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Abstract 

This project is motivated by the common discourse around mathematics aversion in 
today’s society. A review of existing literature indicates that Carol Dweck’s growth mindset 

research and Jo Boaler’s specific applications of the growth mindset to mathematics education 
could be valuable in changing the way students and teachers approach math class and even 

positively impacting their academic performance. The question then arises: does mathematics 
growth mindset education have a place in all settings? My project sought to answer this question 

in the context of Waterville Junior High School via a one-month growth mindset oriented 
intervention in two seventh grade math classes. Some students showed statistically significant 

improvements in their growth mindsets, math achievement, or both. Interviewing both the 
students and teachers who participated in the study, I heard that there is a disparity between how 
students approach math in comparison to their other subjects, which speaks to the necessity of 

the intervention. Students also voiced a desire for many practices that coincide with pillars of the 
growth mindset, such as working in groups and instructors presenting a variety of methods for 

solving problems. Coincidentally, teachers wanted to hear this feedback from students in order to 
best meet their classroom needs. Thus, this project implies that growth mindset education can be 

successful at Waterville Junior High. Beyond this project and intervention, future steps might 
include professional development around growth mindset development, extension to other ability 

groups, expansion into other departments, and engagement of the home environment. 
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CHAPTER ONE 

Introduction 

We have all heard the phrase “I’m just not a math person” as the justification for not 

pursuing or succeeding in a field or situation requiring computations or numerical analysis. Most 

people would define me, a Mathematical Sciences major, as a “math person,” but do I really 

possess some fundamental difference that gives me an advantage in this subject area? If there is 

some unique factor that inhibits people’s ability to think in the abstract way that math demands, 

why is there not a congruent impairment in the humanities? The discourse around not being 

mathematically capable far outweighs that in reading or writing. This imbalance spurs the 

question: why is it socially acceptable to outwardly “not be a math person” in a way that is 

vocalized more than any other subject area? 

 Let us take a look at public school classrooms across the country. Students sit in desks, 

teachers carry out lessons, and calculators are poised nearby ready to output answers. But are the 

numbers on the calculator the answers we are really after? It is spring, and in Maine that means 

focus has shifted towards the upcoming state standardized tests. Although students are the only 

ones taking these tests, the potential ramifications are at times greater for teachers, schools, and 

districts. The pressure to perform is tangible.  

 Students sit at their desks in silence, a practice test glaring back at them. No. 2 pencils 

hover at 45-degree angles to the page except for the boy in the third row, who is busy gnawing 

on his eraser. Some are scrawling equations and expressions in a flurry while others repeatedly 

second-guess themselves about what the question is even asking. Of these students, the girl in the 

front row wants to be a nurse, the boy diagonally to her left a police officer, and that same boy 
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gnawing on his eraser, which is now gone, a corporal in the Navy. The future nurse lives with 

her grandmother having been removed from an unsafe living situation with her parents last 

month. The boy wants to go into law enforcement to prevent people from being wrongly 

incarcerated like his older brother, and Eraser Kid craves the action, thrill, and structure of the 

military. However, right now they are in seventh grade taking a math test.  

 Classrooms across the country resemble this one. However, there are also classrooms 

filled with students who have mastered computer coding. Their private tutors have assured them 

that their dreams of working at Google and corporate banks are attainable since they have a 

perfect average across the board in their STEM classes this semester. They test well, they are 

supported, and the system works for them. We cannot blame these students for that. There are 

certainly students who fall all across this spectrum. The American education system does not 

work perfectly, but it is the closest thing we have to a “great equalizer.” So while we cannot 

ensure that those students in the first math classroom will perform to the degree of those in the 

latter, we can take responsibility for encouraging all of these students to believe that where they 

are is not their final destination. We can eliminate the roadblocks of self-doubt by fueling them 

with confidence, because it is possible for those students in the first class to exceed the 

credentials of their dream professions. And those students in the latter class deserve that fuel too 

because although they may be excelling by the standards of many, they are the hardest on 

themselves. They need to be reminded that it is possible for them to establish their own company 

that will compete with Google. Too many students across America lack self-efficacy in the math 

classroom. Self-efficacy is defined as a person’s belief that they can be successful when carrying 

out a particular task (Cambridge Dictionary, 2020). I believe that much of this can be attributed 

toward the discourse around “not being a math person.”  
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As most math educators have had to persuade students before, we all need math not just 

for work and school, but in our everyday lives. Ignoring any eye rolls, I will proceed to make this 

argument myself. I imagine my typical drive home from work. I’m stuck in traffic when I notice 

that I should probably fill up my gas tank before my commute tomorrow. Through my 

passenger-side window I spot the LED sign. $2.14 per gallon. My tank is 12 gallons, and I have 

less than a quarter of a tank remaining right now. I estimate that it will probably cost me between 

$20 and $25. I can thank my middle school math teacher who taught me about rates and ratios 

for that mental math. Want to keep going? What percent of this week’s paycheck did I spend on 

rent, gas, and groceries this month? By the end of this exercise, I’ve had enough of a taste of 

math and reality for a little while. Being “a math person” does not mean one is supposed to be a 

human calculator, although I have run into that expectation my fair share of times. It means an 

individual can understand the world around them, not be deceived by misleading facts and 

figures, and present ideas with data to back it up, almost like quotes in an English essay. 

One of the most alarming things to me about “not being a math person” is its unmatched 

acceptability compared to any other subject. Claiming to “not be a literate person” would 

instantly put an individual at the bottom of the barrel while “not being a math person” is met 

with raising a glass. We need to correct this disparity. If we want our nurses to know if our blood 

pressure is at an appropriate rate, our police officers to take risks with the least probability of 

harm, and our eraser-chewing naval officers to have the trigonometric understanding to guide 

their angle of fire, then we need to eliminate the cop-out of “not being a math person,” and 

replace it with a focus on knowing our strengths and developing our weaknesses.  

 I, the so-called “math person” we previously mentioned, did not believe myself to be 

anything but average before some of my teachers believed in me. My AP Calculus teacher would 
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call on me to demonstrate my knowledge in a room of three girls and twelve boys. My AP 

Statistics teacher allowed me to take her class the first year that it was offered despite the fact 

that I was the only junior in a room full of seniors. When seniors were released from classes a 

few weeks early, as was commonplace at my school, we discussed my aspirations for the future. 

These teachers, and others before them, pushed me to challenge myself in math even when I had 

other interests that I could have pursued. When college-level math strained the confidence those 

teachers had built, my professors supported me to continue every step of the way. These 

educators pushed me to face my struggles, puzzlement, and frustration head-on. We “math 

people” do not always understand every mathematical concept either. Nonetheless, I know 

people will see my major and my enthusiasm toward math and still think of me as a math person. 

Whether they realize it or not, I will think of them as one too.   

It was not until late in my college career that I learned the terminology for what I had 

experienced. Those teachers and professors believed in my potential to succeed not because of 

the superior knowledge I possessed at the time but because they saw my passion, work ethic, and 

dedication. Gradually, I began to internalize the mindset that these educators held toward me. 

The idea that students will achieve based on what they believe their potential to be is the basis of 

what is called a “growth mindset” (Dweck, 2008).  It can be measured through introspective 

efforts relating to how an individual approaches challenges and their expectations of themselves. 

Little did I know that I was a beneficiary of educators’ growth mindsets toward me and that I 

would come to extensively explore the growth mindset myself. 

 The remainder of this thesis seeks to explore whether or not the growth mindset, the 

understanding that skills must be developed through practice and perseverance, can be applied to 

math in a way that impacts students’ self-perceptions and perhaps even academic performance. 
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While previous research has shown that the growth mindset can have an effect in all classrooms, 

especially the math classroom, it has not been tested in a wide variety of environments. After 

reviewing the existing literature on the intersection between mathematics and the growth 

mindset, I will describe how my intervention in Waterville, Maine took shape. Partnering with 

seventh grade teachers who volunteered their classes’ participation, we embark on a mindset 

journey that puts a new growth mindset emphasis on the same curricular goals. I go on to analyze 

and discuss both the numeric and narrative-based results of my intervention in local classrooms, 

which brings me to my conclusion. Will the growth mindset be enough to change the way 

students like our nurse, police officer, and rubber-ingesting naval officer approach mathematics? 

Read on, math person! Let’s find out! 
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CHAPTER TWO 

Literature Review 

The following literature review consists of three sections. The first is Mathematics as 

Human Nature, which strives to disprove the notion that mathematical ability is innate and 

controlled by genetics in such a way that an individual’s mathematical potential can be 

determined at a young age. The second section is The Growth Mindset, introducing Carol 

Dweck’s theory that fuels the remainder of this project. Finally, Practicing the Growth Mindset 

in Mathematics examines existing research on how the growth mindset can be applied 

specifically to the mathematics classroom. This portion of the project as a whole is necessary to 

support the argument that, scientifically, all people have an equal opportunity to be 

mathematically capable, and there is work being done to identify the tangible steps to help 

students achieve this goal. 

Mathematics as Human Nature 

First and foremost, it is necessary to dispel the myth that a “math person” exists. Math is 

an innate biological function not only in humans but in many other species. From the way 

creatures build their homes to be structurally sound to simple mathematical calculations made at 

the grocery store, we use math every day (Dweck, 2008). The universe is patterned -- a cosmos, 

not a chaos, and mathematics is the sense of recognizing these patterns – from fractals in river 

deltas, lightning bolts, blood vessels, and tree branches to the rotational symmetry of flowers and 

beyond. Mathematics is a sense comparable to sight in that some individuals have impaired 

vision, yet people never give up on seeing. Instead, they take the necessary steps to correct their 

vision, and the same kind of motivation should be mimicked in the study of mathematics (Woo, 
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2018). Recognition of patterns is a mathematical capability that we are all born with, but basic 

computation is also built into our human genome.  

 Studies have shown that numerosity appears in infants within a few days of birth. Karen 

Wynn’s famous experiments conducted in 1992 involved showing one puppet to babies, then 

drawing a screen to mask the first puppet, and showing another puppet going behind the screen. 

Babies showed signs of confusion, staring longer and more intensely, whenever there was 

anything but the expected two puppets when the screen was removed again. Thus, at an early age 

basic addition and subtraction capabilities are ingrained in the schemas of all children. Similar 

studies by psychologist Tony Simon involving a variety of shaped and colored blocks that depart 

from infants’ expectations resulted in less confusion, allowing us to conclude that number sense 

in infants is stronger than that of shape and color (Devlin, 2005; Simon et al., 1995). Much of the 

discourse around child prodigies and geniuses alludes to the idea that their intelligence is born-

in. However, in reality all humans have some skills born-in, but genius is developed through 

focused, extended effort (Dweck, 2008). Essentially, every student has a genetically equal 

potential to be “a math person,” and mindset-building via continuous introspection is a powerful 

tool that can be used to help cultivate this potential. Shifting discourse away from innate abilities 

and toward the brain’s plasticity will empower learners of all ages.  

The Growth Mindset 

Carol Dweck is the leading researcher in the field of mindset. Dweck (2008) coined the 

concepts of fixed mindset, where intelligence is seen as static, and growth mindset, where the 

mind is seen as a muscle that can be exercised and strengthened. Dweck has expanded her 

research by applying it directly to mathematics. In one study, she administered different 

educational programs to two groups of students. The control group received lessons on study 
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strategies, while the experimental group learned that intelligence could be acquired with 

persistence (in alignment with the growth mindset). Both males and females in the experimental 

group significantly outperformed their counterparts in the control group in a subsequent 

mathematics assessment (Dweck, 2008). However, gender disparities still exist in mathematics 

performance and self-efficacy. 

Self-efficacy differs from self-esteem in that it refers to an individual’s perception of 

their competencies. In the realm of mathematics, self-efficacy predicts a student’s intentions of 

persisting in STEM fields, especially in girls (Huang et. al, 2018). There has long been 

discussion of the gender gap that exists in mathematics, where women are deterred from the field 

based on age-old stereotypes of femininity. From a historical perspective, women were 

considered as relating more closely to nature and emotion than science and logic. Consequently, 

females were and have been understood as unable to master mathematics in the same rational 

way as men (Palmer, 2009). However, recently the disparity has shifted from an achievement 

gap to a “confidence gap” between girls and boys that emerges during middle school (Gallagher 

& Kaufman, 2004).  This lack of confidence issue transcends ability level, as even girls defying 

stereotypes and achieving similar or higher math scores compared to their male peers were less 

likely to choose mathematics and science courses and careers. High performing females are 

equally susceptible to math anxiety, which predicts math self-efficacy regardless of sex (Huang 

et. al, 2018). Therefore, resolving the gendered self-efficacy gap may alleviate much of the 

female underrepresentation in mathematics. 

Student surveys support the data indicating associations between mathematics and 

learning attitudes. Based on widespread student survey data, about 40% of students consistently 

model a fixed mindset, and another 40% exhibit the growth mindset with the remaining 20% 
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being uncategorized based on their agreement with various mindset statements. The fixed 

mindset items resembled statements such as,“You have a certain amount of intelligence, and you 

can’t really do much to change it.” In comparison to the growth mindset, in which students 

would agree with ideas like, “No matter who you are, you can significantly change your 

intelligence level” (Dweck, 2008). The only way to create a growth mindset majority is 

deliberate interventions by people who believe that mindset can be changed, or, in other words, 

growth mindset educators. 

Students are not the only ones susceptible to variability in mindset. Dweck also 

conducted a study involving participants acting as teachers. Half were educated on the 

predetermined nature of intelligence, as in the fixed mindset, and the others received materials on 

how knowledge could be obtained under the growth mindset. When both groups were tasked 

with providing feedback to students who had performed poorly on a recent assessment, those in 

the growth mindset condition offered resources and strategies to improve in the future, while 

fixed mindset “teachers” comforted and consoled students by assuring them that not everyone 

can be talented in all areas (Dweck, 2008). These kinds of methods estrange students from the 

subject matter rather than encouraging them to push past difficulties, which leads to a lack of 

pursuit of mathematics in the future. Anna Palmer (2009) targeted math anxiety within those 

studying to be teachers and attempted to change their attitudes toward math before these future 

educators could perpetuate mathematical insecurities in their students. The course used 

mathematics in the context of music, art, and bodily movement to deconstruct future educators’ 

preconceptions of mathematics and “math people” to be more subjective (Palmer, 2009). 

