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Abstract 

 The belief that math ability is innate – some people have it, others do not, and 

there is little one can do to change their basic math ability – is particularly prevalent in 

the United States (Stevenson, Chen, & Lee, 1993) and has been linked to maladaptive 

behavior such as avoiding challenging work and giving up when encountering 

difficulty (Dweck, 2000).  Such beliefs may contribute to the persistent problem of 

relatively low performance and low interest in mathematics in the U.S. (Boaler, 2009), 

particularly among female (National Academy of Sciences, 2006), African American, 

and Latino (Flores, 2007) students.  Improving U.S. students’ math performance 

requires a better understanding of the sources of such beliefs.  This mixed-methods 

study investigates the ways in which math teachers may contribute to students’ beliefs 

and ideas about their own math potential.   

People’s beliefs about math ability tend to fall along a spectrum which ranges 

from a fixed mindset, the belief that one’s math ability is innate and limited, to a 

growth mindset, the belief that math ability is something that is malleable and can be 

developed through hard work and perseverance (Dweck, 2006).  Despite evidence 

suggesting the value of growth mindsets for student achievement, little is known about 

how teachers might influence student mindsets, particularly in relation to mathematics 

– a subject where fixed mindset beliefs abound (Stevenson et al., 1990).  To further 

our understanding of math teachers’ potential influence on student mindset, this study 

seeks to examine: a) the relationship between teacher beliefs and student mindset, b) 

how mindset messages might be communicated in the mathematics classroom, and c) 

how instruction varies across teachers with different mindset beliefs.    
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This dissertation analyzed survey data to examine whether teachers’ beliefs 

predict students’ mindsets and academic skills at the end of the academic year.  Using 

hierarchical linear modeling (HLM) (Raudenbush & Bryk, 2002), findings suggests 

that teacher mindset at the beginning of the year does not predict students’ mindsets at 

the end of the year, while controlling for students’ beginning of the year mindsets.  

Rather, teachers’ beliefs about the nature of mathematics predict student mindset at the 

end of the year.  Teachers who ascribed to more multi-dimensional views of 

mathematics at the beginning of the year, viewing math as more than procedures and 

rules, tended to have students with more of a growth mindset at the end of the year.   

Additionally, teachers who had more open access views of math teaching, believing 

that all students should have access to rigorous mathematics, were also more likely to 

have students with more of a growth mindset at the end of the year.  

Qualitative analyses of field notes, audio/video recordings of classroom 

observation, course materials, and teacher and student interviews examined the 

relationship between mindset and classroom practices.  Building upon existing 

frameworks (Boaler, 2013a), this study identified potential instructional practices 

(e.g., sorting students, setting classroom norms, using math tasks, and assessing and 

giving feedback) that may explicitly or implicitly communicate mindset messages to 

students.  Findings identified a continuum of teacher actions associated with a 

particular instructional practice that might support or discourage growth mindset in 

students.   

This study also examined how instructional practices varied across seven math 

teachers representing a range of mindset beliefs.  Findings suggest that the language of 
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growth mindset was prevalent in classrooms.  In their instruction, the majority of the 

observed teachers explicitly used the phrase “growth mindset” or phrases related to 

perseverance and effort.  However, beyond the rhetoric of growth mindset, the 

mathematics instruction in some of these classrooms seemed to contradict these 

explicit growth mindset messages.  Findings from this study further our understanding 

of this disconnect between mindset beliefs and practices.  

Developing knowledge of the ways teachers influence student mindset is 

crucial for leveraging the many benefits of growth mindset for students.  This study 

has the potential to enhance our understanding of classroom practices that serve as 

mediators between teacher and student mindset related to mathematics.  Findings from 

this study may also inform future experimental studies that examine the effects of 

interventions designed to change math teacher beliefs and teacher practice. By 

empirically identifying opportunities for teachers to convey mindset messages in their 

math lessons, this study can offer authentic examples of growth mindset math 

instruction and inform best practices for how teachers can help students develop more 

of a growth mindset related to the learning of mathematics.   
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Chapter 1: Introduction & Research Questions 1 

Chapter 1: Introduction and Research Questions 

“You can always get better in math.  There’s no limit.   

