspicion that the disconnect between classroom mathematics and the real world can 

be detrimental to engagement with the discipline. A statement from Olivia provided additional 

support for the utility of combining music and mathematics from a motivational standpoint: 

“Yeah, and the lines that we were doing to get the string tension and the frequency and 

that stuff was really cool for me 'cause it was like, “Oh, all this math that is annoying, but 

it gets me somewhere.” ‘Cause I can make something out of that” 

In contrast to Madelyn, Olivia did not purport that mathematics has become any more interesting 

to her, but because she sees a use or end goal for them, she is more motivated to engage in 

mathematical thinking to complete the work at hand. I feel that these two statements demonstrate 

not only that there is a utility to combining mathematics and music, but that it has benefits for a 

variety of mathematics learners.  

Musi-Math Lessons: Positive 

This category captures instances in the data where participants responded positively to 

the music-mathematics lessons I designed for this research. The majority of the data for this 

category is found in the final interview I conducted with each participant as at that point I was 
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able to have them fully reflect on the lessons and instruments they designed. I was interested to 

find that different aspects of the interdisciplinary approach resonated with each participant. For 

example, it seemed that some of Madelyn’s positive feelings towards the lessons stemmed from 

satisfaction in having acquired a deeper knowledge of musical instruments: 

“Yeah, I thought it was interesting to see how people figure out how to do frets. So, 

there's a reason why they're like this, obviously there was. I see it now, I get how they did 

it, I get how they do it now.” 

This is consistent with her feeling the mathematical concepts used for these lessons were more 

interesting due to their tangible application. In contrast to this, Olivia seemed more excited by 

the act of turning the mathematics into a functional instrument: 

“Yeah, I think that as soon as I did that, that was really cool to me, it’s like - This is the 

coolest thing ever! - It's just like numbers and stuff. And you go and then that's your 

instrument.”  

This is once again consistent, as previously Olivia had stated that she sometimes found the 

mathematics annoying, but appreciated what she was able to make from them. Finally, Elizabeth 

appreciated the fact that the mathematics used for these lessons had an explicit purpose, stating 

that: 

“It kinda shows you, this is why you're doing this, it's not just you're doing this for later 

in life”  

This response is interesting as it indicates that for Elizabeth at least, much of the justification she 

is given for why the mathematics she is learning in class are important boils down to the 

possibility that she might need it later. What this reveals is that once again, each participant has 
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their own specific reasons why they enjoyed these lessons and the approach to teaching 

mathematics they use. This is encouraging and informative for my teaching practices.  

Math Utility Disconnect 

This theme collects the categories which give me insight into what my participants think 

about their mathematics learning, what motivates them, and what troubles them. Very early into 

the data collection phase of my research, I noticed my participants appeared to have a disconnect 

between the mathematics they were learning and what it could be used for outside of solving 

problems for grades in a classroom setting. As the research progressed it became apparent to me 

that despite my participants all enjoying mathematics on some level, there was very little in the 

way of intrinsic motivation to be found in their statements. The two key categories to understand 

this theme are “Math Utility disconnect”, and “Motivation”. 

Math Utility Disconnect 

 As stated at the top of the discussion of this theme, it was evident early on in the research 

that my participants were experiencing a disconnect between the content of their mathematics 

classroom and what application it could have in the real world. This category collects 

occurrences in the data which support the existence of this perceived disconnect. For some 

participants this disconnect seemed to directly impact their enjoyment of the mathematics they 

were learning, for example, Madelyn explained that: 

“I'm doing integral Calculus and I do not like that. Yeah, it's just difficult and 

complicated, and it's hard to relate to anything that's concrete.”  

Of course, the fact that she found the content to be difficult and complicated are also factors in 

whether or not she enjoyed the topic, but the fact she ended on the statement of it being hard to 

relate to anything concrete gives me the impression that even in her own estimation this is a 
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strong component of her troubles with the subject. In contrast to this, Elizabeth expressed 

enjoying her mathematics class despite not finding it to relate to her day-to-day life: 

“I really like math, so I know your program’s for people that don't enjoy math, but I think 

it's gonna be fun 'cause it can put things that I'm learning at school which I don't find that 

pertinent in real life”. 

I find this contrast useful as in some cases if a student struggles in mathematics and finds it not 

to be pertinent to real life, there may be an assumption that it is because they struggle with the 

subject that they fail to make these connections. In this case, we can see two participants describe 

the same disconnect despite one disliking the mathematics content they are learning, and the 

other claiming to “really like math”.  Although this was concerning it was not surprising as 

complaints of mathematics classes not seeming relevant to the real world are well documented 

(Goetz, 2016; Fry, 2016). During the second set of interviews when Elizabeth was explaining the 

formulas they were working on in class, I prodded to see whether or not their instructor 

explained what the formulas were actually doing, and she explained that: 

“For this Punch it in Punch it out, cause it's like... We didn't even learn what it really is.” 

Of course, this is not necessarily the fault of the individual instructor as they are required to 

prepare students based on an existing curriculum, but it does illuminate part of the reason why 

many students do not see the connection between their mathematics education and the real 

world. I feel this disconnect is a place where my approach to combining music and mathematics 

has been effective based on feedback found in the “Music Math Connection” Theme. 

Motivation  

Within the “Math Utility Disconnect” theme there are several categories related to 

motivation. They are: Motivation: Fear of Failure; Motivation: Future Education; Motivation: 
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General; and Motivation: Negative. For the purpose of this discussion, I will be combining them 

all into a super-category as they all deal with different forms of motivation. During the first 

interview, I asked each participant what motivated them in their mathematics class, and I 

received surprisingly similar answers from all three. Elizabeth, Madelyn, and Olivia respectively 

answered: 

“Honestly, being successful at school, and because I don't wanna be like, I don't wanna 

fail, it's just stress, it's pressure.” 

“It's mostly like I know I have to do it or I'll fail the class, and that would just be... Not 

very fun.” 

“The idea of failing, I think we'll. Yeah, I think that's... Yeah” 

It would appear that for all three participants the fear of failure is a primary factor in what 

motivates them to work in their mathematics studies. This would be considered a form of 

extrinsic motivation (Eccles & Wigfield, 2002) and is once again consistent with literature which 

asserts that many mathematics students are often only extrinsically motivated to succeed in class 

(Anderson, 2007; Anderson et al., 2015). The secondary source of motivation I found most 

prevalent in my participants was the desire to keep their future educational options open, which I 

have categorized as “Motivation: Future Education”. I saw two key instances of this among the 

data from Olivia and Madelyn respectively: 

“I think like part of me does enjoy doing math. I think just like the overbearing like you 

need to get good grades to get into a good Cegep is crushing down on me.” 

“I realized that I probably don't wanna do something in math and science, and lost 

motivation to do it at all.” 
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In the first instance, Olivia expressed enjoyment for mathematics which was being undermined 

by the need for good grades to enter higher education, which she described as “overbearing” and 

“crushing”. In the second instance Madelyn, who was already in higher education lost her 

motivation for mathematics class after deciding not to pursue her chosen field of study any 

further. I would describe the lack of intrinsic forms of motivation for mathematics class among 

my participants as sub-optimal for their long-term achievement and relationship with the 

discipline. This insight helps to substantiate what I have learned from the literature and further 

inform my educational practices going forward. 

Math Ability Reflection 

This theme was used to better understand my participants’ feelings about their 

mathematics learning and abilities. To discuss the categories contained within this theme I will 

be using the concept of self-efficacy and its various sources as a framework to better understand 

the experience of my participants. This data is very useful in helping me assess aspects of my 

participants’ competence and confidence for mathematics learning, which will help me reflect on 

the lessons I designed and how to improve them in the future. The categories most important to 

this theme were: Success Based Self-Efficacy; Success Based Enjoyment; and Math Ability Self-

Reflection. 

Success Based Self-Efficacy 

While reviewing the data I was very interested to see several instances which 

corroborated Bandura’s theory of self-efficacy. One example arose as Madelyn self-reflected on 

her mathematics abilities: 

“I was definitely better at math before I was also learning simple things, so it might have 

just been like, Okay, there was a limit and I did it, and now it's more difficult” 
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What makes this statement feel so consistent with Bandura’s prediction is that Madelyn claims 

that she was “better” at math when it was “simpler”. Given the fact that Madelyn is currently 

taking advanced mathematics courses, it would stand to reason that she possesses above-average 

skills for the discipline but in Madelyn’s view, as the mathematics became more 

challenging she became worse at mathematics. This change in her assessment of her mathematics 

abilities is consistent with the mastery experience source of self-efficacy, in which her perceived 

successes or lack thereof in her mathematics classes are impacting her self-efficacy for the 

discipline. Adding to this, when Olivia was asked about how she was feeling about her 

mathematics ability during the final interview she responded: 

“Good up until I did a few practice exams, and then I was like “I guess I'm not that 

good”.”  

This can once again be attributed to mastery experience as her confidence in her abilities to 

perform the mathematical tasks decline as she struggled with the practice exams. This is despite 

the fact that Olivia was on track for the advanced mathematics class the following year and had 

done well enough in her current year that she was exempt from the final exam, two factors which 

would suggest at very least an adequate ability for mathematics. Discovering these insights into 

the mathematics self-efficacy of my participants has been very useful in better understanding 

their relationship with their mathematics learning.  

Success Based Enjoyment: 

This category is closely related to the previous, but rather than focusing on the 

participants’ self-efficacy it instead examines how success impacts their enjoyment of 

mathematics. By examining a cross-section of responses from Elizabeth, Madelyn, and Olivia 

respectively a pattern begins to form in regard to the importance of succeeding at mathematics: 



50 
 

“It's only when I start to not understand that it becomes, Obviously, not enjoyable.”  

“But once you stop getting them right as much, it gets a little frustrating.”  

“When it doesn't work, it's really frustrating, but then that feeling, goes away and it’s like 

“yes”.”  

It appears that all three participants feel a sense of frustration or a lack of enjoyment for 

mathematics when they are not able to find the solution to a problem they might be working on. 

Of course, it is not surprising to feel frustration when struggling with any problem be it 

mathematics or otherwise, but when once again turning to self-efficacy and looking at these 

struggles as opportunities to utilize mastery experience as a source for change in their 

perceptions of their abilities, the importance of understanding how to deal with this frustration 

reveals itself. What this tells me is that it may be beneficial to construct lessons so that they 

allow more frequent “checkpoint” opportunities for success within larger problems. Organizing 

my lessons this way will allow more opportunities for students to experience success, or in the 

event, the student is struggling the hurdles they experience should be smaller. With that in mind, 

these smaller opportunities for success must still make students feel challenged, otherwise, their 

self-efficacy will not improve in any meaningful way. 

Math Ability Self-Reflection: 

During the collection of data, I tried to gain an understanding of how each of my 

participants felt about their own mathematics skills. I felt that knowing this would help me paint 

a more complete picture of each participant and better understand what aspects of my lessons 

were working for them. I found that each participant’s reply gave me an interesting insight into 

their mindset for learning mathematics. For example, when Madelyn was asked to self-reflect on 

her mathematics skills, she told me that: 
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“Well, medium, I guess. I’m not the best at math, I’m not the worst. I'm just getting by.”  

This answer is interesting as Madelyn was currently enrolled in a program that emphasized 

mathematics and science, and which generally requires students to have completed enriched 

mathematics classes in high school. What this told me about Madelyn was that she was probably 

more competent at mathematics than she felt, and her struggles in her current mathematics class 

were likely lowering her feelings of self-efficacy for the subject. Elizabeth gave a similar answer 

to Madelyn, but with a detail that added an interesting dimension: 

“They're pretty good, but they're not. My brain doesn't function like crazy smart and 

advance, but I think I'm pretty good.” 

Although it would seem that Elizabeth has a higher opinion of her mathematics abilities than 

Madelyn, she still includes a caveat which I interpret as her believing that she lacks the type of 

mind that is more naturally geared to excel at mathematics. This of course can be a detriment to 

mathematics learning as it leads many to feel there is no point in trying. From a self-efficacy 

standpoint, this would appear to fall under the vicarious experience source, as in this case 

Elizabeth is comparing her own abilities to those who she feels have minds more oriented 

towards mathematics. Finally, when asked about her mathematics skills Olivia responded:  

“I think I tend to underestimate my abilities to do math because it takes me a second and 

because I have to be alone and think about it.” 

