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Abstract 

Background: Teachers entering the world of education often have predetermined beliefs 

about mathematics that may negatively affect instructional practices. These beliefs may 

or may not be perceptible to the person holding them, and if not addressed early on, could 

be more difficult to adjust as they continue to teach. Growth mindset interventions disrupt 

negative beliefs in current educators by causing shifts in instructional practices and 

challenging personal perceptions. Providing pre-service teachers in a teacher education 

program with exposure to growth mindset practices may transform their beliefs and 

actions before ever entering a classroom. Purpose: The purpose of this study was to 

examine the impact on pre-service teachers’ beliefs about the teaching and learning of 

mathematics by implementing growth mindset strategies within an elementary 

mathematics content course required in a university-based teacher preparation program. 

The study researched how incorporating certain strategies during their preparation 

program may potentially equip pre-service teachers with the tools necessary for effective 

mathematics instruction. The proposed study addressed the following question: How does 

the implementation of growth mindset strategies within a university-based teacher 

preparation course, impact pre-service mathematics teachers’ beliefs about the teaching 

and learning of EC – 6 mathematics? Methods: The participants included 30 students, 

ranging from a freshman to a senior-level ranking, in a university-level course for pre-

service teachers preparing to be elementary and middle grade teachers. The data included 

a pre- and post- growth mindset survey titled Teacher Education and Development Study 

in Mathematics (TEDS-M) Growth Mindset Survey, and field notes from multiple 

classroom observations, where the researcher noted then analyzed the language and 
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statements made by the pre-service teachers. Finally, the pre-service teachers responded 

to open-ended scenarios designed to allow pre-service teachers to apply their thought 

structures through answering questions crafted to elicit mindset beliefs. The survey data 

was analyzed by using the TEDS-M Conceptual Framework. A series of T-Tests were 

used to analyze the pre- and post-survey results by each independent statement as well as 

the overall results. The observation field notes, and the open-ended scenario responses 

were analyzed and coded by using a growth mindset continuum to determine whether 

language used during each aligned with a fixed mindset or a growth mindset. 

Conclusions: The data collected from the pre- and post-growth mindset survey and the 

classroom observations showed an increase in growth mindsets among pre-service 

teachers by the end of the course. The open-ended scenario questions provided similar 

results in that pre-service teachers showed a positive shift towards having a growth 

mindset, however, not as prevalent as the survey and observations. Findings suggest that 

when asked to apply growth mindset beliefs in real-life scenarios, student language was 

not as far along the continuum as the other results. Overall, the growth mindset strategies 

increase pre-service teachers’ growth mindset, and continued interventions are needed to 

sustain impact.  
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Chapter 1 

Introduction 

Students in today’s mathematics classrooms display achievement gaps which 

start, in some cases, prior to beginning school and continue to widen throughout the 

course of K-12 education (Galindo & Sonnenschein, 2015; Lee, 2012). This can be 

attributed to several factors such as home environment, quality of mathematics 

instruction, students’ funds of knowledge, lack of effective mathematics teachers, and 

fixed mindset beliefs held by the teacher and/or the student. Each of these impact student 

success in mathematics, including a contribution to overall low achievement and a 

perpetuation of inequalities in mathematics that harms, in particular, minority students 

(Boaler, 2013). The likelihood of success in the mathematics classroom continues to 

decrease if the student encounters limited to no experiences of meaningful strategies and 

instruction within the classroom to help close the gaps. 

The National Council of Teachers of Mathematics ([NCTM], 2014), report that an 

alarming number of students, especially culturally diverse students, receive low quality 

mathematics instruction, which is correlated with low student expectations among 

teachers and a heavy focus on learning mathematics procedures taken out of context. 

Students receive and absorb indirect messages about mathematics through many aspects 

of math instruction, such as the tasks given, feedback, groupings, and other components 

of the class (Boaler, 2016). To positively impact students, teachers can create learning 

opportunities that are effective in attaining mathematics achievement for all (NCTM, 

2014). Teachers who are equipped with high-leverage practices and the capacity to 

unpack and scaffold mathematical ideas are more successful with increasing student 
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understanding and application, counteracting effects of the aforementioned issues (Ball, 

2009). NCTM (2014) lists six core principles as recommendations for all mathematics 

educators to follow: (a) teaching and learning, (b) access and equity, (c) curriculum, (d) 

tools and technology, (e) assessment, and (f) professionalism. Two of the six guiding 

principles, teaching and learning and access and equity, will be the focus of this research. 

Centering on these principles increases the likelihood of teachers viewing mathematics 

teaching and learning through a lens that is more beneficial to how students learn 

mathematics. 

Need for the Study 

The need for this study stems from research stating that pre-service teachers often 

enter the classroom after completion of a teacher preparation program holding 

predetermined beliefs about mathematics that negatively affect their math instructional 

practices (Haciomeroglu, 2013; Haser & Dogan, 2012; Thompson, 2016). Beliefs, 

according to Pajares (1992), are deeply personal perceptions that cannot be altered by 

persuasion. These beliefs may be formed by chance, an experience, or events that creates 

a lens through which a person views themselves and others. Often, people are unaware of 

these beliefs and if not addressed early enough, these beliefs could make it harder to 

change teachers’ pre-conceived views. 

This study explores how implementing growth mindset strategies during a 

teacher’s preparation program impacts the beliefs of pre-service teachers and their views 

of learning and teaching mathematics. In particular, the study examines how the use of 

growth mindset mini lessons, high-level tasks, and the encouragement of student 

discourse can increase the likelihood of growth mindset beliefs among the pre-service 
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teachers throughout the Elementary Math Methods class. Each strategy implemented 

aligns with tenets of NCTM’s (2014) eight effective mathematics teaching practices, 

found within its core principle, teaching and learning, as well as culturally responsive 

teaching practices, all shown to positively impact student success (see Figure 1). 

Figure 1 

Mathematics Teaching Practices 
Establish mathematics goals to focus learning. Effective teaching of mathematics 
establishes clear goals for the mathematics that students are learning, situates goals 
within learning progressions, and uses the goals to guide instructional decisions. 
Implement tasks that promote reasoning and problem solving. Effective teaching 
of mathematics engages students in solving and discussing tasks that promote 
mathematical reasoning and problem solving and allow multiple entry points and 
varied solution strategies. 
Use and connect mathematical representations. Effective teaching of mathematics 
engages students in making connections among mathematical representations to 
deepen understanding of mathematics concepts and procedures and as tools for 
problem solving. 
Facilitate meaningful mathematical discourse. Effective teaching of mathematics 
facilitates discourse among students to build shared understanding of mathematical 
ideas by analyzing and comparing student approaches and arguments. 
Pose purposeful questions. Effective teaching of mathematics uses purposeful 
questions to assess and advance students’ reasoning and sense making about important 
mathematical ideas and relationships. 
Build procedural fluency from conceptual and understanding. Effective teaching 
of mathematics builds fluency with procedures on a foundation of conceptual 
understanding so that students, over time, become skillful in using procedures flexibly 
as they solve contextual and mathematical problems. 
Support productive struggle in learning mathematics. Effective teaching of 
mathematics consistently provides students, individually and collectively, with 
opportunities and supports to engage in productive struggle as they grapple with 
mathematical ideas and relationships. 
Elicit and use evidence of student thinking. Effective teaching of mathematics uses 
evidence of student thinking to assess progress toward mathematical understanding and 
to adjust instruction continually in ways that support and extend learning. 

 
Note. From “Principles to Action: Ensuring Mathematical Success for All,” by National 

Council of Teachers of Mathematics (NCTM), 2014, The National Council of Teachers 

of Mathematics, Inc., p.10. 
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Implementing strategies aligned with these practices provides an increased 

likelihood of a positive shift in the pre-service teacher’s perspectives. Teachers pre-

disposed to what growth mindset language looks and sounds like within themselves are 

more likely to develop strategies that will transform their knowledge, beliefs, and views 

about the success of their students (Boylan et al., 2018). Teaching mathematics is a 

complex discipline that requires educators to engage students in meaningful learning 

through subject-specific understanding and insight about underlying mathematical ideas 

(NCTM, 2014), which many pre-service teachers struggle to do once entering the 

workforce (Burton, 2012). Opportunities that offer a chance for pre-service teachers to 

recognize their own thoughts and beliefs decreases the probability that they will revert to 

practices evident in mathematics education that are seen as ineffective. 

Pre-Service Teacher Beliefs 

Some pre-service teachers hold views about the teaching and learning of 

mathematics that may negatively impact their future students’ perspective of 

mathematics. Many pre-service teachers believe that mathematics is all about learning 

how to compute, memorize facts, and manipulate numbers (Steele & Widman, 1997). 

Depending on a pre-service teachers’ prior experience, a belief of this nature can cause 

anxiety for the future educator, potentially rolling over into the way they teach 

mathematics, thus causing anxiety in students (Briley, 2012; Burton, 2012; Kagan, 1992; 

Paolucci, 2015). To counteract this belief, Burton identifies the importance of utilizing 

conceptual teaching strategies in order to develop confidence in students, a priority of 

mathematics teacher educators. 
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A second belief a pre-service teacher may have is about the causes of student 

performance. Pre-service teachers commonly attribute student failure to outside 

influences such as their home environment and low student ability without considering a 

teacher’s role in students’ low performance (Wenner, 2001). This belief is intensified in 

urban education settings where most of the learners are students of color. With a majority 

and increasingly White teaching force positioned against the diverse student population 

of urban schools, most White pre-service teachers will end up working with students 

from another cultural background (Sleeter, 2001). Statistics such as these present 

negative consequences within the classroom when teachers do not know how to respond 

to the cultural mismatch between them and their students.  

Growth mindset strategies show positive effects on disrupting practicing teachers’ 

negative beliefs in current educators. Seaton (2018), posits that a teacher who possesses 

growth mindset beliefs are more likely to influence students’ success in the classroom. 

Additionally, the teacher is more in tune with the needs of the students, causing shifts in 

instructional practices and challenging any negative beliefs or implicit biases. Providing 

pre-service teachers with exposure to growth mindset practices and opportunities to 

explore what inquiry-based instruction looks like, could possibly transform their beliefs 

and actions and equip them with the tools to provide effective instruction before ever 

entering a classroom. 

Personal Relationship 

The study is significant to me because I believe current mathematics education 

practices are not conducive to the success of all children. There are varying dynamics that 

may factor into why students struggle in mathematics, one being the instruction received 
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in the classroom.  As a leader in mathematics, it becomes difficult to impact a teacher’s 

mindset once they have longevity in education, therefore it is imperative to study the 

experiences of pre-service teachers and how changes can be made before bad habits are 

developed. 

Studies show that numerous pre-service teachers will teach in an urban setting 

after completing a teacher education program and ultimately lack the tools necessary to 

effectively teach mathematics within that school placement. As an African-American 

who has worked in only urban school districts, I find it upsetting to see some teachers 

come into the school and not see the potential of the students in their classrooms due to 

little or no understanding of student culture and varying beliefs that may hinder teachers 

from even attempting to. As a mathematics leader, my goal is to address this problem. 

Through this study, I hope to determine successful strategies that will positively impact 

preservice teachers’ beliefs and equip them with growth mindset practices that will 

support student success in mathematics, regardless of student culture and background. 

Research Question 

The goal of this study was to explore the beliefs of pre-service teachers and their 

views of learning and teaching math. It is believed that these beliefs may translate onto 

pre-service teachers’ future students through instructional practices in the classroom. This 

study examined how certain strategies implemented during a preparation course impacted 

a pre-service teacher’s position on a growth mindset continuum and their approach to 

specific scenarios. This study, in conjunction with the other pedagogy and content 

knowledge learned in other courses, may potentially equip pre-service teachers with the 

tools necessary for effective mathematics instruction upon completion of the program. 
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Using a mixed methods framework, the current study examined the following research 

question: 

How does the implementation of growth mindset strategies within a 

university-based teacher preparation course, impact pre-service mathematics 

teachers’ beliefs about the teaching and learning of EC – 6 mathematics? 

Definition of Terms 

Beliefs. Something that is accepted, considered to be true, or held as an opinion. 

Pre-service teacher. [Also called prospective teacher] In this study this term 

refers to individuals in either their sophomore or junior year of their 

undergraduate studies who are enrolled in teacher preparation course. 

Teacher educator. [Also called educators or professors] A teaching professional 

who provides instruction to pre-service teachers within a teacher preparation 

program. 

Culture. Deep structures that inform human thought and activity of knowing, 

understanding, acting, and being in the world (Ladson-Billings, 1997). 

Whiteness. This term is in reference to the white privilege and supremacy that is 

within education due to its idealism interwoven in the education system 

(Schmeichel, 2012). 

Growth mindset. Dweck (2010) defines growth mindset as the ability to grow 

intellectually. More focus is put on effort and sense making than on inherent 

intelligence. 

Pedagogy. The art or method of teaching children. 
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Teacher preparation program. [Also called teacher educator program] A set of 

university-based courses that prepare pre-service teachers to teach in a K-12 

setting. 

Stereotype threat. The cognitive and emotional burden as the result of a 

stereotype that causes a person to feel at risk of conforming to said stereotype so 

as not to look inferior in the eyes of others, in their own eyes, or both (Aronson et 

al., 2002). 

High-level tasks. Tasks that promote reasoning and problem solving (NCTN, 

2014). 

Productive struggle. A laboring process that allows students to take ownership of 

their mathematical understanding through effort and perseverance (Edwards, 

2018). 

Preview of Methodology 

The methodology used was a program evaluation design. This program evaluation 

exercised both quantitative and qualitative methods to accumulate data in response to the 

question being investigated. Participants included 30 students enrolled in Mathematics 

for EC-6 Teachers, a course for pre-service teachers pursuing a teaching certificate. This 

class was also open to other students as it served as a core university mathematics course. 

Students met face-to-face at the university once a week for three hours during the Spring 

semester of 2020. The students engaged in activities that prepared them to teach 

mathematics at the elementary level by developing a deep understanding of our base-ten 

number system, arithmetic, and problem solving. The researcher observed the professor 

of the course implement the following growth mindset strategies within the curriculum: 
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reflective writing about student’s initial thoughts about math, growth mindset lessons, 

purposeful questioning and high-level tasks. Each of these strategies align to 

constructivist practices and culturally responsive teaching methods, both of which 

provided opportunities for discussions around diversity. 

At the beginning of the course, participants took a growth mindset survey to 

determine a base line of their belief system. The survey used is a research-based growth 

mindset survey from the Teacher Education and Development Study in Mathematics 

(TEDS-M) Conceptual Framework (Tatto et al., 2008). The items were field tested in 

multiple forms and subject to five rounds of international trialing. Questions about belief 

scales focused on five areas: Beliefs About the Nature of Mathematics; Beliefs About 

Learning Mathematics; Beliefs About Mathematics Achievement; Beliefs About 

Preparedness for Teaching Mathematics; and Beliefs About Program Effectiveness. For 

this study, only questions from the themes Beliefs About the Nature of Mathematics, 

Beliefs About the Learning of Mathematics, and Beliefs About Mathematics 

Achievement were chosen. The data was analyzed through a descriptive lens with 

comparative methods as well as statistically with a series of paired T-Tests and effect size 

calculations. 

Observations of the class were conducted to establish patterns of student thinking 

and to determine any shifts in language or behavior as students participated in inquiry-

based experiences. Data obtained during classroom observations were analyzed through a 

coding method to gather qualitative data on where pre-service teachers’ language and 

behavior fell and moved along the growth mindset continuum throughout the semester.  
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Students also participated in an open-ended scenario (Zembat & Yasa, 2015) 

during the end of the course for participants to apply their beliefs in real-world situations. 

The scenarios provided additional qualitative data to determine shifts in growth mindset 

attributes and language. An added importance of providing the opportunity to participate 

in the scenarios is that the pre-service teachers’ mindset may be more likely influenced if 

they recognize, challenge, and reflect upon their experiences within the class (Briley, 

2012). At the end of the course, a post survey was issued to the participants to gather data 

about how they may have been influenced by the class and growth mindset lessons. 

Summary 

In conclusion, this study highlighted specific strategies that can be used to 

influence a pre-service teacher’s mindset. The most impactful strategies included the use 

of realistic problems, adopting a culturally relevant mathematics teaching perspective, 

encouraging discussion, and exploring central links and patterns of mathematics (Boaler, 

2000). Implementing such strategies could potentially assist teacher educators and leaders 

of mathematics in shifting the mindset of mathematics teachers in K-12 education. 

Students will ultimately benefit from the change, increasing student understanding and 

achievement within the content. Growth mindset strategies have shown positive trends in 

students’ beliefs about mathematics; it was the aim of this study to show a positive 

impact on pre-service teachers as well. 
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Chapter II 

Literature Review 

The purpose of this study was to examine the impact of implementing growth 

mindset strategies on pre-service teachers enrolled in a mathematics for EC-6 teachers, a 

course in a university-based teacher preparation program. This study analyzed and 

examined how explicit instruction in growth mindset and connections between 

constructivist theory may positively impact pre-service teachers’ perspectives on 

mathematics learning and teaching. This chapter provides a review of the literature and 

includes the following sections: (1) research on mindset; (2) exploration of mathematics 

learning theory; (3) application methods for culturally responsive teaching; (4) and 

preparing pre-service mathematics teachers. 

Mindset 

Historically, intelligence was defined as something that could be measured with a 

two- to three-hour IQ test, also known as psychometric intelligence. Eysenck (1988) 

explains that when discussing intelligence, one cannot forget about biological intelligence 

and social intelligence in addition to the aforementioned. He defines biological 

intelligence as the foundation of intelligence or the structure of the human brain. His 

definition of social intelligence emphasizes the application of both biological and 

psychometric intelligence to problems and life experiences. As time progressed, 

researchers such as Robert J. Sternberg and Scott Barry Kaufman worked to expand the 

definition to include cognitive performance as an important factor when describing 

intelligence (Hunt & Jaeggi, 2013). Other researchers, such as Carol Dweck (2006), 

believe intelligence is tied to a person’s attitude or belief about themselves as a learner. 
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Each of these definitions have played a part in framing what is known as the study 

of mindsets. The underlying theory behind the study of mindsets is the theory of 

intelligence. The theory of intelligence suggests that a person’s views align with either 

entity theory (a belief system that intelligence is fixed), or incremental theory (the idea of 

intelligence being malleable) (Dweck, 1986). As research continues to progress, the 

terminologies entity theory and incremental theory transition to the expressions fixed 

mindset and growth mindset, respectively. Knowledge of mindsets is critically important 

as these belief systems lead to various learning behaviors and thought processes, 

ultimately creating different learning outcomes for each student (Boaler, 2016). 

Understanding mindsets, therefore, is imperative to examining the quality of teaching and 

level of student comprehension. 

Research on mindsets spans many domains, revealing a positive impact in various 

capacities when a growth mindset is present as well as a negative impact when a fixed 

mindset is present. Examples include increases in intellectual achievement and other 

psychological aspects when an individual holds a growth mindset, and avoidance of 

challenges and increased achievement gaps with a fixed mindset (Dweck, 2012). This, 

along with other instances, demonstrate the potential impacts that fixed mindsets and 

growth mindsets have on student learning and beliefs about themselves as doers of 

mathematics.  