Just like there’s no limit in numbers.” 

- Carlos, 6th grade student 

 In recent years there have been various calls to equip students with the math-

related skills necessary for succeeding in the 21st century (Atkins et al., 2010; Casner-

Lotto & Barrington, 2006; National Governors Association, 2010).  Yet, the United 

States continues to face a persistent problem of low performance and low interest in 

mathematics (Boaler, 2009; Glenn, 2000).  The nation consistently lags behind other 

countries in international assessments.  In the Programme for International Student 

Assessment (PISA) survey of mathematical literacy given to 15 year old students in 

countries around the world, American students have consistently scored significantly 

below the average for OECD countries (nces.ed.gov).   

In addition to cross-national underperformance in mathematics, disparities in 

math achievement are also evident within the US.  The Black-White and Hispanic-

White achievement gaps in mathematics continue to persist (Flores, 2007; Ladson-

Billings, 2006; Lee, 2002; DB Martin, 2009; Tate, 1997).  In an analysis of the 

National Assessment of Educational Progress (NAEP) scores, Flores (2007) found that 

African American and Latino 12th graders “do math” at the same level as White 8th 

graders.  Flores also found that by eighth grade 91% of African Americans and 87% of 

Latino students are not proficient in mathematics, as assessed by NAEP.  Gender 

differences in mathematics also persist in the US – in general, women continue to be 

underrepresented in math related careers.  Fewer high school females intend to major 
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in a mathematics related field compared to their male counterparts, and this trend 

persists throughout college, as the attrition rates from math related fields for females is 

higher than for males (National Academy of Sciences, National Academy of 

Engineering, 2006). 

The belief that math ability is “fixed” or unchangeable may be a key reason 

why we continue to see underperformance and disinterest in mathematics in the 

United States.  In the United States there is greater social acceptance for the idea that 

some people are ‘just not good at math’ than in other academic domains (Stevenson et 

al., 1990, 1993). Stigler and Perry (1988) point to evidence that people in the U.S. are 

much more likely than those in Japan to believe that innate ability (as opposed to 

effort) underlies children's success in mathematics. Such evidence aligns with 

Dweck’s (2000, 2006) implicit theory of intelligence or mindset work, which identifies 

two views of intelligence: 1) an entity theory of intelligence (fixed mindset) in which 

an individual believes that intelligence or ability is fixed and unchangeable, and 2) an 

incremental theory of intelligence (growth mindset) in which an individual believes 

that intelligence or ability is malleable and can “grow” through effort. People’s beliefs 

about math ability tend to fall along a spectrum that ranges from a fixed mindset to a 

growth mindset.  Students with growth mindsets exert more effort, persist longer when 

they encounter difficulty, and achieve at higher academic levels than students with 

more fixed mindsets (Dweck, 2006c). 

 Despite evidence suggesting the value of growth mindsets for student 

achievement, little is known about the factors that potentially influence students’ 

beliefs about math ability (whether it is fixed or incremental).  Students may develop 
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their beliefs about math ability from a variety of sources, one of which is math 

teachers.  With this in mind, the purpose of this dissertation is to examine the role that 

middle school math teachers play in shaping students’ beliefs about math ability.  

I have elected to focus on middle school grades because there is increased 

inequity in mathematics instruction in these grades (Martin, 2009). The middle school 

years are also critical in children’s preparation for algebra, which impacts their 

ultimate math achievement (Gamoran & Hannigan, 2000; Moses & Cobb, 2001).  

Lastly, middle school marks a significant transition in children’s educational (between 

elementary and high school) and developmental (between childhood and adolescence) 

experiences, which can lead to significant shifts in motivation and perception of ability 

(Eccles et al., 1993; Eccles, Lord, & Midgley, 1991). Times of transition have been 

correlated with lowered school performance and increased dropout rates for Black and 

Hispanic students (Felner, Primavera, & Cauce, 1981; Simmons, Black, & Zhou, 

1991).  