This answer contrasts the other two as rather than give me a response which indicates what she 

feels her mathematics abilities are, she has reflected further to why she might think that and 

realized she may be underestimating herself. The reason she feels this way seems to stem from 

the common perception that to be good at mathematics, one must be able to perform the 

operations quickly. Once again, this could be stemming from the vicarious persuasion source of 
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self-efficacy as her reply implies that other students may not “need a second” and therefore be 

perceived as stronger mathematics students.  

General Music 

This theme is largely comprised of data collected through inquiry into the musical tastes 

and habits of my participants. Although categories pertaining to the musical tastes of my 

participants did not yield any especially interesting revelations for my teaching practices, they 

did help to inform what advice and guidance I provided when it came time to assist each 

participant with finalizing their musical instrument design. With that said I do feel that the 

categories Music Practice: Positive, Negative, and General were useful in understanding the 

musical practice habits of my participants and help to paint a more complete picture for this 

research.  

Music Practice  

A review of data collected in response to questions pertaining to the musical instrument 

practice habits of my participants revealed that each participant had a unique relationship with 

practicing music. By examining a cross-section of their responses it becomes easier to see how 

each participant was unique in this regard (See Table 4.2): 

Table 4.2 

Participant responses to their instrument practice habits 

Student Interview 1 

Quotes 

Interview 2 

Quotes 

Interview 3 

Quotes 

Elizabeth • “I've always kind of 

done little music 

things here and there, 

but nothing too 

serious.” 

• “I don't feel 

necessarily I'm losing 

interest, but I guess I 

kind of do. And it gets 

• “I touched the piano 

sometimes on the 

weekends when I 

have nothing to do.” 

• “[The piano] was [in 

my bedroom] for two 

years and I didn't 

really [play it more].” 

• “Yeah, I'll learn a part 

of a song like once a 

week, and then I don't 

really.” 

• “This summer I will 

probably play more 

music” 
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repetitive because 

I'm... I'm not pushing 

enough to learn a 

bunch of new things” 

Madelyn • “I like music. I 

wouldn't say I'm very 

good at it in a 

performance sense.” 

• “I was in a choir one 

time […] It wasn't 

very good.” 

• “I learned the basics 

for drums, and then I 

learned the basics for 

guitar.” 

• “I like the drums 

better 'cause I feel like 

it's harder to make a 

mistake, there's less 

things to pay attention 

to, and there's room to 

move around. Guitar 

is all close together.” 

• “[Have you been 

practicing?] Not 

really, no.” 

• “I would have been 

paying Drums, but my 

basement flooded a 

while ago, so I had to 

dismantle everything 

and move it, and I 

haven't had a chance 

to put it back.” 

• “I wanna start 

learning the bass, but 

I need to start to 

figure out where 

everything is ; Like I 

have an amp but I 

cant find the wire to 

connect the things.” 

Olivia • “I honestly just found 

[clarinet lessons] kind 

of stressful, 'cause I 

didn't particularly 

enjoy practicing”  

• “No, I think when I 

first started, I kinda 

did [want to join 

advanced band class] 

'cause I was just 

wanted to be the best. 

But now I'm like, one, 

it kinda scares me a 

bit 'cause not that it's 

not a fun 

environment, but it's 

just like I know that 

that would be too fast 

for me. I wouldn’t 

enjoy that as much.” 

• “I actually have, I was 

looking at a piece for 

my class. I'm gonna 

record it this weekend 

with my teammate 

and I have been 

playing a guitar, I find 

that its east to do 

during online class 

and I don't have a 

fully pay attention.” 

• “I don't have to turn 

my mic or a camera 

on, and so it's either a 

free period or free 

lecture and I can just 

play guitar. Cause it's 

like right next to my 

desk” 

• “I have, I'm always 

playing for school, 

but I've been playing 

a lot of guitar, which 

has been fun, and 

fiddling with the new 

instrument.” 

• “Once you pass that 

point in guitar where 

you're kind of 

comfortable doing 

your own thing, it's 

easy to just find a 

chart of chords and do 

whatever.” 
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Examining the responses Madelyn provided across the three interviews I found that most 

of her responses to questions about her musical practice habits were categorized as “Music 

Practice: Negative”, which means she did not practice very consistently. This appeared to be due 

to a lack of time to practice and an inability to store her instruments in a place where they were 

consistently and easily accessible. When reviewing the responses I received from Elizabeth, I 

found most of her responses to also fall under the “Music Practice: Negative” category with one 

instance of “Music Practice: Positive. While Madelyn did not seem to practice very much at all, 

Elizabeth would usually explain that she played the piano a tiny bit here and there, but never in a 

substantial way. To me, this indicates a desire to practice with a lack of direction or instruction to 

keep her motivated to do so. Finally, Olivia’s responses revealed that she played multiple 

instruments, including guitar, French horn, piano, and bass. The majority of her responses fit 

under the “Music Practice: Positive” category as she explained that she practiced quite frequently 

be it for school or for leisure. It was fairly clear from her responses that she did not struggle with 

a lack of drive or direction when it came to musical instrument practice. I feel that these 

individual profiles of my participants’ musical practice habits demonstrate a gradient of 

dedication to musical instrument practice among the three of them. This is not meant to be taken 

as a judgment of whether or not each participant was practicing enough, as only they can know 

what “enough” would be for them as individuals. Rather, I feel this comparison is valuable to my 

evaluation of the lessons I designed and what types of learners seem to benefit from them. What 

this cross-section seems to tell me is that interest and enthusiasm for music as a discipline is a 

bigger factor in the enjoyment of these lessons than the technical skill or practice discipline of a 

participant.  
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Musical Instrument Design 

Categories in this theme are mostly comprised of the participants’ experience of 

designing, planning, and reflecting on their instruments. This theme contains the lowest 

concentration of categories, which is likely due to the fact that most of the data collected within 

it occurred during interviews two and three as participants did not come into the research with 

any instrument design knowledge. This theme provides useful insight into the thought process of 

my participants as they designed and refined their instruments, and when paired with the theme 

of “Musi-Math Connection” is invaluable to my reflection and improvement of my teaching 

practices. 

Deeper Instrument Understanding 

The first four lessons I designed for the program were intended to provide insight into the 

nature of string instruments, how fret placement is derived, how tunings for instruments are 

chosen, and how string tension is calculated. Upon review of the data, it appears that this array of 

information combined with the hands-on activities for each lesson was successful in increasing 

the competence and confidence my participants felt for the design and function of musical 

instruments. For Madelyn, this deeper understanding seemed oriented around how stringed 

instruments functioned in general: 

“Now I can look at a stringed instrument be like, Okay, no, this makes sense, now I get 

why it's built like this” 

This increase in understanding seems to have less to do with how an instrument is played from a 

musical standpoint and more to do with how it works mechanically and why it might be designed 

and built the way it is. In contrast to this, Olivia’s increase in confidence seemed to focus more 

on the playing of different stringed instruments: 
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“I would look at a guitar and I got nervous 'cause I was like, I would really like to be able 

to play that, but I don't know how. And so now it's fun for me to pick up a guitar and do 

whatever […] And then when we got that instrument, I was just like... I didn't get scared 

'cause I was like, “Oh my God, I don't know how to play this”, I was excited for all the 

possibilities.” 

This response is interesting as it appears that the music-mathematics lessons have reduced the 

level of intimidation Olivia previously felt for playing stringed instruments. This is especially 

useful to me as I never considered that these lessons might serve to improve a participant’s 

confidence for actually playing an instrument, especially since the lessons I designed were very 

light on anything that could be considered playing instruction. These two pieces of feedback and 

the distinction between them have opened up new ways for me to think about the utility of these 

lessons in my educational practices.    

Instrument Design Anxiety 

Many of the categories in this theme were somewhat predictable. For example, all 

participants were quite pleased with their instruments when they reflected upon them during the 

last round of interviews, but this was not surprising as most people would be fairly excited to 

receive a custom instrument they designed. Something that did surprise me upon analysis of the 

data was the anxiety my participants were feeling during the instrument design phase of the 

lessons. The feedback I received from Elizabeth and Olivia respectively seemed to indicate that 

the open-ended nature I opted for in the instrument design portion of the lessons may have been 

overwhelming: 

“I thought that we were only going to do one certain thing, I didn't really know all the 

types of tuning that you can do. Like, different ways to make it sound right. Different, I 
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was only thinking, guitar, ukulele, like... Now I see different ones, but it's complicated in 

my head, so.” 

“I think what the classes have made me think about is how many different variables there 

are, and I think that kind of makes me not want to think about it.” 

This feedback was some of the most useful I received from my participants. Often when you 

have substantial knowledge of a topic, it is easy to forget how much of it you take for granted, 

and I suspect this is what happened here. I see this anxiety stemming from two issues. This first 

is that by letting my participants design any type of string instrument they wanted, there was 

conceivably too much choice available. The second was that if they were feeling this anxiety, it 

means that on some level the first four lessons I created were not understood to a high level of 

confidence. Given the fact that the final products my participants created were by my standards 

quite excellent, I don’t feel this was the biggest issue overall, but it is certainly a place where my 

teaching practices could be improved in the future.  

Reflection on Cross-Disciplinary Lessons 

 Throughout my collection and analysis of the data, I have tried to constantly consider 

how newfound knowledge and understanding can be applied to improve my teaching practices. 

To facilitate this process according to Action Research, I would usually write a short reflection 

shortly after I conducted a lesson, share this reflection with Dr. Ben Bolden, wait for his 

feedback, and then use my reflection and his feedback to try and improve the following week’s 

lesson. Now, having had the opportunity to analyze all the data and having put some distance 

between myself and the lessons, I feel there is value in a final overall reflection on the lessons I 

conducted. To do this, I will explain my thought process as I attempted to improve each 

subsequent lesson, summarize the initial reflections recorded in my journal after conducting each 
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lesson, summarize advice I received from Dr. Bolden regarding my journal entry for that week, 

and then create a final reflection on how I felt about each lesson in hindsight, and what new 

insight I can use to improve my teaching practices. For a more detailed summary of each lesson 

please see chapter 3. 

Lesson 1: General Overview of Stringed Instruments 

Improvement Thought Process 

 Due to the fact that this was my first lesson, I had not yet received any type of feedback 

from Dr. Bolden, therefore improvements I tried to make to the existing lesson plan before 

conducting it were based only on what I had learned about my participants from the first 

interviews I had conducted with each of them a week prior. One factor which seemed pertinent 

to not only week 1, but all the lessons going forward was addressing the challenges posed by 

online learning, which was necessary due to the Covid-19 pandemic. I had certainly heard other 

educators and instructors describe the “virtual fatigue” many students were feeling, which was 

confirmed by Madeline:  

“Well, my effort now has definitely gone down because it's just more difficult when 

you're in your house all the time” 

With this in mind, my goal was to design this week’s lesson to be short, to the point, and ideally 

as engaging as possible with the inclusion of short videos and many instruments the participants 

had likely never seen before. To keep participants focused I also tried to include as many 

opportunities as possible for the participants to answer questions and engage with the material. 

Reflection: Pre Data Analysis 

 My Journal reflection on the first lesson is rather brief. A positive point I mention is that I 

made an effort to engage my participants with questions to avoid simply lecturing at them. A 
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negative point I bring up is that this lesson did not contain mathematical elements. A way I 

imagined I could have improved this lesson was to re-work the final section where participants 

are asked to weigh the pros and cons of each type of instrument. Overall, my reflection on this 

lesson was quite positive.   

Feedback from Dr. Bolden 

 In response to this reflection, Dr. Bolden offered me some feedback on avoiding the 

pitfalls of lecturing students. The key points were to ask myself if students needed to know the 

information I was providing, does it have to be delivered all at once, and whether or not students 

could learn the information in a self-directed way. He also felt that having the students weigh in 

on the pros and cons of the instruments was a good way to encourage engagement. 