Fixed Mindset 

Holding an entity theory or a fixed mindset leads an individual to believe that 

each person has an unchanging amount of intelligence that cannot be altered regardless of 

effort (Dweck, 2012). Entity theorists often find themselves limited by this restrictive 
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perception of achievement and self-worth as they tend to focus on past labels, behaviors, 

and performances, believing them to be predictors of future occasions (Chiu et al., 1997). 

These judgements and perceptions may stem from prior experiences, making it difficult 

for the individual to believe a different outcome will transpire when similar experiences 

present themselves. An example of this is when a person historically struggles with math 

and is labeled as not being a math person. This individual may continue to believe they 

are not good at math in future experiences and continue that negative thought loop. 

Having a fixed mindset can be detrimental to a person’s self-efficacy. However, it 

does not always mean failure, especially if the individual typically performs well (Hwang 

et al., 2019). This is due in part to a person with a fixed mindset believing that 

achievement is innate and cannot be improved. If a person excels at almost everything, 

they are likely to believe it is because of something they were born with, not because they 

learned it or were able to overcome an obstacle to their achievement. Believing that 

intellectual abilities are unalterable also causes a lack of success to be seen as a sign that 

they are dumb or lack the ability to be successful on certain tasks. This line of thinking 

usually produces a tendency to give up so the individual will not be seen as such (Claro et 

al., 2016; Yeager & Dweck, 2012). Fixed mindsets can lead a person to believe they are 

not good enough, limiting how far they will push themselves. 

Studies show that fixed mindsets may be specifically disadvantageous for female 

students, minority students, and lower achievers (Hwang et al., 2019). Students with 

characteristics such as these magnify the effects of a fixed mindset because they are 

subjected to significant barriers that impede their success, giving rise to psychological 

inequalities, and ultimately reinforcing the impact on achievement and potential 
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opportunities (Claro et al., 2016). Support of a student’s mindset, especially low-income, 

and minority students, can help increase their academic outcome. Broda et al. (2018) did 

a randomized study where him and his team saw an improved grade point average for 

Latino/a college students of about 0.40 points due to growth mindset interventions. The 

objective of the study was to increase student motivation to overcome different barriers 

and increase retention and graduation rates through the introduction of brief mindset 

strategies. Several other researchers such as Aronson et al. (2002), Blackwell et al. 

(2007), and Yeager and Walton (2011), have shown similar results in related studies, 

indicating a positive impact of growth mindset messages. 

Growth Mindset 

Unlike a person with a fixed mindset who believes success and intelligence is 

static, a person with a growth mindset believes the mind has the capacity to change and 

adjust over time. Beliefs such as these align with current brain research that indicates a 

person’s brain has brain plasticity, or the ability to modify and adapt as a result of real-

world experience (Boaler, 2016). The overarching theme of growth mindset or 

incremental theory allows for continual learning as opposed to looking smart. Having a 

growth mindset helps a person focus on increasing their knowledge and interpreting 

challenges as opportunities to grow and learn new things (DeBacker et al., 2018). This 

orientation assists in providing a relatively accurate view of the individual’s self 

perception through the result of setting learning goals and having an openness to both 

positive and negative feedback in response to those learning goals in order to improve 

their intelligence (Ehrlinger et al., 2016). 
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Growth mindset has become a well-recognized phrase within education over the 

past few years. Research indicates having a growth mindset as a student can increase 

their academic achievement, increase motivation, and help them develop a lifelong love 

for learning (Boylan et al., 2018; Haimovitz & Dweck, 2017; McCutchen et al., 2016). 

Studies such as one from Blackwell et al. (2007) show positive impacts on student 

performance after growth mindset interventions. Process-focused interactions derived 

from teachers’ intentional regard for emotional processes, learning strategies, and 

contextual factors of students’ learning and achievements foster outcomes that give rise 

to increased self-efficacy (Rissanen et al., 2019). 

Studies also show these effects are slightly greater for minority and low-income 

students possibly due to an increased rate of fixed mindsets to overcome because of 

negative stereotypes about their intellectual ability and wide achievement gap in 

comparison to their White counterparts (Yeager & Dweck, 2012). Aronson and 

colleagues (2002) state the following: 

Like the entity theorist when faced with a difficult task, the Black student in a 

stereotype threat situation faces essentially the same predicament, the troubling 

implication that he or she is intellectually limited, with little or no hope for 

improvement. The goal that flows from this mind-set is to protect – and to project 

– an image of competence, to disprove the stereotype of intellectual inferiority. (p. 

115) 

Having a growth mindset increases motivation in minorities to push beyond any 

limitations to conquer perceptions that show inferiority. This is not only true for Black 

students but for at-risk students as well. Sarrasin et al. (2018) completed a meta-analysis 
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of 10 peer-reviewed studies on promoting growth mindset. His conclusions showed an 

overall positive effect on motivation, achievement, and brain activity, also revealing 

increased benefits for at-risk students. Growth mindset strategies, which highlight 

struggles as not limitations but opportunities to learn (Paunesku et al., 2015), can 

positively impact all, but more so students who are at-risk. Sarrasin et al. (2018) posits 

this may be due to regular students who perform well having the perception of a ceiling, 

meaning they can grow no further. 

Educators must establish perspectives of what developing a growth mindset looks 

and sounds like within themselves in order to develop strategies that will transform their 

knowledge, beliefs, and views about incremental theory within their students (Boylan et 

al., 2018). Internalizing this process is imperative as an individual’s personal mindset 

reflects on how they view themselves as well as how they view other people and events 

(Clark & Sousa, 2018). Educators with fixed mindsets struggle to step outside of their 

comfort zone, reverting to practices not in line with effective teaching practices, which is 

evident in mathematics education. 

Mindset in Mathematics 

A common belief is that mathematics ability is an innate skill or a fixed trait (Sun, 

2018b). As the research continues to show the impact of growth mindset on student 

outcomes in the mathematics, teachers are beginning to see its benefit on influencing the 

mindset of their students (Dweck et al., 2014; Haimovitz & Dweck, 2017; McCutchen et 

al., 2016). Though there are instances of growth mindset appearing inside of classrooms, 

many of these same teachers are still sending contradictory fixed mindset messages to 

their students by providing limited access to effective instruction (Sun, 2018a). Two 
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examples of contradictory messages are a teacher assuming only the “high” students are 

capable of doing a certain task or giving step-by-step instructions to help a student feel 

empowered by the success of solving a problem. Even though the teacher may have good 

intentions, each of these instances tell students they are not good enough or capable of 

doing math and send a fixed mindset message. 

According to NCTM (2014), teachers’ beliefs can either be productive or 

unproductive about the teaching and learning of mathematics. Unproductive beliefs 

perpetuate the thoughts of traditional mathematics instruction, where learning is focused 

on procedures, memorizing of facts, low rigor tasks, and lecture-based teaching. 

Productive beliefs align more with constructivism, where instruction is inquiry-based, 

focused on conceptual understanding, high-level tasks, and student-led teaching. Each of 

the latter strategies build opportunities to incorporate productive struggle for students, a 

laboring process that allows students to take ownership of their mathematical 

understanding through effort and perseverance (Edwards, 2018). 

NCTM (2014) provides a framework of eight Effective Mathematics Teaching 

Practices to represent the essential teaching skills necessary to foster a deep learning of 

mathematics. When these practices are used with fidelity, instruction aligns with tenets of 

growth mindset such as (a) supporting productive struggle; (b) posing purposeful 

questions; and (c) facilitate meaningful mathematical discourse to encourage connections 

and sense making. Figure 2 provides a visual of how NCTM’s eight Effective 

Mathematics Teaching Practices (EMTP) promote growth mindset characteristics. 
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Figure 2 

Connections Between EMTP and Growth Mindset 
 

EMTP Growth Mindset 
Establish mathematical goals to focus 
learning 

Increased engagement 
Target student goals 
Self-assessment 
Making connections 
Self-monitoring 

Implement tasks that promote reasoning 
and problem solving 

Perseverance 
Grit 
Effort and reasoning 
Risk taking 
Sense making 
Valuing mistakes 
Productive struggle 
Flexible thinking 

Use and connect mathematical 
representations 

Making connections 
Effort and reasoning 
Sense making 
Risk taking 
Student ownership 

Facilitate meaningful mathematical 
discourse 

Explaining thinking 
Effort and reasoning 
Sense making 
Self-monitoring 

Pose purposeful questions Explaining thinking 
Effort and reasoning 
Sense making 
Self-assessment 
Self-monitoring 

Build procedural fluency from 
conceptual understanding 

Flexible thinking 
Effort and reasoning 
Sense making 
Valuing mistakes 
Perseverance 
Self-monitoring 
Self-assessment 
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EMTP Growth Mindset 
Support productive struggle in learning 
mathematics 

Productive struggle 
Flexible thinking 
Effort and reasoning 
Sense making 
Valuing mistakes 
Perseverance 

Elicit and use evidence of student 
thinking 

Sense making 
Effort and reasoning 
Explaining thinking 
Self-assessment 
Self-monitoring 

 
Note. This figure shows the connection of EMTP to growth mindset strategies. Adapted 

from “Principles to Action: Ensuring Mathematical Success for All,” by National Council 

of Teachers of Mathematics (NCTM), 2014, The National Council of Teachers of 

Mathematics, Inc., p.10. 

Researchers suggest that students will develop confidence in mathematics when 

they perceive the mathematics classroom as a place where they are challenged and can 

use intuition and freedom of thought (Boaler, 1993). Students learn to be mathematicians 

in the classroom through learning content that is not separated from interacting and 

engaging in the math itself so they can develop meaning from application of the content 

knowledge (Boaler, 2000; Boaler, 2001). There are some math teachers, however, that 

still default to following textbooks which present mathematics in disconnected ways, 

partially because they are the products of a system they are being asked to change. Borg 

(2004) states that teachers often revert back to how they were taught because they are not 

made privy to teachers’ private thoughts and intentions, providing only a partial view of a 

teacher’s role. 
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Mathematics anxiety may play a part in teachers use of ineffective teaching 

practices. Gresham (2018) defines mathematics anxiety as a “feeling of uncertainty and 

uneasiness when asked to do mathematics” (p. 91), whereas, Vinson (2001) sees it “more 

as a dislike toward mathematics” (p. 89). Both definitions characterize a teacher’s attitude 

about math that may stem from past negative experiences. A cycle of mathematics 

anxiety persists as anxious students become pre-service teachers who may then become 

teachers who lack confidence, increasing the possibility of passing it along to their 

students (Bekdemir, 2010). This is where the development of growth mindset beliefs will 

assist in breaking the cycle. Researchers have found that more focus and awareness of 

theories and frameworks that support effective mathematics teaching strategies are 

needed in order to reduce the occurrence of such practices (Boaler & Anderson, 2018; 

Jensen, 2018; Vinson, 2001). Limited studies have shown teacher education programs 

demonstrate an effect on pre-service teachers’ beliefs, with even fewer incorporating 

growth mindset strategies intentionally. This study hoped to show that equipping pre-

service teachers with strategies in alignment to such theories and frameworks such as 

those presented will prepare them to counteract what has become a norm in so many 

classrooms. 

Exploration of Mathematics Learning Theory 

The way students learn mathematics has been a focus of research for over one 

hundred years. At the turn of the twentieth century, E. L. Thorndike (1922) proposed that 

students learn best through drill and practice and not through deductive reasoning. 

Transmission teaching, as Cobb (1988) describes it, values rote procedures over sense 

making with the central assumption being that meaning is dependent on the words and 
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actions of the teacher. This type of teaching can become a hinderance to the learning 

process because it is contingent on a student’s working memory and does not help 

students learn the meaning behind the rules.  

Brownell (1947) and other researchers challenged the ideas proposed by 

Thorndike because drill practices produce inefficient, immature procedures with no 

conceptual understanding. Shortly after, the mathematics field began to shift in alignment 

with cognitive learning, (Bower, 1994). Theorists such as Bruner, Ausubel, Piaget, and 

Vygotsky offered alternative approaches that decreased the emphasis of rote learning. 

Some examples are stimulus sampling theory, variation theory, network theory, 

constructivism and social constructivism, each theory offering useful advantages in 

certain types work (Simon, 2009). One such advantage of Vygotsky’s work was the 

concept of zone of proximal development (ZPD), or the optimal space a student is able to 

achieve success with some assistance at the start of a process and gradually fade as the 

student shows achievement (Clara, 2017). The objective of ZPD is that after a learner 

completes a task with a peer or teacher, he or she will likely be able to do the task 

independently next time, raising the learner’s ZPD in the process (Shabani et al., 2010). 

The ZPD framework provides a stark contrast from the type of learning Thorndike 

proposed as it assists learners to investigate and build knowledge internally. 

Mathematics instruction is complex and requires teaching in ways that are 

effective in developing the learning of mathematics for all (Mesa et al., 2014; NCTM, 

2014). The conventional methods of rote instruction denote a learning environment where 

the teacher is seen as the content expert, presenting information to the student for 

memorization and procedural fluency. The assumption with this view of teaching and 
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learning is that meaning is dependent upon the words and actions of the teacher (Cobb, 

1988). Despite research over the last 30 years showing the predominant mathematics 

learning theories to align with constructivism (Roth, 2012), this idea of passive-receptive 

learning is still being used among professionals and administrators within education 

today (Dengate & Lerman, 1995), contradicting the tenets of growth mindset. 

In order to prepare students in today’s education system, teachers will have to 

provide students with skills and resources that will be valuable outside of the classroom 

for future experiences that may not be known here in the present (Gasser, 2001). Gasser 

identifies five practices to incorporate into the classrooms to help further student success: 

incorporate problem-based instruction, foster student-led solutions, encourage risk taking, 

have fun, and provide collaboration between students and teachers. Education of today is 

still mired by opposing values, especially within the mathematics classroom, due to 

factors such as fixed mindset, procedure-based instruction, and racial and economic 

inequalities among students of color. When the tenets proposed by Gasser are reflected in 

the learning and teaching of mathematics, a shift in the values and pedagogical approach 

of educators occurs, bridging the gap between knowledge and implementation of growth 

mindset, constructivism, and culturally responsive pedagogy. (Williams & Lemons-

Smith, 2009). 

Different mathematical learning theories have been presented in the argument for 

the most effective way to improve student success in the mathematics classroom, 

however, constructivism and social constructivism are the standouts of current research. 

Both theories privilege the learner as the constructor of knowledge through their 

thoughts, prior understandings, and social constructs (Walshaw, 2013). As these theories 
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are explored further, the reader will see parallels to growth mindset and effective 

mathematics teaching practices. 

Constructivism 

According to this theoretical framework, mathematics is best learned through the 

exploration of mathematical ideas in which an individual can construct their own 

conceptual understanding (Clements & Battista, 1990). Constructivism is a theory that 

views students as partners as well as values and encourages student questions and input 

(Haney & McArthur, 2002). Constructivist teaching practices help learners internalize 

and transform new information that can then enable the learner to rethink prior ideas and 

apply the understandings in meaningful ways (Brooks & Brooks, 1999). Listed in Figure 

3 are several other differing characteristics between constructivist classrooms and 

traditional classrooms.  

Figure 3  

Constructivist and Traditional Classrooms 

A Look at School Environments 
Traditional Classrooms Constructivist Classrooms 

Curriculum is presented part to whole, 
with emphasis on basic skills. 

Curriculum is presented part to whole 
with emphasis on big concepts. 

Strict adherence to fixed curriculum is 
highly valued. 

Pursuit of student questions is highly 
valued. 

Curricular activities rely heavily on 
textbooks and workbooks. 

Curricular activities rely heavily on 
primary sources of data and manipulative 
materials. 

Students are viewed as “blank slates” onto 
which information is etched by the 
teacher. 

Students are viewed as thinkers with 
emerging theories about the world. 

Teachers generally behave in a didactic 
manner, disseminating information to 
students. 

Teachers generally behave in an 
interactive manner, mediating the 
environment for students. 
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Traditional Classrooms Constructivist Classrooms 
Teachers seek the correct answer to 
validate student learning. 

Teachers seek the students’ points of view 
in order to understand students’ present 
conceptions for use in subsequent lessons. 

Assessment of student learning is viewed 
as separate from teaching and occurs 
almost entirely through testing. 

Assessment of student learning is 
interwoven with teaching and occurs 
through teacher observations of students 
at work and through student exhibitions 
and portfolios. 

Students primarily work alone. Students primarily work in groups. 
 
Note. From “In search of understanding: The case for the constructivist classroom,” by J. 

G. Brooks and M. G, Brooks, ASCD Publications, p.17. 

Constructivism is a theory that is aligned more with knowledge and learning than 

teaching itself (Haney & McArthur, 2002; Liu & Chen, 2010; Toraman & Demir, 2016). 

The basic principles of constructivism state that students create knowledge based on their 

thinking, reflection of their physical and mental actions, and their individual 

interpretations of the world (Clements & Battista, 1990). These structures assist students 

in becoming more autonomous and self-motivated in their thinking and develop more 

abstract thought processes. An approach such as this in the mathematics classroom 

requires teachers to change their beliefs about how students learn mathematics and how 

mathematics should be taught (Steele & Widman, 1997). Unlearning the ingrained habits 

acquired during teachers’ education will allow for this shift to happen (Bauer, 2017). 

Elkind (2004), posits that the successful implementation of constructivism in the 

classroom can only happen with teacher, curricular, and societal readiness. Many teachers 

are not presented with the opportunity to learn about nor understand teaching strategies 

that align with such theories, which in turn might influence their instructional decisions 

moving forward (Dornoo, 2015). This study may identify methods to help with closing 
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that gap by increasing the readiness of pre-service teachers through the activities 

presented in their course. 

As stated earlier, students learn as they encounter knowledge by constructing their 

own meaning by talking, listening, writing, reading and reflecting on content, ideas, and 

problems (Zain et al., 2012). The social aspect of learning transforms constructivism into 

social constructivism, which is seen as productive due to the argument surfacing that 

pedagogy should be understood in terms of the social and cultural context which it is 

embedded (Walshaw, 2013). 

Social Constructivism 

Like constructivism, social constructivism (SC) allows students to be active 

participants in their own learning, differing only by a co-construction of their knowledge 

through collaboration with peers (Morrone et al., 2004). SC is linked to Vygotsky’s 

scaffolding approach, the Zone of Proximal Development (ZPD), which is the optimal 

learning space between where learning is too easy and too hard for a child, providing a 

level of productive struggle. Language and words play a part in ZPD, where students are 

trying to make sense of the world around them through a social context, mediating 

meaning that assists in the construction of concepts or knowledge (St. Pierre Hirtle, 

1996). 

Mathematical features such as key concepts and definitions are socially 

constructed as students work together to determine appropriate application of such 

circumstances (Cole, 2015). Strategies such as think-alouds and classroom discussions 

(Palincsar, 1998) are powerful tools that help with this application, promoting student 

understanding in the mathematics classroom. To foster this type of interaction, the 
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primary focus of the teacher is on the process and outcome of students’ sense making 

from the opportunities provided by the educator, requiring a shift in their individual 

educational philosophy (Bauersfeld, 1992). 