 This dissertation seeks to examine the potential influence of teacher mindset on 

student mindset from three different approaches.  First, this dissertation will analyze 

the relationship between teachers’ and students’ beliefs about math ability.  Second, 

this dissertation seeks to understand how math instructional practices might 

communicate particular messages about math ability to students.  Lastly, this 

dissertation contributes to our understanding of the relationship between math teacher 

mindset beliefs and classroom instruction.  More specifically, I seek to address the 

following research questions: 

1) What are the relationships between teacher mindset, student mindset, and other 
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beliefs related to mathematics teaching and learning? 

2) How do mindset messages get communicated in the mathematics classrooms? 

3) How do math teaching practices vary across teachers who have different 

mindset beliefs? 

In Chapter 4, I address the first research question by examining survey data from 

teacher and student surveys.  The second research question is addressed in Chapter 5, 

where I present my conceptualization of a literature-based and empirically grounded 

framework for mindset math instruction.  In Chapter 6, I attempt to answer the final 

research question by using this framework to compare teaching across seven case 

study classrooms with teachers who have varying degrees of growth or fixed mindset 

beliefs.   Ultimately, the aim of this dissertation is to further our understanding of how 

math teachers might be able to support students’ development of a growth mindset 

towards mathematics, so students can experience and believe in the limitless potential 

of their math ability. 
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Chapter 2: Literature Review 

A growing body of research has shown the importance of growth mindset for 

student achievement (Aronson, Fried, & Good, 2002; Blackwell, Trzesniewski, & 

Dweck, 2007; Good, Aronson, & Inzlicht, 2003).  Yet, there is limited research 

examining the relationship between teachers’ and students’ mindsets, particularly with 

regards to mathematics – a discipline heavily plagued with fixed mindset beliefs 

(Stevenson et al., 1990; Stevenson, Lee & Chen, 1993; Stigler & Perry, 1989).  In this 

chapter, I draw from the literature to develop and justify a theory for the relationship 

between teacher and student mindset.  I begin with a review of evidence in support of 

the importance of growth mindset for student achievement.  I then use the literature to 

make a case for the importance of teacher mindset and its relationship to teacher 

practice1 and student mindset.  The final section of the literature review draws 

connections between research in psychology and mathematics education to develop a 

framework that may be useful for the analysis of math teaching using a mindset lens.  

This framework serves as the foundation for the conceptualization of how teachers 

might communicate mindset messages to their students through their teaching.   

Mindset and Student Achievement 

People’s beliefs about math ability tend to fall along a spectrum which ranges 

from a fixed mindset view, believing that math ability is innate and limited (e.g., some 

people have it and others do not) to a growth mindset view, believing that math ability 

is something that can be developed through hard work (Dweck, 2000; 2006). These 

                                                
1 In education there are many uses for the word “practice” (Lampert, 2010).  In this paper I refer to 
practices in the sense of “things that people do, constantly and habitually” (p. 5).  Under this 
conceptualization, teaching is viewed as a “collection of practices” (p. 5).  These practices can be 
observed through the “social action” (Lofland & Lofland, 1995) of teachers in their classrooms. 
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beliefs orient individuals towards particular goals, attitudes, and behaviors (Dweck & 

Leggett, 1988; Dweck, 2006a).  For example, Dweck and Leggett (1988) found that 

students who adhered to a fixed mindset, or entity theory of intelligence, tended to 

pursue performance goals  (getting the right answer) and participated in activities to 

demonstrate and confirm that they were “smart.”  In contrast, students who adhered to a 

growth mindset, or incremental theory of intelligence, tended to pursue mastery goals 

(gaining a deep understanding)  and were more focused on the process of understanding 

concepts and improving competence.  Various studies have shown that students who 

think intelligence is fixed exert less effort, have less confidence, lose enjoyment and 

persist less when they encounter difficulty compared to students who believe 

intelligence can be developed (Aronson et al., 2002; Blackwell et al., 2007; Good et al., 

2003; Hong, Chiu, Dweck, Lin, & Wan, 1999).  Additionally, in a study of junior high 

school students, Blackwell et al. (2007) found that students who endorsed more of a 

growth mindset at the beginning of seventh grade had significantly higher grades than 

students with more fixed mindset beliefs by the end of eighth grade.  