Changing students’ attitudes towards mathematics begins with open-minded, enthusiastic 
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teachers who embrace positive mathematics mentalities themselves. The education system 

depends on these teachers to put theories, like the growth mindset, into practice. 

After publicizing her findings on the growth mindset and the academic benefits of 

teaching students about how to learn, Dweck has remained active in discussions surrounding 

mindset education. Writing retrospectively, she identifies the areas of her research that have been 

misconstrued (Dweck, 2015). One of the primary misunderstandings is that the growth mindset 

is built on effort alone, but the growth mindset is much more. Dweck makes the correction that it 

entails taking initiative to seek out others and explore different strategies to approaching the task 

at hand. Similarly, Dweck finds it necessary to elaborate on the type of praise the growth mindset 

calls for. She reminds educators, “Effort is a means to an end to the goal of learning and 

improving. Too often nowadays, praise is given to students who are putting forth effort, but not 

learning, in order to make them feel good in the moment”( Dweck, 2015, p. 20). While it is 

certainly allowed and encouraged to recognize effort, student learning is still of the utmost 

importance, so after praising the effort required to get to a certain point, teachers’ next steps 

should be directed at how this student can be best assisted (Dweck, 2015). The last major caution 

from Dweck is to be wary of “false growth mindsets,” where people claim to be growth-mindset 

oriented because they oppose a fixed-mindset orientation. The reality is that everyone is a hybrid 

of growth and fixed mindsets, and the way toward improvement is not concealing fixed mindset 

tendencies but mindfully developing them. 

Practicing the Growth Mindset in Mathematics 

Jo Boaler (2013) noticed the same recurring theme in the studies of her aforementioned 

peers and other researchers - rather than rote learning with minimal applications, perhaps 

learning mathematics should focus on how to tap into our mathematical instincts in a meaningful 
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way (see also Devlin, 2005). Determined to create tangible change in schools across the country, 

Boaler developed youcubed.org, a resource for connecting teachers, parents, and students across 

the world who want to change the way mathematics is presented in schools. Though not alone in 

her efforts, Boaler has paved the way in accessibility to resources transversing the theory-

practice divide. 

Growth mindset is fostered most prominently through a specific teaching approach 

focused on classroom environment, deeper learning, and intentional feedback. An essential 

component of the growth mindset is that mistakes are recognized as an opportunity to learn. The 

brain forms synapses as a result of making mistakes and correcting them (Boaler, 2013). 

Therefore, the whole classroom investing in the growth mindset is beneficial so that mistakes are 

not ridiculed or discouraged. Teachers should embrace language such as, “‘Who thinks they 

made a really interesting mistake,’” and “‘Let’s do something that we can learn from, not 

something easy and boring’” (Dweck, 2008). Growth mindset, therefore, is not just a shift in 

student beliefs about their capabilities or in teacher attitudes about their students’ capabilities, 

but a transformation of the classroom culture toward a reimagined way of learning. 

 With students ready to learn and accept challenges, lesson content evolves to become 

more involved than traditional classes, especially in mathematics. The reason mathematics is met 

with such opposition is because people usually have the most fixed mindset toward it, rooted 

largely in the objectivity of correct and incorrect answers that are characteristic of the subject. 

One of Boaler’s main goals is to reinvent the type of tasks assigned in mathematics to include 

more open-response opportunities that incorporate the arts and free thinking rather than skill-

and-drill computation. Boaler (2017) argues that the manner that mathematics is most often 

taught rewards fast calculators who arrive at the correct answers the fastest. However, more 
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emphasis should be placed on learning, exploration, and understanding the “why” behind 

mathematics (Boaler, 2017). Asynchronous comprehension mirrors the different speeds of 

children’s learning and development. If the learning objectives are what schools and teachers 

seek to accomplish, there should be no timetable placed on learning. In practice, valuing depth 

presents itself in test corrections and retakes, which focus on mastery of content in the long-term 

instead of memorization of topics for the short-term. Individualized feedback on student work 

helps students identify the precise areas in which their understanding of concepts can be 

strengthened, whereas red X’s can spotlight anything from simple computational errors to 

misunderstandings of key concepts. 

 Feedback is known to increase student learning and can offer more individualized, 

targeted assessment. Boaler (2017) writes, “research has shown that students only have to think 

they’re being graded for their achievement to go down” (para. 4). However, doing away with 

grades alone is not the most impactful way to encourage persistence and a growth mindset. 

Educators supplying feedback must ensure that the praise that they are delivering is process-

based rather than intelligence-based. Celebrating high grades can lead students to associate their 

self-worth and abilities with how they perform. While this might seem innocuous in times of 

success, poor performance suddenly becomes low intelligence, and a fixed mindset follows 

shortly thereafter (Mueller & Dweck, 1998). Thus, high achieving students become trapped on 

what Boaler (2017) calls a perpetual performance “hamster wheel,” driven only by the pressure 

to stay at the top. Conversely, praising effort has been found to be positively correlated with 

motivation to achieve in addition to post-failure striving (Mueller & Dweck, 1998). Research 

supports the idea that intentional feedback prioritizing the process over the result will foster more 

resilient, motivated students. 
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 Another common practice that fuels the “performance hamster wheel” that Boaler 

describes is ability grouping. As previously mentioned, many students internalize their group 

placement as part of their identity so that high performers have a self-worth dependent on test 

scores and low performers have expectations matching those set by their prescribed group. 

Studies continually show that detracking is advantageous in terms of increasing student 

participation, enrollment in more advanced classes, and pass rates on standardized tests across all 

performance levels. Mixed-ability classrooms have proved time and time again to produce higher 

achievement in those originally labelled below average and average without impacting the 

achievement of above average students. Alternatively, sustaining ability grouping as it is now 

limits the opportunities of students stratified into lower levels who are not exposed to advanced 

materials not to mention given the chance to grasp them. As it pervades education systems in the 

United States and abroad, ability grouping reinforces a fixed mindset that only some students are 

exceptional and this ability is predetermined by course placement (Boaler, 2013). Potentially the 

greatest danger of ability grouping is the regularity with which it is practiced, expanding the 

challenge of restructuring mindsets beyond the classroom to domestic and international 

education systems. 

 Beyond titles like “gifted and talented” echoing the sentiments of the fixed mindset, 

ability grouping contributes to larger social issues. Regardless of the measures used to place 

students in tracks, minority students, particularly black and Hispanic, are underrepresented in 

gifted and talented programs and overrepresented in lower course levels (Oakes, 1986). 

Consequently, social injustice is able to permeate the education system through ability grouping 

as minorities are celebrated less often as gifted and talented and are more often labelled as 

average at best. Combined with societal messages, these mindset blows are difficult to overcome 
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for students receiving them as early as elementary school.  Perhaps the practice of tracking and 

ability grouping would be less controversial if it sustained equal access to knowledge. 

Unfortunately, low-track placements too often lead to lowered academic expectations and “lock 

students into a continuing series of such bottom-level placements because important concepts 

and skills were neglected. Thus these students were denied the knowledge that would enable 

them to move successfully into higher track classes” (Oakes, 1986, p. 16). The immobility and 

inconsistency between tracks contradicts the foundations of the growth mindset, including that 

all students are capable of the same academic rigor, albeit sometimes at different speeds. 

 Growth mindset approaches receive criticism primarily targeted at practicality. Positive 

leadership from government officials, school administrators, and teachers are required in order to 

oust the deeply-embedded convention of ability grouping (Boaler, 2013). In addition, very few 

schools operate on such a flexible system that they are able to eliminate grading entirely. In fact, 

students and schools alike are hard-pressed to escape standardized testing administered by states 

or tests for access to higher education. Likewise, public schools are obligated to follow common 

core standardized curriculums, which indirectly place time constraints on learning in order to 

cover the necessary topics before students are tested on those objectives. Victims of this process, 

schools, teachers, and students alike must continue to strive to champion the depth of learning 

idealized by Jo Boaler, Carol Dweck, and other champions of the growth mindset.  

The Current Study 

The research question that informs the current study is whether it is feasible to teach 

mathematics students attending a public junior high school using a growth mindset approach, and 

therefore increase students’ growth mindsets, via a short, one month intervention.  
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 The context of this intervention will require Jo Boaler's methods to be modified 

appropriately. Since certain practices (e.g., grading, class size, class schedule, ability grouping) 

can not be altered in the short-term, the intervention instead focuses on the primary pillars of the 

growth mindset. Boaler’s Mathematics Growth Mindset Teacher’s Guide (see Appendix A) 

serves as the framework for the intervention. The framework does not assume total freedom, as 

Boaler was fortunate to have in much of her research. Instead, it provides a spectrum from 

beginning to expanding mindsets with expanding being the most desirable. The spectrum is 

applied to the categories of growth mindset culture, nature of mathematics, challenge and 

struggle, connection and collaboration, and assessment. Thus, my intervention is able to focus on 

this well-defined model assuming the conditions that are currently in place..  
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CHAPTER THREE 

Methods 

This section explores the environment (Context) and logistics (Intervention) of the in-

school portion of my project. The Context is crucial because it differentiates this project from 

most of the existing research on growth mindset education. The Intervention is equally important 

because it is the most substantial part of the project in the sense that it was intended to create 

change. To give the reader a concrete impression of what the intervention entailed, in-depth 

descriptions of several sample lessons has been provided. The Sample Lessons section is of value 

because it explains how the growth mindset was built into each lesson, how each lesson was 

executed, and how the students reacted to and interacted with the lessons, which is not detailed 

as extensively for the lessons listed in Appendix B. Collectively, this section provides the most 

insight into what the intervention looked like in practice. 

Context  

 The setting for my intervention was Waterville Junior High School (WJHS), the only 

public junior high school option for students and families living  in Waterville, Maine. 

Waterville is just shy of 130 miles from Maine’s southern border and situated on the western 

bank of the Kennebec River. Inhabited by the Wabanaki people at its origin, Waterville evolved 

into a mill town during the Industrial Revolution with many present-day structures bearing 

memories of the city’s rich history. The current population is estimated to be around 16,515 

people of whom 89.7% identify as white (SPaRC, 2020). WJHS is a single-story traditional 

school building equipped with a front office, cafeteria, auditorium, gymnasium, and classrooms 
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assigned to each teacher. Since grades 6-8 are housed at WJHS, classrooms are roughly clustered 

by grade level although some teachers who teach multiple grades are exceptions to this rule.  

The school serves a large proportion of students from low socioeconomic backgrounds - 

63.4 % of students in the district are categorized as economically disadvantaged based on free 

and reduced lunch eligibility (American Institute of Research, 2020). The demographics also 

include children of faculty, staff, doctors, and other medical professionals from nearby Colby 

College and Thomas College as well as Maine General Health. This incongruence creates a 

disparity between the lowest quintile of Waterville’s population whose annual household income 

was $14,989 in 2018 and the income of the top 5%, which started at $163,781 in 2018 (SPaRC, 

2020). Thus, the bimodal distribution of family income in Waterville and at WJHS can lead to a 

stark juxtaposition in academics, especially since poverty and mathematics achievement have 

been proven to be inversely related (Payne & Biddle, 1999).  

 Ranking as the fifteenth largest city in Maine and housing two four-year private colleges 

in Colby College and Thomas College in addition to the nearby Kennebec Valley Community 

College, Waterville aspires to establish itself as an educational hub despite obstacles currently 

standing in the way. Frequent mobility is the byproduct of new students moving to the area and 

entering classrooms while others depart, resulting in everchanging attendance sheets and 

incongruent academic backgrounds. The Waterville school district has worked to meet state 

benchmarks in standardized testing with just over half of students achieving at or above the 

expected threshold for English Language Arts and Science in the 2018-2019 school year. 

However, there is still progress to be made as only 30.4% reached the expected standard in 

Mathematics in the same year, leaving 69.6% of students below or well below proficiency for 
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their grade (SPaRC, 2020). The intervention sought to ameliorate students’ mindsets should they 

have been negatively affected by this data and potentially increase achievement as a side effect. 

Intervention 

Two seventh grade math teachers agreed to participate in my month-long intervention. 

My first day at WJHS came in late November. During this visit, I was able to observe the class 

periods that I would be working with during the month of January. I gauged the classes’ 

academic rigor, classroom dynamics, teaching styles, and other norms of the classes’ functions. 

Both before and after this visit, I communicated with the teachers about logistics like permission 

forms as well as the strategies, goals, and anticipated format of the intervention. This November 

visit was my first introduction to the students before becoming a fixture in their future 

educational experience.  

 The intervention itself began on January 6, 2020, the first day of Colby’s January Term. 

Taking weekends, holidays, and snow days into account, the intervention ran for 17 days from 

8:00-10:00am each morning, encompassing the first two periods of the day. I co-taught the first 

period with a veteran male math teacher. The class was composed of students who had been 

tracked and classified as mid-to-low level in terms of mathematical ability. Of the 15 students, 

seven were male and the remaining eight were female. Seven of the first period students were 

students of color. As I travelled to the second period, I entered a “team-taught” classroom of 

seventh grade math students tracked as the lowest in ability level. The teachers informed me that 

this was the first year the department had tried team teaching. It mostly took shape as one 

teacher, a veteran female teacher, being the primary lecturer with another teacher as a support 

mostly utilized for keeping disruptive students focused on their work. Period 2 was composed of 

seven male and nine female students for a total of 16 students. Four of these students were 
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students of color. Understanding and being conscious of the population of students that one is 

serving is a crucial part of teaching and a necessary first step in my intervention.  