Reflection: Post Data Analysis 

Upon reflection, I feel that lesson 1 was more impactful than I would have initially 

estimated it to be. While designing the lesson I envisioned it as a sort of “ice-breaker”, with 

content that was not too heavy and allowed participants to become familiar with the virtual 

learning format, the group dynamic, and the content of the lessons. Now, with all the data 

analyzed I have noticed many instances of participants expressing a deeper understanding of 

musical instruments in the second and third interviews. One example of this from the final round 

of interviews was Madelyn stating that: 

“But now I can look at a stringed instrument and be like, Okay, no, this makes sense, now 

I get why it's made like this”. 

Naturally, this growth in knowledge is attributable to her participation in all the lessons of the 

research, but when I reflect on lesson 1 it occurs to me that establishing the commonalities of 

stringed instruments across different design families and from many different cultures was an 
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effective foundation to foster this particular growth in knowledge. With that said, I still feel that I 

could have included more opportunities in this lesson for students to answer questions and 

provide their own input and reactions to the instruments I was showing them. As Dr. Bolden 

advised, I should evaluate which information the students absolutely need to know, lecture less, 

and provide more opportunities for students to direct their own learning.  

Lesson 2: Understanding Music and Geometry (Strähle Construction) 

Improvement Thought Process 

 Based on my reflection from the previous week, the feedback I received from Dr. Bolden, 

and what I had learned from the first round of interviews I tried to improve this week’s lesson in 

three ways. First, due to the lack of mathematics content in the previous lesson, I wanted to make 

sure that the mathematics were front and center. To achieve this, I not only planned to have 

students construct the geometric figure, but ensure that we used the correct terminology, for 

example referring to points by their lettered names, and to lines by their correct names, for 

example, “Line segment AB  ”. Regarding the feedback I received from Dr. Bolden concerning 

the prior week’s lesson, I tried to consider whether or not students needed to know the 

information I was providing. My initial lesson had a longer section on the history of the Strähle 

Construction, but I decided that ultimately this portion was probably more interesting to me than 

it would be to my participants and decided to heavily truncate it. Finally, the impression I was 

left with after the first round of interviews was that my participants enjoyed mathematics most 

when they understood what was going on, and when they were succeeding. Therefore, I 

separated each and every step necessary for creating the Strähle Construction into its own slide, 

included many pictures and diagrams, and planned to perform the same steps on my end so that 

each participant visually confirm that they were on the right track. My hope was that these 
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measures would ensure that each participant felt they were understanding and succeeding 

throughout the lesson. 

Reflection: Pre Data Analysis 

My journal reflection for the second lesson was more fleshed out than the first. Positive 

points of reflection were that I was pleased with my ability to combine two camera angles to 

better facilitate the lesson in the virtual format and that participants seemed to understand and 

enjoy the content on top of being pleased with the “nail-board” instruments they had created. A 

negative point was that the lesson ran longer than I had planned it to, and because of this I was 

forced to rush through and skip some slides. One improvement I made from the previous lesson 

was to save time at the end of the lesson to take direct feedback from participants. Once again, 

the reflection was fairly positive overall.  

Feedback from Dr. Bolden 

Dr. Bolden’s feedback for this lesson primarily focused on what he felt I did well, which was 

working through the steps alongside my students, and making the lesson more student-centered 

by inviting their feedback. 

Reflection: Post Data Analysis 

 Reflecting on the second lesson post data analysis, I feel this may have been the strongest 

lesson overall. When given the opportunity to reflect on this lesson during the final interview, 

each participant provided unique but positive feedback. For Elizabeth, it seemed that this lesson 

functioned as a simple introduction to instrument design: 

“It showed us the basics that it can be really simple to just create a thing really fast, and it 

showed the base of what you need to kind of know, to understand an instrument in the 

beginning, 'cause we had no idea what it took.” 
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Whereas for Madelyn, the benefit of the activity seemed to be peeking behind the curtain to see 

how elements of instrument design actually functioned: 

“I thought it was interesting to see how people figure out how to do frets. So there's a 

reason why they're like this, obviously there was. I see it now, I get how they did it, I get 

how they do it now.”   

Finally, for Olivia the appeal of the lesson was in the act of taking the mathematical concepts and 

manifesting them into a tangible and functional musical instrument: 

“Yeah, I think that as soon as I did that, that was really cool to me, it’s like - This is the 

coolest thing ever! - It's just like numbers and stuff. And you go and then that's your 

instrument.” 

I feel that these comments highlight the key factors which made this lesson work. It was 

presented in a way that made understanding it simple, it provided an opportunity for authentic 

learning, it demonstrated the utility of the mathematics, and it left each participant with a 

tangible and functional artifact of their learning. When I think about improving my teaching 

practices, I feel that these are the kind of goals I should strive for, and this is the type of lesson I 

should model others after.  

Lesson 3: Understanding the Tuning of Stringed Instruments 

Improvement Thought Process 

 To improve my practice on this lesson I focused on two positive points from the week 

prior. The first, was Dr. Bolden’s feedback that working alongside my participants was an 

effective teaching approach, and the second was the satisfaction my participants felt after using 

the mathematics in a tangible way. Tangible referring to the “nail-boards” they constructed the 
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previous week, and to the alternate tunings, they would experiment with on the ukuleles this 

week.   

Reflection: Pre Data Analysis 

My journal reflection for the third lesson is less positive than the previous two. I felt that 

the biggest detriment to this lesson was an overabundance of content which lead to rushing 

through material which prevented my participants from gaining a solid understanding of the 

material as a whole. I did receive positive feedback from participants about the tactile aspects I 

designed into the lesson, so it was not a failure in every regard. One improvement this lesson had 

compared to the prior was that I sent out a reminder e-mail that told participants what materials 

we would be using which was an effective way to save time. My feelings in this reflection were 

that after running the lesson it was clear I could have cut some aspects of it and improved it 

overall. 

Feedback from Dr. Bolden 

 Dr. Bolden agreed that I had put too much content into this lesson, and added that a lot of 

the material was on the complicated side. He recommended that I focus on how I can streamline 

lessons like this one so that the students can focus on one part at a time. Outside of this, he 

agreed that the problem-solving activity for the students was a good way to keep them engaged. 

Reflection: Post Data Analysis 

In retrospect, I feel that lesson 3 was by far my weakest lesson, which is a disappointment 

as I feel it had the potential to be very effective. Ultimately, I became too fixated on making sure 

my participants had a deep understanding of every element of the activity, when really they 

could have performed the task with less information, and then if interested continued to pursue 
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knowledge on the topic. When reviewing comments from the final interview pertaining to this 

lesson I can see that it clearly did not connect the way I intended. Madelyn explained that: 

“I don't remember taking anything away, I mean maybe, I was just really confused the 

whole time or something. Tuning still kind of confuses me.”  

This is a pretty clear indicator that the content of the lesson was not presented in a way that was 

accessible, especially given that Madelyn did not struggle with reflecting on the other lessons she 

was asked about. Olivia also expressed difficulty with the lesson: 

“Right. Remember, I think it was very interesting to me. I think it was a little bit 

overwhelming because of all of the letters, just like that on the PowerPoint, it was a bit 

like... I think I felt overwhelmed because I had to actually make the instrument and 

decide what we want”  

This response supports my feeling that there was too much content in the lesson, but also that 

elements of the lesson were interesting even if they were not as accessible as I would have liked. 

Finally, Elizabeth responded that: 

“That's definitely something I'd never... We talked about it in music class, obviously. Not 

like that. It's just, I don't know, it's just cool to see how it worked.”  

This feedback was encouraging, as once again my feelings that the content of the lesson had 

potential are supported. The tuning of musical instruments is something that has long fascinated 

me, and I feel that my appreciation for the content of this lesson created two problems. The first 

is that as I am so familiar with the material I underestimated how much time it would take to 

properly explain and understand it. Second, my excitement and interest in the material compelled 

me to try and explain every aspect of it all at once, when clearly this was too much and not 

necessary. Ultimately, we can learn from our mistakes just as we can from our successes, and the 
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shortcomings of this lesson were an excellent way for me to see how detrimental overloading my 

students can be. This is a lesson I will apply to my teaching practices going forward.  

Lesson 4: Understanding String Tension 

Improvement Thought Process 

 The negative aspects of the previous week's lesson impacted the design of this lesson 

significantly. My feeling was that I had packed far too much information into week 3’s lesson, 

and Dr. Bolden agreed with this while also pointing out that the material I was covering was 

challenging. With this in mind, my goal to improve this week’s lesson was to ensure that all 

content covered was necessary to the overall lesson and that each PowerPoint slide be clear, 

concise, and deliver information efficiently. This was going to be a mathematics heavy lesson, so 

I tried to ensure once again that these elements were delivered in a way that made my 

participants feel they were understanding and succeeding. 

Reflection: Pre Data Analysis 

 My reflection for the fourth lesson is more positive than the previous. Positive points I 

noted were that my PowerPoint was able to deliver fairly complicated information to my 

participants effectively and that my offering to calculate formulas alongside my participants was 

well received as it sped up the process and made it feel more like work “we” were doing rather 

than work I was simply making my participants do. On the negative side of the reflection, I 

found the quality of the harp-like instruments I provided to be subpar. Although they worked 

well enough to demonstrate the effects of the string tension, they did not hold their pitch or 

sound very good which I felt was a detriment to the activity. The biggest improvement I noted in 

this reflection was that I paid much better attention to the clarity and amount of content in the 

PowerPoint.  
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Feedback from Dr. Bolden 

Dr. Bolden did not have much feedback for this lesson outside of commending it as a rich and 

engaging learning experience.  

Reflection: Post Data Analysis 

Out of all the lessons, this one contained the most challenging mathematics, and coming 

off of the disappointment of lesson 3 I put a lot of effort into making sure the concepts were 

presented very clearly, which I feel paid off. During the final interview, Olivia reflected that: 

“Okay, that was really fun. It was a lot of math, but I did feel like we were in it together 

and you could just do it which was a good feeling, and I liked being able to put 

everything in the little table. Right […] And I also really liked having that instrument in 

front of me where I got to move it. It was a bit - I didn't get it perfect, but it was nice to 

have it in front of me”. 

I feel this more or less encapsulates the essence of the lesson. It was a lot of math, but my 

decision to crunch the numbers of the formulas alongside my participants seems to have had the 

desired effect of making it seem more like we were working together towards a goal rather than 

the feeling that an instructor is having his student’s complete math drills. I do also feel that the 

guided tables I created for participants to fill out as we worked out the mathematics was effective 

as well. And despite the shortcomings of the harp-like instruments, it seems that they were still 

an effective learning tool. As far as my teaching practices go, I would like to continue to design 

lessons that create a feeling of teamwork between me and my students as this approach seemed 

to resonate, at very least with Olivia.  
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Lesson 5: Key Elements of Instrument Design 

Improvement Thought Process 

 As a second interview had been conducted between this and the previous lesson, I now 

had an additional source to draw from when it came to improving my lessons and teaching 

practices. One aspect of the interviews which was very useful in improving this lesson was the 

replies I received when asking participants what they thought they might pursue in regards to 

their instrument design. Using these responses, I created a slide of suggestions for each 

participant based on instrument elements they expressed an interest in. Outside of this 

improvement, I tried to continue only including information in the lesson which absolutely 

needed to be there so as to not repeat the errors of my third lesson.  

Reflection: Pre Data Analysis 

 My journal reflection for the fifth lesson has less detail than the previous three entries 

which may be due to the fact that most of the lesson was fairly open-ended. Positive takeaways 

from this lesson were that participants seemed engaged and that the instrument designs they 

came up with were interesting. On the negative side, I found the short PowerPoint I made for the 

top of the lesson was a little dry and could have used some refining. I felt that this lesson was an 

improvement over the last few in that it allowed the participants more time to discuss their ideas 

with me and amongst each other, which seemed to add to their engagement. Once again, a 

positive reflection overall.  