Having a growth mindset may be especially important for particular populations 

of students who have been traditionally marginalized in mathematics and related fields 

(Becker, 1981; Boaler, 2002c).  Such populations (e.g., females, African Americans, 

low SES) may be particularly susceptible to fixed mindset beliefs about math ability.  

Previous studies have found various gender patterns related to perceptions of math 

ability.  In a study of undergraduate students, Correll (2004) found that male students 

assessed their math ability higher than their equally performing female counterparts.  

Other studies have found that people generally view math as a “masculine domain” 
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(Correll, 2004; Hyde, Fennema, Ryan, Frost, & Hopp, 1990).  Additionally, in a study 

of secondary students, Altendorff (2012) found that low performing and female students 

were more likely to adhere to fixed mindset beliefs about ability than their high 

performing and male counterparts.  These gender differences extend to math-related 

fields (e.g., science, technology and engineering) as well.  In a study of undergraduate 

engineering majors, Heyman, Martyna & Bhatia (2002), found that female students 

were more likely than male students to believe that engineering ability is a fixed trait, a 

belief that was associated with greater likelihood of dropping a class when encountering 

difficulty.  

Ultimately, groups that are underrepresented in particular academic domains 

may be at greater risk of being judged stereotypically as having limited or fixed ability.  

Being in an environment that endorses such negative stereotypes may induce 

“stereotype threat” (Steele & Aronson, 1995), a situational threat that can lead to self-

fulfillment of a negative stereotype, increased anxiety, and lowered academic 

achievement for members of the stereotyped group (Davies, Spencer, Quinn, & 

Gerhardstein, 2002; Murphy, Steele, & Gross, 2007; Steele, 1997).  Various studies 

have demonstrated the negative effects of stereotype threat on female math performance 

(Davies et al., 2002; Kiefer & Sekaquaptewa, 2007; Spencer, Steele, & Quinn, 1999) 

and African American academic performance (Steele & Aronson, 1995).  The impact of 

stereotype threat is especially powerful for those who identify strongly with a particular 

group (Spencer et al., 1999). 

Despite the research demonstrating the propensity for underrepresented 

populations to adhere to more fixed mindset beliefs and to fall victim to stereotype 
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threat, various studies have shown that growth mindset interventions can change 

students’ mindsets and counter the negative effects of stereotype threat for particular 

populations.  These studies have also demonstrated the academic benefits of a growth 

mindset intervention.  For example, Aronson et al. (2002) implemented an intervention 

to counter negative stereotypes about intelligence for African American college 

students. African American students, and to some extent White students, who were 

encouraged to see intelligence as malleable rather than fixed obtained higher grade 

point averages, and report greater academic engagement and enjoyment.   Similarly, 

Good et al. (2003) conducted a mindset intervention to alleviate the academic 

underperformance associated with negatives stereotypes for female junior high students. 

For seventh grade girls, participation in a mentoring intervention to promote growth 

mindset improved scores on a statewide standardized math achievement test by a 

standard deviation compared to girls in a control group, who received an anti-drug 

intervention.   

In another study, Blackwell and colleagues (2007) examined the effects of a 

mindset intervention offered to low SES students at the beginning of seventh grade. The 

control group received eight sessions focusing on the anatomy of the brain and study 

skills, whereas the treatment group received eight sessions focusing on the malleability 

of intelligence and study skills. The researchers found that the treatment intervention 

changed students’ mindsets; students who received a growth mindset treatment 

intervention endorsed more of an incremental theory of intelligence than students in the 

control group. Math grades for students who received the mindset intervention 

continued to improve over the course of the school year, whereas math grades for 
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students in the control group continued to decline.  Additionally, 27% of students in the 

treatment group were cited by their teachers as having positive changes in motivation, 

as compared to only 9% of students in the control group.  