 The intervention was a gradual one. This was intentional in order to maintain classroom 

dynamics and to allow time for students to become accustomed to the concept of the growth 

mindset. Thus, after administering the Student Mindset Survey, or SMS, (see Appendix B) in a 

guided fashion, we began by introducing the theory of neuroplasticity via an animated video. The 

video (Sentis, 2012) explained that neurons form pathways in the brain through repetition until a 

new practice becomes ingrained as second-nature. I was able to relate this basic lesson in 

neurobiology to tying one’s shoes as a kindergartener and playing an instrument or sport, tasks 

that are difficult until they are learned. Immediately following this conversation, each class then 

created their own set of norms regarding how students would approach challenges in 

mathematics with their new understanding of their brains and neuroplasticity. In addition to 

building a resource for times of struggle and a basis of norms for the intervention, this exercise 

also began shifting the classroom to be more student-centered and driven by student voice.   

 One of the biggest obstacles of educational theory in general, and in mindset research in 

particular, can be the transition from theory to practice. Fortunately, Boaler and Dweck have 

made an effort to make their work accessible so that it can more easily be put into daily practice 

by teachers. A few of the pillars of the growth mindset that lend themselves well to mathematics 

classrooms are praising effort rather than performance, celebrating and normalizing mistakes, 

focussing on the demonstration of learning objectives, providing opportunities for students to use 

several methods to reach the same answer, and asking open-ended questions with more than one 

correct answer. These pillars serve as the basis for the lesson plans that I created. While a full 



20 
 

schedule and synopsis of the lessons I conducted throughout the month are available in Appendix 

B, I describe several lessons below. 

Sample Lessons 

My Favorite No 

 One of the simplest activities that we completed throughout the course of the month were 

“exit tickets.” An exit ticket is simply a task, typically one that is demonstrative of that day’s 

lesson, that must be submitted by each student to their teacher before they are permitted to leave 

the room to go to their next class, lunch, dismissal, etc. The concept of exit tickets is not new or 

innovative, as many teachers across the country and the world are already using them. However, 

the importance lies in the way they are utilized as a tool. Some teachers use the tickets to gauge 

whether the lesson they taught that day was effective and where they need to elaborate more 

while others use them as a quick way of assessing students. In this intervention the tickets were 

used more for the former but most often with an additional exercise called My Favorite No. My 

Favorite No involved correcting the tickets not for a grade but in search of common or 

interesting mistakes made by students. The following day in class, I would then remind the 

students of the task that had been their exit ticket on the previous day. From there I would 

present the anonymous mistake on the board and ask students how I could go about fixing it to 

make it correct. This lesson intends to address the pillar of the growth mindset than normalizes 

mistakes and works to correct them, which promotes deeper thinking about why that error might 

have occured in the first place. 

 Students embraced exit tickets as something they were already familiar with. Since they 

knew the tickets were ungraded, they rarely left the entire page blank because they knew that 

there was no harm in trying. They also appreciated the option of making their ticket anonymous, 
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which gave them the shameless freedom to make an attempt. Teachers who use the exit tickets to 

gauge each student’s understanding do not necessarily have this option. However, if the tickets 

are being used to assess collective understanding or the effectiveness of a lesson, as in our case, 

individual responses do not need to be traced to a student. A goal of the growth mindset is to 

minimize shame around mistakes, and anonymity of mistakes makes space for students who 

might still feel ashamed to make an effort not attached to their name or identity. When the tickets 

then become resources for My Favorite No, the anonymity continues to add value because 

students are able to correct their classmates or their own missteps without judgement. Prompts 

during My Favorite No might include:  

● What mistake do we see here?  

● Why might a person think that way?  

● What can we do in the future so that we don’t make this mistake again? 

Rather than an individual getting feedback on their mistake and feeling alone and ashamed, the 

entire class took ownership of the day’s “Favorite no” and challenged themselves cognitively to 

understand and rectify that student’s thought process. 

Math Scattergories 

The very first week of the intervention we played a game that I called Math 

Scattergories. The name comes from the widely played Hasbro game Scattergories, where the 

players are given a category and a letter and in order to score points players must name an item 

within that category and starting with that letter that is unique from the item answered by all 

other players. In Math Scattergories, the class was divided into four groups. They were all given 

the same math problems, focused on the current topic of rates, ratios, and proportions. To earn 

points, teams could arrive at the correct answer for one point but could earn an additional point if 
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they solved the problem differently than any of the other groups. This activity aimed to reward 

not only the correct answer but recognize and validate the various methods of solving a problem 

by collaborating with their teammates. 

This proved to be an exciting lesson for students, as it was challenging but also generated 

some friendly competition. Once all answers to a question were submitted, we would analyze 

each group’s method of solving the problem for mathematical validity and the correct answer. 

Even when a group’s answer was not correct, they relied on their peers for assistance, which was 

one of the strategies that became a classroom norm and contributed to a classroom culture of 

mutual interdependence rather than a hierarchy of knowledge. After each group’s answer were 

deemed correct or incorrect, additional points were awarded for uniqueness, which saw some 

groups bypassing others on the low-stakes Math Scattergories leaderboard. The topic of rates, 

ratios, and proportions lent itself well to this lesson because I was able to ask questions like:  

● Write a proportion that can be solved so that x = 7.  

● What is one rate ratio or proportion that you encounter in your daily life? 

Answers from the first question could be anything from �
3
= 7

3
 to 63

81
= �

9
or any others holding 

mathematical legitimacy. The second question also has a variety of acceptable responses from 

miles per hour on the speedometer to cost per gallon of gas, which also addresses the 

applicability of the skill being studied. Math Scattergories included an additional advanced 

cognitive element of trying to predict which method of solving other groups would employ and 

then trying to enlist a method that might not be one’s preferred choice. Here, the learning 

objectives are being accomplished in an open-ended manner and in a depressurized atmosphere 

that shows fun and engaging activities have a place in the math classroom. 

Who’s Got it Right 
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Math Scattergories was effective with the first period students but was not as relevant to 

the second period class, who was studying two-step equations, a topic that requires a defined and 

sequential solving process. Instead, I created a different game entitled Who’s Got it Right?. For 

this activity, students also formed teams and received a solution to the same two-step equation 

with each step shown. The caveat to the activity is that only one group’s paper had the correct 

solution. All of the others contained an error somewhere along the way could have been process-

based or computational. Scoring a point required the teams analyze their responses. The team 

possessing the correct answer earned a point if they identified themselves as having the correct 

solution and were able to explain each of the steps in the solving process. Each of the other 

groups then had to pinpoint where the given error had occurred and explain why it was not 

correct. 

In practice, the activity required that the students be able to solve the problem in order to 

recognize that they had a correct or incorrect solution. In doing this they demonstrated learning 

objectives and relied on their peers as associates in a positive working environment. By 

distributing mistakes that I had made, the mistakes were normalized and validated since the 

instructor was the one making them, albeit intentionally. Rather than dwelling on mistakes the 

discourse of the class was on correcting them in order to score points in another low-stakes 

competitive setting.  

Make Your Own Assessment 

The final sample lesson I will elaborate on is Make Your Own Assessment. The concept 

of this activity is simply to present students with the targeted learning objectives and give them 

the freedom to demonstrate their knowledge. Many times educators go about teaching their 

respective curricula and assess students on learning objectives without ever explicitly expressing 
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these goals to the students. For example, for the second period’s two step equation unit, Make 

Your Own Assessment “asked”: 

● Write and solve a two-step equation involving fractions as both the constants and 

coefficients. 

● Write a word problem that can be modeled by a two step equation. 

In the following blank spaces, students provided their individual examples and solved them. The 

teachers used their judgement in deciding that this would not be graded as an assessment since 

this format was completely new but instead administered it as preparation for a more traditional 

assessment. Making one’s own assessment was a type of student voice that was completely novel 

to the students and challenged their way of thinking.  

 Make Your Own Assessment is a clear example of creating more open-endedness in 

mathematics. It created a space for students to exercise some creative or academic freedom. 

Perhaps the students prefer working with halves and fourths as opposed to thirds and eighths. As 

long as they understand the processes necessary to solve the problem correctly, the numbers they 

choose are theirs to decide. Beyond granting students this agency over how they will be assessed, 

it prompts students to think more deeply than being masters of computation and take on the 

minds of their assessors. This new kind of thinking was the biggest barrier for the WJHS 

students because they had never been “assessed” in such a way before. Nonetheless, it is an 

incredibly valuable test-taking and problem-solving skill that can help the students discern what 

is being asked of them. After initially grappling with the idea of formulating both problems and 

solutions, students inquired, “So I can use whatever numbers I want?” and “What do you mean 

make my own problem?” Again, Boaler and Dweck’s pillars are seen here in the effort to reduce 

the black-and-white, right-and-wrong nature of mathematics as well as in the direct 
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demonstration of learning goals. Make Your Own Assessment challenges the practice of testing 

students on objectives that are unbenounced to them in whatever fashion the teacher or textbook 

decides.  

 The entirety of the lesson plans for the month are included in Appendix B; however, this 

section was intended to highlight the thought and strategy that went into the creation and 

implementation of each activity. Since the intervention was limited to just one month, I 

incorporated at least one pillar into the activities each day and supplemented them with praise of 

effort toward achieving learning goals. Another crucial aspect of the intervention was constant 

communication with teachers not only about what learning objective my lessons would 

accomplish but also the intentionality of the methods I was using and how they related back to 

fostering the development of the growth mindset in students. The purpose of my work was not 

just as an exploration of whether the growth mindset could take root at WJHS; it was truly an 

intervention that was a learning experience for myself, the cooperating teachers, and the students 

in their classes about the realities of the growth mindset in the given context. 

Evaluative Methods  

 The intervention component of this project included two seventh grade math classrooms, 

which were selected on a volunteer basis. Once the two interested seventh-grade teachers were 

identified, I observed each of their classes during the fall semester. This was an opportunity to 

introduce myself to both the students and the teachers as well as observe how the classrooms 

operated. During my observation, I recorded teachers’ actions and interactions with students. I 

used these observations to classify the teachers’ approaches on the mindset spectrum and 

understand how much the growth mindset curriculum needed to be adapted to fit their needs. 

Leading up to the intervention, the lesson plans for the month were shared with both of the 
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teachers for their feedback and familiarization. The necessary permission slips for participation 

in the intervention and documentation of closing interviews were also distributed to students.  

 Before any mindset development began, a pre-intervention “Student Mindset Survey” 

(SMS) was administered to each of the students in the two participating classes. I crafted the 

survey, included in Appendix B, but heavily relied on Jo Boaler’s guide for growth mindset 

education included in Appendix A as a basis. The SMS asked students to think about themselves 

sheerly in the context of a mathematics student and asked them to rate the frequency with which 

they felt or were a part of tasks that followed the growth mindset approach. The five answer 

choice options: Never, Rarely, Sometimes, Often, and Always were equated to a number scale 1-

5, with 5 representing the answer most aligned with the growth mindset. These scores were then 

totaled as individual surveys and for each of the classes. The SMS was 18 questions for a 

maximum possible score of 90 and a minimum of 18. Subscores were also recorded for each of 

the subcategories of Boaler’s framework: Growth Mindset Culture, Nature of Mathematics, 

Challenge and Struggle, Connections and Collaboration, and Assessment. I collected each 

student’s current overall math grade on a 0-100 scale as preliminary data. This raw data as well 

as the compiled scores serve as part of the quantitative results of this intervention.  

 The other portion of quantitative data was collected at the end of the month via a post-

intervention SMS. The post-intervention SMS consisted of the same questions as the pre-

intervention survey, but asked students to answer based on their math experiences during the 

month-long intervention. Both the pre- and post- SMS included an optional comment section for 

students to further detail how they thought about themselves in a mathematics setting. Scores 

were compiled in the same way, and overall averages on the 0-100 scale were recorded once 

again. The pre- and post-intervention data allows for easy numeric comparison ofstudent 
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mindsets. However, while convenient for showing results, quantitative analyses exclude the 

narratives of the people that they represent. For these reasons, it was also necessary to include a 

qualitative form of evaluation.   

 Each student involved in the intervention was interviewed during the final days of the 

intervention. Their answers were confidential from their teachers and sought to further uncover 

how each of these students thought about themselves in the context of math. The questions, 

found in Appendix B, ranged in specificity from asking students to describe their mindset toward 

math to requiring them to think introspectively about what method helped them learn best. With 

the students’ consent, the interviews were audio recorded and transcribed so that they could be 

analyzed using deductive coding looking for instances of growth or fixed mindset. The 

interviews strive to tell the story of each student while also recognizing themes among classes or 

the whole student population. 

 The other vital contributors to this intervention were the teachers, whose perspective on 

the intervention is incredibly valuable. Both teachers were interviewed approximately one month 

after the conclusion of the intervention which allowed time for reflection on their own practice 

after having been exposed to the intervention. The questions for teachers differed from those of 

the students in that the teachers were not only asked about how they believed the intervention 

impacted the students but also how their own mindset has influenced their mathematical careers 

in both learning and teaching (see Appendix B). These retrospective reflections from teachers 

lend themselves to both inductive and deductive examination. Inductively, the teachers’ reactions 

to being exposed to a growth mindset in the classroom and any similarities or differences 

between the two of them would be extremely valuable. Similar to the students’ interviews, the 

transcriptions can then be analyzed for indications of mindset both in themselves and in the 
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mindsets that they hold toward their students. Extracting themes from both student and teacher 

interviews forms the foundation for the qualitative results of this project. 
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CHAPTER FOUR 

Results 

Drawing from both SMS data and interviews, this section begins to highlight the 

outcomes of the intervention. The Quantitative Results section is heavily based on the SMS data, 

noting changes between the pre- and post-intervention for total scores and different subsections 

of the survey based on the framework provided in Appendix A. Students' overall averages are 

also stratified according to different variables and considered as part of the quantitative 

component of the project. The analysis of interviews is separated by students and teachers in the 

Qualitative Results section. These sections highlight recurring themes or statements of particular 

interest that arose in the interviews. This qualitative data is valuable for preserving the narratives 

behind the statistical analyses performed with the quantitative data. Together, the sections 

combine to bring significant changes to light and relate these changes back to the project’s 

participants.  