Constructivism in Higher Education 

As pre-service teachers work to become experts in their field, they are 

characterized by their ability to learn or construct new knowledge and integrate it with 

existing understandings (Wilkerson-Jerde & Wilensky, 2011). To help facilitate the shift 

of an individual’s educational philosophy, teacher educators are obligated to first do the 

work of demonstrating such practices in the mathematics courses in higher education. 

The way teachers, including teacher educators, talk in the classroom is an important 

element in contributing to the teaching and learning of mathematics (Mesa et al., 2014).  

Teacher educators are trying to bridge the gap between theory and practice 

through use of different teaching and learning models (Hennissen et al., 2017) such as 

constructivism and social constructivism. Since pre-service teachers often require a 

change in perspective on what attributes constitute appropriate teaching actions (Hudson 

et al., 2012), teacher educators encourage students to think beyond what is presented and 

prepare the learner for problem solving situations through the sharing and exchange of 

ideas (Zain et al., 2012). This can be taught by having pre-service teachers first learn 

mathematics by actively constructing their own knowledge of mathematical concepts and 

then apply the learning during their apprenticeship. According to Bauer (2017), learning 

constructive mathematics can be a hardship, however, as students, i.e. pre-service 

teachers gain a deeper understanding, it leads to their growth as a mathematics teacher. A 

few practices that teacher educators may implement during their instruction that foster 
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deep learning include, but are not limited to, use of the 5E Model, high-level tasks, and 

number and/or fraction talks. 

5E Model. The 5E Model is an inquiry-based lesson cycle structured around five 

phases: 1) Engage; 2) Explore; 3) Explain; 4) Elaborate; and 5) Evaluate. Figure 4 

presents a description of each of the phases. The fundamentals of the model emphasize 

the constructivist-based idea of allowing students to explore the concepts through first-

hand experiences prior to the formal introduction of concepts via the text and/or the 

teacher (Kazempour et al., 2020). Althauser (2018) posits the notion “in constructivist 

classrooms, students are active rather than passive; teachers are facilitators of learning 

rather than transmitters of knowledge. This active role ignites excitement for both 

teaching and learning mathematics in addition to strengthening teacher self-efficacy” (p. 

56). The 5E model provides teacher educators the opportunity to help cultivate a level of 

mathematics conceptual understanding in pre-service teachers through inquiry, 

discussion, critical thinking, and reasoning, thus giving the prospective teacher increased 

confidence with content many have negative feelings towards. 

Using the 5E Model within mathematics courses geared towards pre-service 

teachers serves an additional purpose; it provides an opportunity for them to think as 

teachers and apply their understanding in order to plan effective inquiry-based lessons 

(Kazempour et al., 2020). Having the experience of engaging in mathematics instruction 

similar to what they, the pre-service teachers, will do in their future classrooms gives an 

insight into what their future students will encounter and how it impacts the learning of 

mathematics. 
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Figure 4 

5E Model Description 

Phase Description 
Engage The teacher creates student interest, elicits students’ questions, and 

ascertains students’ prior knowledge with respect to the concept(s) 
to be taught. 

Explore The teacher encourages students to collaborate actively on a 
learning task with other students with limited teacher input. The 
teacher provides directions and responds to students’ questions 
while acting as a facilitator, providing students opportunities to seek 
their own answers to the problems. 

Explain The teacher encourages students to explain concepts through 
teacher questioning while prompting students to give evidence to 
support their ideas. This is also the phase wherein the teacher 
introduces formal definitions and explanations of concepts drawing 
upon students’ experiences during the explore activities. 

Elaborate The teacher encourages students to apply or extend their newly 
constructed concepts into different or real-life contexts. Assessment 
is ongoing throughout the lesson, whereby the teacher formatively 
observes and assesses students’ learning or has students assess their 
own learning. 

Evaluate A summative evaluation is developed that addresses the lesson 
objectives. The teacher develops appropriate criteria for rubrics as 
necessary. 

 
Note. From “Psychometric analysis of a 5E learning cycle lesson plan assessment 

instrument (p.636),” by Goldston, M. J., Day, J.B., Sundberg, C., & Dantzler, J., 2010, 

International Journal of Science and Mathematics Education, 8, 633-648. 

https://doi.org/10.1007/s10763-009-9178-7 

High-level Tasks. According to NCTM (2014), high-level or cognitively 

demanding tasks encourage reasoning and access to mathematics through multiple entry 

points and foster the solving of problems through varied strategies. By implementing 

tasks of this nature, teacher educators are providing their students space to make 

connections on their own between their prior knowledge and the concept they are actively 
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engaging in. Incorporating high-level tasks within a 5E Model structure allows the 

teacher to act as a guide for student thinking without taking control of the learning during 

the process. Henningsen and Stein (1997) state that high-level tasks can potentially 

influence how students think and may either limit or broaden their view of mathematics 

based on how the teacher facilitates the activity. This is a major idea behind the goal of 

teacher educators as high-level tasks challenge some of the misconceptions held by pre-

service teachers, forcing them to explore their thoughts on the teaching and learning of 

mathematics. 

Number Talks and Fraction Talks. Strategies such as Number Talks and 

Fraction Talks are dynamic tools that can be incorporated into classroom instruction to 

combine the essential processes and thinking habits of doing math through five- to 

fifteen-minute conversations around purposefully constructed computation problems 

and/or number strings (Parrish, 2011). The primary focus is on supporting students as 

they explain their ideas and sense-making and not just the correct answer, providing 

students the opportunity to learn to examine and defend the reasonableness of solution 

strategies (Sun et al., 2018). Through the use of these talks, constructivist practices such 

as classroom discussions and the building of a safe environment for risk-taking, enable 

students to feel empowered to think beyond their previous ideas of how one should 

engage and do math. As a teacher educator, it pushes the boundaries even further by 

showing pre-service teachers first-hand the impact of constructivist teaching.  

Connections to Growth Mindset 

The very description of constructivism outlines the basic principles of growth 

mindset. Both models promote inquiry, conceptual thinking, perseverance, productive 
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struggle, student discourse, and high-level tasks to name a few. According to the Project 

for Education Research that Scales ([PERTS], 2016) a teacher’s classroom practice is 

what leads students to have a fixed or growth mindset, not the teacher’s individual 

mindset. However, as previously stated, having a growth mindset helps a teacher become 

more receptive to implementing instructional practices that encourage student thinking 

aligned to the aforementioned principles. As pre-service teachers begin to challenge their 

own beliefs, they may begin to lean towards similar actions, possibly influencing the 

instructional practices within their future classroom. 

Constructivism practices create an environment conducive to beliefs that promote 

a sense of achievement and ability within students, structuring habits ripe for a growth 

mindset. As preservice teachers experience the process of becoming mathematical 

thinkers through constructivist teaching, they better understand how children learn and in 

return apply this knowledge when planning, implementing, and assessing their 

mathematics instruction (Steele & Widman, 1997). Preparing teachers to adopt growth 

mindset and constructivist teaching practices is a mute venture if there is no connection to 

the needs and values of students in the classrooms. 

Application Methods for Culturally Responsive Teaching 

Supporting equitable and just educational experiences for all students has become 

a focus in education due to increasing inequities and hegemonic classroom practices 

(Dover, 2009; Edwards & Edick, 2013; Ladson-Billings, 1995a; Ladson-Billings, 2012; 

NCTM, 2014). An answer to changing these practices is what is called culturally 

responsive teaching (CRT). CRT is defined as instruction that incorporates elements of 

students’ culture, emphasizes teachers developing relationships with students and 
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families, and prepares students to change society by challenging the status quo (Harmon, 

2012; Ladson-Billings, 1995a).  

CRT is becoming more prevalent within education as educators attempt to 

identify beneficial strategies that are responsive to the needs of their current and future 

students (Berry & Candis, 2013; Edwards & Edick, 2013; Esposito & Swain, 2009). CRT 

indicates that teachers should use instructional approaches that build on students’ cultural 

strengths and abilities in order to promote student learning, thus being responsive to 

individual student differences and experiences (Lew & Nelson, 2016). Some teachers are 

inadequately prepared to implement such approaches to ethnically diverse students due to 

a lack of knowledge about the student populations being served and the subject matter 

being taught (Gay, 2002). As diversity continues to increase, the cultural disconnect 

between teachers and students may continue to increase without appropriate 

interventions. 

The desegregation of schools in the 1960s did not disrupt power relations among 

the races, however, it did threaten white exclusivity and encourage White resistance 

(Carter & Welner, 2013). In years after, Federal policy began to focus on improving 

outcomes for lower income schools and students of color without affecting predominately 

White and wealthier schools. These instances have resulted in achievement gaps between 

Whites and students of color as well as how the latter are viewed by teachers, which can 

often be negative. Teacher perspectives of their students are important because their 

actions may reinforce inequalities through their beliefs, opinions, and attitudes (Carr & 

Klassen, 1997; Mahatmya et al., 2016; Minor, 2014). 
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The United States of America is beginning to see a shift in its demographics, 

moving toward becoming a country where grouped minority numbers will rise above the 

white population, by the year 2040 (Frey, 2015). This is in part due to recent immigration 

waves, aging white populations, and black economic advances, to name a few. According 

to the United States Census Bureau (2019), White people make up about 60 percent of 

the population and the grouped minorities make up about 40 percent. Frey (2015) predicts 

minority numbers will continue to rise, making the white population lower than the 

minorities combined. 

Although the country is transitioning into a more diverse nation, our education 

system still has a cultural incongruence between its exclusively white teaching force and 

the demographics of its students of color (Allen et al., 2017; Ladson-Billings, 1995b; 

Sleeter, 2001; Wachira & Mburu, 2019). This has created a mismatch of home and 

community for students of color (Cholewa et al., 2014; Ladson-Billings, 1995c) within 

the school system. Some curriculum and textbooks include barriers to the success of 

students of color given its distortions, omissions, stereotypes and lack of rigor (Ladson-

Billings, 1998). As a solution, instructors are given the task of challenging the 

predominant thinking in education (Ramirez et al., 2016), including the curricula and 

textbooks that are largely pronounced with the ideals of White America (Jett, 2013). 

Additionally, some teachers tend to believe student academic underachievement 

and deficit thinking stems from the failures and limitations of low-income families and/or 

families of color, a majority of which are African-American and Latino/a (Berry & 

Candis, 2013; Cholewa et al., 2014; Ladson-Billings, 2013; Milner, 2017; Nicol et al., 

2012). The thoughts and patterns of academic disparities linked to these groups of 
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students are so regular and so predictable that it is becoming an expectation among 

educators (Ladson-Billings, 2013). Ladson-Billings (2006) asserts how easy it is to blame 

the students for their failures because there is a lack of complex understandings of how 

students are impacted by individual, family, community, school, and societal factors. This 

language of failure is often met with some aspect of remediation, perpetuating the belief 

that the student is the party at fault (Ladson-Billings, 1998). 

Low teacher expectations and disproportionate disciplinary referrals and 

placement of students of color in special education are all side effects of assigning the 

blame to students for their low academic achievement (Sleeter, 2011). The assumption 

that white, middle class behaviors and attitudes are considered typical or normal also play 

a part in the belief that children of different racial groups were problematic and unable to 

achieve academic success (Schmeichel, 2012). Abatement of these and other harmful 

thought practices will require educators to become more knowledgeable about cultural 

diversity and learn how to convert this awareness into culturally responsive lessons and 

instructional strategies (Gay, 2002). When looking through the same lens for 

mathematics instruction specifically, educators will also have to work to overcome the 

perspective of mathematics being “culture free” and remaining the same regardless of 

who is doing the mathematics (Gay, 2001; Ladson-Billings, 1997). 

Classrooms influenced by CRT practices demonstrate a positive influence on 

culturally diverse students academically and psychologically despite the critical issue of 

inequity permeating throughout education (Cholewa et al., 2014; Ramirez et al., 2016). 

These very same classrooms require educators to develop a personal commitment to the 

teaching and learning process (Bonner & Adams, 2012) which enables them to determine 
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how best to support their students and build genuine relationships that will impact student 

learning. Brown (2003) acknowledges the hardships it takes to establish and maintain 

reasonable learning expectations and conditions within urban classrooms. While this may 

be true, implementing CRT practices is worth the effort, given one of its greatest 

outcomes is a sense of empowerment (Harmon, 2012). 

CRT Framework 

For the scope of this study, the following serve as components of the CRT 

framework: use of constructivist methods to connect academic skills and concepts to 

students’ cultural references; students’ engagement in critical reflection about their own 

lives and society; facilitation of students’ cultural competence; and critique of discourses 

of power (Aronson & Laughter 2016). 

Connecting instruction to a student’s cultural reference allows the classroom to be 

inclusive of all students. Students of color tend to bring a culture of experiences and 

perspectives into the classroom that differs from those of the educators teaching them 

(Sleeter, 2001), making it difficult to connect to the lesson if the educator is not focused 

on bridging that gap. During the 2011-2012 school year, 82 percent of the elementary and 

secondary school teacher workforce were white compared to 49 percent of student 

population being non-white (U.S. Department of Education, 2016). Identifying and 

supporting student cultural experiences will help teachers understand their students’ 

identities as well as help them recognize their own (Berry & Candis, 2013). Teachers 

should not only have an awareness of, respect for, and general recognition of a student’s 

culture but also acquire detailed factual information about the specific ethnic groups 

within the classroom to help make school more motivating, representative of, and 
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responsive to ethnically diverse students (Gay, 2002). This comes with building 

meaningful student-teacher relationships and implementing lessons that provide 

opportunities for students to connect (Edwards & Edick, 2013); if a teacher knows their 

students, then they know their students’ stories (Berry & Candis, 2015).  

Ramirez et al. (2016), describes funds of knowledge as lived experiences and 

information attained informally from homes, communities, and families, which in 

essence is the same as connecting students’ cultural reference to instruction. Benson 

(2012) describes an example of this as an elementary teacher crafting a lesson about the 

United States Constitution while relating bylaws and articles of incorporation needed to 

structure a local church in order to provide meaning to documents as well as facilitate 

student understanding of their own culture. Lessons such as these allow students to bring 

their assets into play, empowering them to learn and achieve in the classroom. 

The possibility for students to connect to lessons through their funds of 

knowledge works best when they are engaged in critical reflection about their own lives 

and society, the second component of the CRT framework, which creates a lens for social 

justice within their education. Additionally, reflection supports the development of 

students’ problem-solving skills by encouraging them to question their perceptions and 

engage in an examination of facts and ideas (Edwards & Edick, 2013), which align to 

tenets of growth mindset. Gay (2002) asserts that many students utilize mass media as 

their only source of knowledge about ethnic diversity, oftentimes carrying more meaning 

than what is learned from books in the classroom. Encouraging reflection of the frequent 

distortions that students are exposed to in television, movies, social media, etc. 
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counteracts its influence and positions students to take ownership of their knowledge and 

identity. 

The third component of the CRT framework supports teachers in the facilitation 

of students’ cultural competence. Aronson & Laughter (2016) define this as creating 

opportunities for students to learn and develop pride in their own and others’ cultures. 

The previous tenet blends with this category, as it sets the foundation for students to gain 

confidence in their own culture. Ladson-Billings (1995a) recognizes in order to critique 

norms, values, and institutions that produce and maintain social inequities, students must 

develop an expansive sociopolitical consciousness, surpassing the information presented 

in textbooks, newspapers, and other sources. 

Attention must be paid to the dynamics of how the delivery of CRT is impacted 

by the whiteness of education and the teachers asked to implement it (Matias, 2013) due 

to the imbalance of teacher demographics to the number of diverse students in our 

education system. When asking students to take pride in cultures of others and self, it 

would be contradictory for teachers not to reflect on the biases they may have which 

could potentially hinder students from owning that pride. Matias provides an example of 

a White teacher who struggled with applying the CRT practices despite being 

knowledgeable about varying responsive strategies. The teacher was unprepared to 

facilitate the conversation because of her inability to see her own identity and 

insecurities. This doesn’t mean white teachers, or any for that matter, cannot be 

successful in assisting students understand their culture, but that they must be willing to 

possess or develop the knowledge, attitudes, beliefs, skills, and practices necessary to 

meet the needs of their students (Milner, 2017). 
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Villegas (1998) presented a study that researched the gap between discourse at 

school and within the home. The data showed that black students did not speak as well as 

their white counterparts during school because of the role language played in their home. 

Researchers sought ways to bridge the gap in order to allow successful collaboration 

during class time. Villegas proposes that the call to action should instead be to adjust 

teaching styles to resemble ways in which students can use language in their homes and 

communities. This is the idea behind critiquing discourses of power. 

As students begin to find strength in their culture, they are more eager to put 

energy into challenging conflicting narratives. Teachers must encourage the exploration 

and provide opportunities to help build students’ ability to do so. Schmeichel (2012) 

reaffirms that it is problematic for teachers to recognize differences within the varying 

student cultures minus the accompaniment of critiquing social inequalities, as students of 

color are the ones who suffer. 

Each of these practices compose the framework of CRT, giving power and voice 

to students of color. By utilizing funds of knowledge, critical reflection, building 

students’ cultural competence, and critiquing discourses of power, classrooms of any 

content can shift the injustices found within numerous classrooms. The next section will 

specifically explore the impact of CRT in mathematics education. 

CRT Mathematics Teaching Practices 

Culturally responsive mathematics teaching (CRMT), according to Aguirre & del 

Rosario Zavala (2013), is a set of pedagogical knowledge, teacher beliefs, and practices 

that facilitate mathematical thinking through incorporating funds of knowledge and issues 

of power and social justice in mathematics. Bonner & Adams (2012), state that students 
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of color are more often denied access to mathematical knowledge through the implication 

of gaps in mathematics achievement between students of color and their white 

counterparts. Incorporating CRT into the mathematics classroom helps foster a deeper 

connection to the concepts taught and a mind shift on what mathematics truly is.  

CRMT utilizes the same framework from CRT except it adds an additional lens of 

mathematics. CRMT also aligns with the tenets of constructivist theory, contributing to 

the effective ways of teaching culturally, ethnically, and linguistically diverse students, 

ensuring equal outcomes for all students (Wachira & Mburu, 2019). This is indicative of 

why teachers of mathematics must continually reflect on the beliefs that push forward 

pedagogy, reflecting on the way in which they communicate with students, their 

knowledge of students, and the relationships built between themselves and the students 

and parents (Bonner & Adams, 2012). 

Mathematics instruction becomes more effective in narrowing gaps when all 

students have access to rigorous, high-quality mathematics, provided by teachers who 

understand and appreciate a learners’ social and cultural contexts in meaningful ways 

(NCTM, 2014). The issue is that inequities are more pronounced in mathematics because 

mathematics is portrayed as a white male subject by teacher educators, curricula, and 

textbooks (Jett, 2013). Mathematical discourse is more successful when it is defined by 

the participants and not the narratives of those whose perspectives may vary from their 

own (Brown et al., 2016). 