Feedback from Dr. Bolden 

Dr. Bolden felt that facilitating the discussion between participants as they designed their 

instruments in a collaborative fashion was a good move and was something I should continue to 

try and offer to my participants going forward.  
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Reflection: Post Data Analysis 

Reflecting on lesson 5 with hindsight my general feelings have not changed very much 

from my initial journal reflection. I still feel the PowerPoint could have used some improvement, 

perhaps instead of just showing participants the importance of string placement and break angles 

I could have provided some type of learning aid to really demonstrate the concepts. This of 

course would have taken more time and budget, both of which I had exceeded by that point. I 

also continue to feel that the opportunity to work and discuss ideas together was engaging for my 

participants and that this is an element I should continue to include in the design or refinement of 

future lessons. The element of this lesson that I now realize could have used the most adjustment 

were the slides in which I gave instrument design suggestions to each participant based on 

interests they had expressed during the second interview. Initially, my instinct was to keep these 

slides fairly general as my main fear was that I would stifle the creativity of my participants by 

suggesting my own ideas too heavily. Reviewing the data from the second and third interviews I 

now recognize that some of my participants were actually feeling overwhelmed by the 

abundance of choice they had in their designs. During the second interview, Elizabeth stated that: 

“I thought that we were only going to do one certain thing, I didn't really know all the 

types of tuning that you can do. Like, different ways to make it sound right. Different, I 

was only thinking, guitar, ukulele, like... Now I see different ones, but it's complicated in 

my head, so” 

In hindsight, I can now see that Elizabeth may have been feeling a bit overwhelmed by the 

amount of choice the research allowed in her instrument design, but during the second interview, 

I was not as sensitive to this implication as I perhaps should have been. Adding to this, during 

Olivia’s second interview she mentioned that: 
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“but I think what the classes have made me think about is how many different variables 

there are, and I think that kind of makes me not want to think about it.”  

Once again, I should have been a bit more aware of the implication of this response. I feel that 

perhaps because my participants were giving me a sense of being positive about the research and 

lessons overall that I was able to brush these comments off, but in retrospect, I should have 

listened a bit more carefully to my participants and taken steps to make them feel less 

overwhelmed at the prospect of having so many design options. The designs my participants 

came up with were ultimately very creative and in my opinion wonderful, so I do not feel this 

oversight was a total detriment to their learning, but being more sensitive to my students is a 

quality I would like to continue to work on in my teaching practices.  

Lesson 6: Individual Refinement of Instrument Design 

Improvement Thought Process 

 Improving this week’s set of lessons based on feedback and reflection from the previous 

week was challenging as rather than conduct the lesson in a group I chose to work with each 

participant individually. Due to this, this week’s lesson did not have a PowerPoint and was 

overall much more free-form than the previous 5 lessons. With that said, overall advice I had 

been receiving from Dr. Bolden was to keep things as student-centered as possible, which I 

planned to do by allowing each participant as much freedom as possible during the process of 

creating the to-scale drawing of their potential instrument. 

Reflection: Pre Data Analysis 

 My journal entry for the sixth lesson is a bit different due to the fact that the same lesson 

was conducted three times. Rather than create three entries, I chose to do one which captured my 

general feelings about the lessons overall. On the positive side of my reflection, I was happy with 
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how smoothly the lessons progressed despite their open-ended quality. On top of this, I was 

especially pleased about how organically the mathematical concepts were integrated into the 

design process, I felt this was a great way to demonstrate how useful mathematics can be. On the 

negative side, we wound up needed to switch from imperial to metric units of measurements at 

some points and I now feel I should have taken the time to create some type of table to simplify 

this process while we worked. Although I felt that working one-on-one was a good way to ensure 

all participants got the attention they needed for a crucial aspect of their design process, I did 

miss the collaborative nature of the previous lessons.  

Feedback from Dr. Bolden 

 Dr. Bolden agreed that giving participants a chance to work with me one-on-one was a 

good call despite missing out on the collaborative aspect. Furthermore, he felt that letting the 

mathematics come up organically was a better approach than trying to frontload all the ways it 

could have come up hypothetically. He also felt that drawing my own to scale drawing alongside 

my participants was a powerful teaching/learning strategy.  

Reflection: Post-Analysis 

 Reflecting on lesson 6, I am still most pleased with how the mathematics for this lesson 

consistently came up in an organic fashion with each participant. I feel that this is a great way to 

demonstrate the use mathematics can have in real-life problem-solving. The mathematical 

technique which came up most frequently during the set of three lessons was the use of cross 

multiplication to use existing instrument measurements and extrapolate them to hypothetical 

designs. An example of this would be Olivia wanting to design a 4 stringed instrument with a 

guitar-like tuning scheme. To determine what thickness the neck of her instrument should be at 

the nut, we took the thickness of an existing 6 string guitar (4.2 cm) and worked out that: 
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Therefore, the equation would look like:  

4.2 x 4 = 6x 

16.8 = 6x 

16.8 / 6 = x 

2.8 = x 

All of my participants had a chance to see how this is a useful mathematical tool for 

scaling up or down existing instrument elements to create new designs without relying on 

existing schematics or resorting to guess-and-check. Although it may not always be possible, in 

my future teaching practices I would like to design lessons so that mathematical concepts can 

come up organically in a similar fashion 

Lesson 7: Creating Fully to Scale Instrument Templates 

Improvement Thought Process 

 Of all of the lessons, this week’s was designed as the most hands-on as it would be taking 

the to-scale drawings creating one-to-one templates from them. In his feedback from the 

previous week’s lesson, Dr. Bolden expressed that my working through the steps alongside my 

participants was a powerful teaching and learning strategy, so I decided to apply the same 

approach to this week’s lesson. Additionally, I decided that based on my reflection from the 

previous week regarding the absence of the group dynamic, I would try to encourage participants 

to discuss, learn from one another, and collaborate as much as the activity and virtual learning 

setting would allow.  
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Reflection: Pre Data Analysis 

 My journal entry for the seventh lesson is more cohesive than the previous entry as the 

participants were once again assembled as a group. Positive aspects of this reflection are that I 

was happy with how the lesson builds directly on the previous lesson (transferring a to-scale 

drawing into a 1:1 scale template) and that my participants were very enthusiastic to hold their 

to-scale templates and get a solid representation of their designs. On the negative side, I 

remarked that I had not provided all the materials every participant needed and therefore had to 

come up with some workaround on the spot. This was not a huge detriment to the lesson but it 

would have obviously run smoother if every participant had the same materials to work with. 

This lesson improved on the previous one by having the participants work as a group once again. 

Although giving them individual time was valuable, they did have a very good group dynamic 

which really seemed to bring up enthusiasm and engagement. 

Feedback from Dr. Bolden 

 Dr. Bolden felt that having participants transfer their ideas onto the foam-core templates 

was a wise choice for informing their design choices.  

Reflection: Post Data Analysis 

 My current feelings towards lesson 7 have not changed from my initial journal reflection. 

I still feel that this lesson was an effective extension of the previous and that it was wise to allow 

participants an opportunity to see what their instrument design would look and feel like when it 

was templated at a one-to-one scale. The way this lesson has informed my teaching practice is 

fairly simple, in the future I should ensure that all students have the correct learning materials 

before beginning an activity. 
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Lesson 8: Distributing and Reflecting on Final Products 

Improvement Thought Process 

            My current feelings towards lesson 7 have not changed from my initial journal 

reflection. I still feel that this lesson was an effective extension of the previous and that it was 

wise to allow participants an opportunity to see what their instrument design would look and feel 

like when it was templated at a one-to-one scale. The way this lesson has informed my teaching 

practice is fairly simple, in the future I should ensure that all students have the correct learning 

materials before beginning an activity. 

Reflection: Pre Data Analysis  

 My journal entry for the final lesson reflects an overall feeling of satisfaction. For myself, 

being done with constructing the instruments, and for my participants who were finally able to 

see the results of their design work. A positive aspect of the reflection was that despite being 

concerned that my participants would be unhappy with some compromises I had to make during 

the build process, they were ultimately very understanding and unphased by these changes. This 

lesson was also special as it was the only one which was able to be conducted in person due to 

covid-19 restrictions becoming less strict. On the negative side, I reflect that the very open-ended 

approach to this lesson made it less constructive than previous lessons. Ultimately, it was meant 

as an opportunity for participants to receive and ask questions about their instruments, but I did 

feel it could have been a bit more structured. This was a very special way to conclude the 

research leaving all concerned feeling very positive about what had been achieved. 
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Feedback from Dr. Bolden 

 For this final, lesson Dr. Bolden suggested that in the future I should try to have the 

participants play some music together with their instruments, even if it has to be something fairly 

simple.  

Reflection: Post Data Analysis 

 When reflecting on the final lesson of this research I feel that one of my bigger mistakes 

was not allotting myself more time for the build process of the instruments. As stated previously, 

the instruments were built in 100 hours spread across 11 days, which is roughly 9 hours a day. 

Furthermore, I was working on the instruments right up until the late evening the day before they 

were to be distributed. Therefore, when I did conduct the final lesson, it was lacking in structure. 

As Dr. Bolden mentioned, having the participants play a song together would have been very 

neat, even if it were very simple and in the state, I was in this did not even occur to me. I feel had 

I had a day or two to rest between the end of construction and the final lesson, I could have 

planned something along those lines, or even provided a bit of learning material, especially for 

Elizabeth’s instrument which was quite unconventional. I feel that the main takeaway from this 

lesson in regard to my teaching practices is that in order to do proper planning I must be 

considerate of my own time and energy levels. With all that said, the lesson was very special, 

and seeing the reactions of my participants as they received the instruments that were a product 

of their hard work and learning was exceptionally gratifying. 

Summary of Insights to Improve my Teaching Practices 

• Less lecturing, more self-directed learning 

• Design lessons to simplify concepts, provide authentic learning, demonstrate utility of the 

content, and include hands on activities.  
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• Do not overload students with material. Choose what is necessary to understand the 

content and focus on that. 

• Create a sense of teamwork between myself and my students. 

• Even if students have a positive attitude, be sensitive to ways in which the lesson material 

may not be clear to them.  

• Design lessons so that the concepts manifest in an organic way. 

• Ensure all students have the correct learning materials before starting the lesson. 

• Proper planning requires attention and consideration of my time and energy levels. 

Examining Aspects of Self-Efficacy with the Participants 

Although there is value in examining the data of my participants in aggregate, it is also 

important to consider that they are individuals with unique experiences and outlooks, and to best 

improve my teaching practices these would be worthwhile to consider. Therefore, I have decided 

to review the data collected for each participant through the interviews and try to better 

understand the sources of my participants' self-efficacy. As this research was not designed to 

measure self-efficacy, I will only be commenting on what their replies to interview questions 

seem to suggest based on existing literature and what that might tell me, rather than attempt to 

make any declarative measurements on their exact levels of self-efficacy.   

Elizabeth 

 During the first interview when asked about her feelings towards her mathematics 

learning, Elizabeth gave an answer which provided some insight into possible sources of her 

mathematics self-efficacy: 
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“I really like math, so I know your program’s for people that don't enjoy math, but I think 

it's gonna be fun 'cause it can put things that I'm learning at school which I don't find that 

pertinent in real life.” 

What struck me about this reply was the fact that despite claiming to enjoy mathematics she very 

matter-of-factly pointed out that she does not find what she learns in mathematics class to be 

“pertinent to real life.” From a self-efficacy standpoint, a student’s perceived usefulness for 

mathematics is often tied to their self-efficacy for the discipline (Pajares & Urdan, 2006), in this 

case not seeing mathematics as useful could be an indicator of lower mathematics self-efficacy. 

How useful mathematics is to real-life also brings to mind the concept of “goal theory” 

(Bandura, 1997; Eccles & Wigfield, 2002), which posits that simply adopting a goal without 

understanding the value it may have will have no lasting motivational impact. Adding to this 

sentiment, when I then shifted my interview towards what motivated her in her mathematics 

studies, she told me: 

“Honestly, being successful at school, and because I don't wanna be like, I don't wanna 

fail, it's just stress, it's pressure, I just don't wanna be the one that.” 

This statement provides further insight into Elizabeth’s mathematics self-efficacy. First, the fact 

that her motivation is being derived from a feeling of “pressure” indicates that physiological and 

affective states” (Bandura, 1997) could be a significant source of self-efficacy for her, which can 

be problematic as under the wrong circumstances her emotional state could debilitate her 

performance and ultimately harm her mathematics self-efficacy (Pajares & Urdan, 2006). 

Second, the fact that she is motivated by the extrinsic fear of failure suggests that she may be 

suffering from low levels of mathematics self-efficacy as this fear of failure implies that on some 

level she does not feel confident in her ability to succeed at the necessary tasks to pass the course 
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(Bandura, 1997). Finally, when once again considering goal theory, it is understood that without 

a clear goal students will often rely on extrinsic sources of motivation (Pajares & Urdan, 2006). 