Quantitative Results 

A prime indicator of the effectiveness of the intervention are the SMS taken by students 

because they provide paired data regarding how the students thought about and approached 

mathematics on a daily basis. The most obvious question at hand is whether or not students’ 

mindsets changed. When considering all the students who took part in the intervention as a 

whole, we see that the mean difference between post- and pre-intervention SMS scores is 3.44 

points with a positive number reflecting an improved mindset. If we could view this sample as 

representative of all math students from similar demographics, we are 95% confident that the 

true difference in means is captured in the interval from 0.78 to 6.1, which shows that we can be 
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fairly confident (p-value<.02) that students’ mindsets changed over the course of the intervention 

and that there is almost always an increase in mindset amongst students. Figure 1 displays the 

boxplot of the difference between pre- and post-intervention surveys for all students with the 

majority of the data being above zero. A boxplot was chosen to display the quartiles and center 

of the data without being skewed by outliers. The  25%, 50%, and 75% markers are indicated by 

the edges and line in the center of the box. 

 

We can further analyze the data after subdividing the students by class period. We see 

that in Period 1 we can safely reject the idea that the mean scores were equal for the pre- and 

post-intervention surveys. We are 95% confident the true mean difference is contained in the 

interval from 2.6 to 8.3, marking a significant improvement (p-value <0.002). The student who 

showed the most growth in their mindset was in Period 1; this student increased their score by 19 

points and is represented by the uppermost dot in Figure 2. Also in Figure 2 is the boxplot for 

Period 2, which shows less improvement than Period 1 when the data are separated. Although 

the mean difference in scores for Period 2 remains positive, the 95% confidence interval for the 

true difference in means stretches from -3.4 to 6.1, meaning that if the study were to be 

replicated there are possibilities for a decrease in post-SMS scores, no change, or an 

improvement.  Therefore, based on the data from Period 2 we cannot reject the null hypothesis 

Figure 1. A boxplot of the 
difference in mindset surveys 
with dots indicating outliers and 
the box displaying the first, 
second, and third quartiles. 
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that the means for the pre- and post-intervention SMS scores are the same because at a 0.05 

confidence level there is no statistically significant quantitative evidence that the numbers were 

different (p>0.5). The results of these significance tests are shown in Table 1. 

 

Table 1. Results of significance tests for differences in SMS scores and Math Average before and after the 
intervention. 
Variable Period 1 Period 2 

 Mean Conf. Int. Mean Conf. Int. 

ΔSMS  5.43  (2.56, 8.30)** 1.32  (-3.42, 6.07) 

ΔMath Average  4.46  (-0.20, 9.13)* -2.06  (-9.36, 5,23) 

 Male Female 

 Mean Conf. Int. Mean Conf. Int. 

ΔSMS  4.58  (0.72, 8.43)** 2.53  (-1.50, 6.56) 

ΔMath Average  -2.46  (-10.48, 5.56) 3.56  (-1.69, 8.82) 
 ** indicates significance at the 0.05 level. * indicates significance at the 0.1 level. 
 

Interestingly enough, even though significant change was only visible in Period 1, Period 

2 still had a better overall mindset when examining raw scores. Here it is necessary to compare 

the medians and quartiles for each period as shown in Table 2 because these measures are 

resistant, meaning unlike the mean they cannot be pulled upward or downward by extremely 

high or low values. In this comparison, we see that Period 1’s original median SMS score is 

lower than that of Period 2. Despite Period 2’s median dropping 1.5 points in the post-

intervention survey it is still higher than Period 1’s improved median.  In fact, Period 2’s first 

Figure 2. Side-by-side boxplots 
of the difference in mindset 
surveys for period 1 and period 2 
with dots indicating outliers and 
the box displaying the first, 
second, and third quartiles. 
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quartile is greater than Period 1’s median in the post-intervention SMS, which can be interpreted 

as 75% of Period 2 students outscoring the lower half of Period 1. The value in making this 

distinction is that although Period 2 does not show distinctive progress throughout the course of 

the intervention, those students still hold a generally positive mindset toward their study of 

mathematics. 

Table 2. The five number summaries for pre- and post- intervention SMS scores, change in SMS, and change in 
math average before and after the intervention grouped by period and gender. The five number summary includes 
the Mean(average), Min(minimum), Q1(first quartile, 25%), Median(50%), Q3(third quartile, 75%), and 
Max(maximum). 
 Period 1 Period 2 

 Mean Min Q1 Median Q3 Max Mean Min Q1 Median Q3 Max 

SMS Pre-Intervention  52.43 27 47.5 53 59.5 68.5 61.69 33 55.75 64.5 69.5 78 

SMS Post-Intervention 57.87 27 54.5 56 67 74 62.61 42 59 63 70.75 83 

ΔSMS  5.43 0 2 4 6.5 19 1.32 -13 -3.9 0.5 4.5 16 

ΔMath Average  4.46 -16 3 6 7 18 -2.06 -41 -4.25 -1.5 4.25 18 

 Males Females 

 Mean Min Q1 Median Q3 Max Mean Min Q1 Median Q3 Max 

SMS Pre-Intervention 52.25 33 47.25 54 58 65 61.29 27 55 66 69 78 

SMS Post-Intervention 56 39 49 56 65 71 63.53 27 59.4 65 73.25 83 

ΔSMS  4.58 -4 2 3 7 16 2.53 -13 0 2.5 5.25 19 

ΔMath Average  -2.46 -41 -2 0 5 8 3.56 -16 -1.5 4.5 7.75 18 
 
 Recall that the SMS is based on the framework built by Jo Boaler (see Appendix A), 

which she divides into five subsections: growth mindset culture, nature of mathematics, 

challenge and struggle, connections and collaboration, and assessment. With individual questions 

falling into these five categories, we are able to target more specific areas where students express 

higher or lower levels of alignment with the growth mindset. As shown in Table 3, all categories 

for Period 1 have a median of zero with the exception of growth mindset culture and assessment. 

This indicates that the class was split in terms of increasing and decreasing their scores in these 

areas. However, it is noteworthy that the means for each category are positive, which means the 
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mean is being pulled upward by students who made a dramatic improvement in these 

subsections. 

Table 3. The five number summary for the change in each subsection of the framework(see Appendix A) in the SMS 
factored by period. The five number summary includes the Mean(average), Min(minimum), Q1(first quartile, 25%), 
Median(50%), Q3(third quartile, 75%), and Max(maximum). 
 Period 1 Period 2 

Framework Subsections Mean Min Q1 Median Q3 Max Mean Min Q1 Median Q3 Max 

Growth Mindset Culture 0.9 -1.5 -0.5 1 2 4 -0.5 -5 -1 -0.5 0.75 4 

Nature of Mathematics 0.27 -4 -0.5 0 1.5 4 2.8 -2 1.375 3.5 4.75 5 

Challenge & Struggle 0.27 -3 -1 0 2 6 -1.1 -5 -2.75 0 0 2 
Connections & 
Collaboration 0.73 -1 0 0 1.5 5 0.39 -3 -1 0.25 2 3 

Assessment 2.6 -1 1.5 3 4 5 -0.21 -5 -2.5 0 1 4 
 
 Period 2 exhibits some similar results with zero medians for challenge and struggle as 

well as assessment. There are subtle increases and decreases in connections and collaborations 

and growth mindset culture respectively in addition to a notable increase in attitudes regarding 

the nature of mathematics. Whereas Period 1’s data is often skewed to the left with the mean 

higher than the median for some subsections, Period 2 has more instances of the mean being 

affected by extreme low values which influences the mean by pulling it below the median. Table 

3 provides the exact breakdown of these data. 

The final piece of quantitative data that I will examine is the overall averages of students 

from the beginning of the intervention and from well after the intervention. Looking at this data 

may answer the critical question that researchers have answered affirmatively in other settings. If 

mindset improved amongst the math students at WJHS, did math performance also improve?  

The data show that there is no statistically significant evidence that performance changed overall, 

as the confidence interval spans from -3.6 to 5.3 (p-value>0.6). Similarly, there is no significant 

evidence of change in performance for those whose mindsets improved (the difference between 

their post- and pre-intervention SMS scores was greater than zero) or for those whose mindsets 
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moved further away from growth mindset goals (difference in mindset scores was less than or 

equal to zero) with confidence intervals of  -2.0 to 5.0 (p-value >0.3) and -33.9 to 21.5 (p-

value>0.5), respectively. Since both intervals include zero, neither indicates a difference in 

performance, but the improved mindset students do have less variability in their performance. 

Half of the data falls between the first and third quartiles, the difference between these quartiles, 

known as the interquartile range(IQR), is used as a measure of spread. Using the data in Table 4, 

we see the IQR of improved students is 7 compared to students whose mindsets were reduced or 

unchanged who have an IQR of 15.75, indicating more than twice the variability. Studying 

difference in performance by period continues to yield no change in results at the 0.05 

significance level. However, the 95% confidence interval for Period 1 spans from -0.20 to 9.13 

(p-value<0.06) , which is borderline and would be considered significant at the 0.1 level if we 

choose to sacrifice some accuracy. 

Table 4. The five number summary for change in math average before and after the intervention grouped by 
improvement in mindset. The five number summary includes the Mean(average), Min(minimum), Q1(first quartile, 
25%), Median(50%), Q3(third quartile, 75%), and Max(maximum). 
 Improved Mindsets No Change or Reduced Mindsets 

 Mean Min Q1 Median Q3 Max Mean Min Q1 Median Q3 Max 

ΔMath Average  1.47 -16 -1 4 6 10 -2.38 -41 -6.5 -0.5 9.25 18 
 

Based on existing research, it is also worth stratifying the data by gender1. Figure 3 

illustrates the comparison of the differences in SMS data by gender. While the medians fall 

relatively close to one another, we see that the lower half of male participants seem to improve 

more than the lower half of females.  

                                                
1 Students were not asked how they identify as part of the SMS; instead, gender was determined by matching SMS 
data with online school records. Anonymity was then preserved after data entry. 
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Table 1 presents these exact values as well as results for significance tests by sex. The 95% 

confidence interval for male SMS scores shows that their improvement is significant (p-

value<0.03). Although neither sex’s change in math average is statistically significant, the data 

for this sample indicate that females improved their performance more so than males, as is 

visible in Figure 4 and Table 1. 

 

Qualitative Results: Student Interviews 

Merging our qualitative data with this numeric analysis, the narrative of the score 

differences in individual students can be discerned. For example, the student with the most 

dramatic decrease, dropping 13 points in her mindset score from the beginning of the 

Figure 3. Side-by-side boxplots 
of the difference in mindset 
surveys for males and females 
with dots indicating outliers and 
the box displaying the first, 
second, and third quartiles. 

Figure 4. Side-by-side boxplots 
of the difference in math 
averages for males and females 
with dots indicating outliers and 
the box displaying the first, 
second, and third quartiles. 
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intervention was a female student in Period 2, the lower of the two mathematical tracks. She 

explains:  

To be honest, I can have two mindsets because, when I get in there, I am super confident 

and I feel that even if I make a mistake that I can like redo it, I can keep going. But, uh, 

then once it gets going... I start feeling like negative, very negative. And I start feeling 

like I can't do any of it, that I'm really bad and I can't do it right no matter how many 

times I try and I feel like I want to give up and I started to like wandering off. 

 At the other end of the spectrum, there were students who experienced dramatic improvements. 

The most notable of these was a female student in the first period class who scored 19 points 

higher than her initial SMS score by the end of the intervention. This student did not ignore the 

challenges that math posed to her but appreciated the adjustments that her teacher had made 

during the course of the intervention to assign less homework over the course of the week, 

making her workload more manageable. While hearing the voices of these specific students is 

helpful, each student offered their own perspectives in their concluding interviews, many of 

which can be linked through themes that became evident. 

 Mindset Self-Awareness 

When students were asked to describe their mindsets toward mathematics, many mistook 

this question as an inquiry about their perceived ability level while others were able to discern 

their skill level from their attitude toward mathematics. For this reason, coding mindsets plainly 

as growth or fixed based solely on this question would not have been representative of what this 

project was trying to understand. I found it more valuable to categorize students’ mindsets as 

positive, negative, or variable depending on the subject matter. Half of the students seemed to 

hold a positive mindset, commenting “I like math,” knew it to be useful, or feeling that walking 
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into math class meant they could accomplish something. The other half of students either 

blatantly thought negatively towards math or felt a less positive mindset come on when studying 

more challenging material. Of all the students who took part in the intervention, 52% 

acknowledged that the mindset they held toward math was different then their other academic 

subjects, and 75% of those students who recognized a difference felt worse about math. Here 

emerges a theme in the student interviews, that with challenging content comes decreased self-

efficacy. Math tended to cause the most difficulty for these students, leading to consequently 

lower confidence. However, there were also students who struggled more in other subjects and 

thus had higher levels of self-belief in mathematics. 

Factors Influencing Mathematical Mindset 

 The remainder of the interview sought to identify how students’ mindsets had been 

shaped in the past and how they could be developed moving forward. The students were asked to 

recall the person who has had the most positive impact on them as a mathematics student and 

were given the freedom to choose not just a teacher, but a family member, friend, or other 

influential figure whom they had connected with. Nonetheless, 39% of the students attributed the 

the most positive impact in their mathematical career to a teacher. Some of these teachers were 

from past schools, but half of students who chose a teacher identified their current seventh grade 

teacher as that difference-maker. Another 39% of students elected a family member, while the 

rest of the nominations went to friends and a singular vote for an administrator. 

 It became evident in student interviews that students understood that it was possible to 

improve their mathematical ability with 84% in agreement. The remaining 16% did not deny that 

it was possible but took on a more skeptical stance, answering “maybe” or “I guess so.” Students 

offered their own strategies for improvement. Practice and hard/careful work were popular 
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answers, as were focusing in class and asking for help when necessary. These answers show 

students’ willingness to take initiative, as none of them placed the responsibility for their 

improvement on other players, like faculty or family members. 

 When prompted to pinpoint teaching methods that were most effective in helping them 

understand math, students reflected on their classroom experiences both past and present. The 

variety of answers that were produced highlights the importance of differentiation, which has 

been at the forefront of practical education reform for much of the past decade and before. Most 

valuable to students was one-on-one time with their instructors closely followed by providing 

several examples to use as a guide and allowing students to try problems on their own before 

reviewing them as a class. Less common but still favored by multiple students were visual aides, 

group work, presenting the problem and methods of solving in multiple ways, and explanations 

of the problems and processes before students attempted them. The diversity in learning styles in 

a single classroom certainly presents a need for a variety of methods to satisfy all students. 