As mathematics education shifts to align more with constructivist views, students 

are asked to not merely memorize formulas and apply procedures but engage in the 

processes of mathematical thinking (Ladson-Billings, 1997). Consequently, mathematics 
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presented in ways that incorporates students’ culture and funds of knowledge, creates 

more meaningful experiences for students of color in the classroom. Nicol et al. (2013), 

share stories and examples of teachers adapting problems for their own classroom 

context. Students were able to connect to the problems presented and engage with the 

context of instruction. As students relate to mathematics in a way that mirrors their own 

culture, it provides greater meaning and deeper engagement and understanding of the 

concept. 

In conclusion, CRT plays an important role in supporting diverse students’ 

learning. Much research has been done on the implementation of CRT in education and is 

showing positive results in student achievement and psychological matters. Students are 

gaining confidence and recognizing the beauty of their identity. More work is needed to 

ensure teachers are learning about CRT and explore ways to assist teachers in applying 

the knowledge learned. Securing a meaningful relationship with students and building 

lessons that connect to their funds of knowledge empowers students and begins to shift 

their mindset from a fixed mindset to a growth mindset. 

Preparing Pre-Service Mathematics Teachers 

Golding (2018) believes the purpose of school mathematics is to draw students 

into a mathematics subculture. However, in the K-12 mathematics classroom, there are 

many students who are not reaching the appropriate proficiency levels upon graduation 

and feel nervous about continuing mathematics beyond the school doors (Klein, 2002). 

This tension may be the result of mathematics instruction within primary, secondary, and 

tertiary education focusing on procedural processes that can and are being performed by 

computers instead of skills such as critical thinking, problem solving, collaboration, and 
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communication (Gravemeijer et al., 2017). Educator programs are essential in assisting 

pre-service teachers in acquiring mathematical pedagogical content knowledge (MPCK), 

or the knowledge of what and how to teach in a mathematics classroom. 

Mathematics Content Knowledge 

Lowrie and Jorgensen (2016) suggest that it is growing increasingly important for 

teachers to have strong mathematics content knowledge (MCK), or knowledge needed to 

teach mathematics, in order to be more effective in the mathematics classroom. Teachers 

often have limited exposure and experiences in the mathematics concepts addressed in 

elementary grades through high school, which are understandings needed in order to gain 

insight into recognizing how related mathematical components develop over time 

(Enderson et al., 2010). Teacher educator programs admit students with varying levels of 

MCK, ranging from experience in general mathematics courses to more advanced level 

mathematics course. As a requirement in most university teacher certification degree 

plans, students will enroll in mathematics method courses that will support and 

strengthen their MCK. This will also provide opportunities for inconsistencies in 

students’ mathematical understandings to surface and be addressed (Enderson et al., 

2010). 

Some teachers take additional higher-level courses such as calculus, statistics, and 

geometry to further increase their MCK. Qian and Youngs (2016) found that mathematics 

achievement before entering a teacher program influences MCK and what happens in the 

coursework and student teaching has more impact than the quantity of courses taken.  

One research study that examined the impact of inquiry-based activities (Newton et al., 

2012), demonstrated that preservice teachers with low MCK stated they previously 
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struggled with math and did not enjoy it, with no mention of future teaching; however, 

those with medium to high MCK mentioned similar prior experiences but were not scared 

of mathematics and would be a different teacher. As pre-service teachers become more 

confident in their understanding of mathematics content, they must also become 

increasingly confident in how to teach mathematics to become effective educators. 

Mathematical Pedagogical Content Knowledge 

Pre-service teachers encounter instruction which prepares them for the classrooms 

previously described by participating in an effective teacher-educator program, i.e. 

university program, that provides time and knowledgeable support for developing deep, 

informed reflection of the teaching of mathematics (Golding, 2018). During this time, 

teacher educators can create environments that can shift pre-service teachers’ 

perspectives to align with practices that can change the outcome of struggling students in 

mathematics. Strategies such as questioning, challenging tasks, and reflection 

opportunities enable students, including pre-service teachers, to learn how to navigate 

challenges within the mathematics classroom in a positive way (Dweck et al., 2014).  

Learning how to teach strategies such as these builds up a pre-service teachers’ 

mathematical pedagogical content knowledge (MPCK) or the understanding of how to 

teach mathematics. Some specific classroom activities that may take place to support the 

understanding of teaching and learning mathematics include using representational tools, 

incorporating appropriate tasks, and incorporating normative practices that engage 

students in forming and applying their knowledge (Capraro et al., 2005). MPCK and 

MCK are closely related in that if a teacher has low math content knowledge it might 

negatively affect the application of MPCK in the classroom, for example, having minimal 
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expansion of discussions with students and simple lessons with no attainment of required 

student mathematical knowledge (Baki & Arslan, 2017; Johnson, 2017). Pre-service 

teachers’ MPCK is essential to the effectiveness of mathematical instruction and presents 

a greater impact when coupled with culturally responsive teaching. 

CRT in Higher Education Programs 

As teachers are tasked with trying to bridge the gap between what students know 

and what they need to learn, connecting with the students they teach provides more 

opportunity to close it. This task sometimes requires educators to teach in culturally 

responsive ways that may be different from their own beliefs and culture. Boylan et al. 

(2018) posits that the establishment of teacher perspectives brings about systemic change 

which will then lead to the development of strategies that transform their knowledge, 

beliefs, and views. This work of formulating teacher perspectives is more impactful if it 

starts before the teacher ever enters the classroom as it becomes much harder to shift the 

views of an experienced educator. 

Efforts to prepare culturally responsive teachers are relatively new and may lead 

to the possibility of prospective teachers having limited exposure to CRT practices during 

their coursework (Siwatu, 2011). However, those that experience such practices have an 

increased chance of implementing CRT practices in their own classroom. Siwatu (2011) 

posits becoming an effective culturally responsive teacher requires teachers to both gain 

related knowledge and skills as well as the confidence to put these skills to use, similar to 

the acquisition of MPCK and MCK. 
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Conclusion 

Students in the K-12 mathematics classroom do not always receive effective 

instruction from the teachers that serve them. Instructional mathematics practices play a 

part in the success of each student and begins building the foundation for how a student 

relates to mathematics in the future. Students of color often find themselves impacted 

more by this because of the inequalities and biases that exist throughout society and 

education. This research intended to explore how incorporating growth mindset strategies 

which align with constructivism and CRT into a pre-service teacher mathematics course 

can help shift some of the negative perspectives of the teaching and learning of 

mathematics prior to entering the classroom. Research has shown that such interventions 

have success in shaping a pre-service teacher’s belief system, however, there are limited 

studies on how it shapes their understanding and application of mathematics instruction. 

Reaching pre-service teachers before entering a classroom may increase the likelihood of 

effective instruction within mathematics education and student success in years to come. 
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Chapter III 

Methodology 

Introduction 

The purpose of this study was to determine how incorporating certain strategies 

during a mathematics method course within a teacher preparation program may 

potentially shift pre-service teachers’ mindset beliefs on the teaching and learning of 

mathematics. This chapter describes the methodology, participants, tools, and data 

collection procedures that are used within the study. The chapter includes the following 

sections: (1) methods; (2) participants and setting; (3) procedures; (4) data collection 

procedures; (5) instruments; (6) data analysis procedures; (7) limitations of the study and; 

(8) summary. 

Methods 

Determining how an intervention positively impacts a person’s belief system 

requires various data points to be analyzed in order to see any underlying connections and 

patterns. The methodology utilized a program evaluation design, which included both 

quantitative and qualitative methods to accumulate data in response to the question being 

investigated: How does the implementation of growth mindset strategies within a 

university-based teacher preparation course, impact pre-service mathematics teachers’ 

beliefs about the teaching and learning of EC – 6 mathematics? 

The research sought to find if pre-service teachers will begin to align their thought 

processes with language conducive to effective mathematics teaching practices when 

given opportunities to participate in growth mindset lessons and activities such as high-

level tasks. Experiences such as these are helpful in assisting participants recognize not 
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only their responsiveness to others but their own judgements and biases against others as 

well (Clark & Sousa, 2018). Pre-service teachers who are able to recognize these 

personal views can ultimately have a positive effect in the classroom. 

Utilizing a program evaluation design provided opportunities to analyze data of a 

program to help determine its effectiveness. This program evaluation focused on the 

impact of growth mindset interventions on pre-service teachers within one course of a 

university-based teacher education program. In order to generate data from this real-life 

setting, interaction between the researcher and the participants was paramount for 

qualitative methods such as scenarios and observations (Harrison et al., 2017). As an 

observer, collection methods such as these, helped bridge the researcher’s connections to 

the field as well as the participants, aligning with the tenets of program evaluation. 

The qualitative methods used in this program evaluation included observations 

and open-ended scenario questions. Each method was implemented at various times 

throughout the semester to provide data that was collected and coded in order to 

determine the thoughts and views of each pre-service teacher along a continuum. 

Reflecting on one’s beliefs is the initial step needed to begin making a change (Mihaela 

& Alina-Oana, 2015). To determine the amount of change in beliefs that students 

demonstrate, a base line of each individuals’ thoughts and beliefs came from data taken 

during the initial observation. Growth mindset lessons were taught during the first class 

in order to familiarize the pre-service teachers with growth mindset. The rest of the 

course was broken into modules that highlight different high leverage teaching practices 

referenced in NCTM (2014) such as high-level tasks, activities that promote productive 

struggle, and problem solving. 
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The quantitative data was obtained through pre- and post-surveys given to 

participants. The data was compiled to determine pre-service teachers’ thoughts and 

knowledge about growth mindset impacted by a teacher’s mindset and pedagogical 

practice (Rissanene et al., 2019). The surveys, together with the qualitative data, shed 

light into each participants belief system and how their thoughts and beliefs positively 

adjusted after the intervention.  

Participants and Setting 

This study included thirty participants enrolled in the CUIN 2320, Mathematics 

for EC-6 Teachers, at a diverse university in a large urban metroplex during the spring 

semester of 2020. This course was part of the university teacher preparation program as 

well as a core mathematics course. Demographics for the class included participants 

ranging from 36.7% underclassmen (freshman and sophomore) to 63.3% upperclassmen 

(junior and senior). Participants identified as 76.7% minority (Asian, Hispanic, and 

Black) and 23.3% white. This course was chosen because it was designed to allow pre-

service teachers to address and reflect on their beliefs concerning mathematics and how it 

might impact their future role as an instructor. The pre-service teachers enrolled in the 

course experienced this through exploring high-leverage teaching practices for early 

childhood (EC) through sixth grade children. The instructional practices implemented 

throughout the course, i.e. mathematical tasks, reflective questioning, and mathematical 

discourse, as well as a focus on mindset, align to what was to be observed during the 

study.  
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Every student enrolled in the course was eligible to participate. Participation in 

the research was part of the structured course and did not affect students’ grades. By 

evaluating a course already created, the participants were more open to truthfully reflect 

on their thoughts and beliefs and not feel forced to share because the activities were 

embedded into the course syllabus. Being the methods used were part of the course, no 

consent forms were needed. 

Procedures 

The university students engaged in activities that helped them understand how to 

teach EC-6 grade students to conceptualize content within the Number and Operation 

strand of the Texas Essential Knowledge and Skills (TEKS). The researcher observed the 

instructor of the course implementing instructional practices within the curriculum that 

align with growth mindset strategies such as high-level tasks activities that promote 

productive struggle, and problem solving. Each of these strategies also align to culturally 

responsive teaching practices, which will provide opportunities for discussions around 

student diversity. 

Prior to the beginning of the course, participants took a growth mindset pre-

survey to determine a base line of their belief system. The survey used was a research-

based growth mindset survey from the Teacher Education and Development Study in 

Mathematics (TEDS-M) Conceptual Framework (Tatto et al., 2008). During the first day 

of the course, the instructor introduced the expressions growth mindset and fixed mindset 

to the students through varying methods. One activity included students reflecting on 

their initial thoughts about math class. The instructor also played a video that highlighted 

4 key messages about learning math and the tenets of Growth Mindset (Boaler, 2015). 
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Afterwards, students participated in an activity about the differences between procedural 

and conceptual understandings to further their knowledge around growth mindset and 

fixed mindset. The researcher observed three times after this initial class to determine any 

shifts in language or behavior after the initial lesson. Data obtained during classroom 

observations was analyzed through a coding method to gather quantitative data on 

whether language and behavior of pre-service teachers align with growth mindset or not.  

At the end of the semester, students participated in an open-ended scenario in 

order to apply their beliefs in real-world situations. The real-world scenario was a 

mathematics focused situation that allowed pre-service teachers to incorporate their belief 

system while answering the correlated questions. The scenario follows the format of 

providing background information, a transcript of a class discussion, and three posed 

questions. The scenario was taken from the research of Zembat & Yasa (2015) who 

analyzed similar content.  

Instruments and Data Collection 

Instruments used for data collection included surveys, observations, and an open-

ended scenario. These sources were chosen to support the findings of changes in the pre-

service teachers’ language related to mindset. The growth mindset survey administered 

prior to the beginning of the semester captured a baseline of pre-service teachers’ 

mindsets. When it was given again at the end of the semester, the data helped identify 

changes in responses.  The survey used was a research-based growth mindset survey from 

the Teacher Education and Development Study in Mathematics (TEDS-M) Conceptual 

Framework (Tatto et al., 2008). The items were field tested in multiple forms and subject 

to five rounds of international trialing. The questions about belief scales focused on five 
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areas: Beliefs About the Nature of Mathematics; Beliefs About Learning Mathematics; 

Beliefs About Mathematics Achievement; Beliefs About Preparedness for Teaching 

Mathematics; and Beliefs About Program Effectiveness. For this study, only questions 

about Beliefs About the Nature of Mathematics, Beliefs About Learning Mathematics, 

and Beliefs About Mathematics Achievement were chosen (Tatto et al., 2008). 

After the start of the course, observations occurred three times throughout the 

semester. Appendices E-G include the lesson plans for the class modules observed. Due 

to the size of the class, the instructor sectioned the participants into groups of 5 or 6 in 

order to observe the pre-service teachers in a consistent manner. Each group was 

observed at least twice during each of the four observations. Descriptive and reflective 

hand-written notes were made during each observation in order to record student 

language. These notes were taken during activities assigned by the class professor that 

provided the optimal opportunity to encourage discussions that would spotlight language 

aligned to either growth mindset or fixed mindset. Each module was structured using the 

5E Model with the components Engage, Explore, Explain, Elaborate, Evaluate.  

The open-ended scenario allowed pre-service teachers to apply their thought 

structures, showcasing language that may or may not portray growth mindset. The 

scenario was taken from a similar study (Zembat & Yasa, 2015), and was used in lieu of 

pre-service teachers facilitating instruction in a real classroom. The scenario provided no 

multiple-choice answer responses, requiring the pre-service teachers to provide a writing 

sample. The writing offers the research further evidence of the thought process of the 

students to determine if there was any shift or change in language pattern.  
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Data Analysis 

Qualitative and quantitative data analysis techniques were used to understand the 

shift in pre-service teachers’ language. The qualitative data was obtained through 

observations and open-ended scenarios. Each of these will be analyzed using the Growth 

Mindset Coding Framework (see Figure 5). The coding framework (Rau, 2016) is a 

growth mindset continuum that shows a progression of mathematical beliefs from speed 

to content to process. Statements to the left indicate a more fixed mindset belief, and as 

movement continues towards the right, beliefs become more aligned with growth 

mindset. 

Figure 5 

Growth Mindset Coding Framework 

Speed Content Process 
Focuses on completing 
work quickly. 

Focuses on the specific 
skill or content area. 

Focuses on the process of 
learning over time. 

Desires to arrive at an end 
point with little regard to 
quality. 

Desires to arrive at an end 
point or product. 

Desires to grow as a 
learner through the process 
of learning. 

Communicates a need to 
hurry up. 

Communicates a need to 
master the skill or become 
proficient in a specific 
content area. 

Communicates a need to 
put in effort and articulates 
problem-solving strategies 
necessary to grow as a 
learner. 

 
Note. From “Exploring the Influence of Teacher Language on Fourth Grade Students’ 

Mindsets: A Multi-Program Evaluation (p.1697),” by Rau, 2016, The Qualitative Report, 

21(9), 1684-1707. 

During the observation of students in the class setting, language used by the 

participants was placed in an observation recording tool to determine where it aligned on 

the mindset continuum and tallied to acquire a total count (see Appendix D). The 
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researcher also made notes to include context. The data obtained after each observation 

will then be tabulated to determine the percentage of speed, content, and process. The 

open-ended scenario (see Appendix B) was given to participants at the beginning and end 

of the course to gather information of student beliefs when applying it to classroom 

instruction. The same coding framework and analysis used during the observations will 

be used to code the open-ended surveys. At the end of the study, the researcher will 

compare the results and conclude if a shift in beliefs happened over time.  

The quantitative data will be obtained through rating the surveys and analyzing 

the percentage of fixed versus growth mindset language determined from the use of a 

coding framework for the observations and open-ended scenarios (Rau, 2016). Each of 

the survey questions within the TEDS-M Growth Mindset Survey were grouped into 

possible fixed mindset and growth mindset beliefs based on statements the participants 

agreed with (see Figure 6). If a student agrees with more statements in the fixed mindset 

belief column, they are more likely to view mathematics in alignment with the 

corresponding belief statement. Based on the information gathered, the researcher will be 

able to calculate a total percentage of fixed mindset beliefs and a total percentage of 

growth mindset beliefs for both the pre- and post-survey results and determine if there is 

a positive percentage change in growth mindset beliefs. 
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Figure 6 

Mindset Belief Scales 
 Fixed Mindset Belief Growth Mindset Belief 
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Mathematics as a Set of Rules and 
Procedures 

Mathematics as a Process of Inquiry 

• Mathematics is a collection of rules and 
procedures that prescribe how to solve a 
problem. 

• Mathematics involves the remembering 
and application of definitions, formulas, 
mathematical facts, and procedures. 

• When solving mathematical tasks, you 
need to know the correct procedure else 
you would be lost. 

• Fundamental to mathematics is its logical 
rigor and precision. 

• To do mathematics requires much 
practice, correct application of routines, 
and problem-solving strategies. 

• Mathematics means learning, 
remembering, and applying. 

• Mathematics involves creativity 
and new ideas. 

• In mathematics many things can 
be discovered and tried out by 
oneself. 

• If you engage in mathematical 
tasks, you can discover new 
things (e.g., connections, 
rules, concepts). 

• Mathematical problems can be 
solved correctly in many ways. 

• Many aspects of mathematics 
have practical relevance. 

• Mathematics helps solve 
everyday problems and tasks. 
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Learning Mathematics through Following 
Teacher Direction 

Learning Mathematics through 
Active Involvement 

• The best way to do well in mathematics 
is to memorize all the formulas. 

• Pupils need to be taught exact procedures 
for solving mathematical problems. 

• It doesn’t really matter if you understand 
a mathematical problem, if you can get 
the right answer. 

• To be good in mathematics you must be 
able to solve problems quickly. 

• Pupils learn mathematics best by 
attending to the teacher’s explanations. 