This seems to be consistent with the fact that Elizabeth does not find the work she does to be 

“pertinent” to her life and appears to be primarily motivated by extrinsic factors. My 

understanding of Elizabeth’s feeling towards mathematics deepened during the second interview 

when she stated that: 

“I think... Well, when I understand something fast, I'll definitely be a lot more excited to 

do it and better because I understand like certain things, I'll get really fast in that.” 

This statement is consistent with the mastery experience source of self-efficacy (Bandura, 1997) 

as Elizabeth’s success at the task directly reinforces her feeling that she understands and can 

succeed at it. This was encouraging to see as mastery experience is considered to be the strongest 

of the self-efficacy sources. When asked about what she thought could be done to improve 

mathematics teaching, Elizabeth explained that:  

“I guess, maybe make projects in math instead of just learning a book all year and then 

crunching it at the end of the year, and make like activities like maybe outside. Figure out 

something.” 

By learning what Elizabeth personally thought would improve her mathematics learning I gained 

a bit more insight into the sources of her mathematics self-efficacy. The fact that she would 

enjoy projects in mathematics learning suggests that she enjoys some level of collaboration, 

which could be interpreted as the vicarious experience source of self-efficacy. Furthermore, her 

preference for a project rather than simply learning from a book could stem from a desire to 

experience mathematics in a more tactile or hands-on way, which along with her suggesting 

learning mathematics outdoors seems to suggest she is missing a more positive application of the 
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physiological and affective states source of self-efficacy. With all of this said, while reflecting on 

the cross-disciplinary lessons during the last interview Elizabeth said:  

“It shows you something that you'll actually - that exists. Like obviously math exists, but 

it's not – Algebra is never gonna stop you from going through life.” 

Once again we see Elizabeth expressing a disconnect between classroom mathematics and what 

takes place in the real world. Returning to the initial discussion of goal theory the impression this 

statement gives me is that at the very least the process of learning mathematics, applying them to 

the instrument design, and then walking away with an instrument provided a clear through-line 

which to Elizabeth was something that actually “existed” rather than being something which was 

not “pertinent in real life.”   

Madelyn 

 During Madelyn’s first interview when asked about her mathematics abilities she 

provided an answer which suggested two possible sources for her mathematics self-efficacy: 

“I’m not the best at math, I’m not the worst. I'm just getting by.” 

The way Madelyn phrased this response suggests to me that two sources of her current 

mathematics self-efficacy would likely be mastery experience and vicarious experience as she is 

comparing her own abilities and success to that of her peers by use of “best” or “worst.” A 

statement later in the interview would shed some light as to why she felt her mathematics skills 

were “not the best”: 

“Then high school, math was really easy, and when it got kinda harder, I didn't like it as 

much, but I always found math interesting and satisfying to do, because solving a 

complicated equation when you actually get it right, is very fun. But once you stop 

getting them right as much, it gets a little frustrating.” 
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This response seems to gravitate more towards mastery experience as a source of her self-

efficacy, but this time we see it manifest in both directions. When she was younger and found the 

mathematics she was learning “easy” she found the course material interesting and satisfying, 

which seems to suggest that her success completing mathematics tasks was increasing her 

mathematics self-efficacy. In contrast to this, once she reached higher levels of mathematics 

education which were less “easy,” the decrease in correct answers became more frustrating 

which could be interpreted as lowering her mathematics self-efficacy. In both situations, we can 

see her assess her own abilities in mathematics based on how well she performs the learning 

tasks which is consistent with the overall theory of self-efficacy (Bandura, 1997).  

Shifting to the topic of motivation, when asked what motivated her to work in her 

mathematics class she replied: 

“Not much. It's mostly like I know I have to do it or I'll fail the class, and that would just 

be... Not very fun.; I definitely don't wanna do it again.” 

This statement reveals that Madelyn is extrinsically motivated by the fear of failure. Madelyn’s 

perception that failing and repeating the class is a possible outcome and the stress this belief 

causes seems to suggest that physiological and affective states is also a possible source of lower 

mathematics self-efficacy for her (Bandura, 1997). From a motivation standpoint, this statement 

is cause for concern as extrinsic incentives and pressures can often undermine motivation to 

complete tasks, even if the individual finds the task inherently interesting (Eccles & Wigfield, 

2002). During the final interview, Madelyn was asked to reflect on her mathematics abilities a 

final time and responded: 
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“Not great, but I mean, I think I can do math if I want to, if I put the effort and I can 

understand it; Yeah, I'm not bad at math. I made it this far. Calculus sucks, but I haven’t 

failed yet so.” 

This reply seems to indicate that because she had been passing her assignments that perhaps her 

mathematics self-efficacy has increased to some degree through mastery experience, although 

her sentiments towards mathematics as a discipline still seem to be somewhat negative. Finally, 

when asked to reflect on the lessons she had participated in for this research, Madelyn stated:  

“This was more interesting 'cause it was like real life instead of the weird concept of 

math – That has its use, but it's stupid and I don't like it.” 

This response was encouraging to hear and seemed to be congruent with Elizabeth’s sentiments 

when reflecting on the cross-disciplinary lessons. The impression given from Madelyn’s 

statements is that she is not as interested in more abstract or theoretical mathematics, so it is 

possible the cross-disciplinary lessons provided mastery experience opportunities for her in a 

format she found easier to connect with. Regarding Madelyn’s mathematics skills, she made one 

final comment during the last interview I found interesting: 

“I might be a bit old for it, not the class, obviously, 'cause I did learn a lot of stuff that I 

didn't know about instruments really - But the Math level, I might be a bit above it.” 

I found this statement interesting as my personal experience going over the mathematical 

concepts with Madelyn was that she was very effective at executing them, but when I would 

mention this during the lessons she would usually brush off any complimentary statements. This 

is useful for improving my teaching practices going forward as it illustrates the fact that students 

will not see any improvements to their self-efficacy for a discipline if they do not feel the task 

they succeeded at was adequately challenging (Pajares & Urdan, 2006). 
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Olivia 

 During Olivia’s first interview, when asked about her feelings on her mathematics class 

her response indicated that although she was feeling positive about the class currently, that she 

had been struggling on some level during the school year: 

“I don’t mind math. I had a math test today and it was actually the first time in a while 

that I felt good about a math test this year”. 

This response seems to fit under the mastery experience source of self-efficacy as her most 

recent performance on a test increased her feelings of self-efficacy, which seem to have been 

otherwise low during the school year. During the same interview, when asked what motivated 

her to do the work required for her mathematics class Olivia stated:  

“The idea of failing, I think well - Yeah, I think that's... Yeah, but also I think it's not fun 

to start something, but once that starts to pick up, I actually really enjoy Math finals 

'cause I'm just like... Just something in my head switches and I'm just thinking about math 

and it just goes so fast”. 

Once again we see the fear of failure functioning as an extrinsic source of motivation, although 

within this reply there is also a positive note about getting “into the zone” so to speak for 

mathematics exams. This seems fit under the physiological and affective states source of self-

efficacy, as the heightened emotional arousal seems to increase Olivia’s attentiveness and belief 

in her ability to succeed in the mathematics exam setting (Pajares & Urdan, 2006). When asked 

about her motivation for her mathematics class during the second interview she replied:  

“It's been getting better. They were really tough for a while, just 'cause I didn't know how 

to study at all, and I felt like it was very overwhelming, and so I think I've been learning 

how to get on top of things and organize myself.” 
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It is of course imperative to keep in mind that this research was conducted during the COVID-19 

pandemic, which forced students to attend classes remotely. With this drastic change, many 

students needed to cultivate their discipline and organizational skills to keep on top of their 

coursework, which is what Olivia is referring to in this quote. Once again it would seem fair to 

categorize this improvement under the physiological and affective states source of self-efficacy, 

although it is important to point out this may pertain to the broader domain of organizational 

skills rather than mathematics specifically. Later in the interview, Olivia would explain that: 

“I think the system is set up so that if you are not quick and you can't do it super... If it's 

not the education - is not... It was not designed for you” 

This statement is consistent with literature that asserts the unfounded but wide belief that to be 

successful at mathematics one needs to be “quick” at performing the operations (Anderson, 

2007). I feel that this sentiment falls better under the vicarious experience source of self-efficacy, 

as Olivia is not simply relaying her individual experience of learning under the current 

mathematics pedagogical system but also drawing on observation of her peers and their 

experiences. Finally, during the third interview when asked once again about how she was 

feeling about her mathematics abilities, Olivia responded:  

“Good up until I did a few practice exams, and then I was like “I guess I'm not that good” 

This reply fits directly under the mastery experience source of self-efficacy as her attempts and 

lack of success at the practice exams have diminished her belief in her mathematical abilities. 

When asked about her motivation for the final time, Olivia responded: 

“I think like part of me does enjoy doing math. I think just like the overbearing like - you 

need to get good grades to get into a good Cegep is crushing down on me.” 
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This response was interesting, as once again Olivia remarks that she enjoys mathematics, which 

as previously discussed stems in part from the physiological and affective states source of self-

efficacy but now opposing this enjoyment, seemingly from within the same self-efficacy source, 

is the anxiety associated with maintaining grades for future educational endeavors.  Contrasting 

this, when asked to reflect upon the music-mathematics lessons conducted for the research she 

stated: 

“I liked it a lot. I think it was very satisfying to be able to get the instrument because I 

was just like - I remember, I think it was a class where we were doing the math in the 

table there, and I was just exhausted after a little bit, I was like, math can do that, and I 

think that it was such a relief to see what I actually created through it, which was 

amazing. So that was good. I just felt very satisfied and proud 'cause I was able to 

construct that.” 

Although I would argue it is fair to say that the process of learning mathematics and using them 

to design an instrument constitutes mastery experience as a source of self-efficacy, I feel that the 

fact Olivia uses words like “exhausted” and “relief” to describe a positive experience with 

mathematics once again points to physiological and affective states as a key source of her 

mathematic self-efficacy. Returning to the concept of goal theory (Eccles & Wigfield, 2002), it 

would also seem that the fact that these mathematics were presented with a specific and 

understandable goal in mind was beneficial to Olivia’s willingness to persevere through bouts of 

mathematics she seems to have found challenging or tedious. Finally, Olivia made a statement 

that interested me from a self-efficacy standpoint, although not for mathematics:  

“And so I think now the way I look at music has changed a bit to just - I just feel more 

open to it, I think before... Even before we did the guitar class, I would look at a guitar 
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and I got nervous 'cause I was like, I would really like to be able to play that, but I don't 

know how. And so now it's fun for me to pick up a guitar and do whatever; And then 

when we got that instrument, I was just like... I didn't get scared 'cause I was like, “Oh 

my God, I don't know how to play this”, I was excited for all the possibilities.” 

I found this statement very interesting as my first instinct was to categorize this growth as 

mastery experience, but this seems to not be a perfect fit as these lessons featured no 

opportunities for practical instrument instruction. This means that simply learning the concepts 

which are necessary to construct an instrument bolstered her self-efficacy for playing the guitar, 

which from a certain standpoint feels as though it could be categorized more as vicarious 

experience. Although this does not have to be an either-or situation, this development was very 

interesting to me, even if my primary focus was on mathematics self-efficacy rather than music.  
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Chapter 5: Conclusion 

 In this chapter, I will be examining the themes produced through my data analysis and 

attempt to answer the questions initially posed by this research. I will do this by first examining 

each of my guiding sub-questions, and then finally the overarching research question and how it 

informs my future teaching practices. This chapter will make many references to the themes and 

categories derived from my data analysis, which for clearer reference can be found under 

Appendix A. When referring to a category within a theme it will be placed in parentheses to 

clarify what assertion I am attempting to support through its reference.  

Guiding Sub-Question 1: Motivation 

What is the sense of motivation students feel when they apply mathematics in a real-

world context?   