Finally, students named departures from their typical math class experiences that they 

noticed in our lessons over the course of January. While many noticed deviations, students 

grappled with being able to articulate what aspects of the lessons made them out of the ordinary. 

Less assignments from the textbook and more interactiveness were common threads throughout 

the interviews. Students also recognized more opportunities to cooperate with their peers, more 

variety in the types of lessons, the lessons themselves being less straightforward, and less 

homework being assigned on a weekly basis. The student interviews at the conclusion of the 

intervention were another opportunity of student voice.  The interviews reinforce that student 

input can only improve their quality of education, and allowed me to better understand their 

mindsets and assess my own curriculum implementation. 
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Qualitative Results: Teacher Interviews 

 Both teachers admitted in their interviews that this was their first exposure to the growth 

mindset, at least with this terminology. Yet by the end of the intervention, both were cognizant 

of the benefits of fostering growth mindsets in the mathematics classroom, with one of them 

going as far as deeming approaching math with the right frame of mind as “a necessity.” In terms 

of their own schooling experiences, neither was emphatic in their own embodiment of the growth 

mindset as a student, remembering any adjustments to their mindsets being in their home 

environment. Listing what they believed to be their strengths, the Period 1 teacher discussed his 

consistency as a teacher, his utilization of humor, and his high expectations for all students while 

the Period 2 teacher focused on her knowledge of the students’ backgrounds and making 

modifications to meet them where they are coming from. Despite retirement being on the horizon 

for both of these teachers, they still realized that there was room to develop their skills as 

educators. The Period 1 teacher confessed that he could stand to give students more control in 

the classroom, and Period 2 talked about adjusting her expectations regarding the workload 

students are able to manage based on students’ lives at home and making sure students are 

matching the effort she is putting toward their improvement. The teachers in this intervention 

hold a unique stance in that they are not only working toward a growth mindset for themselves 

but for their students too. 

 Speaking about their students, both teachers acknowledged the uniqueness of the  

diversity of the student population that they were serving. This diversity is seen not only 

demographically, but in students’ ability levels and goals for the future. Regardless, they felt all 

of their students had something to offer and cited the students’ resilience, curiosity, and 

innocence as prominent strengths. These strengths come in the presence of many obstacles, like 
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home environments that cannot offer support, socioeconomic status, and peer pressure. The first 

period teacher elaborated that mobility and lack of motivation make him feel as though the 

students are perpetually trying to catch up to where state standards demand them to be. Allowing 

the teachers to reflect on their mindsets toward their students was powerful because it challenged 

the idea that mindset is something that is built alone by an individual. 

Taking this reflection further, I asked teachers about the potential for the students in our 

intervention to surpass the academic tracks that they were currently on. The Period 1 teacher did 

not eliminate the possibility of students being able to graduate to higher mathematics courses but 

understood that higher academic rigor would not be possible for the students in the intervention 

without significant progress made outside the classroom. Meanwhile, the second period teacher 

wished some of her students that were part of the intervention could gain role models by seeing 

higher level students at work. However, she used other subjects at WJHS as examples of 

deleveling not fostering the desired peer relationships. She said some lower-level students 

would:  

maybe match their [more advanced peers’] effort, but I think we'd find that they would 

just... shut down because they would be embarrassed and wouldn't want to say the wrong 

answer or they feel that they could never compete with them. And we have seen that in 

the [Language Arts] and science where they're heterogeneously mixed. So I like it the 

way it is right now. It seems to be working. At least they can see their own little personal 

growths even though it's not the growth I want to see overall as a class. 

Thus, there was no consensus from the teachers for how students could improve in the existing 

system. Nonetheless, it is vital that teachers continue thinking about how they perceive their 

students.   
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 Continuing on the topic of the systems in place at WJHS, teachers were asked how they 

might be supported in fostering positive mindsets in their students. The teacher in Period 2 

mentioned a few conditions that would certainly make mindset development easier although they 

may be impractical. Smaller class sizes, resources to help with differentiation, and mandatory 

study periods for students needing the extra support were among the criteria listed. “Everything 

they’re not doing next year,” she commented. Yet for both teachers, to whom this idea began as 

foreign, their biggest request was for reminders to maintain growth-mindset oriented practices. 

Whether these were guidelines to keep on their desk similar to the poster of norms constructed 

for students or direct feedback from students on how they would like to learn, both teachers 

exhibited intentions to continue the intervention methodologies with some tools to help them as 

they transition. 
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CHAPTER FIVE 

Discussion 

In order to best discuss the results, this chapter is divided into two sections. The Students 

section touches upon why SMS data changed the way it did amongst different student groups. In 

doing so, connections are made between the statistical analyses and themes that were derived 

from student and teacher interviews. The Teacher section details how student SMS data can 

better inform educators as well as delving deeper into student and teacher reflections. As a 

whole, this chapter will connect the various components of this project and, consequently, 

address the various stakeholders involved. 

Students 

The results of this project are interesting because they imply that the growth mindset can 

be effective on this population with prolonged, intentional implementation. In other words, it is a 

tool, but it is not automatic. The changes in the Period 1 students are encouraging, and while the 

same quantitative improvements are not shown in Period 2, the fact that their scores were already 

relatively high is promising. These results could be attributed to the Period 1 teacher’s lack of 

exposure to the growth mindset prior to the intervention. Although the Period 2 teacher did not 

know of it by this terminology before, she did consider mindset to be crucial in the study of 

mathematics and could have been implementing some of the pillars of the growth mindset on her 

own accord. As a matter of fact, in observations conducted prior to the intervention she could be 

found encouraging perseverance, asking if students had solved problems using alternative 

methods, and praising effort. The Period 1 teacher did this at times too, but both did so in ways 
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that were less structured than the lessons targeting mindset development during the month of 

January.  

 Noting the difference between periods is also interesting not only to discern the role of 

teachers but also how ability grouping plays into mindset. Recall that Period 2 is the lower of the 

two tracks in this intervention and the lowest seventh grade track at WJHS. The results presented 

above may suggest that despite their relatively high mindset scores to begin with, the lack of 

change brought about by the intervention could be because the students’ mindsets are fixed 

where they are. Similarly, while the improvement in Period 1 should not be diminished, the 

confidence interval for the true mean difference between post- and pre-intervention surveys was 

2.6 to 8.3. Although this is an improvement which should be celebrated considering the 

intervention lasted only a month, if we were to replicate this study, the change could be just over 

two points. Therefore, it is important to be conscious of the additional efforts it might take in 

building mindsets especially in lower-tracked ability groups. 

 Academic improvement is an extension of this project primarily aimed at developing 

mindsets. Taking the results into further consideration, the student survey data is stratified based 

on those whose mindsets scored higher and those who scored lower. In these groups, there is no 

significant change in average for those with a positive difference between their post- and pre-

intervention surveys or those with a negative difference. Thus, we cannot conclude that a 

growth-oriented approach to math will improve a student’s performance nor will a fixed mindset 

approach cause a decline in student performance. However, it is evident these groups differ 

vastly. The middle 50% of students who moved toward a growth mindset show a difference in  

average after the intervention between -1 and 6 points. Meanwhile, the middle 50% of those who 

moved away from a growth mindset have a difference in average between -6.5 and 9.25, a span 
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more than twice the length of their peers. Both confidence intervals include zero, indicating no 

difference in performance, however the difference in spread is striking. The smaller interquartile 

range for the more positive mindsets speaks to less fluctuation in those students’ performances. 

Perhaps for these students it does not matter what they are studying, their performance is steady 

because whatever the topic is, they believe it will come with practice. 

 The other variable of interest I explore is gender. As alluded to in previous studies, 

females are constantly up against stereotype threat as inferiors in the math classroom. 

Interestingly enough, males show significant improvement in growth mindset based on SMS 

data. While neither sex’s math average changes are statistically significant, at least in these 

classrooms it is the females who improved more than the males in terms of grades, as the 

female’s median average increase stands at 4.5 while the male’s falls at 0. Conclusions cannot be 

drawn from data lacking significance, but these results resemble the self-efficacy gap cited 

earlier in this paper. The female students involved in the intervention appear to have increased 

achievement more than their male counterparts, yet they show less improvement in mindset than 

the males.  

 The quantitative component of the project was necessary in order to back our findings 

and for ease of comparison. However, the interviews are equally vital to hearing the students’ 

explanations of how they approach math. With over half of students recognizing that they 

approached math differently than their other academic subjects and three-quarters of those 

students holding a more negative mindset toward math specifically, it seems like the January 

intervention was necessary. The ultimate goal is for students to take their growth mindset into 

every classroom they encounter, so the fact that half of students change their way of thinking 

based on the material that lies ahead is an issue in and of itself. The need for the intervention is 
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heightened because, as predicted, math is approached with more apprehension than any other 

subject.  

 Students’ awareness regarding cognitive changes taking place over the course of January 

varied, with some seeing no apparent differences in activities and others pointing out alterations 

made when I arrived. Undoubtedly, the Period 1 students received less homework and were 

assigned work for the entire week rather than each night. While in reality this only cut out one or 

two assignments, the students felt less constrained by time. Uncoincidentally, emphasizing depth 

of learning rather than speed is an element of the growth mindset. Since there were fewer 

assignments, students felt less rushed and could focus more on their depth of understanding.  

More interactive lessons outside of the textbook was also a major difference noticed by students. 

They felt more engaged in activities with competition or when the problems were self-defined as 

in the Make Your Own Assessment or Mad Libs activity. The objective of these kinds of lessons 

are to make math less black-and-white and more open-ended and student-driven. Finally, 

students recognized the increased volume of group work, which is a key component to a positive 

classroom culture where a variety of ideas, methods, and mistakes are shared as part of the 

learning process. Expanding student reflection beyond the intervention, each student provided 

insight as to what they know works for their learning style. 

 From student answers regarding how they prefer their learning needs to be met, several 

components of the growth mindset can be deduced. This connection exposes the idea that not 

only can growth mindset teaching benefit students, the students actually prefer it. The second 

most reported method for students to learn effectively was providing several examples to use as a 

guide and allowing students to try problems on their own before reviewing them as a class. Here, 

we see that students want to be given the opportunity to reason through problems on their own 
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and correct their mistakes if necessary. This feedback highlights the balance of teachers 

providing independence and instruction in a way that mimics apprenticeship in order to minimize 

boredom and frustration while maximizing empowerment. Less common but still favored by 

multiple students were visual aides, group work, presenting the problem and methods of solving 

in multiple ways, which all align with the growth mindset as they champion the freedom of 

choice that can make math less objective than it is often perceived. The most prominent response 

was one-on-one explanations from a teacher, which arguably could be achieved through a 

combination of using peers as resources and detailed, formative feedback from instructors on 

assignments. Thus, there is evidence that these students could have a place to thrive in a growth 

mindset oriented classroom.  

 It is worth noting that 19.5% of students listed their current seventh-grade teacher as the 

person who has most positively impacted them as a math student. The middle school age group 

was originally selected for this study because it is such a transformative time period in the lives 

of adolescents developmentally, socially, and academically. Implicit and explicit mindset 

messages can start to take hold on students’ confidence levels. It shows the gravity of 

responsibility that these teachers hold. The fact that half of all students who selected a teacher 

chose their current teacher is evidence that the teachers involved in the intervention embrace this 

responsibility. Therefore, middle school seems like an apt time frame to invest in students’ 

mathematical mindsets. 

Teachers 

Teachers were not only vital players in this intervention but also primary stakeholders in 

addition to their students. The scores of the SMS provide insight to their effective development 

of the growth mindset with the scores for each subsection providing targeted feedback on their 
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strengths and weaknesses. The mindset scores come in addition to the teachers’ interviews, from 

which evidence of mindsets can be deduced.  

As highlighted in the results section and previously mentioned, Period 1 saw a significant 

increase in mindset scores, insinuating that the intervention lessons were effective with this 

group. Period 2 did not show a significant improvement or reduction in growth mindset attitudes; 

however, these students outscored the Period 1 students in the pre-intervention SMS, implying 

that the Period 2 teacher may have been fostering these mindsets before the intervention even 

began.  

For more specific feedback, I look deeper into the analysis of the scores for different 

subsections of the growth mindset framework. Both periods exhibit multiple instances where the 

median falls at zero. While this may indicate no change over the course of the intervention, it 

could also be attributed to inconsistent implementation where either one or both of the instructors 

in the room (myself and the teacher) wavered in how faithfully we abided by the growth mindset 

framework (see Appendix A). It could also serve as evidence that a more in-depth intervention is 

necessary to counteract years of previous experiences. Period 1’s improvement in Growth 

Mindset Culture and Assessment is valuable to that teacher because it shows he focused on 

delivering positive mindset messages, praising the learning process, and promoting student 

confidence. As for assessing students, he provided more productive feedback, reevaluated the 

frequency of assessments, and expanded the forms of assessments that he used (see Appendix 

A).  In his interview, the Period 1 teacher wanted to take steps toward giving students more 

control. This might improve results in the Nature of Mathematics category, which advises that 

“students use and share different ideas, visuals, and methods & use ownership words - e.g. ‘my 

method’”(Appendix A) in a growth mindset oriented classroom. Despite his strengths not 
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directly matching up with the framework’s criteria, I believe they are an accurate reflection of 

this educator’s style. 

Period 2 has some zeros in the measurements from each subsection as well, but there are 

also gains of 3.5 in the Nature of Mathematics and 0.25 in Connections and Collaboration and a 

decline of 0.5 in Growth Mindset Culture. The Nature of Mathematics category addresses the 

presences of open tasks, reasoning, multiple perspectives, and depth over speed. Between these 

categories and the various types of connections in the Connections and Collaboration section, 

many of the objectives and means of the January lessons are explicitly covered. In her interview, 

the Period 2 teacher felt one of her shortcomings was her frustration with students when she felt 

her effort was not being reciprocated in the classroom. This might explain the slight decrease in 

Growth Mindset Culture because her frustration impedes her ability to deliver mindset messages, 

praise the learning process, and cultivate student mindsets. Similar to the Period 1 teacher, while 

I find the strengths that  the Period 2 teacher listed of herself to be representative, her capabilities 

did not easily align with  the growth mindset framework. 