• When pupils are working on 
mathematical problems, more emphasis 
should be put on getting the correct 
answer than on the process followed. 

• Non-standard procedures should be 
discouraged because they can interfere 
with earning the correct procedure. 

• In addition to getting a right 
answer in mathematics, it is 
important to understand why the 
answer is correct. 

• Teachers should allow pupils to 
figure out their own ways to solve 
mathematical problems. 

• Time used to investigate why a 
solution to a mathematical 
problem works is time well spent. 

• Pupils can figure out a way to 
solve mathematical problems 
without a teacher’s help. 

• Teachers should encourage pupils 
to find their own solutions to 
mathematical problems even if 
they are inefficient. 
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• Hands-on mathematics experiences 
aren’t worth the time and expense. 

• It is helpful for pupils to discuss 
different ways to solve particular 
problems. 
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Mathematics as Fixed Ability 

• Since older pupils can reason abstractly, the use of hands-on models and other 
visual aids becomes less necessary. 

• To be good at mathematics, you need to have a kind of “mathematical mind.” 
• Mathematics is a subject in which natural ability matters a lot more than effort. 
• Only the more able pupils can participate in multi-step problem-solving activities. 
• In general, boys tend to be naturally better at mathematics than girls. 
• Mathematical ability is something that remains relatively fixed throughout a 

person’s life. 
• Some people are good at mathematics and some aren’t. 
• Some ethnic groups are better at mathematics than others. 

 
Note. From “Teacher Education and Development Study in Mathematics (TEDS-M): 

Conceptual Framework (p.154-156),” by Tatto et al., 2008 [PDF file]. 

Summary 

In conclusion, the qualitative and quantitative data obtained will provide evidence 

of shifts in beliefs of the pre-service teachers within the course. Understanding what their 

beliefs are prior to the start of the course with the use of surveys helps highlight any 

changes as the course progresses.  The observations provided real-time access to the pre-

service teacher’s thoughts and language, giving an opportunity for the researcher to view 

and record in the moment responses to activities that personally challenged them. The 

open-ended scenarios offered a different perspective through having the pre-service 

teachers explore their beliefs towards classroom instruction. Each instrument is essential 

to targeting certain aspects of the pre-service teachers’ change in beliefs and when 

compared, should present an alignment across each one.  
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Chapter IV 

Results 

Introduction 

The purpose of this study was to determine how incorporating growth mindset 

strategies during a mathematics methods course affected pre-service teachers’ beliefs 

about the teaching and learning of mathematics. This chapter details the results of the 

evaluative methodology study that explored the following research question: 

How does the implementation of growth mindset strategies within a 

university-based teacher preparation course, impact pre-service mathematics 

teachers’ beliefs about the teaching and learning of EC – 6 mathematics? 

To answer this question, the researcher designed a study with quantitative and 

qualitative elements. Participants shared their beliefs about mathematics teaching and 

learning by completing a Likert-style survey. This survey yielded quantitative data. The 

researcher calculated the average percent agreement within the survey to determine the 

impact of mindset strategies on pre-service teachers’ beliefs from a descriptive analysis 

approach. The values were then statistically analyzed using various paired T-Tests and 

effect-size calculations to determine validity of the impact. 

 Participants also portrayed their thoughts through language while engaging in 

course activities and lessons as well as reflected on their mindsets about mathematics 

teaching and learning through an end-of-course scenario. These qualitative data were 

analyzed using a growth mindset continuum (Rau, 2016) along with theme ratings found 

in the TEDS-M Report (Tatto et al., 2012). 
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This chapter presents the results and findings from the study in order to address 

the research question. First, the study sample is described. Next, descriptive statistics 

from the mindset survey are shared and displayed. Then statistical analyses of the survey 

data are given. Finally, qualitative data are presented in a series of statements and quotes 

from participants along themes consistent with language found in the growth mindset 

survey (Tatto et al., 2012) and the Growth Mindset Coding Framework (Rau, 2016). The 

participants’ statements were coded to conclude if participant beliefs aligned with a 

growth mindset or a fixed mindset. 

Data Analysis 

The growth mindset survey (Tatto et al., 2008) administered at the beginning and 

end of the course served as the primary instrument for gathering quantitative data 

regarding the participants’ mindset beliefs. The survey questions were categorized into 

the five themes described in the TEDS-M (2012) survey research. The survey is located 

in Appendix A. Classroom observations of instructor-led lessons, participant 

demographics, and a scenario given at the end of the course provided supplemental data 

to reinforce findings from the survey and provided qualitative data. The researcher 

collected data from classroom observations such as language and attitudes toward 

assignments. The researcher also conducted an end-of-course scenario that was open-

ended to allow for analysis of student language used to answer the questions. The end-of-

course scenario can be found in Appendix B. The end-of-course data were coded into 

recurring themes similar to those listed in the survey research (Tatto et al., 2012). The 

following section describes the results of data collection for the quantitative portion of 

the study. 
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TEDS-M Growth Mindset Survey Results 

The researcher administered the Growth Mindset Survey (TEDS-M, 2008) 

(Appendix A) using a pretest/posttest design. The participants completed the survey at 

the beginning of course (BOC) prior to the first day and at the end of course (EOC) on 

the last day. The instructor of the course assigned the BOC survey to determine a baseline 

mindset of each participant. The EOC survey was assigned to determine any shifts in 

participant’s beliefs as denoted in the initial BOC survey. 

As discussed in Chapter 3, the survey instrument used is a research-based growth 

mindset survey from the Teacher Education and Development Study in Mathematics 

(TEDS-M) Conceptual Framework (Tatto et al., 2008). It has been validated and shown 

to be an accurate indicator of a pre-service teacher’s pattern of beliefs. The items were 

field tested in multiple forms and subject to five rounds of international trialing. 

Questions about belief scales focused on five areas: Beliefs about the Nature of 

Mathematics; Beliefs about Learning Mathematics; Beliefs about Mathematics 

Achievement; Beliefs about Preparedness for Teaching Mathematics; and Beliefs about 

Program Effectiveness. For this study, only questions from Beliefs about the Nature of 

Mathematics, Beliefs about the Learning of Mathematics, and Beliefs about Mathematics 

Achievement were chosen (Tatto et al., 2008). 

Each of the three areas highlighted within this study were segmented into one to 

two scales or themes related to its stated belief. The first area, Beliefs about the Nature of 

Mathematics, included the theme math as a set of rules and procedures as the fixed 

mindset description, and the theme math as a process inquiry as the growth mindset 

description. The second area, Beliefs about Learning Mathematics, included the theme 
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learning mathematics through following teacher directions as the fixed mindset 

description, and the theme learning math through active involvement as the growth 

mindset description. The final area, Beliefs about Mathematics Achievement only 

includes the fixed mindset theme, math as a fixed ability. 

Participants filled out the Likert-style survey electronically via Google Forms. 

The survey had 34 statements that fell into one of the five different themes: a) math as a 

set of rules and procedures; b) math as a process of inquiry; c) learning mathematics 

through following teacher directions; d) learning math through active involvement; and 

e) math as a fixed ability. Participants rated each statement using one of the following 

descriptors: strongly disagree, agree, slightly disagree, slightly agree, agree, and 

strongly agree. The ratings of agree and strongly agree were combined to define 

agreement within a theme as it showed a strong endorsement of the statement. The 

researcher then analyzed the data from each theme by computing the average percent 

agreement based on responses from the pre-service teachers to determine the areas where 

participants were more likely to have a growth mindset or a fixed mindset belief. Finally, 

paired T-Tests and effect size computations of each theme were calculated to determine 

the significance and impact of the findings. 

Results of the beginning-of-course survey. Thirty-five participants completed 

the BOC survey. In reviewing the BOC survey, the researcher determined that since only 

30 students were enrolled in the course, some participants submitted the survey multiple 

times. Only one response could be identified for removal as the ratings were identical for 

all 34 statements. The additional four responses were included in the data as no 

conclusive evidence could be shown to determine which responses should be excluded. 
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Each survey was analyzed to determine which survey items participants agreed 

most frequently. The ratings of agree and strongly agree were flagged as agreement 

statements. The agreement statements for each theme were averaged to find the percent 

agreement to determine if the participants leaned more towards a fixed mindset or a 

growth mindset. The results of the analysis of the BOC survey can be found in Table 1.  

The fixed mindset theme, math as a set of rules and procedures, showed a 73.5% 

agreement across all participants. The growth mindset theme, mathematics as a process 

of inquiry, showed a 68.6% agreement across all participants. The fixed mindset theme, 

learning mathematics through following teacher direction, showed a 16.2% agreement 

across all participants. The growth mindset theme, learning mathematics through active 

involvement, showed a 59% agreement across all participants. The fixed mindset theme, 

mathematics as a fixed ability, showed a 14.7% agreement across all participants. 

To determine the beliefs of the students, the data within each overall area was 

compared. Within the area Beliefs about the Nature of Mathematics, participants leaned 

more towards a fixed mindset as there was a higher percentage of participants who agreed 

with its corresponding statements. The second area, Beliefs about Learning Mathematics, 

revealed that participants leaned more towards a growth mindset as there was a higher 

percentage of participants who agreed with its corresponding statements. The final area, 

Beliefs about Mathematics Achievement, showed a low percentage of participants in 

agreement with the fixed mindset theme of mathematics as a fixed ability. 
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Table 1 

BOC Survey Percentage Agreement Results 

Belief Areas Theme Mindset 
Descriptor 

% 
Agreement SE 

Beliefs about the nature of 
mathematics 

Mathematics as a Set of 
Rules and Procedures Fixed 73.5 1.3 

Mathematics as a 
Process of Inquiry Growth 68.6 1.3 

Beliefs about Learning 
Mathematics 

Learning Mathematics 
through Following 
Teacher Direction 

Fixed 16.2 0.5 

Learning Mathematics 
through Active 
Involvement 

Growth 59 1.2 

Beliefs about Mathematics 
Achievement 

Mathematics as a Fixed 
Ability Fixed 14.7 0.4 

 
Note. This table reflects the percent agreement of the participants with each of the themes 

within the TEDS-M Growth Mindset Survey administered at the beginning of the course. 

Results of the end-of-course survey. Twenty-nine participants completed the 

EOC survey. In reviewing the EOC survey, it was determined that one participant was 

not able to submit a response due to no access to technology. There was no alternative to 

submitting survey responses electronically as all learning was moved to a virtual 

environment because of national social distancing requirements put in place due to a 

global pandemic. 

Surveys were analyzed to determine which statements participants agreed with 

most frequently. The ratings of agree and strongly agree were flagged as agreement 

statements. The agreement statements for each theme were averaged to find the percent 

agreement to determine if the participants leaned more towards a fixed mindset or a 
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growth mindset belief. The results of the EOC survey are summarized in Table 2. The 

fixed mindset theme, math as a set of rules and procedures, showed a 32.8% agreement 

across all participants. The growth mindset theme, mathematics as a process of inquiry, 

showed a 95.4% agreement across all participants. The fixed mindset theme, learning 

mathematics through following teacher direction, showed a 6.5% agreement across all 

participants. The growth mindset theme, learning mathematics through active 

involvement, showed an 89.1% agreement across all participants. The fixed mindset 

theme, mathematics as a fixed ability, showed a 4.1% agreement across all participants. 

To determine the overall beliefs of the students, the data within the themes were 

averaged then compared. Within the area Beliefs about the Nature of Mathematics, 

participants leaned more towards a growth mindset as there was a higher percentage of 

participants who agreed with its corresponding statements. The second area, Beliefs 

about Learning Mathematics, revealed that participants leaned more towards a growth 

mindset as there was a higher percentage of participants who agreed with its 

corresponding statements. The final area, Beliefs about Mathematics Achievement, 

showed a low percentage of participants in agreement with the fixed mindset theme of 

mathematics as a fixed ability. 
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Table 2 

EOC Survey Percentage Agreement Results 

Beliefs Theme Mindset 
Descriptor 

% 
Agreement SE 

Beliefs about the Nature of 
Mathematics 

Mathematics as a Set of 
Rules and Procedures Fixed 32.8 0.6 

Mathematics as a 
Process of Inquiry Growth 95.4 1.6 

Beliefs about Learning 
Mathematics 

Learning Mathematics 
through Following 
Teacher Direction 

Fixed 6.5 0.6 

Learning Mathematics 
through Active 
Involvement 

Growth 89.1 1.6 

Beliefs about Mathematics 
Achievement 

Mathematics as a Fixed 
Ability Fixed 4.3 0.1 

 
Note. This table reflects the percent agreement of the participants with each of the themes 

within the TEDS-M Growth Mindset Survey administered at the beginning of the course. 

Comparison of BOC and EOC survey results. In order to determine if 

participants’ mindsets regarding mathematics teaching and learning shifted due to the 

explicit teaching of mindset principles, the researcher compared the results of the BOC 

and EOC surveys in two different ways: 1) calculating the percent change from BOC to 

EOC and 2) performing paired T-Tests and effect size calculations. Of particular interest 

were the themes of fixed versus growth mindset. 

Percent Change Results. The percent change for each theme was calculated in 

order to determine any shifts in mindset from the beginning to the end of the math 

content course. As referenced in Table 3, each fixed mindset theme showed a decrease 

and each growth mindset theme showed an increase by the end of the course. 



62 
 

 

The fixed mindset theme, math as a set of rules and procedures, showed a 55.4% 

decrease from the BOC survey to the EOC survey amongst participants. The growth 

mindset theme, mathematics as a process of inquiry, showed a 39.1% increase from the 

BOC survey to the EOC survey amongst participants. The fixed mindset theme, learning 

mathematics through following teacher direction, showed a 59.9% decrease from the 

BOC survey to the EOC survey amongst participants. The growth mindset theme, 

learning mathematics through active involvement, showed an 51% increase from the 

BOC survey to the EOC survey amongst participants. The fixed mindset theme, 

mathematics as a fixed ability, showed a 70.7% decrease from the BOC survey to the 

EOC survey amongst participants.  

Analyzing the data from an overall belief view, the fixed mindset themes 

decreased over the timeframe of the course and the growth mindset themes increased 

over the timeframe of the course. The area, Beliefs about the Nature of Mathematics, 

showed a negative percent change for the fixed mindset theme and a positive percent 

change for the growth mindset theme. The second area, Beliefs about Learning 

Mathematics, showed similar data, with a negative percent change for the fixed mindset 

theme and a positive percent change for the growth mindset theme. The last area, Beliefs 

about Mathematics Achievement, showed a negative percent change for the fixed mindset 

theme. 

  



63 
 

 

Table 3 

Percent Change from BOC to EOC 

 Percent Change from BOC to EOC 

Beliefs Themes 
BOC Overall 

% Agree/Strongly 
Agree 

EOC Overall 
% Agree/Strongly 

Agree 

% 
Change 

Beliefs about 
the Nature of 
Mathematics 

Mathematics as a 
Set of Rules and 
Procedures 

73.5 32.8 -55.4 

Mathematics as a 
Process of Inquiry 68.6 95.4 +39.1 

Beliefs about 
Learning 
Mathematics 

Learning 
Mathematics 
through Following 
Teacher Direction 

16.2 6.5 -59.9 

Learning 
Mathematics 
through Active 
Involvement 

59 89.1 +51 

Beliefs about 
Mathematics 
Achievement 

Mathematics as a 
Fixed Ability 14.7 4.3 -70.7 

 
Note. This table reflects the percent change from participant surveys during BOC and 

EOC administration of the TEDS-M Growth Mindset Survey. 

Paired T-Test and Effect Size Results. The statistical significance and effect size 

for each theme was calculated in order to determine the validity and impact of data on the 

TEDS-M Growth Mindset Survey from the beginning to the end of the math content 

course. The paired T-Tests were calculated using the SPSS software (IBM Corp., 2020) 

to determine if there was or was not a statistical significance within each theme. The 

variables in the sample result, t(n) = x, denotes the following: a) t indicates a t-

distribution comparison or T-Test was done, b) n is the number of responses minus 1, and 

c) x is the obtained t-value. A p value is also calculated within the results. Data that 
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shows a statistical significance has a result where p < 0.005. Any p values where p > 

0.005, show no statistical significance. The effect size was calculated using the formula 

for Cohen’s d which is the mean difference between BOC and EOC divided by the 

pooled standard deviation. Cohen’s d effect size is defined by the categories referenced in 

Figure 7. 

Figure 7 

Definition of Cohen’s d Effect Size 

Effect Size d-value 
Very Small 0.01 

Small 0.2 
Medium 0.5 

Large 0.8 
Very Large 1.2 

Huge 2.0 
 
Note. This figure shows the effect size for different d-values. From “Statistical power 

analysis for the behavioral sciences,” by J. Cohen, 1988 and “New Effect Size Rule of 

Thumb,” by S. S. Sawilowsky, 2009, Journal of Modern Applied Statistical Methods, 

8(2), p. 599 [PDF file] (https://doi.org/10.22237/jmasm/1257035100).  

 As presented in Table 4, the first theme, mathematics as a set of rules and 

procedures, elicited a statistically significant decrease in agreement from BOC to EOC, 

t(28) = 6.75, p < 0.001, d = 1.72. The next theme, mathematics as a process of inquiry, 

resulted in a statistically significant increase in agreement from BOC to EOC, where 

t(28) = -4.39, p < 0.001, d = 1.30. The data showed a statistically significant decrease in 

agreement from BOC to EOC in the theme, learning mathematics through following 

teacher direction, t(28) = 4.77, p < 0.001, d = 1.14. The fourth theme, learning 

mathematics through active involvement, indicated a statistically significant increase in 
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agreement from BOC to EOC, t(28) = -4.60, p < 0.001, d = 1.23. The final theme, 

mathematics as a fixed ability, exhibited a statistically significant decrease in agreement 

from BOC to EOC, t(28) = 3.32, p = 0.003, d = 0.98. Overall, each theme showed 

statistical significance and a large to very large effect size. 

Table 4 

Paired T-Test and Effect Size Values 

Theme p Effect Size 
Mathematics as a Set of 
Rules and Procedures < .001 1.72 

Mathematics as a Process 
of Inquiry < .001 1.30 

Learning Mathematics 
through Following Teacher 
Direction 

< .001 1.14 

Learning Mathematics 
through Active 
Involvement 

< .001 1.23 

Mathematics as a Fixed 
Ability .003 .98 

 
Note. This table reflects the p-values and effect size for the TEDS-M Growth Mindset 

Survey administered during the beginning of the course and the end of the course. 

*p < .05. 

Classroom Observations 

The survey instruments allowed the researcher to probe participants’ attitudes and 

beliefs, but classroom observation of students offered further examination into how those 

beliefs translate into action. The researcher conducted three classroom observations 

during the semester to assist in detailing student mindset perspectives and language over 

time. The observations were not recorded but were documented using the Observation 
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Recording Tool found in Appendix D. As stated in Chapter 3, the course instructor 

designed the course using the 5E Model (Bybee et al, 2006), which includes sections 

labeled Engage, Explore, Explain, Elaborate, Evaluate. Lessons were called modules in 

the course and focused on varying mathematics concepts. The Engage section of each 

module was done either before or during the class. Students were asked to read and watch 

videos to make connections between past content and focus thinking on new content. If it 

was done during class, the Engage lasted about 15 minutes. The Explore section of each 

module was done during class, lasting between 60 and 90 minutes. Students were able to 

develop conceptual understandings of mathematics through hands-on experiences. The 

Explain section combined with the Elaborate section of each module was done during 

class, lasting between 60 and 90 minutes. The students were given the opportunity to 

explain their thinking through discussion and the use of pictorial and abstract models of 

mathematics. During the Elaborate portion, students were able to extend their conceptual 

understanding through practice and application. The Evaluate section, done outside of 

class, allowed the students to assess their conceptual understandings of elementary 

mathematics. 