This sub-question is answered by examining the themes Math Utility Disconnect and 

Music Math Connection to see how they are related and contrast with each other. Beginning with 

Math Utility Disconnect we can find a range of categories that indicate that there are issues with 

the mathematics motivation of my participants. The most obvious issue would seem to be the 

fact that when asked about their mathematics motivation, each participant frequently reported 

feeling they were lacking (Motivation Negative), and when pressed on what their main motivator 

to work in their mathematics class was, they all replied with some variation of fear of failure 

(Motivation: Fear of Failure). This can be described as an extrinsic motivator, that being a source 

of motivation which the student derives from an outside source, be it in the form of a reward or 

punishment. Literature and empirical evidence show that extrinsic motivators can eventually 

begin to undermine a students’ motivation to perform tasks (Eccles & Wigfield, 2002). With this 

said, it would stand to reason that a student would be better served by intrinsic motivators in their 
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learning, and there is research that supports this theory (Bandura, 1997; Pajares & Urdan, 2006). 

When individuals are intrinsically motivated, they engage with material because they have a 

sincere interest in it, and intrinsic motivation seems to be maintained when individuals feel 

competent and self-determined in the tasks they perform (Eccles & Wigfield, 2002).  

The question then becomes, why are my participants lacking in sources of intrinsic 

motivation, especially when all three expressed a sincere interest in mathematics as a subject. 

The answer to this question seems to lie within the overall theme of Mathematics Utility 

Disconnect. Over and over, each of my participants expressed some level of frustration towards 

the content they were studying in their mathematics classrooms and how said content did not 

appear to have any practical utility in their everyday lives. It is of course more than likely that 

much of the content they had been learning did possess real-world application, but if it did it was 

certainly not explained in a way that allowed them to see as much. If intrinsic motivation is in 

fact derived from a sense of competency and self-determination (Eccles & Wigfield, 2002), then 

it is not surprising my participants lacked it, as how can one feel competent or self-determined 

when they are simply computing operations without an authentic understanding of why they are 

doing so and what purpose it serves?  

 This brings us to the second theme I want to examine in the context of this sub-question, 

Music Math Connection. When reviewing the categories within this theme, it appears that 

attempts to connect the mathematical concepts to the musical framework were resonating with 

participants (Musi-Math Connection). It is also apparent that participants felt positive overall 

about the cross-disciplinary lessons and their final results (Musi-Math Lessons Positive). There 

are a few factors that may have contributed to these overall positive feelings. Participants 

appreciated the hands-on practical components designed into each lesson (Tactile Component 
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Positive, Visual Component Positive). They also enjoyed the collaborative nature of the lessons 

(Positive Collaboration), and they were engaged with the potential to express themselves 

artistically (Motivation: Self-Expression, Artistic). Most interesting of all when considering the 

motivation of my participants is that they were all able to understand and appreciate how the 

mathematics was useful for understanding the various musical instrument design concepts we 

learned (Musi-Math Utility). When comparing this sentiment against those found within the 

Math Utility Disconnect Theme, one of the main differences which stand out to me is the use of 

clear and purposeful goals within the cross-disciplinary lessons.  

It is understood according to Goal Theory that the way an individual sets and interacts 

with goals is a relevant factor for their motivation towards a task (Eccles & Wigfield, 2002), that 

simply adopting a goal without understanding its purpose is not effective in motivating an 

individual (Bandura, 1997), and that providing students with clear achievable goals can help 

foster a sense of purpose and accomplishment within them (Pajares & Urdan, 2006). The cross-

disciplinary lessons were designed so that each lesson had an activity to demonstrate the new 

concept which could be seen as a short-term goal, and all of the lessons were building towards 

ultimately designing a musical instrument that can be seen as the long-term goal. Each 

mathematical concept was presented with a clear purpose and based on the Music Math 

Connection theme this seemed to resonate with my participants. In addition to these factors, the 

open-endedness of the design portion of these lessons gave my participants a high level of 

autonomy, which is also understood to be beneficial for motivating students (Simon, Et al, 2015). 

For all of these reasons, I feel that there were aspects to this approach to learning mathematics 

that provided an opportunity for increased motivation when compared to the approach in a 

typical mathematics classroom. 
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Guiding Sub-Question 2: Competence and Confidence in Mathematics 

What are students’ feelings of competence and confidence in mathematics in an 

interdisciplinary music and mathematics learning experience?   

This question can be answered by examining the themes Math Ability Reflection, Music 

Math Connection, and Musical Instrument Design. Throughout the study, I provided many 

opportunities for my participants to reflect upon their abilities, enjoyment, and learning of 

mathematics. These reflections would ultimately become the Math Ability Reflection theme 

within my data analysis. These reflections provided me with many insights into their mindset for 

the discipline and have helped inform my understanding of their competence and confidence in 

mathematics. One example of this being the fact that although all of my participants seemed to 

believe that on some level certain individuals had a stronger natural ability for mathematics 

(Math Oriented Minds), they at the same time believed that they could improve their individual 

mathematics abilities through hard work (Learning Strategy). This belief in the ability to improve 

through hard work is consistent with a Growth Mindset which Carol Dweck (2006) defined as 

the belief that your basic qualities are things you can cultivate through your efforts. The presence 

of this belief indicates to me that there is existing confidence among my participants for 

mathematics, as they do believe they can achieve if they put in the effort. As for their feelings of 

competence, another trend among my participants was the role that success played in their 

enjoyment of their mathematics learning (Success Based Enjoyment), where succeeding at 

solving a problem would yield satisfaction while struggling would lead to frustration. This 

struggle induced frustration indicates to me that my participants likely feel more competent when 

they perceive that they are succeeding, which would once again be consistent with Bandura’s 

theory of self-efficacy (Bandura, 1997).  
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With this insight into my participants’ sources of competence in mind, I feel that the 

feelings of competence and confidence my participants felt during the cross-disciplinary lessons 

can be understood by contrasting elements of the Math Ability Reflection theme against the 

Music-Math Connection and Musical Instrument Design themes. In terms of competence, when 

considering the Music Math Connection theme there is an emphasis from my participants that 

they were understanding and forming the connections between the mathematical and instrument 

design concepts (Musi-Math Connection, Musi-Math Utility). Shifting to the Musical Instrument 

Design theme, my participants generally reported a greater understanding of how musical 

instruments are designed and function (Deeper Instrument Understanding), and overall, they 

were satisfied with the results of their hard work (Instrument Design Satisfaction).  

With this sense of understanding and satisfaction among my participants in mind, and 

when considering they emphasized the fact that the misunderstanding mathematics concepts is a 

source of frustration (Success Based Enjoyment) it becomes apparent that the cross-disciplinary 

lessons were successful in fostering at least some level of competence for my participants. As for 

confidence, when reviewing the themes, it seems as though there was a bit more variation. 

Although my participants were satisfied with their final products (Instrument Design 

Satisfaction), they also reported feeling stressed about the amount of work and requisite skills 

required to design the instruments (Instrument Design Anxiety). Furthermore, although the 

feedback my participants provided regarding the cross-disciplinary lessons was overwhelmingly 

positive, there were still some lessons which did not connect (Musi-Math Lesson: Negative) and 

the confusion which arose as a result did not help to bolster confidence. With this said, feelings 

of confidence to perform a new task are often something which needs to be fostered in a student 
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rather than found innately (Pajares & Urdan, 2006) and the design of the cross-disciplinary 

lessons provided many opportunities for my participants to cultivate their confidence.  

These were primarily provided in the form of hands-on activities which allowed my 

participants to experience the mathematical concepts in a tangible way (Tactile Component 

Positive, Visual Component Positive). This had the added benefit of allowing my participants to 

find out immediately if they were understanding the mathematical concepts, and to use this 

prompt feedback to adjust their levels of confidence based on their successes. This of course 

required that the mathematical concepts and the activities be designed so that they were within 

the capacity of the students while still posing a challenge (Pajares & Urdan, 2006), which 

generally they were. Ultimately, I would not claim that feelings of confidence were universally 

high throughout the entire series of cross-disciplinary lessons, but given the fact that my 

participants were able to accrue new levels of competence through instrument design, it stands to 

reason that this would also raise their feelings of confidence in this domain going forward as 

well.   

Overarching Research Question: Experience of Cross-Disciplinary Lessons 

How do students describe the experience of learning mathematics through the real-world 

context of instrument-construction, and how can understanding this experience improve 

my teaching practice? 

Regarding my participants' experience learning mathematics through the process of 

instrument design and construction, the themes and categories derived from the data indicate that 

overall, it was quite positive. As per the two guiding sub-questions of this research, it seems that 

aspects of the lessons were motivating for participants and on some level helped to provide them 

with a sense of competence and confidence. When reviewing the categories found within the 
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Music Math Connection theme there is evidence that my participants were understanding and 

making connections between the mathematical and instrument design concepts (Musi-Math 

Connection, Musi-Math Utility), and that they enjoyed the cross-disciplinary lessons (Musi-Math 

Lessons: Positive). This theme does contain evidence that some aspects of the cross-disciplinary 

lessons were not as enjoyable (Musi-Math Disconnect, Musi-Math Negative) but these are fairly 

de-emphasized and easily traced back to lesson 3, which as discussed in chapter 4 was clearly a 

weaker lesson. With those negative aspects considered I still feel that it can be asserted with 

confidence that the cross-disciplinary lessons were a positive experience for my participants. 

With all of this said, how can I use this understanding of my participants' experiences 

with the cross-disciplinary lessons to improve my teaching practices? I feel there are three key 

aspects of my research I can reflect upon to answer this question. The first would be the 

Summary of Insights to Improve my Teaching Practices section from chapter 4, in which I tried 

to take one key lesson from each journal reflection to improve my teaching practices. Although 

there were 8 insights listed in this section, if I were to try and boil them down into a key take 

away it would be to create lessons that have a clear focus and allow for mathematics concepts to 

be learned and utilized in an organic way, through the inclusion of hands-on activities when 

possible. Although the lessons I designed for this research all contain elements of this takeaway, 

none of them could be described as meeting all of these requirements. This will of course be a 

challenging benchmark to work towards in future lessons but I feel that setting this as a goal will 

elevate my teaching practices. 

The second aspect of my research I feel can be utilized to improve my teaching practices 

is the deeper understanding of sources of self-efficacy I have accrued through the analysis of 

participant interviews. As stated previously, this research was not intended to measure the self-
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efficacy of my participants, but to use existing knowledge of the concept from the literature as a 

lens to better understand aspects of my participants’ mathematics experience. Through exercising 

the skill of sorting participant feedback into various sources of self-efficacy I feel I am now 

better able to use it as a framework for understanding the needs of my students and in what ways 

I can modify my lesson material to be better suited to their needs. For example, if I notice a 

future student seems to be positively influenced by the vicarious experience source of self-

efficacy, I might try to create more situations where they are able to work with their peers. If a 

future student appears to be more influenced by the physiological and affective states source, I 

might offer guidance in moderating their emotional state to take advantage of the heightened 

attentiveness without fully spiraling out of control emotionally. Although this may not be 

applicable to every future teaching situation, I feel that having this ability in my toolbox will be a 

great benefit to future teaching endeavors.  

Finally, the third aspect of my research I feel can be utilized to improve my teaching 

practices would be reviewing the instruments created based on the designs of my participants and 

examining these final products within the context of the Music Math Connection and Musical 

Instrument Design themes and the categories which lie within them. To achieve this, I will refer 

to each participant’s instrument (Appendix C), give my thoughts on their process, how it 

connects to the themes, and explain how it informs my teaching practices.  

The first instrument I would like to discuss is Elizabeth’s (Table C1) which was designed 

with a fairly a-typical shape. Elizabeth’s design process for her instrument seemed to initially 

focus more on the aesthetics of the instrument rather than the range or tuning it would have. This 

could be understood as her taking more enjoyment from the aesthetic design aspect (Artistic, 

Motivation: Self-Expression) or perhaps stem from a lack of confidence in designing the more 
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critical aspects of an instrument (Instrument Design Anxiety). I really appreciate the creativity 

Elizabeth employed in her design, so I would not alter my teaching practices as far as allowing 

that level of design freedom is concerned, but in future, I would like to ensure that other aspects 

of instrument design are understood with more confidence so that I can be sure that students are 

focusing on what they want to rather than simply retreating to what they are comfortable with.  