The teacher interviews also contained several questions about the students and their 

opportunities to improve because ultimately, according to the growth mindset, the students 

cannot improve if the teachers do not believe they can improve. In order to gauge teachers’ 

mindsets toward their students, there were questions targeting students strengths and obstacles to 

success. As mentioned above, both of the teachers valued the uniqueness of what each student 

brought to the classroom and celebrated resilience, curiosity, and innocence as their major 

strengths. This was an indication that the teachers have not given up on these students. However, 

the teachers gave more hesitant responses when evaluating the possibility of their students 

elevating into higher level math courses. The Period 1 teacher said it would require more work 
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done outside of the classroom,  while the Period 2 teacher could not envision students feeling 

comfortable surrounded by students of higher academic rigor. This uncertainty toward students’ 

abilities to pursue higher math was one of the only slight indicators of a fixed mindset that I had 

seen throughout the duration of the intervention. Both teachers mentioned socioeconomic status 

as an obstacle for their students, so perhaps students’ lack of mathematical achievement is not 

the fault of the students but the fault of the system’s failure to serve them. Any number of links 

within this system, including parents, schools, and societal injustices, might be causing the 

disruption of the entire network. With further research, it may be possible to unveil the truth and 

in doing so, better evaluate teachers’ mindsets toward their students.  

 Perhaps the most encouraging and unexpected result of the study was the teachers’ 

willingness to adopt the growth mindset into their classrooms. Teachers already carry the many 

responsibilities of implementing reform, monitoring students’ mental health, and more in 

addition to preparing students academically. The two teachers who volunteered to participate in 

my intervention are both nearing the ends of their careers, as one has already returned from 

retirement and the other from partial retirement, yet they were not complacent. They approached 

the intervention with an open mind, surrendered some of their control, and by the end of our 

month together were looking for resources to continue teaching with a growth mindset. Noticing 

how the intervention lessons differed from their own methods and seeking ways to integrate 

these two styles upon my departure speaks to these educators’ dedication to being reflective 

practitioners. Beyond building better classroom conditions to foster the growth mindset, the 

teachers simply requested reminders of how to emulate and cultivate the growth mindset in 

practice. Thus, there is evidence that the growth mindset has an audience to continue and maybe 

even spread to other classrooms at Waterville Junior High School. 
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Limitations 

 While this project is a crucial step in understanding the mindsets of students at WJHS, it 

has only opened the door to more in-depth studies. Some elements of the design to be amended 

going forward might include when the intervention took place, the scale of the intervention, and 

other conditions outside of the mathematics classroom. First, the time table of the intervention 

fell at the break of two grading periods. Therefore, in order to obtain meaningful data on 

mathematics averages, data was collected several months after my involvement in the school to 

make the averages before and after the intervention comparable. While this method allowed me 

to see if my impact was lasting, it also meant that the post-intervention averages are not 

reflective of only the intervention but also any non-growth-mindset methodologies that teachers 

might have reverted to afterwards. In this initial intervention, only two classes participated. A 

larger sample size is necessary in order to make broader, more decisive conclusions. Finally, in a 

more elaborate study, teachers could be trained prior to the outset of the intervention. Preserving 

teachers’ agency is integral so that there is a greater chance that the growth mindset can survive 

in a way that fits each teacher’s style after the intervention. Prior preparation would alleviate the 

stress of teachers trying to implement growth mindset education as they are developing their own  

mindsets. These flaws could be easily resolved in future studies, but the systematic issues that 

impacted the study will require more attention and creativity to be resolved.   

 Much of the prior research conducted on the growth mindset in mathematics, most 

notably by Jo Boaler, has been done in less structured schools where teachers were able to do 

away with grading entirely and replace it with formative feedback, did not not have the same 

pressure to prepare students for state testing, and had ample resources at their disposal. As 

discussed in the context of the intervention, the conditions at WJHS did not allow for these 
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liberties. Teachers are required to have a certain amount of graded coursework and practice 

standardized test questions. WJHS has also recently implemented a new late work policy, where 

assignments turned in later than two days past the original due date are automatically credited as 

a zero. This policy alone directly violates the pillar of the growth mindset that prioritizes depth 

of student understanding over the time it takes to get there since students still may be working to 

master a previous concept. Outside of school, as the teachers indicated, students’ home 

environments varied. Some students are children of faculty at the neighboring colleges while 

others are homeless. Thus, it was difficult to create a model that educated and involved parents 

or guardians in the mindset building process. However, there is reason to believe the inclusion of 

family members could have made a difference since equal proportions of students chose a family 

member as the person who impacted them the most as a math student as did students who chose 

a teacher. The home environment was intentionally omitted because the goal was for all students 

to participate in the same intervention, and I did not have a means of providing an at-home 

mindset intervention equitably across Waterville’s diverse socioeconomic population. Despite 

the shortcomings of this project, it was successful in engaging students, generating meaningful 

feedback for teachers, and laying the groundwork for growth mindset development to come. 

 Moving forward, the growth mindset can certainly be introduced to more teachers at 

WJHS. Using these lessons as inspiration, the school and community can embrace the growth 

mindset in a way that suits their environment. The most difficult piece will be defining what 

implementation looks like in a context that is unique and different from settings where the 

research has been tested before. Grading more assignments on completion, encouraging 

revisions, retaking tests, and providing as much feedback as possible might be a start in this 

public school context, but ingenuity should not stop there. Incorporating the arts and project-
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based assessments will welcome more creativity into the mathematics classrooms of WJHS. 

Allowing students to present their methods to their peers and creating spaces for open discussion 

about connected topics will only make them more confident critical thinkers. While not all of the 

ideals of a growth mindset classroom are accessible at WJHS, the most important ones, open-

minded teachers and eager students, are present. 
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CHAPTER SIX 

Conclusion 

 This project offers a valuable opportunity to explore mathematics growth mindset 

education in a new context and in a way that produces results for both students and teachers. 

Beyond the students and teachers, one broader takeaway became clear as the intervention 

progressed: the public school system is not well-attuned to completely growth-mindset oriented 

education. Much of Boaler’s work testing her theories has been done in much more flexible 

schooling environments with more homogeneous student populations. That is not to say that 

hope for the growth mindset is lost in Waterville, as it can still be incorporated on a smaller scale 

than in Boaler’s work. Conditions that limit the pervasiveness of the growth mindset intervention 

at WJHS are grading requirements, standardized testing, and class size.  

As a public school, numerical grades on assignments and letter grades at the end of 

marking periods are standard practice. Boaler idealizes the elimination of grading in favor of 

personalized feedback on student work as a more productive method of guiding students toward 

learning objectives. Undoubtedly, teachers’ comments are more constructive than either an ‘x’ or 

checkmark in red pen. With mandatory grading, it is still possible to provide these comments in 

accompaniment to student scores. As Carol Dweck (2015) points out, the growth mindset does 

not need to be all-or-nothing. Just because grading is required does not automatically classify 

teachers as having fixed mindsets. These teachers can still provide those additional comments 

and become more growth mindset oriented than simply assigning grades.   

In addition to the other educational dilemmas associated with standardized testing, like 

implicit question biases and assessing only one kind of learning, standardized testing also places 
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limits on growth mindset education. In Maine, state testing takes place in the spring. Thus, 

teachers are positioned in such a way that they must cover the content students will be tested on 

for that grade level before testing arrives. In this way, an unstated timetable on student learning 

takes effect and undermines the mastery-based learning championed by the growth mindset. For 

natural and developmental reasons students comprehend topics at different speeds, but there is 

little room allowed for these differences when teachers are pacing their curriculum to align with 

testing. Students who need additional reinforcement must seek it outside of class. 

Commitment outside of the classroom is where the demographics of WJHS create 

disparities. Some students might come from households where their parents are not home in the 

evenings to help them with schoolwork because they are working multiple jobs, their parents are 

home but have limited education, or their parents do not value education as necessary for 

success. In all cases, students are not getting the support they need while some of their peers see 

the advantages of education in their professional, degree-holding elders. The same students in 

need of support do not have the transportation options to come to school early or stay late for 

extra help without sacrificing an extracurricular activity they enjoy as an outlet. Therefore, 

students who did not understand the weekly topic of fractions, for instance, fall further behind 

when the class moves on to percentages the next. The same imbalance in home environments 

explains why Waterville is not in a position to eliminate ability grouping. Teachers report that 

the students that participated in the intervention might be able to graduate to a higher level of 

rigor with significant mathematics work completed outside of the classroom. However, not all 

students have home environments that can compensate for differences in cognitive development, 

so WJHS cannot take the plunge into develing that Boaler encourages. 
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 Another existing factor at WJHS that was less of an issue in Boaler’s studies is class size. 

One of the intervention teachers mentioned that class sizes are only going to increase in the next 

academic year. While small class size is not essential for growth mindset education, fewer 

students in each class only increases an educator’s ability to provide formative feedback and 

tailor their lessons to the students’ different learning styles. Individualized attention was 

students’ most prefered instruction method, so smaller classes would also alleviate the pressure 

of providing such attention on a large scale. Realistically, budgeting and student enrollment 

make class sizes what they are, so Boaler’s ideal conditions are again outside of reach for 

teachers who would benefit from a lighter load as they are introduced to the mathematics growth 

mindset process. 

 As previously mentioned, one of the most encouraging takeaways of this project is how 

teachers embraced the growth mindset in their mathematics classrooms. With minimal exposure 

to the growth mindset, retirement within reach, and the responsibility for countless other reforms, 

the two intervention teachers modeled open-mindedness and a growth mindset as it pertained to 

their own careers. If their reactions are any indicator to how other Waterville and WJHS teachers 

might perceive the growth mindset, the investment in professional development surrounding the 

concept of growth mindset and how it can be integrated into practice would be advantageous to 

the WJHS faculty. 

 Perhaps one reason why teachers reacted so positively to the growth mindset is that they 

were not alone in the intervention process. The lessons were created beforehand with pillars of 

the growth mindset built into them. Thus, if mindset education were to be carried into other 

departments and grade levels within WJHS or any school, it would be necessary to first educate 

teachers on the growth mindset and then provide sufficient time and collaboration for lessons to 
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be derived. Collaboration would be an essential component to this, as it is to the growth mindset, 

so that teachers feel supported in their efforts and so the task of revamping traditional lesson 

plans seems less daunting. The teachers could draw from youcubed.org, Boaler’s public resource 

for compiling growth mindset lessons. I think another potential reason teachers embraced the 

growth mindset was because they understood its applicability to their students, three-quarters of 

whom approached math differently than the rest of their academic subjects. Quality teachers and 

relevant, undaunting lessons combined for a successful pilot intervention. 

 The intervention provides evidence that teachers are not the only stakeholders willing to 

grasp onto the growth mindset. Besides the positive changes in SMS scores, students reiterated in 

their interviews how they would like to learn. Interestingly enough, many of these student 

preferences align with the pillars of the growth mindset. Many voiced that they learn best when 

class time is spent on activities outside of the textbook and they are given the opportunity to 

attempt problems on their own or find which of multiple methods work best for them. Based on 

this information, math classrooms could have a win-win scenario, in which the growth mindset is 

being fostered and students are the recipients of their preferred method of instruction. In a sense, 

this can lessen the burden on teachers as well. Multiple methods of solving a problem are not 

only central to the growth mindset and helpful for student learning but are also a form of 

differentiation. Thus, some growth mindset concepts can simultaneously satisfy both student 

desires and educator goals. The assignments given outside of textbooks can include a variety of 

open-ended lessons aimed at eliminating the objectivity and constant evaluation of correctness 

associated with mathematics, which builds self-efficacy. Other students voiced their appreciation 

of being able to work with their peers. Sharing ideas is of chief importance to the growth mindset 

and promotes the utilization of resources in academic and professional experiences to come. 
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Ultimately, students are subliminal proponents of growth mindset education, as many of the 

teaching methodologies that they endorsed could be directly related to mindset development 

lessons.  

 Another theme is that students are not accustomed to having a voice in regards to their 

education. In both the interviews and the surveys it became apparent that this was the first 

reflective experience for many of the students participating in the intervention in regards to how 

they thought about themselves as students and as learners. The middle schoolers understood the 

questions being asked but at times struggled to articulate their answers because they never had to 

before. It was as if they never had been asked for their side of the story. They come to school to 

learn and do the best they could with the instruction they are given. While this is admirable in a 

way, the intervention teachers expressed a willingness to serve their students as best they could, 

even if that meant trying new things. Teachers were eager to learn what insights students shared 

in their interviews and hoped that in the future students would advocate for themselves when 

certain aspects of classroom instruction did not feel effective for them. Therefore, this project 

unveils signs that students and teachers could benefit from more student input at WJHS. 

 Perhaps the most remarkable result is all that the intervention accomplished given the 

brevity of my time at WJHS. A significant positive difference was present between the pre- and 

post-intervention SMS data for Period 1, teachers both learned and adapted to implementing the 

growth mindset, and students engaged in growth mindset oriented lessons that aligned with their 

curriculum. With more time, other results could potentially become more pronounced. Students' 

mindsets might change more, teachers might become more experienced practitioners of growth 

mindset education, and changing mindsets might start to influence mathematical performance. 

This intervention proves that growth mindset education is possible on a small scale. Just as it has 
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a place where Boaler has done her testing, the growth mindset has a home in the public, low-

income-serving Waterville Junior High School. More research stands to be done in order to 

conclusively deduce how effective the growth mindset can be on this scale, but ground has been 

broken on turning more students at WJHS into “math people.” 
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CHAPTER SEVEN 

Author’s Reflection 

 Having the opportunity to see this process through has been incredibly meaningful for me 

as an aspiring mathematics educator. I knew I wanted to complete a project that encapsulated 

both my math and education backgrounds just as my career eventually would. However, 

generating an idea for a proposal seemed like a daunting and high-stakes mission. With that said, 

it is amusingly ironic to me that the idea for this project was borne from a conversation with 

friends at the dinner table, probably the least daunting and lowest-stakes environment out there. 