During the observed modules, participants were seated in tables with groups of 

three to six, having no more than six tables in the class (see Figure 8). To gather data 

from all groups, the researcher rotated amongst 3 tables at a time for about 15 minutes 

and then switched to visit the remaining three tables for about 15 minutes. This was 

repeatedly done until the instructor concluded the lesson. As the researcher visited the 

tables, participant statements were recorded onto the observation recording tool by hand 
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via paper and/or electronically via Microsoft Word. The recorded statements occurred 

during the Engage, Explore, Explain, and/or Elaborate phase of the module. 

Figure 8 

Classroom Layout 

 

 

 

 

 

 

 

 

 

 

 

 
Note. This is a diagram of the classroom layout. The numbers represent how many 

students were seated at the table. 

The statements were sorted according to the stages on the Growth Mindset Coding 

Framework (see Appendix C). The Growth Mindset Coding Framework (Rau, 2016) 

highlights language and actions that focus on speed, content, and process. These three 

stages are characteristic of the progression a person makes when moving towards a 

growth mindset. Speed is on the left of the continuum and represents a fixed belief. 
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Content is in the middle of the continuum and represents having a mixture of both. 

Process is on the right of the continuum and represents having a growth mindset. 

After statements were analyzed for language characteristic of stages on the 

continuum, the researcher determined which stages of the module were most likely to 

foster language within each stage of the Growth Mindset Coding Framework by 

arranging the data in table form. Data collected during the classroom observations is 

organized below by module observation and includes descriptions of the lesson plan as 

well as examples of participant language during discussions and/or group work. 

Growth mindset strategies. At the beginning of the course, the instructor 

introduced the expressions growth mindset and fixed mindset to the students through 

varying methods. One activity included students writing down their initial thoughts about 

math class and drawing pictures about their initial experiences with math. Students then 

watched a video that highlighted 4 key messages about learning math and discussed the 

tenets of Growth Mindset (Boaler, 2015). During the same class period, students 

participated in an activity about the differences between procedural and conceptual 

understandings to further their knowledge around growth mindset and fixed mindset. 

Throughout the course, the instructor planned to continue to facilitate growth 

mindset strategies by using growth mindset language when providing feedback to 

students, using strategies such as number talks to promote conceptual understanding, 3-

Act Tasks to provide opportunities for productive struggle, critical thinking and problem-

solving, and class discussion and reflections to help connect their learning. Each of these 

strategies were embedded throughout the course to support a positive shift towards 

growth mindset beliefs. 
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Module 4 observation. The concept introduced in this module was multiplication 

of whole numbers and decimals. The module lesson plan (see Appendix E) presented 

opportunities for participants to take part in number talks, engage in collaborative work, 

collaborative groups, and collaborative workstations, as well as participate in class 

discussions. The Engage portion consisted of number talks and the Explore section 

consisted of collaborative workstations, and class discussion. The Explain portion 

consisted of class discussion and the Elaborate phase consisted of independent work and 

collaborative groups. 

During the number talk or Engage stage of the module, the instructor asked 

participants to brainstorm strategies to solve the multiplication problem 12 x 8. 

Participants thought independently about answers before responding to the group. Once 

the instructor called for all responses, participants began to share their thinking. 

Throughout the discussion, participants made statements that fell along the Speed and 

Content stages of the continuum. Examples of statements that aligned with the Speed 

stage included phrases such as “I was close enough” and “I did it the old school way.” 

The students’ main focus in this stage was getting to an answer and wanting to get to it 

quickly. Examples of statements that aligned with the Content stage included phrases 

such as “Do you have any other ways? It took me a second to get one” and “Yes, you can 

do it differently, your answers still connect you just did it a different way.” These 

statements demonstrated the students’ desire to become proficient at the skill and only 

focus on the specific content area. There were no statements observed that aligned with 

the Process stage during this phase of the module. 
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Next, the participants were asked to work in collaborative groups and explore 

various multiplication strategies such as equal groups, skip counting, arrays, bar models, 

and area models. Students were asked to choose from an assortment of manipulatives and 

pictorial models to investigate each strategy. As a whole class, students were asked to 

work in collaborative groups to solve the answer for 23 groups of 5. As students explored 

the problems, participants made statements such as “Is this right?” and “Either way it’s 

multiplication, so it’s fine.” Statements such as these aligned to the Speed stage of the 

Growth Mindset Coding Framework because of the lack of confidence regarding the use 

of a variety of strategies as well as a focus on finding an answer quickly rather than 

growing as a learner. The instructor walked around and asked questions to help push 

student thinking throughout the exploration. For example, the instructor asked, “What is 

something that you can connect from this?” Once students were finished, the instructor 

called for a whole class discussion to give groups an opportunity to share and model their 

results. 

After the class discussion, the pre-service teachers were then asked to work in 

collaborative groups to solve problems aligned to the different multiplication strategies 

they discussed earlier in class. Figure 8 is an example of the equal groups multiplication 

strategy participants were given. As students were working in their collaborative groups, 

the instructor continued to guide students in building understanding of the different 

strategies by creating opportunities for students to determine more efficient ways to solve 

similar problems. The instructor also encouraged mathematical language through the use 

of sentence stems and formal vocabulary. The pre-service teachers begin to shift their 

language into the Content stage as they continued to explore. Statements that aligned with 
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the Content stage included phrases such as “Can I draw it like that because yours is 

different” and “Oh I get it.” This is due to the focus on understanding the specific skill 

and a connection to arrive at the answer.  

Figure 9 

Equal Groups Strategy with Plates and Counters 

 
 
Note: From “Mathematics for Elementary Teachers,” by Burris 2020 [Lesson Plan]. 

Houston, TX: Education Department, University of Houston.  

The Explain phase occurred during whole class discussion. The instructor asked 

students to present their findings on one of the problems they worked on as a group. 

Some of the student language included phrases such as “Don’t judge me because of my 

work” and “How would you [as a teacher] explain to students how to move to the 

traditional way?” The statements fell in the Speed stage and the Content stage 

respectively. Another statement was made during the discussion that aligned with the 
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Process stage. The participant stated, “I feel [math] is easier using these to visualize,” 

showing a desire to grow as a learner and communicating the connection to math as a 

whole. 

The last phase or Elaborate phase of the module was structured as a group 

activity. Participants were first asked to complete a foldable that referenced each strategy 

introduced during the lesson. When finished, students could then play games with a 

partner. Even though it was structured as a group activity, the participants ended up 

working on the foldable independently. Due to students completing the activity at various 

times, some students were not able to play the game with a partner. This led to minimal 

opportunities to observe student language during this phase and therefore no data was 

recorded. 

As a conclusion to the lesson, the pre-service teachers were asked to place a clip 

on a poster next to a statement that best described how they felt about what they learned 

for the day. The instructor included four statements that mirrored growth mindset 

language to help students understand that they will continue to grow as a math learner 

(see Table 5). The instructor also used this poster to determine who may need additional 

support or who feels they are proficient, as the clips had student names on them. If 

students fell in the last category, stating they need help, the instructor would reach out to 

the student via email for support, clarification or questions. At the conclusion of this 

module, majority of students felt confident enough to either teach it to someone else or do 

it on their own with concrete, pictorial, and abstract models. As there was no discussion 

about the reflection activity, no student language was recorded. 
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Table 5 

Module 4 Reflection Statements 

Reflection Statement n 

I am very confident with this concept. 
I can teach or coach someone else. 21 

I can do this on my own. 
I can show I understand with concrete, 
pictorial, and abstract models. 

6 

I can do this or understand this with help. 
I can do this with an example in front of 
me. 

3 

I am having productive struggle. 
I will need some help or more time to 
think. 
I will try and not give up. 

0 

 
Note. This table lists the reflection statements for Module 4 and the number of students 

who placed their clip next to the corresponding statement. 

When reviewing Module 4 as a whole, participant language spanned the 

continuum from speed, to content, to process during different parts of the lesson. Most of 

the pre-service teachers’ language fell in the Speed and Content stages during the early 

parts of the module and began to shift to the Process stage as students continued to learn 

about the concept. These results are summarized in Table 6. 
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Table 6 

Module 4 Pre-Service Teacher Language 

Lesson Section Speed Content Process Minimal 
Language 

Number Talks X X   
Explore X X   
Explain X X X  
Elaborate    X 
Closure    X 

 
Note. This table reflects how student language feel along the continuum during Module 4. 

Module 8 observation. The concept introduced in this module was multiplication 

of fractions. The original plan for this module (See Appendix F) presented opportunities 

for participants to engage in collaborative work and groups, participate in guided 

practice, collaborative workstations, class discussions, and a Three-Act Task. However, 

due to the class meeting virtually, the structure of the lesson was shifted to include an 

introduction question, a fraction talk, collaborative workstations, class discussion, and an 

exit ticket. Statements were recorded using the observation tool during the introduction 

question, the fraction talk, and the collaborative workstations. 

The instructor began the lesson with the Engage phase of the module, where a 

question was posed that asked participants to reflect on how mathematics is learned. 

Participants typed responses on a padlet created by the instructor (See Figure 9). Students 

replied with statements that fell in both the Content and Process stages. Examples of 

statements that aligned with the Content stage include “[By using] concrete models and 

pictures” and “[With] understanding and practice.” Language within these statements and 

similar ones from the padlet centered around mathematics as a skillset to be mastered and 

learned within the classroom. Statements that concentrated on growing as a learner and 
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connecting to real life experiences associated with the Process stage of the continuum. 

These included examples such as “Asking questions and making mistakes” and “Through 

real life experiences.” 

Figure 10 

How are We Learning Math Padlet 

 
 
Note: From “Mathematics for Elementary Teachers,” by Burris 2020 [Lesson Plan]. 

Houston, TX: Education Department, University of Houston.  

After all participants had a chance to answer, a class discussion was held to 

discuss what was posted on the padlet. Some of the students stated additional thoughts 

that connected to the Process stage such as “Learning should be interactive” and 

“Including all mistakes has been helpful”. Once the discussion concluded, the instructor 

transitioned into the second part of the Engage phase, a fraction talk. Figure 10 shows the 
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image that was shown to the pre-service teachers. The instructor asked the students to 

determine the fraction each color represented in the picture. Students displayed their 

answers on another padlet. Responses were limited to fraction names and minimal 

language was used that aligned to the Growth Mindset Coding Framework due to the 

virtual learning environment. However, growth mindset strategies such as risk taking, 

valuing mistakes, and connections to funds of knowledge were encouraged during the 

discussion about the submitted responses, exposing students to opportunities for 

movement along the continuum. This activity helped build connections to the concept of 

fraction multiplication as students were able to discover that the blue was ¼ of the green 

or ½ . 

Figure 11 

Module 8 Fraction Talk Image 

 
 
Note: From “Fraction Talks,” by Finkel, 2020, https://mathforlove.com/lesson/fraction-
talks/ 
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Next, the instructor introduced the Explore activity and presented the following 

word problem to the class: 

Aaron is baking brownies. Each batch of brownies needs two-thirds cups of 

chocolate chips. If Aaron is going to make three batches of brownies, how many 

cups of chocolate chips will he need? 

Students were asked to individually find a solution to the problem using virtual 

fraction manipulatives (The Math Learning Center, 2020). This allowed students to 

continue using concrete and pictorial models in a similar manner as they would have had 

the class been taught in person. Students were then brought back to the main room to 

examine what was explored. When participants returned to the main room of the virtual 

portal, the instructor shifted into the Explain stage and demonstrated how to visually 

represent the problem using the fraction manipulatives. The instructor explained how the 

concrete and pictorial models connected to the abstract model of multiplying with 

fractions. Other than sharing their answers, there was minimal discussion on the 

participants’ part and was not significant enough to notate on the continuum. 

During the Elaborate phase, students were placed into breakout rooms of five to 

six in the online learning portal to work collaboratively and find solutions to the different 

problems. They were tasked with applying what they learned up to this point and solve 

word problems by using other models such as set models and linear models, to show 

additional ways to represent multiplication of fractions. The students were able to access 

virtual manipulatives such as counters, fraction tiles and number lines during this phase 

as well (The Math Learning Center, 2020). 
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As the pre-service teachers worked together on the problems, they made 

statements such as “It’s the easiest way” and “That’s harder”. These and other statements 

with similar language, aligned to the Speed stage of the Growth Mindset Coding 

Framework because of the lack of confidence and focus on quick speed rather than 

growing as a learner. Over the course of the group discussion, the instructor did the 

equivalent of walking around groups during a face to face class by entering into each 

virtual room. The instructor would prompt students to work collaboratively if there was 

no discussion. Students continued to work collaboratively. They made statements that 

aligned with the Content stage, including phrases such as “I get what you said, that makes 

sense” and “We essentially did the same thing, it just looks different,” because the 

language focused on understanding the specific skill and seeing that there is more than 

one way to solve the problem. There were no statements that aligned with the Process 

stage during this phase of the module. 

The instructor concluded the Elaborate stage by asking students to return to the 

main room and then shared how each type of model represented fraction multiplication. 

The lesson continued with a discussion about several other word problems and how to 

solve them using two new representations, bar models and area models. As the instructor 

demonstrated the models, he would ask students to reason about what he was doing and 

why. Students were able to connect their funds of knowledge by recognizing the pictorial 

models were representations of fraction multiplication. A few more problems were solved 

together before concluding with an exit ticket. 
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During the exit ticket, students gathered back in their collaborative groups to 

discuss if any of the given problems could be solved with 1/3 x 2/3 and reason why or 

why not. Student language aligned with the Content stage because responses concentrated 

on the content and the desire to reach the answer. There were some instances of language 

aligned to the Speed stage, where students said statements such as “I don’t know” and 

“This is confusing.” 

Table 7 organizes how participant language spanned the continuum from speed, to 

content, to process during different parts of the lesson. For Module 8, most of the pre-

service teachers’ language fell in the Speed and Content stages with shifts to the Process 

stage when students were asked to reflect on learning. 

Table 7 

Module 8 Pre-Service Teacher Language 

Lesson Section Speed Content Process Minimal 
Language 

Opening 
Reflection X X X  

Fraction Talks    X 
Explore    X 
Explain    X 
Elaborate X X   
Closure X X   

 
Note. This table reflects how student language feel along the continuum during Module 8. 

Module 12 observation. The concept introduced in this module was algebraic 

thinking. The original plan for this module (See Appendix G) presented opportunities for 

participants to engage in collaborative work and groups, participate in guided practice 

and collaborative workstations, participate in class discussions and do a three-act task. 

However, due to class meeting virtually, the structure of the lesson was shifted to include 
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a whole group discussion, collaborative workstations, and a reflection. Statements were 

recorded using the observation tool during the collaborative workstations and the 

reflection. 

The instructor began the Engage section of the lesson with a whole group 

discussion to introduce different problem types such as joining, separating, comparing, 

and part-part-whole. After reading the descriptions, participants were separated into 

rooms of five to six students. Within the rooms, the pre-service teachers worked together 

to solve assigned problems. They were given access to a virtual whiteboard to work 

collaboratively in a virtual setting. As participants explored the problems, they made few 

statements that aligned with the continuum. Most of the discussion within the groups, if 

any, was centered around solving the problem. Participants solved the problems by just 

writing the equations and did not talk through how they determined the solution. Given 

that there was minimal language during this time, there were no notes recorded. 

When participants returned to the main room of the virtual portal, the instructor 

held a class discussion and elaborated on each of the different problem types. The teacher 

educator asked students to explain how the problems connected to Algebra. Students 

answered by saying “to find the unknown number” and “Algebra is finding x or y and 

like these problems, we are finding something.” These statements were examples of 

students making connections through representations and fell in the Content stage of the 

continuum. 

Next, students were prompted to explore a virtual manipulative called a math 

balance (Didax, 2020b). After exploring, students put any noticings or wonderings they 

had about the tool. Students made connections to other tools such as a number line and 
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expressed how it might be “helpful in comparing positive numbers,” reflective a Content 

phrase. If a suggestion was made about what could be done on the tool, the instructor 

encouraged students to explore the finding and see if they agreed. Conversation 

continued around how the tool related to Algebra and other benefits of its use. After the 

discussion, participants were able to extend their exploration independently by solving a 

few problems with the tool. 

Transition to another manipulative, algebra tiles (Didax, 2020a), gave students 

more opportunities to build understanding of algebraic thinking. During the Explain 

phase, the instructor directed students to a virtual representation of algebra tiles where 

participants were able to explore them. Many students said they had never used the tool 

before and like with the previous tool, were able to connect to the big ideas around 

Algebra. As a whole group, the class worked on other problems using the algebra tiles to 

connect the concrete object to pictorial models and abstract representation. The students’ 

language and actions were consistent with characteristics of the Content stage. 

After the Explore stage, the instructor moved into the Elaborate stage. Students 

were placed in collaborative groups to solve word problems by representing the solution 

using algebra tiles. Most of the discussion centered around how to set up the algebra tiles 

to solve the problem. The language used by students showed alignment to the Content 

stage as participants were focused on the specific content and arriving at an endpoint. 

Some students also asked their group members clarifying questions like “How did you 

get that?” At the end of the collaborative work session, students returned to the main 

room for a whole class discussion. During this time, the instructor went through each of 

the problems and asked participants to share their solutions by drawing pictorial models 
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and/or displaying the equation in the chat box. The instructor facilitated the discussion 

through the use of questioning to elicit a variety of ways to solve the problems. This led 

students to make connections about how the picture model would remain the same even if 

the equation was written differently. Participants made statements like “I like algebra 

tiles because it makes problems more visual,” which showed a shift towards the Process 

stage of the continuum. Students also began to show more risk taking by asking questions 

to further understand the concept. 

Once students felt comfortable with the concept, the instructor prompted the 

participants with a question that asked them to reflect on how their thinking, feelings, and 

attitude towards mathematics have changed since the beginning of the course. 

Participants typed responses on a padlet created by the instructor, as documented in 

Figure 11. Several statements were made that aligned with the Content stage and the  

Process stage of the Growth Mindset Coding Framework. Statements such as “Math is 

more approachable…time doesn’t matter” and “Realizing the why behind how to do 

math” showed how students began to see math as a process of learning over time and 

building self-confidence. 
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Figure 12 

How Has Your Thinking Changed Padlet 

 
 
Note: From “Mathematics for Elementary Teachers,” by Burris 2020 [Lesson Plan]. 

Houston, TX: Education Department, University of Houston.  