In summary, the potential benefits associated with students having a growth 

mindset have been well documented in the literature.  Furthermore, research has clearly 

shown that student mindsets can change to become more aligned to growth mindset 

beliefs.  In the next section, I turn to the teacher and examine evidence that suggests the 

importance of teachers also having a growth mindset.   

The Role of Teachers’ Mindsets 

Research examining how child beliefs about mathematics are shaped in adult-

child relationships has primarily focused on parent-child relationships (e.g., Frome & 

Eccles, 1998; Jacobs, 1991) and has paid relatively little attention to teacher-student 

relationships (Gunderson, Ramirez, Levine, & Beilock, 2012). Although some 

correlational studies have examined the relationship between teacher and student beliefs 

regarding math self-efficacy (e.g., Midgley, Feldlaufer, & Eccles, 1989) and math 

anxiety (Beilock, Gunderson, Ramirez, & Levine, 2010), the literature is lacking with 

respect to studies that directly examine the relationship between teacher and student 

mindset related to mathematics.  

Although the literature on teacher mindset is much less developed than the 

literature on student mindset, there is evidence suggesting that teachers’ mindsets may 

influence students’ mindsets.  A body of research examining teacher beliefs and math 

instruction have found that teachers’ beliefs subtly shape their instruction (Cross, 2009; 

Thompson, 1984).  More specifically, research suggests that teacher mindset might 



Chapter 2: Literature Review 
 

10 

influence teacher behaviors (Rattan, Good, & Dweck, 2012; Stipek, Givven, Salmon, & 

MacGyvers, 2001), which in turn may communicate particular messages about ability to 

students, and subsequently influence student mindset.  

A study conducted by Stipek and colleagues (2001) examined the association 

between teacher beliefs and classroom practices.  Similar to Dweck & Leggett’s (1988) 

findings for children, Stipek et al. (2001) found that teachers who hold more fixed 

mindset beliefs about math ability emphasized performance goals over mastery goals 

and provided fewer opportunities for student autonomy compared to their more growth 

mindset colleagues.  Teachers who engaged in more mastery oriented instructional 

practices tended to value effort, improvement, and challenge.  In contrast, teachers who 

emphasized performance oriented instructional practices tended to focus on correctness, 

ability differences, and competition (Stipek et al., 1998).  In turn, teachers who 

emphasized and believed that correctness was important tended to put less emphasis on 

effort (Stipek et al., 2001), a practice that would appear to be counter to the 

development of a growth mindset. Various studies have shown the negative impact of 

performance oriented teacher practices on students, such as greater use of self-

handicapping strategies (e.g., procrastinating, fooling around) (Urdan, Midgley, & 

Anderman, 1998), lower self-concept of ability (Anderman & Young, 1994), and 

greater attribution of failure to lack of ability (Ames & Archer, 1998); however, few 

studies have examined the consequences of performance oriented teacher practices on 

student mindset.  It may be particularly important to study this relationship in the 

context of mathematics, a discipline in which performance orientated views abound 

more than other subjects (Stodolsky, Salk, & Glaessner, 1991). 
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The literature has identified clear relationships between teacher mindset and 

goals (Stipek et al., 2001) and student mindset and goals (Dweck & Leggett, 1988; 

Dweck, 2000). Thus, suggesting that the types of instructional goals a teacher sets may 

be a mediating factor between teacher and student mindsets.  For example, teachers 

with a growth mindset may convey mastery-oriented goals, which would communicate 

to students that success can be achieved through effort.  Students may then interpret a 

teacher’s focus on mastery goals to mean that ability is malleable, and over time 

students may begin to adopt such growth mindset views of ability for themselves.  

Conversely, teachers with a fixed mindset may be more likely to set performance 

oriented goals that focus on correctness and ability differences.  Such an emphasis on 

performance goals may only exacerbate fixed mindset beliefs, as students may interpret 

such an emphasis on “right and wrong” and ability differences to mean that ability is 

something that one either has or does not have.  