Next, I would like to discuss Madelyn’s instrument (Table C2). This instrument drew 

inspiration from a similar looking instrument from the popular television series “Adventure 

Time.” When it came time to begin finalizing design plans, Madelyn knew that this was the 

instrument she wanted to build immediately, and as it is inspired by a piece of media which she 

appreciated I feel this could be understood as a form of self-expression (Motivation: Self-

Expression). The challenge Madelyn faced was altering the proportions of the instrument in such 

a way that it retained the look of the instrument it drew inspiration from, while still being 

balanced and playable in the real world (Instrument Design Plan). When reflecting on Madelyn’s 

process, I realize two ways I can improve future iterations of these types of lessons. First, I could 

include more references to instruments from various types of media so that participants who feel 

overwhelmed by the paradox of choice can see modeling their instrument after an existing one as 

a viable option. Second, I feel that the exercise of taking an instrument from a media which is not 

grounded in reality and trying to make it work functionally and proportionally as a design in the 

real world would be a great way to organically teach some of the mathematical and instrument 

design skills I feel are useful.  

Finally, I would like to discuss Olivia’s final product (Table C3). From an instrument 

design standpoint, I feel this is the most ambitious of the three as its purpose was to see if 

different-sized sound holes would change the sonic properties of the instrument. During the 
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design process, Olivia felt some pressure to think of something outside-the-box (Instrument 

Design Anxiety) and landed on the idea that it was possible an instrument would sound different 

if the size of the hole the air escaped from were a different size (Deeper Instrument 

Understanding). This necessitated the instrument be hollow which is more time consuming to 

build, and as my time frame to build the instruments was short Olivia compromised and designed 

the instrument to have a very simple diamond shape (Instrument Design Plan), which she was 

ultimately very fond of (Instrument Design Satisfaction). I was initially disappointed I had to 

place a limitation on the creativity of one of my participants, but what this has demonstrated to 

me regarding my teaching practices is that limitations are not always a bad thing, and can even 

help produce some creative choices which would not have been arrived at otherwise.  

Overall, the process of examining and attempting to understand the experience of my 

participants throughout these cross-disciplinary lessons yielded an abundance of new knowledge 

I was able to gather from this research to inform my teaching practices going forward. I feel that 

if I continue to give this level of reflection to future lessons I conduct that I can continually 

improve my lesson design and teaching skills. As far as improving my teaching practices is 

concerned for this research, I would consider it to be a very successful.    

Concluding Commentary 

I am very pleased with the results of this research. Although it was conducted on a very 

small scale with very specific parameters, I still feel that it adds support in some small way to the 

concept of cross-disciplinary education. As far as my teaching practices go I feel I have taken 

away many important lessons which I can apply to future attempts and iterations of these types 

of lessons. Perhaps others who are interested in pursuing cross-disciplinary educational practices 
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and happen to come across this thesis will find its content useful in informing their own 

practices.  

With that said there are a few caveats I would like to address. I feel that it is worth 

mentioning that any assertions to the shortcomings of the current mathematics pedagogical 

practices are not meant to be taken as an indictment against individual educators. It would be 

unfair to compare the work I have done for this research to what a school classroom teacher can 

do within the constraints of time, testing, and whatever curriculum they are required to adhere to, 

especially considering the difference in student to instructor ratios. Furthermore, I think it is also 

worth mentioning that as I already possessed the specialized tools and most of the required 

materials to construct musical instruments, I was able to allow participation in my research at no 

cost, which is not a realistic or fair standard to hold other educators to.  

Limitations 

 While conducting this research there were a number of limitations. The most prominent 

of which was the social distancing required to conduct these interdisciplinary lessons during the 

Covid-19 pandemic. In addition to the growing pains of switching to a virtual classroom, this 

requirement also eliminated the ability to have my participants engage in the actual construction 

of their instruments, which I feel would have added an additional dimension to their experience. 

Although my chosen methodology is not concerned with sample size, it is still worth mentioning 

that there is a limit to what can be extrapolated from only three participants. Additionally, this 

research needed to be completed over a relatively short time frame given the amount of content 

available, and I feel more lesson time would have allowed for a more in-depth understanding of 

certain concepts.  
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Next Steps for Future Research and Teaching Practice 

 I am of two minds when considering steps for future research. As far as improving my 

teaching practice is concerned, I feel that repeating this research using the cyclical steps of 

“look”, “think”, and “act” could be performed in perpetuity and still yield new insights and 

results to refine the cross-disciplinary lessons I have designed. From the list of insights to 

improve my teaching practice I compiled in chapter 4, I feel that I would most like to improve 

my ability to integrate mathematics organically and create a sense of teamwork between myself 

and my students. As for possible future research, I feel that focusing on the possibilities of 

interdisciplinary and cross-disciplinary pedagogical approaches is an avenue I could explore as 

doing so could be valuable in substantiating the value of these approaches for future curriculum 

design. It has also occurred to me that the use of manipulatives in mathematics is something I 

have overlooked, especially given the fact that I feel a lot of this research’s successful moments 

hinged on the tactile and practical activities the lessons provided for my participants. Therefore, 

shifting research focus to the use of manipulatives is another option I might consider exploring in 

future research. 
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Appendix A: Thematic Coding 

Table A1 

 

Overarching Themes and the categories they contain 

Overarching 

Theme 

Music Math 

Connection 

Math Utility 

Disconnect 

Math Ability 

Reflection 

General 

Music 

Musical 

Instrument 

Design 

Categories Musi-Math 

Connection 

Math Utility 

Disconnect 

Math Ability 

Self-

Reflection 

Music 

Practice: 

Negative 

Deeper 

Instrument 

Understanding 

Musi-Math 

Lessons: 

Positive 

Current Math 

Learning 

Impact of 

COVID 

Music Taste Instrument 

Design 

Reflection 

Musi-Math 

Utility 

Real World 

Math 

Success Based 

Enjoyment 

Music 

Education 

Instrument 

Design 

Anxiety 

Tactile 

Component 

Positive 

Motivation: 

Future 

Education 

Math 

Enjoyment 

Music 

Practice: 

General 

Instrument 

Design Plan 

Motivation: 

Self-

Expression 

Abstract Math 

Negative 

Learning 

Strategy 

Music 

Practice: 

Positive 

Instrument 

Design 

Satisfaction 

Visual 

Component 

Positive 

Math Anxiety Success based 

Self-Efficacy 

Music 

Acquisition 

 

Artistic Math Unit 

Disconnect 

Improve Math 

by Practice 

Music 

Enthusiasm 

 

Positive 

Collaboration 

Motivation: 

General 

Math Oriented 

Minds 

  

Musi-Math: 

Disconnect 

Motivation 

Negative 

Math Success: 

Satisfaction 

  

Musi-Math 

Lesson: 

Negative 

Motivation: 

Fear of 

Failure 

   

 Math Career: 

Closed 

   

 Math Career: 

Open 

   

 Pressure for 

Quick Success 
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Appendix B: Lesson Material 

Table B1 

 

Additional details on elements of cross-disciplinary lessons 

Lesson Item Description Image 

2 Strähle 

Construction 

A geometric 

configuration use to 

determine the 

spacing between 

frets. 

 

 

2 Nail-board A practical 

demonstration of 

the “Strähle 

Construction”, nails 

are placed along 

key points to create 

“frets” on a 

functional 

instrument. 
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3 Tuning 

Cipher 

A series of mobile 

chromatic scales 

used to facilitate an 

understanding of 

different tunings on 

a fretted instrument. 

 

4 “Harp Like” 

Instrument 

Made from a 

recycled guitar 

body, this 

instrument uses 

mobile posts to 

demonstrate 

elements of string 

tension. 

 

7 Foam-Core 

Bristol Board 

Templates 

A lightweight but 

sturdy material used 

to facilitate rough 

templates of  

instruments for my 

participants. 
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Appendix C: Participant’s Final Products 

Table C1 

 

Elizabeth’s Instrument 
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Table C2 

 

Madelyn’s Instrument 
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Table C3 

 

Olivia’s Instrument 
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Appendix D: Interview Protocols 

Table D1 

 

Protocol for Interview 1  

Theme # Type Question 

Pre 

Interview 

  Self-introduction 

  Discuss voluntary basis of interview. 

  Explanation of pseudonyms used for confidentiality purposes. 

  Discuss interviewee’s option to end interview when needed. 

Intro 1 Introducing Can you tell me about yourself? 

 Follow up What grade are you in? 

 Follow up What school do you go to? 

 Structuring Great. I would like to talk a bit about music now, is that alright? 

Music 2 Indirect What do you think about music? 

 Follow up What kinds of music do you like? 

 Follow up What is your music class like? 

 Follow up What experience do you have playing music in general? 

3 Indirect Can you think of any way’s music is mathematical? 

 Structuring On that topic, can we talk a bit about math? 

Math 

Attitude 

4 Indirect How do you feel about math class? 

 Follow up Have you always felt this way? 

5 Indirect What part of math makes you the most excited? 

 Follow up Can you think of any cool jobs that use math? 

6 Indirect What part of math makes you the least excited? 

 Structuring I am curious as to what you are learning in math class now?  

Math 

Knowledge 

7 Direct What else have you learned in math class so far this year? 

 Follow up Do you feel it builds on what you learned last year? 

8 Direct Do you know what you are going to learn the rest of this year? 

9 Indirect Can you think of anything in your everyday life that uses math? 

 Follow up What about a computer, the internet, apps, phone, etc… 

Math 

Motivation 

10 Indirect How do you feel about solving problems?  

 Follow up What about finding the right answer to math problems? 

11 Indirect What motivates you to do your math work? 

12 Direct How willing would you be to do work that paid you to use math? 

Math 

Self-

Efficacy 

 

13 Indirect How do you feel about your math skills? 

14 Indirect How do you feel when you see a math problem that looks 

difficult? 

15 Indirect What do you think you could do to become better at math? 

16 Direct How hard do you try in math class? 

 Follow up Why? 

Closing   Any final thoughts you would like to share? 

  Thank you for your time. 
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Table D2 

 

Protocol for Interview 2  

Theme # Type Question 

Intro 1 Introducing How have you been? 

2 Follow up What is your current age? 

 Structuring Great. I would like to talk a bit about music now, is that 

alright? 

Music 3 Direct Have you been playing much lately? 

4 Direct Any new music you are listening to? 

 Follow Up How do you tend to find new music? 

 Follow Up Do you feel you are more open to new music, or have a more 

specific musical taste? 

5 Direct How often to you show new music to friends?  

 Structuring Great. I would like to talk a bit about math now, is that alright? 

Math 

 

6 Direct How has math class been lately? 

7 Direct Learning anything new since the last interview? 

8 Direct How has your motivation for math class been lately? 

 Follow Up How do you feel about your math skills? 

9 Direct If you think about friends you have who don’t like math but 

like music, what do you think they would think of these 

lessons? 

 Follow Up Do you think these lessons are better for people who like 

music, or dislike math?  

Music-

Math 

10 Direct Can you think of any new ways in which music is 

mathematical? 

11 Direct Did you find any of the music-math stuff we learned so far 

surprising? 

 Follow Up Did you find any of in confusing? Is anything still unclear? 

13 Direct Has this new information changed how you look at instruments 

at all? 

Instrument 

Design 

 

14 Direct Have you given thought to what kind of instrument you want 

to build? 

 Follow Up Does this instrument have a specific goal? 

 Follow Up Did this idea evolve over the past four weeks? 

15 Direct What kind of music do you picture yourself playing with it? 

16 Direct From what we have learned so far, what kinds of math do you 

think we will be using to create this instrument? 

Closing 17  Any final thoughts you would like to share? 

  Thank you for your time. 
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Table D3 

 

Protocol for Interview 3  

Theme # Type Question 

Intro 1 Introducing How have you been? 

 Structuring Great. I would like to talk a bit about music now, is that alright? 

Music 2 Direct Have you been playing much lately? 

3 Direct When learning a song, are there any elements that seem 

mathematical to you? 

 Follow Up What about if you wanted to write a song? 

4 Direct Any new music you are listening to? 

Math 5 Direct How has math class been lately? 

6 Direct Learning anything new since the last interview? 

7 Direct How has your motivation for math class been lately? 

 Follow Up How do you feel about your math skills? 

8 Direct How do you feel about what we did for learning mathematics 

compared to a typical math class you would experience? 

 Follow up If you think about friends you have who don’t like math what do 

you think they would think of these kinds of lessons? 