Overall, Module 12 presented multiple occasions where participants moved along 

the Growth Mindset Coding Framework. Student language became more reflective and 

focused on seeking to understand how concepts connected. Table 8 describes shifts along 

the continuum throughout this module. 

Table 8 

Module 12 Pre-Service Teacher Language 

Lesson Section Speed Content Process Minimal Language 
Engage  X   
Explore  X   
Explain  X   
Elaborate  X X  
Closing Reflection  X X  

 
Notes. This table reflects how student language feel along the continuum during Module 

12. 
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Module observation comparison. Reviewing the data from all three observed 

modules, there is a positive shift of participant language towards the Process phase of the 

Growth Mindset Coding Framework within and between the observations as described in 

Table 9. Throughout the course, participants were guided by the growth mindset 

strategies used by the instructor and became more confident in the learning of 

mathematics concepts. This data is reflective of the growth mindset survey data presented 

earlier in this chapter. 

Table 9 

Overall Module Observation Results 

Lesson Phase Module 4 Module 8 Module 12 
 S C P S C P S C P 

Opening Reflection    X X X    

Number or Fraction 
Talks (Engage) X X        

Engage        X  

Explore X X      X  

Explain X X X     X  

Elaborate    X X   X X 
Closure/ Closing 
Reflection    X X   X X 

 
Note. This table reflects where the student language occurred along the Growth Mindset 

Coding Framework at each section of every observed module. S = Speed; C = Content; P 

= Process 

Open-Ended Scenario 

Quantitative data was gathered to determine the shift in pre-service teachers’ 

mindsets through a statistical lens of the TEDS-M Growth Mindset Survey and classroom 

observations allowed for opportunities to see how their actions and language connected to 
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the growth mindset strategies. To enrich the researcher’s understanding of shifts in 

mindset, an open-ended scenario was also administered to participants. The results of the 

open-ended scenario are described here. 

The scenario was given at the end of the course during the final exam. The open-

ended scenario (See Appendix B) allowed pre-service teachers to apply their thought 

structures, showcasing any language that may or may not portray a growth mindset. The 

scenario was taken from a similar study (Zembat & Yasa, 2015), and was used in lieu of 

facilitating instruction in a real classroom. The scenario was a free response assessment. 

It offered no multiple-choice answer responses, requiring the pre-service teachers to 

provide a writing sample. Using a free response format allowed the researcher to further 

delve into participants’ thinking regarding mindset when faced with a typical math 

classroom situation. 

The scenario begins with a teacher asking her students to explain how they know 

if one fraction is larger than another. It then gives a snippet of the class discussion 

centered around the question. The participants were asked to answer two questions in 

response to the scenario and an additional question about how students should learn math 

in an elementary classroom. The questions were: 

1. Why do you think the teacher in this scenario allows such an interaction 

among students? 

2. Would you follow such a method in your own classes? Explain your 

answer. 

3. How should students learn mathematics in the elementary classroom? 
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Participants’ written responses were analyzed using the Growth Mindset Coding 

Framework (Rau, 2016) found in Appendix C. Twenty-eight out of 30 students 

completed the reflection of the open-ended scenario. One of the participants did not 

complete the response due to time constraints of the final exam. Another participant was 

not able to submit a response due to no access to technology. There was no alternative to 

submitting survey responses electronically as all learning was moved to a virtual 

environment because of national social distancing requirements put in place due to a 

global pandemic.  

The first question was presented in such a way to see if participants would 

recognize that the teacher was facilitating certain strategies such as students questioning 

each other, students seeing their mistakes and correcting deficiencies collectively, 

students convincing each other and reaching a correct solution (Zembat & Yasa, 2015). 

The second question provided opportunities for participants to apply their beliefs by 

determining if they would use similar strategies in their future classrooms with like 

reasoning. The third question aligned with question two by connecting teacher action 

with their knowledge of mathematics learning theory. 

Each question was rated individually on the Growth Mindset Coding Framework, 

resulting in three ratings per student. Participant responses for all questions were coded 

using the same criteria. The researcher coded any participant responses in the Speed stage 

if it suggested the teacher, as well as themselves, did not need to allow such interaction or 

that it was not necessary for student understanding. If participants responded to the 

questions with language that described and agreed with the teacher’s action as a method 

for students to collaborate in order to find a solution, build understanding, and become 
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proficient with the concept, the researcher coded it in the Content stage of the continuum. 

If the participant responded to both questions with language that stated the reasoning for 

teachers to utilize such actions as a way to provide collaboration opportunities to help 

students grow as a learner, assist students with valuing mistakes, and developing students 

for future success, the researcher coded the response in the Process stage of the 

continuum. An example of a participant’s response to each question are shown in Figure 

12. 

Figure 13 

Sample Participant Response 

 
 
Note. Participants were asked to respond to a set of questions attached to an open-ended 

scenario. This is a student example. 
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The researcher analyzed the data by determining shifts across the continuum for 

each student. Thirteen out of 28 students stayed in the Content stage across all three 

questions and 13 out of 28 students shifted between the Content stage to the Process 

stage within the three questions. Two out of 28 students stayed in the Process stage 

across all three questions. The data was then presented in graph form (see Figure 13) to 

show an overview of how many responses fell in each stage for every question to 

determine how the class as whole fell along the continuum. The first question had 0 out 

of 28 responses in the Speed stage, 23 out of 28 in the Content stage, and 5 out of 28 in 

the Process stage. Question two had 0 out of 28 responses in the Speed stage, 22 out of 

28 in the Content stage, and 6 out of 28 in the Process stage. The last question had 0 out 

of 28 responses in the Speed stage, 16 out of 28 in the Content stage, and 12 out of 28 in 

the Process stage. Overall, student responses showed an increase in the Process stage as 

the questions presented more application of their beliefs. 

Figure 14 

Overall Class Open-Ended Scenario Coding Results 

 
 
Notes. This graph shows the class results for how each question was coded across the 

Growth Mindset Coding Framework. 
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Conclusion 

This chapter describes the participant sample, qualitative and quantitative data, 

and provides tables and graphs to represent connections to the findings. Thirty 

participants responded to the tools utilized in the research and provided information to 

determine if growth mindset strategies increased growth mindset. Each method used to 

collect data offered insight into how the growth mindset strategies used within the course 

impacted pre-service teachers’ beliefs. 

The TEDS-M Growth Mindset Survey (Tatto et al., 2008) results detailed how 

participants’ fixed beliefs decreased and growth beliefs increased within each of the three 

areas by the end of the course. Further analysis showed statistical significance and large 

effect sizes across each set of beliefs assessed within the survey. These findings validated 

the descriptive analysis and revealed the shifts in beliefs among the participants to be 

reliable conclusions. 

The classroom observations and open-ended scenario were supplemental tools 

used to determine connections in the shifts found from the TEDS-M Growth Mindset 

(Tatto et al., 2008) to growth mindset strategies implemented throughout the course. The 

data obtain through coding student language offered a visualization of movement along a 

Growth Mindset Coding Framework (Rau, 2016). By the instructor implementing growth 

mindset language and strategies as well as the use of constructivist practices aligned to 

such strategies throughout the course, participants’ beliefs demonstrated a positive shift 

along the continuum from the Speed stage to the Process stage. 
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Overall, findings from all methods resulted in pre-service teachers’ beliefs 

transitioning from more fixed endorsements to growth endorsements. Consistent with the 

literature regarding the process of increasing growth mindset beliefs, the data represented 

conclusions aligned to the theories. Chapter 5 offers more detail into the results and a 

deeper discussion of the impact of the strategies. 
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Chapter V 

Discussion 

The purpose of this evaluative study was to determine how incorporating certain 

growth mindset strategies during a mathematics methods course within a teacher 

preparation program may potentially shift pre-service teachers’ beliefs on the teaching 

and learning of mathematics.  The study aims to add to existing research about 

implementing growth mindset strategies within mathematics teacher education courses. 

This chapter includes findings of the research done to answer the question: 

How does the implementation of growth mindset strategies within a 

university-based teacher preparation course, impact pre-service mathematics 

teachers’ beliefs about the teaching and learning of EC – 6 mathematics? 

Participants in the study showed increased growth beliefs and decreased fixed 

beliefs over the course of the semester being observed. This was evidenced by results 

from the TEDS-M Growth Mindset Survey (Tatto et al, 2008) and shifts in student 

language which moved across three different themes embedded in the Growth Mindset 

Coding Framework (Rau, 2016). Initial tasks given towards the beginning of the course 

revealed student language centered on answering questions with little effort and no 

conceptual understanding, or the Speed stage of the continuum. As pre-service teachers 

continued to experience growth mindset strategies, student language refocused towards 

conceptual understanding with an emphasis on finding an answer and mastering a 

particular concept, or the Content stage. Towards the end of the course, student language 

began to demonstrate the value of mistakes and exhibit an understanding of building 

conceptual meaning to grow as a learner, which is known as the Process stage.  
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Interpretations of Findings 

Each method used in the research presented outcomes that mirrored growth 

mindset understandings and theories regarding the teaching and learning of mathematics. 

Participants were exposed to various activities and tasks throughout the course that 

created opportunities for them to explore how they perceived mathematics as a subject, 

how mathematics is learned and taught, and ideas around how mathematics success can 

be achieved. Different themes emerged from the data revealing how student beliefs 

transitioned from the beginning of the course to the end of the course. The following 

sections provide greater detail surrounding these findings. 

Beliefs About the Nature of Mathematics 

Beliefs about the nature of mathematics is one of the three areas assessed in the 

TEDS-M Growth Mindset Survey (Tatto et al., 2008). Two main themes fell within this 

area: 1) Mathematics as a Set of Rules and Procedures and 2) Mathematics as a Process 

of Inquiry. At the turn of the twentieth century, theorists believed that mathematics was 

best learned through rote procedures and drill and practice activities (Cobb, 1988; 

Thorndike, 1922). This thinking is similar to what some pre-service teachers’ beliefs 

align with when asked their thoughts on what mathematics is. However, current research 

shows students create knowledge through basic principles of constructivism by building 

on their thinking, reflecting on their physical and mental actions, and exploring their 

individual interpretations of the world, (Clements & Battista, 1990). To assist with 

perpetuating the idea, the instructor of the course intentionally structured each module 

according to the 5E Instructional Model (Bybee et al, 2006), as it exemplifies 

characteristics of constructivist teaching practices.  
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As predicted, the participants view of mathematics at the beginning of the course 

was similar to how many mathematics classes are currently structured. BOC survey 

results showed that 73.5% of the pre-service teachers endorsed the belief that 

mathematics is a subject based on rules and procedures. Surprisingly, 68.6% of the 

students endorsed the belief that mathematics is a process of inquiry during BOC. 

According to Tatto et al. (2008), respondents are not forced to choose between the two 

sets of beliefs and may endorse both, however, are likely to lean more towards one by the 

time they enter the classroom. Given that teachers often revert back to how they were 

taught (Borg, 2004), the instructor’s decision to use constructivist practices propose a 

possibility of influencing student beliefs throughout the course. 

The use of the 5E Instructional Model positioned the instructor with the ability to 

incorporate growth mindset strategies due to multiple growth mindset tenets aligning 

with constructivist teaching. One observed growth mindset strategy that impacted 

students’ belief about the nature of mathematics was the encouragement of flexible 

thinking. Within most of the modules, the instructor utilized number or fraction talks 

which supported students’ mathematical sense making and promoted flexible thinking 

(Sun et al., 2018). During the number/fraction talks, students were able to share varying 

strategies to solve a particular problem and discuss how each strategy connected to the 

other. The growth mindset continuum used to code observed student language showed 

that students began to shift their thoughts about how they could solve problems. 

Language transitioned from “I did it the old school way” to “Yes, you can do it 

differently, your answers still connect you just did it a different way,” confirming the idea 

behind the use of this strategy. 
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The open-ended scenario had similar results. The scenario presented was based on 

a class discussion about a fraction talk. Participant responses to the corresponding 

questions reflected equivalent reasoning from their experience with class number talks as 

a justification for the teacher’s action in the vignette. Language used in the pre-service 

teachers’ answers was reflective of how they thought about mathematics at the end of 

course as the scenario was given during the final exam. This is an indication of students’ 

growth along the Growth Mindset Coding Framework, as evidenced by movement into 

the Process stage, which is indicative of having a growth mindset. 

Another growth mindset strategy viewed during the observations that impacted 

student beliefs about mathematics, was risk taking. A mathematical risk involves 

attempting mathematics without knowing the outcome (Zager, 2017). The instructor was 

able to present opportunities for risk taking by providing tasks with multiple entry points, 

facilitating rich discussions, valuing mistakes, and posing meaningful questions to guide 

and support student thinking. These approaches to instruction were incorporated during 

the Explore and Explain phase. Having students explore concepts prior to teaching them 

forced students to be in a state of disequilibrium. The instructor acknowledged the risk 

taking and provided positive messages to help students continue through the process. The 

participants transitioned from statements like “Don’t judge me because of my work” to “I 

feel [math] is easier using these to visualize” when reasoning about their solutions. 

According to Dweck et al. (2014), strategies such as these help pre-service teachers learn 

how to navigate challenges within the mathematics classroom in a positive way.  
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The researcher concluded students were becoming more comfortable with taking 

risks not only from the classroom observations, but from the responses in the open-ended 

scenarios as well. The pre-service teachers referred to valuing mistakes, incorporating 

class discussions, and encouraging accuracy over speed when discussing how students 

learn mathematics. Rissanen et al (2019), posits that process-focused interactions derived 

from teachers’ intentional regard for emotional processes, learning strategies, and 

contextual factors of students’ learning and achievements foster outcomes that give rise 

to increased self-efficacy. Due to the intentional growth mindset strategies and 

constructivist practices incorporated into the course, seventy-five percent (12 out of 16) 

of students displayed more confidence in the value of partaking in such strategies as 

evidence by embedding these same approaches within their answers. Risk taking was 

further encouraged by teacher actions such as not telling students they were wrong during 

class discussions. This helped create an environment where students felt comfortable to 

take risks, knowing that they would not be humiliated. Constructivist teaching practices 

such as those embedded in this course, helped learners internalize and transform new 

information that enabled the learner to rethink prior ideas and apply the understandings in 

meaningful ways (Brooks & Brooks, 1999). 

An analysis of the TEDS-M Growth Mindset Survey given at the end of the course 

revealed participant beliefs shifted towards an increased endorsement with 95.4% 

participant agreement for the theme mathematics as a process of inquiry (+39.1 percent 

change) and a decreased endorsement of mathematics as a set of rules and procedures 

with 32.8% participant agreement (-55.4 percent change). These findings showed that 

almost all students in the course were leaning more towards a growth belief about the 
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nature of mathematics. Results were validated by data from the paired T-Test and effect 

size calculations which showed statistical significance and a large effect size for both 

mathematics as a set of rules and procedures [ t(28) = 6.75, p < 0.001, d = 1.72] and 

mathematics as a process of inquiry [ t(28) = -4.39, p < 0.001, d = 1.30]. By including 

problem-based instruction, fostering student-led solutions, encouraging risk taking, 

making learning fun, and providing collaboration between students and teachers, the 

instructor’s incorporation of growth mindset strategies caused a shift in values (Gasser, 

2001). The results indicate a positive impact on pre-service teachers’ beliefs about the 

nature of mathematics.  

Beliefs About the Learning of Mathematics 

Within this second area of the TEDS-M Growth Mindset Survey, two themes were 

observed: 1) Learning Mathematics through Following Teacher Direction and 2) 

Learning Mathematics through Active Involvement. According to NCTM (2014), 

teachers’ and students’ beliefs about the teaching and learning of mathematics can either 

be productive, focusing on conceptual understanding through inquiry-based, student-led 

instruction, or unproductive, aligning with procedural understanding facilitated by low 

rigor tasks and lecture-based instruction. Results from the BOC survey showed that 

16.2% of pre-service teachers agreed with statements that endorsed the theme of learning 

mathematics through following teacher direction, an unproductive belief, and 59% agreed 

with the theme learning mathematics through active involvement, a productive belief. 

Even though there was a small percentage of students that agreed with the unproductive 

belief statements, almost half of the students disagreed with the productive belief 

statements, showing that there was room to grow. 
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The classroom observations provided further insight into pre-service teachers’ 

beliefs about the learning of mathematics through their interaction with the different tasks 

and activities presented during the course. Constructivist practices embedded into the 

modules such as high-level tasks and collaborative workstations, surfaced the inclusion of 

the growth mindset strategy of embracing productive struggle. Edwards (2018) defines 

productive struggle as a laboring process that allows students to take ownership of their 

mathematical understanding through effort and perseverance. Supporting productive 

struggle is one of NCTM’s (2014) eight Effective Mathematics Teaching Practices. By 

choosing to promote productive struggle, the instructor created an environment 

conducive to growing and reinforcing the belief that mathematics is learned through 

active involvement. 

Participant involvement during the high-level tasks and collaborative 

workstations, which occurred in the Explore and Elaborate phases of the modules, 

proved somewhat unsettling for students during the beginning of the course as evidenced 

by their language falling in the Speed phase of the Growth Mindset Coding Framework. 

Participants made statements like “It’s the easiest way” and “That’s harder” when 

exploring problems during Module 4. One support the instructor used to assist students 

during this time was to provide concrete objects and facilitate connections to the pictorial 

and abstract models. Math is learned best through a concrete-pictorial-abstract (CPA) 

progression of activities where students first explore concepts with concrete objects, then 

pictorial representations, and lastly connect to abstract models, in order to build 

conceptual knowledge (Bruner, 1966). The pre-service teachers may have struggled 

initially due to not having a conceptual understanding of the content. Experiences such as 
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these are necessary to help pre-service teachers increase their mathematics content 

knowledge (MCK). 

As similar activities were presented throughout the course, student language 

slowly began to shift into the Content phase and then to the Process stage. to According 

to Enderson et al. (2010), teachers often have limited exposure and experiences in the 

mathematics concepts addressed in elementary grades through high school, which are 

understandings needed in order to gain insight into recognizing how related mathematical 

components develop over time. Student statements like “Math is more 

approachable…time doesn’t matter” demonstrated how students were becoming more 

comfortable with learning mathematics through active involvement. 

Classroom discussions was another practice utilized to support students’ 

productive struggle by fostering sense making. Palincsar (1998), states that strategies 

such as think-alouds and classroom discussions are powerful tools that help with 

promoting student understanding in the mathematics classroom. The Explain phase 

incorporated the most opportunities for classroom discussions throughout each module. 

During the face to face sessions of the course, shifts in student language from one end of 

the continuum to the other was evident. However, the shifts were more difficult to detect 

once instruction went to a virtual environment, as the learning platform was not as 

conducive to whole class discussion. Zain et al. (2012) states students learn as they 

encounter knowledge by constructing their own meaning by talking, listening, writing, 

reading and reflecting on content, ideas, and problems. The researcher is left to assume 

that if instruction had continued face to face, more evidence would have presented itself 

in seeing a positive impact of classroom discussions. 
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The open-ended scenario responses highlighted the use of collaborative 

workstations, classroom discussions, and the use of CPA as effective strategies for the 

teaching and learning of mathematics. Analysis of these responses confirmed what was 

observed during the classroom observations. One hundred percent (28 out of 28) of 

student responses cited one or more of the aforementioned practices. Even though the 

growth mindset strategy of productive struggle was not specifically stated in the answers, 

referencing the instructional practices links it together. Constructivist strategies such as 

inquiry-based instruction, teaching focused on conceptual understanding, high-level 

tasks, and student-led teaching build opportunities to incorporate productive struggle for 

students, allowing students to take ownership of their mathematical understanding 

through effort and perseverance (Edwards, 2018). Conclusions can therefore be made that 

students are beginning to show self-efficacy in their math learning and are leaning 

towards the belief that mathematics is learned through active involvement. 