In addition to emphasizing particular goals, various studies have identified other 

teacher behaviors that are correlated to teacher mindset.  Rattan, Good & Dweck (2012) 

found university graduate student math instructors who adhered to a fixed mindset more 

readily judged hypothetical students as having low ability than instructors who held 

more of a growth mindset.  In a follow-up study, Rattan et al., (2012) found that 

university math teaching assistants who held more of a fixed mindset were more likely 

to use “kind” strategies, such as assigning less work towards lower performing students.  

Furthermore, teaching assistants with entity theories of intelligence were more likely to 

give “comfort” feedback (e.g., “It’s ok, not everyone is a math person”) to low 

performing students than their growth mindset oriented colleagues. With these findings 
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in mind, it appears that teacher mindset is highly associated with differential treatment 

of students.  As illustrated by the work of Rattan et al. (2012), low performing students 

typically get “special” treatment (e.g., pity or watered down material) (Graham, 1990).   

One might expect teachers’ mindsets to have a similar influence on their treatment of 

high performing students.  For example, teachers with more of fixed mindset may be 

more likely to provide greater opportunities for high performing students to engage in 

“fun” or “enrichment” activities.  Likewise, teachers with more fixed mindset views of 

ability may also be more likely to affirm a high performing student as being “smart” or 

“a math person.”  Such differential treatment of students may send the message that 

some students are just  “able” (or “not able”), which would likely convey fixed mindset 

message to students.  

The research suggests that teacher mindset may indirectly influence student 

mindset through particular teacher behaviors (e.g., goals, treatment of student), yet it 

may be likely that teacher mindset can also directly influence student mindset.  

Literature on self-concept theories may help to explain the potential for teacher beliefs 

about mindset to directly impact student perceptions of ability. According to the 

symbolic interactionist theory of reflected appraisal (Cooley, 1968; Mead, 1994), 

individuals’ perceptions of self are based on their perception of how others think of 

them.  Cooley (1902) termed the “looking glass self” phenomenon, in which others’ 

opinions are internalized when developing one’s individual self-concept.  Correll (2004) 

argues that in assessing their own competence individuals inevitably rely on 

information provided by “legitimate evaluators” (p. 98), such as teachers.  These 

theories seem to confirm the possibility that students’ beliefs may in fact be reflections 
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of their teachers’ beliefs.  At least one study supports this claim.  Bouchey and Harter 

(2005) found that students’ appraisals of parents’ and teachers’ beliefs about the 

importance of math and the student’s competence predicted students’ beliefs about their 

own competence and performance in math.  With this finding in mind, it seems 

plausible that students’ beliefs of the nature of ability being fixed or incremental may be 

direct reflections of their teachers’ mindset. 

As evidenced by the literature, it is possible that teacher mindset can influence 

student mindset, both directly (through reflected appraisal) and indirectly (through 

teacher behavior). Figure 1 illustrates this hypothesized theory of action, which 

identifies classroom practices and messages as possible mediators between teacher and 

student mindset.  

 

Figure 1. Proposed Theory of Action 

In the following sections, drawing from literature in psychology and math 

education, I further illuminate the relationship between teacher and student mindset by 

examining other teacher practices that may communicate particular mindset messages to 

students. 

A Psychological Perspective: The Power of Mindset and Related Messages 

Growth mindset messages about math ability may be important for positive 

student outcomes.  At least one study supports this hypothesis.  Good, Rattan & Dweck 
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(2012) found that for female calculus students two factors in a math environment 

significantly eroded their sense of belonging in math: 1) perceptions of an environment 

that conveyed messages that math ability is a fixed trait and 2) the stereotype that 

women have less math ability than men.  This lowered sense of belonging, in turn, 

mediated female students’ declining math grades and decreased desire to pursue math in 

the future.  Such research underscores the need to examine the messages teachers 

convey about math ability to their students. Teachers likely communicate particular 

messages about ability being fixed or incremental through their behaviors, and these 

messages might subsequently influence students’ beliefs and academic outcomes.  In 

this section, I identify three teacher behaviors identified in the psychology literature that 

might communicate particular messages about the malleability of ability: 1) giving 

verbal praise, 2) setting high standards and giving assurance, and 3) using comparative 

classroom structures, which are described in the proceeding sections. 