The title of this paper may even be a quote from that very conversation, although the subtitle 

admittedly is not. My friends were asking about the courses we would be enrolling in for our 

final year of college, which led to a tangent conversation by me and the other math major at the 

table comparing our preferences within the math discipline. One of the other four or five friends 

at the table chimed in with a comment along the lines of, “This is so over my head, I’m just not a 

math person.” A chain reaction followed. Before I knew it, the conversation was dominated by a 

chorus of  “I’ve never been a math person” and “Yeah, I just can’t do it.” This wasn’t the first 

time I had been in a situation that resembled this one. Usually, from here it involved me pursing 

my lips, nodding my head with feigned sympathy, and allowing my peers to excuse themselves 

for their avoidance of mathematics, but this time was different. 

 Even when I followed my “standard” response to people’s claims that they were not and 

could never be a math person, I found myself disappointed and a bit demoralized as a future 

math educator. This time I spoke up and wondered aloud. I challenged them with something 

along the lines of “Why do you all think you’re not math people?” Their responses boiled down 
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to the subject not coming to them easily or at least in comparison to their peers. We finished our 

conversation and moved on to something else, probably dessert, but the gears in my head kept 

turning. I proceeded to collect literature surrounding the innateness of mathematics ability, the 

role of mindset, and mindset development, and thus my project was born. 

 I developed my lessons with support from Jo Boaler’s “Youcubed” website, other online 

resources, and my own creativity. My favorite moments were those when I was going about my 

day and ideas for growth mindset lessons would pop into my head because the way I thought was 

changing. The implementation of the lessons over the course of Colby’s January term, better 

known as JanPlan, is best described as a whirlwind. I had shared my lesson plans with the 

teachers well ahead of time so they could familiarize themselves with them and approve the time 

allotted to each activity. However, there was a fair amount of shifting done to accommodate both 

the school’s and teachers’ schedules as far as half-days, assemblies, days for assessments, and 

other lessons. At the same time, the most difficult part for me was not getting carried away in 

teaching. While my instincts as an educator pushed me to spend my time forging deeper 

relationships with students, I needed to remind myself to channel my instincts as a researcher. I 

could not let lack of discipline result in undelivered mindset messages or other missed 

opportunities to promote the growth mindset. I enjoyed my time in the classroom thoroughly, so 

when the intervention component of my project was over my emotions were primarily some 

sadness and much apprehension. 

The apprehension began long before I exited the classroom, but with all the materials 

necessary to look for results and draw conclusions now in my hands, it had surged to the surface. 

Internally I had worried all along if the one-month intervention crafted by me, a student of the 

growth mindset myself, would be enough. After all, students were receiving innumerable 
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messages every day at home, in their other classes, and from society. Could a 50-minute math 

class make a difference? At the same time, I had to be confident. If I did not believe in my 

project, who would? I hid much of my uncertainties from the teachers and students I was 

working with, knowing that they would only buy-in if I was fully bought-in. However, there was 

a specific balance that needed to be achieved here. Earning trust also requires honesty, but how 

honest could I be? Ultimately, I did not confess all my worries to the teachers I was working 

with, but I knew they felt them to some degree too. I was honest in the fact that this truly was an 

experimental project of whether this mindset-focused education could work at WJHS, drawing 

on the mantra that there is no way to know unless we try. 

 In a sense, my internal conflict was a test of my own growth mindset. Jo Boaler would 

have said that this was the first go-round. The immediate results should not have mattered. I 

needed to embrace the challenge of implementation. The only way to make the project effective 

was through collaboration and connection with everyone involved from my advisors to teachers 

and students. I should not have worried about what others thought of my project and the 

likelihood of its success because what I was learning through my project is all that truly mattered 

under the growth mindset. My lessons did not need to be perfect on my first day in the 

classroom, nor did my intervention need to be perfect upon its first implementation. I was laying 

the groundwork for future interventions and introducing concepts to be spread to more teachers, 

departments, schools, and districts. Thus, hidden beneath the foundation of this entire project 

was a lesson in growth mindset for myself. 

Since the completion of my time in the classroom and the dissertation of my results, I 

have longed to return to the classroom to continue my efforts. I miss the students and their 

liveliness. I wonder how the teachers are faring as they develop the growth mindset and how 
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much their practices have changed. While it is unlikely that I will ever have the opportunity to 

work with those 31 students and two teachers again, I know that there are plenty of other 

mathematics students and educators ready to learn. I want to spread the word and the evidence 

that everyone can be a math person. The future holds so many opportunities for organizing 

professional development around the growth mindsets and for research to be continued in 

Waterville and other communities. I hope to pass along my findings to Jo Boaler and hear 

formative feedback on what she believes could improve this project and next steps for moving 

forward. Most of all, I am grateful for this opportunity to explore a remedy that I will 

undoubtedly encounter in my own teaching experience and an unwavering in my pursuit to help 

all students realize their mathematical potential. 
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Appendix A 

 Growth Mindset Framework 

Mathematical Mindset Practice 1: Growth Mindset Culture 

 

Copyright	©	2018	youcubed.	All	rights	reserved.	  

 

Beginning Developing Expanding 

Mindset	 
Messages 

Praising	the	 
Learning	Process 

Students’	 
Mindsets 

Brain	and	belief	 
messages	are	never	 
given	or	only	to	some	 

students 

Belief	messages	are	 
given	occasionally	or	 

too	generically 

Brain	and	belief	 
messages	are	given	in	a	 
meaningful	way	“I	know	 
you	can	do	this”,	“As	 

you	learn	this	a	pathway	 
forms	in	your	brain” 

Praise	is	focused	on	 
answers	rather	than	 
effort	and	progress	in	 

thinking 

Praise	is	sometimes	 
focused	on	effort	and	 

process 

Effort,	ideas,	and	 
strategies	are	 
consistently	 

recognized	and	 
praised 

Students	talk	about	 
some	students	being	 
“math	people”	and	 

some	not 

Students	convey	a	 
mix	of	confidence	and	 
doubt	in	themselves 

Students	show	self- 
belief	and	confidence 
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Mathematical Mindset Practice 2: Nature of Mathematics 

 

Copyright	©	2018	youcubed.	All	rights	reserved.	  

 

Beginning Developing Expanding 

Open	Tasks 

Reasoning	 
and	Multiple	 
Perspectives 

Depth	Over	 
Speed 

Tasks	are	relatively	 
closed,	emphasizing	 
procedures	with	little	 

reasoning 

Rich	tasks	are	 
occasionally	used 

Tasks	are	 
mathematically	rich	in	 

reasoning	 
opportunities,	 

allowing	for	different	 
approaches	and	 

visuals 

Maths	work	does	not	 
include	reasoning,	 
visuals,	or	multiple	 

perspectives 

Occasionally	multiple	 
methods	and	visuals	 
are	elicited	and	 

explored 

Students	use	and	share	 
different	ideas,	visuals,	 
and	methods	&	use	 

ownership	words	-	e.g.		 
“my	method” 

Strong	emphasis	on	 
speed,	memorization,	 
and	correct	answers 

Occasional	emphasis	 
on	speed,	 

memorization,	and	 
correct	answers 

Emphasis	is	on	depth,	 
creativity,	visuals,	and	 
mathematical	beauty 
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Mathematical Mindset Practice 3: Challenge & Struggle 
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Beginning Developing Expanding 

Mistakes 

Struggle	&	 
Persistence 

Questioning 

Complete	and	correct	 
work	is	emphasized,	 

mistakes	are	 
discouraged 

Mistakes	are	 
acceptable	but	not	 

explored 

Mistakes	are	valued,	 
students	are	 

comfortable	sharing	 
even	if	unsure 

Students	expect	and	 
rely	on	teacher	 

assistance	when	they	 
struggle 

At	times	struggle	is	 
celebrated,	at	others	 
students	are	led	to	a	 

solution 

Struggle	is	valued	-	 
e.g.	“This	is	the	best	 

time	for	brain	 
growth.”	Students	 
persist	longer. 

Questions	are	low- 
challenge	or	narrowly	 

focused 

Deep	thinking	 
questions	are	 

occasionally	used 

Questions	are	open	 
and	encourage	 

multiple	methods,	 
ways	of	seeing	and	 

thinking 
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Mathematical Mindset Practice 4: Connections & Collaboration 
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Beginning Developing Expanding 

Mathematical	 
Connections 

Connecting	in	 
Small	Groups 

Connecting	as	 
a	Whole	Class 

Maths	is	presented	as	 
a	set	of	disconnected	 

ideas 

Connections	are	 
implied	but	seldom	 

discussed 

Connections	between	 
ideas,	methods,	and	 
representations	are	 

highlighted	and	explored	 
through	visuals,	 
movement,	and	 

creativity 

Student	discussion	is	 
not	encouraged 

Student	discussion	is	 
encouraged	but	only	 

some	students	take	part 

Students	collaborate	 
and	build	off	each	 
other’s	ideas	and	all	 
students	are	involved 

No	opportunities	for	 
whole	class	discussion 

Class	discussion	is	 
encouraged	-	e.g.	“Does	 
anyone	want	to	respond	 
to	____’s	idea?”,	but	most	 

interactions	are	 
teacher-student 

Students	talk	directly	 
to	each	other;	the	 
teacher	is	just	one	 
member	of	the	 
mathematical	 
community 
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Mathematical Mindset Practice 5: Assessment 

 

Copyright	©	2018	youcubed.	All	rights	reserved.	  

 
 

  

 

Beginning Developing Expanding 

Nature	of	 
Feedback 

Frequency	of	 
Testing	and	 
Grading 

Multiple	 
Forms	of	 

Assessment 

Harsh	grading;	 
grading	on	a	curve,	 
ranking,	no	revisions,	 

punitive 

Standards	based	 
grading	-	with	 

feedback	on	standards	 
met.	Revisions	are	 

allowed. 

Assessment	is	used	 
formatively	-	e.g.	verbal,	 
written,	and	ongoing	 
feedback	on	specific	 

learning	goals.	Revisions	 
are	encouraged. 

Grades	and	 
tests/quizzes	 
are	frequent,	 

performance	culture 

Grades	and	other	 
summative	measures	 
are	only	given	at	the	 

end	of	unit 

Learning	culture	with	 
diagnostic	feedback 

Assessment	is	based	 
on	tests,	quizzes,	and	 
homework.	Focus	in	on	 

answers	only. 

Assessment	includes	 
more	 

multidimensional	 
evidence	of	learning,	 
not	only	answers 

Formative	assessment	 
valuing	a	broad	form	 
of	mathematics	-	e.g.	 
example	visuals,	 

making	sense,	multiple	 
methods 
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Appendix B 

Intervention Materials 
Parent Newsletter 
 
December 2019 
 
Dear Parent/Guardian: 
 
My name is Nicole Petherbridge, and I am a senior at Colby College. This January, I will be 
involved in your student’s classroom as part of my coursework as an Educational Studies major 
at Colby. My senior thesis project pertains to researching the role that mindset plays in 
education, particularly in mathematics. My involvement in your student’s education will include 
activities and lessons aimed toward promoting a growth mindset integrated into the curriculum. 
As defined by Carol Dweck, a pioneer in mindset research, “In a growth mindset, people believe 
that their most basic abilities can be developed through dedication and hard work—brains and 
talent are just the starting point. This view creates a love of learning and a resilience that is 
essential for great accomplishment.” My research aims to dispel the myth that a person is 
innately good at math. Moving towards growth mindsets can help students and teachers alike 
achieve greater long-term success and fuel continuous motivation to improve. 
 
During my time in your student’s classroom, we will continue to follow the standard common 
core curriculum developed by the state of Maine and Waterville Public Schools. My goal is to 
teach the same mathematics material in partnership with teachers using a growth mindset 
framework. Your student’s education is a priority that I take very seriously. I hope my thesis 
research will not only help your student in the short term but help them to become better-
equipped life-long learners. Please feel free to reach out with any questions, comments, 
concerns, or if you would like more information. Thank you in advance for your open-
mindedness and dedication to your child’s education. I am very excited for what this partnership 
will hold. 

 
Sincerely, 

 
 

Nicole Petherbridge 
nicole.petherbridge@colby.edu 

Schedule 
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January 2020 

Monday Tuesday Wed. Thurs. Friday 

  1. Winter Break 2.Winter Break 3. Winter Break 

6. Introduction to 
Class & Student 
Mindset Survey 
(10-15 min) 

7. Brain Plasticity 
Video & 
Discussion of new 
norms (10-15 min) 

8. Looking Beyond 
the Test: MEA 
Version 
(~20 min) 

9. Peer Editing: 
Homework 
Version 
(20-25 min.) 

10. P1: Math 
Scattergories (~25 
min) 
P2: Exit Tickets 

13. P1: Finish 
Math 
Scattergories, Exit 
Tickets (~20 min) 
P2: 
“My Favorite No” 
(10  min.) 

14. P1: “My 
Favorite No” 
(10 min.), 
Assessment 
 
P2: Assessment 

15. P1: “Intentional 
Mistakes” 
(20 min.) 
P2: 
“Making 
Connections” (10-
15 min.) 

16. SNOW DAY 17. P1: “How Steep 
is the Slope” 
(15-20 min.) 
P2: Finish 
Assessment 

20. MLK Day - 
No School 

21. P1: Geogebra 
Slope Activity on 
Laptops (~20 min) 
P2: 
“Who’s Got it 
Right?” 
(~30 min.) 

22. Exit Tickets 
(~10 min) 
 

23. “My Favorite 
No” & “Make 
Your Own 
Assessment” 
(~25-30 min) 

24. P1: Extra Credit 
Slope Activity 
(~25 min) 
P2: Two-Step 
Equation Mad Libs 
(~20 min.) 

27. Student 
Interviews 

28. Student 
Interviews 

29. Readminister 
Mindset Survey, 
(~25 min) 

30. LAST DAY :( 
Deliver Debrief, 
Reflect (5-10 min) 

31. No School - 
Teacher In-Service 
Day 
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Lessons 
Math Student Survey 

 
Please circle the answer that you feel best aligns with your experience in your math class. Be as 
honest as possible, thinking about math class on a day to day basis. 
 