Results of the EOC survey revealed similar findings. The theme learning 

mathematics through following teacher directions decreased to a 6.5% participant 

endorsement (-59.9% change). The theme learning mathematics through active 

involvement increased to 89.1% participant endorsement (+51% change). The findings 

were validated by data showing statistical significance and large effect size for both 

learning mathematics through following teacher directions [ t(28) = 4.77, p<0.001, d = 

1.23] and learning mathematics through active involvement [ t(28) = -4.60, p < 0.001, d = 

1.23]. By participants learning content that was not separated from interacting and 

engaging with the math itself, they developed meaning through conceptual understanding 

(Boaler, 2000; Boaler, 2001). Overall, results show within the area regarding Beliefs 
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About Learning Mathematics, students were positively impacted by the growth mindset 

strategies. 

Beliefs About Mathematics Achievement 

The third and final area assessed in the TEDS-M Growth Mindset Survey was 

Beliefs About Mathematics Achievement. Two themes emerged within the research 

methods: 1) Mathematics as a Fixed Ability and 2) Success in Mathematics for All. Only 

the first theme was included in the survey results. A common belief is that mathematics 

ability is an innate skill or a fixed trait (Sun, 2018b). Remarkably, only 14.7% of 

participants were in agreement with this belief. Upon further analysis of the statements 

within this theme, three stood out as being endorsed at a high rate: a) Since older pupils 

can reason abstractly, the use of hands-on models and other visual aids becomes less 

necessary (52.5%); b) Mathematical ability is something that remains relatively fixed 

throughout a person’s life (55.4%); c) Some people are good at mathematics and some 

aren’t (67.7%). Connections to these particular endorsements was prioritized for each of 

the research methods. 

During the first day of the semester, intentional activities were presented that 

encouraged reflection of students’ personal beliefs including writing down students’ 

initial thoughts about math class, drawing pictures about their initial experiences with 

math, watching a video that highlighted tenets of Growth Mindset (Boaler, 2015), and an 

activity about the differences between procedural and conceptual understandings to 

further student knowledge around growth mindset and fixed mindset. Throughout the rest 

of the course, the instructor embedded additional opportunities to provide and discuss 

growth mindset tenets. 



101 
 

 

The growth mindset strategy of self-monitoring encouraged student reflection and 

helped connect student thinking to all other growth mindset strategies used throughout 

the course. Reflection supports the development of students’ problem-solving skills by 

encouraging them to question their perceptions and engage in an examination of facts and 

ideas (Edwards & Edick, 2013). Constructivist practices such as self-assessment tools 

and open-ended questions were used to integrate self-monitoring. These were mostly 

found in the Engage and Evaluation or closure phase of the modules. The activity during 

the Engage stage varied across the modules, depending on how the instructor wanted to 

connect the tasks that followed. One activity was an opening reflection question that 

asked students to describe how they are learning math. Pre-service teachers were able to 

use this as an opportunity to reflect on their learning throughout the course, potentially 

creating connections to the different growth mindset strategies implemented throughout 

the course. Participants referenced many of the growth mindset strategies and 

constructive practices mentioned throughout the findings. The language used fell across 

each stage of the Growth Mindset Coding Framework, however, there was no mention 

about any of the prioritized belief statements from the survey. The self-monitoring 

seemed to influence student beliefs.  

Students also seemed comfortable reflecting out loud during classroom 

discussions. This speaks to the climate set by the instructor and how it made intentional 

moves during the course to promote a sense of mathematics success being attainable to 

all. Boaler (1993) suggests that students will develop confidence in mathematics when 

they perceive the mathematics classroom as a place where they are challenged and can 

use intuition and freedom of thought. The instructor pushed student thinking through 
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high-level tasks, posing questions, and promoting self-reflection. Students began to pose 

questions to each other as they progressed through the course, which also increased 

student understanding and reflection. All of these observations demonstrated how 

students were beginning to shift towards more of a growth belief. 

The open-ended scenario posed questions that asked participants to reflect on if 

strategies they encountered during the course were effective or not and apply their beliefs 

to future classrooms. The results showed that no students were in the far-left stage, or 

Speed stage, of the Growth Mindset Coding Framework. Fifteen out of 28 participants 

(53.6%) fell in the Process stage in at least one question on the scenario. With more than 

half of the participants feeling that the strategies they experienced were effective, it can 

be concluded that a positive impact was made on pre-service teachers’ beliefs. 

There were no instances of students specifically stating agreement with any of the 

prioritized statements from the BOC survey. Overall, the theme Mathematics as a Fixed 

Ability showed a decrease in participant endorsement to 4.3% (-70.7% change). There 

was statistical significance and a large effect size found from the data [ t(28) = 3.32, p = 

0.003, d = 1.23]. This further describes the positive impact of the growth mindset 

strategies. Almost no students agree with the endorsement that math is a fixed ability. 

Each of the priority statements decreased as well to less than 40%. There are still some 

conflicting beliefs, but overall a decrease shows movement in the intended direction. 

Culturally Responsive Mathematics Teaching 

Each of the previously listed themes connect to a broader perspective of culturally 

responsive mathematics teaching (CRMT). According to Harmon (2012) and Ladson-

Billings (1995a), culturally responsive teaching incorporates elements of students’ 
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culture, emphasizes teachers developing relationships with students and families, and 

prepares students to change society by challenging the status quo. Reflecting back on the 

demographics of the class, 76.7% minority (Asian, Hispanic, and Black) and 23.3% 

white, a culture gap was evident being the instructor was White. Teacher perspectives of 

their students are important because their actions may reinforce inequalities through their 

beliefs, opinions, and attitudes (Carr & Klassen, 1997; Mahatmya et al., 2016; Minor, 

2014). The instructor of this course was mindful and intentional with incorporating 

growth mindset language and constructivist practices throughout each module to 

minimize any of the aforementioned inequalities. 

As stated earlier, the pre-service teachers began to value mistakes and felt more 

comfortable with risk-taking due to the learning culture set by the instructor. Actions 

such as acknowledging all students who wished to share their thoughts and connecting to 

students’ funds of knowledge, supported the message that their classroom was a safe 

space to learn and do math. During class discussions, students directed the path of the 

conversation, stating ways in which they found connections to the concepts explored. The 

instructor encouraged student thought and supported reflection of what pre-service 

teachers were learning and how it impacted future students which, according to Edwards 

and Edick (2013), supports the development of students’ problem-solving skills by 

encouraging them to question their perceptions and engage in an examination of facts and 

ideas. Classrooms influenced by CRT practices demonstrate a positive influence on 

culturally diverse students academically and psychologically despite the critical issue of 

inequity permeating throughout education. (Cholewa et al., 2014; Ramirez et al., 2016). 
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This was evidenced through the survey results, classroom observations, and scenario 

responses. 

Implications for Practice 

Analysis of the data surfaced a few implications for practice. Each suggestion 

listed is intended to further the research regarding intentional growth mindset strategies 

implemented by teacher educators and the impact on the practices and beliefs of those 

they serve. The implications are detailed below along with connections to research to 

support the recommendation. 

Number Talks and Fraction Talks provided pre-service teachers an opportunity to 

engage with math in new and creative ways. Many practitioners view these talks as a 

vehicle to support number sense and computational fluency. While this is the primary 

objective, the research showed another purpose for its use, promoting growth mindset 

beliefs. Sun et al. (2018) posits that Number Talks make mathematics classrooms more 

equitable and discredit the perception that mathematics is earmarked for a select few. As 

pre-service teachers participated in these activities, their language began to move along 

the Growth Mindset Coding Framework. Statements were characteristic of the Speed 

stage in the beginning of the discussion, but as the class continued to share, language 

shifted to the Content stage. The class dialogue was facilitated by the instructor through 

probing questions, acknowledgement of all answers, connections to each strategy, and 

valuing mistakes as a learning tool, demonstrating the need for the teacher educator to 

recognize the importance of their actions in supporting the transition to growth mindset 

characteristics. Mathematics educators are tasked with the responsibility of helping 

students visualize math beyond the fixed belief of memorizing procedures and formulas. 
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Number Talks and Fraction Talks are strategies that can promote the growth mindset 

belief of inquiry and active learning. Continued exposure to routines such as these will 

increase the likelihood of growth mindsets and surface student confidence in mathematics 

understanding. 

Throughout the course, pre-service teachers were asked to push past their comfort 

zone and engage in learning that more than likely differed from their perception of what 

mathematics should look like. Within some of those activities, the instructor prompted 

students to reflect on their experience. Each time the researcher observed this practice, 

student language moved into the Process stage of the Growth Mindset Coding 

Framework. The finding is promising in that pre-service teachers are positively impacted 

by reflective practice, showing growth through actively thinking about how they are 

affected by their experiences. Walshaw (2010) posits that reflections initiate a personal 

renewal, activating new meanings of self and allowing internal discourse to spark a 

change within the reflective practitioner. The results of this research did not support one 

method over another as the most effective reflective practice as there are various ways to 

encourage reflection. However, the findings do support the impact of reflective practice 

as whole, demonstrating a need for increased opportunities within mathematics learning. 

NCTM (2014) suggests that students should have opportunities to develop metacognitive 

awareness of themselves as learners, thinkers, and problem solvers, and learn to monitor 

their learning and performance, which is in alignment with findings from this research.  

Strategies such as reflective practice, Number Talks, and others that were 

incorporated into the course would not have been successful with impacting pre-service 

teachers’ beliefs without intentional planning. Educators have to have an awareness of 
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how students interact and engage within the class as a whole. The instructor provided 

daily objectives for students, detailed lesson plans structured using the 5E Model, and 

concrete manipulatives for each module. Intentional thought was put into how the lesson 

would scaffold and what activities and materials were needed to foster student 

understanding. The instructor also intentionally planned for guiding questions, activities 

of interest for students, and strategies that promoted growth mindset to make sure the 

opportunities were present, allowing the instructor to be a facilitator of knowledge as 

opposed to the giver of knowledge. Effective teaching requires a clear understanding of 

what students need to accomplish mathematically, allowing students to gauge and 

monitor their own learning progress (NCTM, 2014). More conversation around what 

intentional planning looks like is necessary to promote effective mathematics instruction, 

including CRMT practices. Incorporating this narrative within pre-service teacher courses 

increases the application of similar practices in future classrooms. 

Culturally responsive teaching is a growing topic in the field of education, as it 

connects the learner to the content in meaningful ways personal to them. However, there 

are very few resources presently available to support culturally responsiveness in the 

mathematics classroom. Current research has started the conversation with CRMT 

frameworks and individual movements around compiling culturally responsive activities 

and lessons. Yet, with little to no support with how to incorporate CRMT into the 

classroom, its impact on education is minimized. Aguirre and Zavala (2013) state, 

“CRMT involves a set of specific pedagogical knowledge, dispositions, and practices that 

privilege mathematical thinking, cultural and linguistic funds of knowledge, and issues of 

power and social justice in mathematics education.” Increasing access and reflection 
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about implementing culturally responsive mathematics practices within university teacher 

preparation courses and in-service teacher professional development, will foster more 

exploration and facilitation of what these practices look like within future classrooms.   

The Growth Mindset Coding Framework (Rau, 2016) was used to code student 

language during classroom observations and the open-ended scenario. During the coding 

process, the researcher noticed several pre-service teacher statements that did not quite fit 

within the Content nor Process stage of the continuum. Students were focusing on trying 

to find an answer, a characteristic of the Content stage, but in more of a productive way, 

one that demonstrated trying to make sense of the problem. Their language was not quite 

aligned with the Process stage in that they were not showing signs of learning over time 

or applying the strategies to the real-world. What was evident was pre-service teachers 

being in a learning state of productive struggle, where they attempted to make 

connections between the concrete objects and pictorial models, wrestled with productive 

struggle, and showed value in their mistakes. Due to this noticing, a recommendation for 

future studies that may use this continuum, is to add a stage named Sense Making in 

between the Content and Process stage. A description of the proposed continuum can be 

found in Figure 14. According to NCTM (2014), facilitating meaningful mathematical 

discourse to encourage connections and sense making in one of the Essential 

Mathematics Teaching Practices. Teacher educators encourage sense making throughout 

the learning of a concept to help pre-service teachers see how it can be applied to the 

real-world. This component is the missing piece between understanding content and 

understanding the meaning of a concept. By adding this stage, a true reflection of 

student’s progress along the continuum can be shown. Without it, researchers may not 
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see pre-service teachers’ growth along the continuum through the coding method alone, 

even though they were beginning to move beyond the Content stage.   

Figure 15 

Proposed Growth Mindset Coding Framework 

Speed Content Sense Making Process 
Focuses on 
completing work 
quickly. 

Desires to arrive at an 
endpoint or product. 

Poses 
purposeful 
questions. 

Focuses on the 
process of learning 
over time. 

Desires to arrive 
at an endpoint 
with little regard 
to quality. 

Communicates a need to 
master the skill or 
become proficient in a 
specific content area. 

Engages in 
productive 
struggle and 
perseverance. 

Desires to grow as a 
learner through the 
process of learning. 

Communicates a 
need to hurry up 

Uses and connects 
mathematical 
representations 

Values 
mistakes. 

Communicates a 
need to put in effort 
and articulates 
problem-solving 
strategies necessary 
to grow as a learner. 

Focuses on the 
specific skill or 
content area. 

   

 
Note. This figure shows the characteristics of a proposed addition of Sense Making to the 

Growth Mindset Coding Framework. 

Limitations and Recommendations for Future Research 

This study was not without limitation. The use of a small sample size limited the 

study, making it difficult to generalize results for all pre-service teachers. The sample 

size was chosen for this study due to limited access to other university teacher programs 

and the timeframe given to complete the study. Gathering data over the length of a 

teacher program and following pre-service teachers into the workforce may help to 

determine the true impact of the growth mindset strategies implemented within the 
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courses. Teaching mathematics is a complex discipline that requires educators to engage 

students in meaningful learning through subject-specific understanding and insight about 

underlying mathematical ideas (NCTM, 2014), which many pre-service teachers struggle 

to do once entering the workforce (Burton, 2012). By not following the participants for a 

longer length of time, it may be difficult to determine the sustained success of the 

interventions. Future researchers could also incorporate more self-reflective activities to 

assist students with learning how to implement such practices within their future 

classrooms. Students learn as they encounter knowledge by constructing their own 

meaning by talking, listening, writing, reading and reflecting on content, ideas, and 

problems (Zain et al., 2012). Strategies such as questioning, challenging tasks, and 

reflection opportunities enable students, including pre-service teachers, to learn how to 

navigate challenges within the mathematics classroom in a positive way (Dweck et al., 

2014). 

Another limitation is due to no recording mechanisms being utilized or additional 

observers monitoring conversations simultaneously. The researcher chose to have no 

recording device to capture the authenticity of students’ language and actions as well as 

to connect them to the task that was done. Having no recording device limited the 

observations to what the researcher was able to witness while visiting each part of the 

classroom. The notes written on the recording sheet may not have captured all of the 

language used by the students. This could potentially lessen or increase the percent 

change in growth mindset language and beliefs depending on what the researcher was 

able to summarize. Future research studies may want to include audio recording tools to 
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ensure all conversations can be analyzed and transcribed to determine more conclusive 

results. 

The last limitation within this program evaluation was that the instruction and 

activities of the course were not always monitored, presenting a disconnect between 

everything done within the course and what was observed. Due to time constraints and 

conflicts with the class schedule, the researcher was not able to visit the class during 

every session. Limiting the observations to three visits, the researcher could have 

potentially missed growth mindset strategies and instructional practices being 

implemented that may or may not have hindered student beliefs. Students may have 

encountered additional growth mindset strategies or implicit biases from the instructor of 

record, and it would be unknown as every class meeting was not observed. Future studies 

will want to observe every class or work with the instructor on the curriculum and 

instruction that will take place during the course. 

Conclusion 

When growth mindset strategies are implemented within a mathematics teacher 

preparation course, it sets the foundation for an openness to engage in math instruction 

that differs from what they may have previously encountered. Increased exposure to 

growth mindset interventions will strengthen the positive beliefs pre-service teachers 

experience. The findings presented within this study showed a positive impact on pre-

service teachers’ beliefs towards the teaching and learning of mathematics. Their 

background and prior experiences with mathematics was unknown, however, the mindset 

survey, classroom observations, and open-ended scenario all demonstrated growth 

amongst the participants from the beginning of course to the end of course. 
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Each of the constructivist practices observed within the course aligned with tenets 

of growth mindset, helping learners internalize and transform new information that can 

then enable the them to rethink prior ideas and apply the understandings in meaningful 

ways (Brooks & Brooks, 1999). Purposeful growth mindset interventions and 

instructional practices help craft an environment conducive to student actions that are 

ideal for a mathematician, i.e. risk-taking, valuing mistakes, productive questions, and 

critical thinking.  As pre-service teachers continue the journey into teaching mathematics, 

they will continue to encounter practices and beliefs that conflict with those they gained 

through this course. However, if they persist with self-reflecting and explore concepts 

that may have otherwise been a little challenging, pre-service teacher may be able to 

perpetuate the cycle of growth mindset within their class.  Until more teacher educators 

show more intentionality with implementing growth mindset, the ineffective practices 

within many schools may never decrease.
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TEDS-M Growth Mindset Survey 
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Appendix B 

Student Open-ended Scenario 

A teacher asked, “which of 4/5 and 6/7 is bigger?” to her class where students do not 
know equivalent fractions and decimals. She also wanted the students to explain their 
answers as if they are to explain them to a blind person. She separated the class into three 
groups and the following discussion took place among these groups.  

a. In what kind of a classroom in which there is such an established 
understanding/perception of in-class argumentation would you see such an 
interaction among students? In answering this question, analyze the dialog 
given next based on the kind of reasoning, questioning, inquiry, and answers 
students used.  

b. Why do you think the teacher in this scenario allows such an interaction 
among students? Would you follow such a method in your own classes? 
Explain your answer.  

c. How should students learn mathematics in the elementary classroom? 

[Note: Consider the question as if there is no competency (in the negative way) among 
students in this class.] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
Scenario #3 (Zembat & Yasa, 2015) 
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Appendix C 

Growth Mindset Coding Framework 

 

 

  



146 
 

 

Appendix D 

Observation Recording Tool 
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Appendix E 

CUIN 2320 Lesson Plan – Module 4 
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Appendix F 

CUIN 2320 Lesson Plan – Module 8 
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Appendix G 

CUIN 2320 Lesson Plan – Module 12 

 

 