Music-

Math 

9 Direct Can you think of any new ways in which music is mathematical? 

 Follow Up Has this new information changed how you look at instruments? 

 Structuring I would like to reflect on some of the lessons we completed. 

10 Direct What did you think about the Strähle Construction lesson? 

11 Direct What did you think about the Instrument Tuning lesson? 

12 Direct What did you think about the String Tension lesson? 

13 Direct What did you think about the lesson which focused on 

Brainstorming/Design? 

Instrument 

Design 

14 Direct Overall how do you feel about the instrument you designed? 

15 Direct Self-expression as a motivator 

16 Direct There are some aspects of the instrument we did not have time to 

discuss during the planning, can you think of any mathematics 

used to achieve them? 

17 Direct Between the design and the actual product, did anything surprise 

you about the final instrument? 

 Follow Up Is there anything you would change about the instrument if you 

did a second version of it? 

 Follow Up Can you think of some ways that you could use mathematics to 

improve or modify your design? 

Closing 18  Any final thoughts you would like to share? 

  Thank you for your time. 
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Appendix E: Observation Protocol 

Length of Activity: ___ minutes 

 

Time Notes: Participants 

 

Time Notes: Environment 

 Participant Mood/Attitude: Start 

(How was their day, how do they feel?) 

 Weather 

(Nice out? Too hot? Too cold? Etc.) 

 

 

 

 

 

 

 

 

 Participant Interest in Activity: Start 

(Engaged? Disengaged?) 

 Work Environment  

(Clean? Cluttered? Distracting noises? etc.) 

 

 

 

 

 

 

 

 

 Participant Interest in Activity: End. 

(Changes from beginning of activity?) 

 

 Interactions with Environment 

(Where does participant choose to sit? Has 

anything caught their attention?) 

 

 

 

 

 

 

 

 

 

 

 

Participant Mood/Attitude: End. 

(Changes from beginning of activity?) 

 Things out of the ordinary? 

(Spirit day at school? Concerning world events?) 

 

 

 

 

 

 

 

 

Description of Learning Area 

 

 

 

 

 

 

Date:  



113 
 

Appendix F: Post Activity Journal Protocol 

 

Activity Description:  

 

General Thoughts: 

 

Improvements based on Dr. Bolden’s Advice from Previous Lesson: 

 

General Improvements from last Lesson: 

 

Weak Points: 

 

Participant Feedback:  

 

Personal notes:  
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Appendix G: Letter of Consent/Information 

 

Study Title:  Circumventing Low Mathematics Self-Efficacy Through Musical Integration 

 

Name of Principal Investigator: John Francom, Faculty of Education, Queen’s University 

Name of Supervisor: Dr. Jamie Pyper, Faculty of Education, Queen’s University 

 

 

I am inviting secondary school students to take part in a research study. The purpose of this study is to 

examine the experience of having mathematical concepts integrated into a musical framework through the 

design and construction of musical instruments. If you agree to take part, I will expect you to participate 

in 8 activity sessions where you will learn to design and build a musical instrument and to perform three 

one on one interviews, each lasting one hour at the beginning, middle, and end of the activities. The 

interviews will be audio-recorded and later transcribed. Field notes will be taken during the activity 

sessions. Participants who take part in this study will walk away with their own unique musical 

instrument. This study provides no direct benefits to participants. Study results will increase 

understanding of mathematics self-efficacy and how educators might improve their practice to enhance 

mathematics self-efficacy in their students.  

As some of these activities will require the use of hand and power tools there is a potential risk of injury if 

they are used improperly and/or without the proper safety precautions. To mitigate this type of risk I will 

begin by ensuring all participants are taught proper technique for safety while using various hand tools. 

Use of protective equipment (goggles, mask, and hearing protection) will be mandatory. All work with 

tools will be done under my strict supervision, and any participant who is not taking precautions seriously 

will not be allowed to continue in the research. Finally, any required work with a tool which is out of the 

participants comfort zone can instead be performed by myself. Should an injury occur I will follow the 

guidelines laid out by the Canadian Red Cross in their first aid pocket guide, specifically the section 

pertaining to cuts and scrapes. These steps will help me deal with the immediate problem be it minor or 

severe. The facility at which I intend to conduct my research has first aid kits readily available in each 

room. Once the injury is dealt with in the appropriate manner, I will follow the guidelines of the Dawson 

Boys and Girls club by filling out an injury report to create a record of the event and to inform parents or 

guardians of the situation which has manifested.  

 

There is a possibility that during these research activities a participant could come into contact with 

someone with COVID-19. If this highly unlikely event were to occur, we are required by the Public 

Health Unit to retain on file the participants email address or phone number to share with them for contact 

tracing purposes. To minimize the risk of COVID-19 this research will follow protocols provided by the 

Quebec government which include physical distancing, avoiding the sharing of items, consistent and 

vigilant hand sanitization, and maintaining a sanitary work area. Furthermore, although it is not 

specifically mandated by the Quebec government for children and adolescents, participants will be 

required to wear a mask during this research.  

 

Participation is voluntary. You do not have to answer any questions you do not want to. You can stop 

your participation at any time by telling myself without penalty. You may withdraw from the study at any 
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point by contacting me at 18jjf6@queensu.ca. You may request to have your data withdrawn from the 

study up until April 1st by contacting me at 18jjf6@queensu.ca.  

  

This research will be collecting participants names, phone numbers, the names of parents or guardians, 

and other contact information. This information will be used to contact and communicate with 

participants and to schedule and run the activities necessary for the research. Your confidentiality will be 

protected to the extent permitted by applicable laws. I will do this by replacing your name with a 

pseudonym in all publications and a study ID number in all study records. The document used to keep 

track of pseudonyms and study IDs will be encrypted and stored on a usb drive separate from all other 

study data.  

 

As some of the activities may be performed in small groups there is a risk of other participants breaking 

confidentiality. Everyone will be encouraged to keep this confidential, and I will remind participants that 

somebody in the group might break confidentiality. Furthermore, withdrawal of your own information 

may not be possible if it compromises information provided by another participant. Additionally, 

depending on the uniqueness of the instrument you design, it is conceivable that a person might be able to 

deduce that its origin is from this research study. Participants who design exceptionally unique 

instruments will be encouraged to perform a patent search on the government of Canada’s website to see 

if what they have created warrants a patent.  

 

The study data will be stored on an encrypted hard drive on Queen’s University servers. The code file that 

links real names with pseudonyms study ID numbers will be stored securely and separately from the data 

on an encrypted USB key. Access to study data is limited to those researchers on the study team, as well 

as the Queen's General Research Ethics Board (GREB) may request access to study data to ensure that the 

researcher has or is meeting their ethical obligations in conducting this research. GREB is bound by 

confidentiality and will not disclose any personal information. The de-identified data set will be made 

freely accessible in the Queen's University's Institutional Repository after a 5 year embargo period. The 

code file identifying your pseudonym and study ID number will be permanently erased from the 

encrypted USB key five years after study closure.  

 

I plan to publish the results of this study in academic journals and present them at conferences. I will not 

include any quotes or personally identifying information from the interviews when presenting my 

findings. I will never include any real names with quotes. I will do my best to make sure quotes do not 

identify participants. During the interview, please let me know if you say anything you do not want me to 

quote  

 

If you have any ethics concerns please contact the General Research Ethics Board (GREB) at 1-844-535-

2988 (Toll free in North America) or email chair.GREB@queensu.ca. Call 1-613-533-2988 if outside 

North America. Participants should be aware that the General Research Ethics Board only communicates 

in English. 

 

If you have any questions about the research, please contact my supervisor at pyperj@queensu.ca or 613-

533-6000 ext. 77748. 

 

This Letter of Information provides you with the details to help you make an informed choice. All your 

questions should be answered to your satisfaction before you decide whether or not to participate in this 

research study. Keep one copy of the Letter of Information for your records and return one copy to the 

Researcher, John Francom.  

 

 

mailto:18jjf6@queensu.ca
mailto:Janesmith@queensu.ca
mailto:chair.GREB@queensu.ca
mailto:pyperj@queensu.ca
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You have not waived any legal rights by consenting to participate in this study. 

 

By signing below, I am verifying that: I have read the Letter of Information and all of my questions have 

been answered.  

 

 

☐ Yes, you have my permission to use quotes. 

☐ Yes, you have my permission to use audio recordings. 

☐ Yes, you have my permission to use design schematics. 

 

 

☐ No, you do not have my permission to use quotes. 

☐ No, you do not have my permission to use audio records. 

☐ No, you do not have my permission to use design schematics.  

 

 

 

____________________________ ______________________ _________________ 

Signature of Participant PRINTED NAME Date 

 

 

____________________________ ______________________ _________________ 

Signature of Guardian PRINTED NAME Date 

 

 

____________________________ ______________________ _________________ 

Signature of Person Conducting  PRINTED NAME & ROLE Date 

the Consent Discussion  
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Appendix H: Ethics Approval Letter 

  
November 12, 2020  
  
Mr. John Francom  
Master’s Student   
Faculty of Education  
Queen’s University  
Duncan McArthur Hall  
511 Union Street West  
Kingston, ON, K7L 3N6  
  

GREB Ref #: GEDUC-1030-20; TRAQ 6030999  
Title: "GEDUC-1030-20 Circumventing Low Mathematics Self-Efficacy Through Musical 

Integration"  
  

Dear Mr. Francom:  

  

The General Research Ethics Board (GREB), by means of a delegated board review, has cleared your 

proposal entitled "GEDUC-1030-20 Circumventing Low Mathematics Self-Efficacy Through 

Musical Integration" for ethical compliance with the Tri-Council Guidelines (TCPS 2) and Queen's ethics 

policies. In accordance with the Tri-Council Guidelines (Article 6.14) and Standard Operating Procedures 

(405), your project has been cleared for one year. You are reminded of your obligation to submit an 

annual renewal form prior to the annual renewal due date (access this form at 

http://www.queensu.ca/traq/signon.html/; click on "Events;" under "Create  

New Event" click on "General Research Ethics Board Annual Renewal/Closure Form for Cleared  

Studies").  Please note that when your research project is completed, you need to submit an Annual  

Renewal/Closure Form in Romeo/traq indicating that the project is 'completed' so that the file can be 

closed. This should be submitted at the time of completion; there is no need to wait until the annual 

renewal due date.    

  

You are reminded of your obligation to advise the GREB of any adverse event(s) that occur during this 

one-year period (access this form at http://www.queensu.ca/traq/signon.html/; click on "Events;" under 

"Create New Event" click on "General Research Ethics Board Adverse Event Form"). An adverse event 

includes, but is not limited to, a complaint, a change or unexpected event that alters the level of risk for 

the researcher or participants or situation that requires a substantial change in approach to a 

participant(s). You are also advised that all adverse events must be reported to the GREB within 48 

hours.  

  

http://www.queensu.ca/traq/signon.html/
http://www.queensu.ca/traq/signon.html/
http://www.queensu.ca/traq/signon.html
http://www.queensu.ca/traq/signon.html
http://www.queensu.ca/traq/signon.html
http://www.queensu.ca/traq/signon.html
http://www.queensu.ca/traq/signon.html
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You are also reminded that all changes that might affect human participants must be cleared by the 

GREB. For example, you must report changes to the level of risk, applicant characteristics, and 

implementation of new procedures. To submit an amendment form, access the application by at 

http://www.queensu.ca/traq/signon.html; click on "Events;" under "Create New Event" click on 

"General Research Ethics Board Request for the Amendment of Approved Studies." Once submitted, 

these changes will automatically be sent to the Ethics Coordinator, GREB, at University Research Services 

for further review and clearance by GREB or the Chair, GREB.   

  

On behalf of the General Research Ethics Board, I wish you continued success in your research.  

   

Sincerely,  

  
Chair, General Research Ethics Board (GREB)  

Professor Dean A. Tripp, PhD  

Departments of Psychology, Anesthesiology & Urology Queen’s University  

  

c:            Dr. Jamie Pyper, Supervisor  

  Dr. Saad Chahine, Chair, Unit REB        

  Kyle Cummings-Bentley, Dept. Admin.  

  

  

 

 

http://www.queensu.ca/traq/signon.html
http://www.queensu.ca/traq/signon.html
http://www.queensu.ca/traq/signon.html
http://www.queensu.ca/traq/signon.html