1. Brain and belief messages are given in a meaningful way: “I know you can do 
this”, “As you learn this a pathway forms in your brain” 

Never  Rarely  Sometimes  Usually  Always 

2. My effort and ideas are consistently recognized and praised even if I don’t know 

the answer. 

Never  Rarely  Sometimes  Usually  Always 

3. I show self-belief and confidence. 

Never  Rarely  Sometimes  Usually  Always 

4. Tasks provide opportunities for mathematical reasoning, so I can use different 
approaches and visuals to help me when necessary. 

Never  Rarely  Sometimes  Usually  Always 

5. I use and share different ideas, visuals, and methods with my peers.  

Never  Rarely  Sometimes  Usually  Always 

6. I take ownership of my work when I am presenting it to others. For example, I 
might say “In my method, I…” 

Never  Rarely  Sometimes  Usually  Always 

7. Emphasis is on depth of understanding, creativity, and ability to visualize what 
we are doing in math. 

Never  Rarely  Sometimes  Usually  Always 

8. Mistakes are valued, I am comfortable sharing even if unsure. 
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Never  Rarely  Sometimes  Usually  Always 

9. Struggle is valued. When I’m having a hard time, it makes me want to persist 
even more. 

Never  Rarely  Sometimes  Usually  Always 

10. My teacher’s questions are open and encourage multiple methods, ways of 
seeing, and thinking. They are not looking for one single correct answer. 

Never  Rarely  Sometimes  Usually  Always 

11. Connections between ideas, methods, and representations are highlighted and 
explored through visuals, movement, and creativity. 

Never  Rarely  Sometimes  Usually  Always 

12. My peers and I collaborate and build off each other’s ideas, and all students are 
involved. 

Never  Rarely  Sometimes  Usually  Always 

13. My peers and I are able to talk directly to each other about math; the teacher is 
an additional resource if we need them. 

Never  Rarely  Sometimes  Usually  Always 

14. I receive verbal, written, and ongoing feedback on tests and quizzes about the 
topic we are covering. Revisions are encouraged. 

Never  Rarely  Sometimes  Usually  Always 

15. I feel part of a learning environment driven by specific feedback. 

Never  Rarely  Sometimes  Usually  Always 

16. Our assessments value a broad understanding of mathematics. For example, 

processing questions by making visuals, making sense, and allowing multiple 
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methods (as long as they are mathematically sound) will earn me some credit 
even if I don’t know the correct answer. 

Never  Rarely  Sometimes  Usually  Always 

17.  I believe that I can be good at math if I work hard at it. 

Never  Rarely  Sometimes  Usually  Always 

18.  I believe my math ability will never surpass my classmates who are already 
better than me. 

Never  Rarely  Sometimes  Usually  Always 

 

Do you have any more comments on how you think of yourself as a math student? 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 
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Thinking Beyond the Test: MEA Version 
 
Objective: Understanding that many teachers use sample or past standardized test 
questions to prepare students, this exercise can be utilized to develop more critical 
thinking. 
 
Procedure: A multiple choice question is presented to students to answer. After 
identifying the correct answer, students should then analyze the other answers and 
identify what missteps may have resulted in selecting each of those answers. 
 
 
Peer Editing 
 
Objectives: English and Humanities classes usually allow for peer workshopping 
of essays before they are turned in to the instructor for grading. Math should 
incorporate the same kind of preliminary feedback. Students with less 
understanding hopefully gained a better idea of the concepts by looking over their 
peers’ work. 
 
Procedure: Spend 15 or 20 minutes of class time allowing students to randomly 
exchange homework. Without being given an answer key, students will have the 
opportunity to circle any missteps or make comments on style/neatness. They 
should not correct the work just as one would not change an essay but simply point 
out the holes in logic. Students can then have an additional day to make any 
necessary revisions.  
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Math Scattergories 
 
Objective: Emphasize that math can be done in several different ways even though 
there may only be one correct answer. 
 
Procedure: Students answer the following questions in teams. Similar to the game 
Scattergories, only teams with unique solutions to the problem will be awarded 
maximum points. A single point will be awarded for any mathematically valid 
answer. 
 

1. Tell whether the two rates are proportional: 
a. 75 miles in 3 hours; 140 miles in 4 hours 
b. 3 rotations in 675 days; 2 rotations in 730 days 

 
2. Write a proportion that can be solved so that x=7 with one denominator being 3. 

 
3. What is one ratio/proportion/rate that you encounter in daily life? 

 
4. Gerald watches 75% of a movie that is 129 minutes long. How long has Gerald watched 

for.  
 

5. It takes ¼ of a minute for a printer to print ⅛ of a document. How long will it take to 
print ¾ of the document? 

 
6. If the printer continues as the same rate, will the document be complete in 1 minute and 

45 seconds? 
 

7. Draw a graph that reflects direct variation. 
 

8. What can you say about the rates of production for Company A and Company B? 
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Hand in, Pass Out 
 
Objective: This exercise celebrates and normalizes mistakes, empowering students 
that they are helping a fellow classmate learn. 
 
Procedure: Give students a problem, have them respond anonymously on notebook 
paper and hand them in. The teacher can either redistribute these immediately or 
look them over and write up some of the mistakes for students to discuss in groups 
the next day. 
 
Math Debate 
 
Objective: Students should understand the purpose/applicability of the content to 
the point that they are able to defend it amongst their peers. 
 
Procedure: Assign students a side for why a topic is useful to learn/know about 
versus why it is a “waste of time”/undeserving of class time. Give students time 
(either in class or at home) to prepare their arguments before they take it to the 
courtroom! 
 
My Favorite No 
 
Objective: Celebrate mistakes as one of the best ways of learning. Normalize these 
mistakes so that students are not ashamed and can learn from them. This can serve 
as a review activity to polish skills and understand where students are in their level 
of understanding. 
 
Procedure: Using exit tickets from a previous day or a prior assignment, find either 
a common mistake made by students or a very interesting mistake that provokes 
more mathematical thinking. Select one of these mistakes as “my favorite no.” 
Present the mistake to students on the board without disclosing names of who 
might have made the error. Walk through what went wrong and how it can be 
corrected.   
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Exit Tickets 

 

 
Intentional Mistakes 

 

EXIT	TICKET 

--------------------------------------------------------
--	 

How	did	you	feel	about	today’s	lesson?	 1		 2	 3	 4	 5 
I don’t understand 

at all 
I will 

understand I understand 
everything 

 

EXIT	TICKET 

--------------------------------------------------------
--	 

How	did	you	feel	about	today’s	lesson?	 1		 2	 3	 4	 5 
I don’t understand 

at all 
I will 

understand I understand 
everything 
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Objective: Students have an understanding strong enough not only to solve 
problems but to find errors in other people’s work. Continues to normalize 
mistakes. 
 
Procedure: Assign the entire class a problem to complete with the instruction that 
they should make at a critical error in their procedure. They will then trade papers 
with a classmate who must find the miscue. In order for errors to be detected, it is 
necessary that students show all of their work. Any mistakes that students found 
interesting can be shared with the larger group. 
 
Making Connections 
 
Objective: Explicitly makes the connections between new mathematical material 
and what students have already learned, so that new topics seem less daunting. 
 
Procedure: Provide an example of a more advanced problem as a preview of the 
coming lesson. First, ask students to identify any components that look familiar. 
For any unidentified connections to previous material, highlight them but see if the 
students are able to name them. Explain any remaining similarities to existing 
student knowledge and move on to explaining the novelties of the new topic. 
 
Slope Activity 
 
Objective: An open-ended creative opportunity for students to apply their 
knowledge that is used less frequently in assessments. 
 
Procedure: Students are given full-sheets of  graph paper on which they can create 
any drawing of their choice using only straight lines (flags or names  work well for 
this). They should then classify the slope of each line as positive, negative, zero, or 
undefined.  
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How Steep is the Slope? (Millennium Mathematics Project, 2020) 
 
Objective:  Reinforce the concept of slope in an open-ended fashion. Promotes 
higher-level thinking and a deeper understanding of the material. 
 
Procedure: On a grid like the one below we can draw lines through two points with 
different slopes. Check that you agree that the solid line is one of several that could 
be drawn with a slope of 2 and the dashed line is one of several that could be 
drawn with a slope of -⅔.  
 

 
 
How many different slopes can you find on this 5x5 grid? Arrange them in order of 
steepness and list the points each line passes through. You may use the grid below 
as work space. 
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P              Q       R          S             T 

 U              V        W          X             Y 
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Who’s Got it Right? 
 
Objective: Be able to follow another person’s work and understand different 
methods to the point that students can determine if an approach is mathematically 
valid. Normalize and learn from mistakes. 
 
Procedure: Students will work in teams of three to four. Each round of competition 
will be centered on a singular problem. Solutions to the problem will be distributed 
to each of the teams with only one solution being correct (all other solutions will 
have some sort of flaw). Teams must correct solutions containing mistakes in order 
to earn a point. The team with the correct answer must explain to the class the 
procedure of the problem so that all members of the class can understand this way 
of solving the problem. 
 
Make Your Own Assessment 
 
Objective: A more open-ended way to assess student learning. Students are able to 
demonstrate their knowledge in what seems like a lower stakes environment but 
with learning objectives still at the forefront. 
 
Procedure: Provide students with the learning standards that they are expected to 
have mastered. Allow students to write and solve their own problems that cover 
these standards.  
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Make Your Own Assessment 
 

1. Write and solve a two-step equation that includes the variable being 
multiplied by a decimal. 

 
 
 
 
 
 
 

2. Write and solve a two-step equation in which the variable is being divided 
by a number. 

 
 
 
 
 
 
 

3. Write and solve a two-step equation involving fractions as both the number 
and coefficients. 
 
 
 
 
 
 
 

4. Write a word problem that can be modeled by a two step equation. 
 
 
 
Make Your Own Assessment 
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1. Demonstrate your understanding of slope by drawing three lines. One with a 
positive slope, one with a slope of zero, and one slope that is undefined. 
Label each line with its slope in simplest form. 
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2. Write a word problem that would be an example of direct variation and 
graph the relationship (being sure to label your axes to match your word 
problem). 
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Two-Step Equation Mad Libs 
 

1. (All positive #s) Jeffrey shared his gum with _______ classmates after eating 
_____ pieces himself. At the end of the day he had ______ pieces of gum. 
How many pieces did he start with? 

 
 
 
 
 
 
 
 

2. (All positive #s) Carly scored _____ times as many goals as Alexandria this 
season in soccer. The rest of their teammates scored ______ goals. Over the 
course of the season, the team scored _____ (larger # than previous) goals 
all together. How many goals did Alexandria score? 

 
 
 
 
 
 
 
 
 

3. (All positive #s) Isaac gets _______(fraction) the amount of sleep that Hasan 
gets each night. If he only slept _____ more hours each night he would get a 
total of _____ (larger # than previous) hours. How many hours of sleep does 
Hasan get each night?  
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4. Jada spent too much money and now has $______ (negative #) in her bank 
account. Thankfully, James has agreed to lend her $______ (positive 
decimal). If Jada makes $_____(positive #) every week shoveling driveways, 
how many weeks will it take for Jada to get her money back? 

 
 
 
 
 
 
 
 
 
 
 

5. (All positive #s) Mrs. Morgan’s class is going on a field trip. Renting the 
school bus costs $_____ (positive #) and the tickets to the movie they are 
seeing costs $_____ per student and $____ for the teacher. How many 
students are in the class if the whole trip costs $______ (# larger than all 
other numbers in the problem) 
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Student Interview Questions 
 

1. How would you describe your mindset toward mathematics? 
2. How does this compare to your mindset toward other subjects? 
3. When do you remember your mindset about mathematics becoming different from other 

subjects (if it did)? Why do you think this happened? 
4. Who has most positively impacted you as a mathematics student? What did they do that 

made them special? 
5. Do you think your math ability can be improved? If so, how? If not, explain why not? 
6. What methods are usually most effective in your understanding of math topics?  
7. Have you noticed anything different about the activities that we have been doing together 

in class compared to the way lessons are normally taught? 
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Teacher Interview Questions 
 

1. Had you heard of the growth mindset before this project? If so when and what did you 
know about it? 

2. What are your thoughts on the role on mindset of mathematics? Can it make a difference? 
3. Thinking back to your own schooling experience do you think you had a growth mindset? 
4. Describe your mindset for yourself as a teacher. 
5. What are your greatest strengths as a teacher? 
6. What are your greatest weaknesses? Can they be developed? 
7. Describe your mindset toward your students. 
8. What do you think your students’ biggest obstacles to success are? 
9. What are your students’ greatest strengths? 
10. Do you think that your students believe they can place into higher math courses with 

practice? Do you think they can in the current system? Why or why not? 
11. What can be done to support you as a teacher in promoting growth mindset in your 

students? 
12. Anything that you would like to add that I did not ask about you as a teacher or the 

growth mindset? 
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Student Debrief Script 
 
Thank you all for being such diligent students and welcoming me into your classroom this past 
month. While I hope you learned something from me, I have also been learning from you all. My 
work here at Waterville Junior High has been part of a project for my education major regarding 
growth mindset and how it influences mathematics students in particular. Carol Dweck, the 
founder of the growth mindset defines it as a mindset where people believe that their most basic 
abilities can be developed through dedication and hard work—brains and talent are just the 
starting point. This view creates a love of learning and a resilience that is essential for great 
accomplishment.” My project sought to address whether or not teaching with a growth mindset 
approach, including feedback-based assessments and open tasks, could influence the mindsets of 
middle school math students and if these results were at all associated with achievement. Most of 
all, I hope that our time together will motivate you all to further use the strategies and messages 
we have focused on for the past month to continue to develop your mindsets on your way to 
becoming life-long learners. Thank you again, and please let me know if you have any further 
questions. 
 