Verbal Praise 

Commonly held notions of feedback align with a reinforcement perspective, in 

which positive feedback (praise) leads to positive or desired behavior and negative 

feedback (criticism) leads to negative or undesired behavior (Brophy, 1981).  However, 

studies on praise have shown that well-intentioned “positive” feedback may have 

“paradoxical” (Meyer, 1992) results, in which particular types of praise may lead to 

undesired behavior and negative outcomes (see Baumeister, Hutton, & Cairns, 1990; 

Brophy, 1981). 

Praising ability is one example of a presumably well-intentioned response that 

might have negative effects.  Mueller and Dweck (1998) found that praise for ability 
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has greater negative consequences on student motivation than praise for effort.  In a 

study of fifth graders, Mueller & Dweck found that students who were praised for 

intelligence rather than effort were more likely to care about performance goals relative 

to learning goals.  After experiencing failure, children who were praised for intelligence 

displayed less task persistence, less task enjoyment, greater attributions to low-ability, 

and lower task performance than children who were praised for effort. Furthermore, 

children in the study who were praised for intelligence were more likely to describe 

intelligence as a fixed trait whereas children who were praised for effort were more 

likely to believe that intelligence can improve.  

Another example of well-intentioned feedback that might have negative effects 

is person-based praise. Kamins and Dweck (1999) examined the effects of person-, 

outcome-, or process-based criticism and praise on children between 5-6 years old.  

Person-based feedback conveyed an evaluation of the child based on performance (e.g., 

“I’m very disappointed in you”), outcome criticism commented on the act itself (e.g., 

“That’s not the right way to do it”) and process criticism focused on the strategy used 

(e.g., “Maybe you should think of another way to do it”).  In a series of studies, the 

researchers found that children who received person-based feedback were more likely 

to display helpless responses (such as self-blame), to rate their performance lower, to 

have a less positive affect after completing a task, and to persist for less time on the task 

than students who received process-based feedback.  Furthermore, children who 

received person-based feedback were significantly more likely to believe that mistakes 

were indicative of “badness.”  These children were also more likely to believe that 

“badness” was a stable trait and endorsed more fixed views of badness.  These findings 
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suggest that it is plausible that person-based praise may also lead students to endorse 

other fixed views, including fixed views of ability.   

Extending the work of Kamins & Dweck (1999), Cimpian and colleagues (2007) 

studied the impact of generic and nongeneric praise on students.  Generic praise refers 

to a particular regularity or trait of single person (e.g., John is friendly), whereas 

nongeneric praise refers to a specific episode or past event (e.g., John was friendly at 

the party).  When being criticized on their work, children who received generic or trait 

based praise were more likely to undermine their own skills, feel sad, and avoid the 

activity than children who received nongeneric praise.  The authors argue that generics 

imply that performance is based upon an underlying stable trait rather than effort.  

Consequently, use of generic praise is likely to promote fixed trait thinking, which may 

only exacerbate fixed mindset beliefs. 

Similarly, even well intentioned generic categorical references to gender, race, 

or socio-economic status (SES) in association with ability can have negative 

consequences.  Cimpian (2010) examined the impact of using category-referring 

generic language about ability (e.g., “Girls are good at X”) versus nongeneric language 

(e.g., “There is a girl who is good at X”) on student motivation.  Children who heard the 

teacher use generic language about which groups of students were good at a particular 

task felt less motivated and competent, and enjoyed the task less than students who 

heard nongeneric language. Additionally, hearing generic language about the high 

ability of one’s own group (a positive stereotype) and the high ability of an outgroup 

(implied negative stereotype about own group) led to lower motivation in children. 

With this in mind, although teachers may have good intention by encouraging female 
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students by stating, “Girls are good at math,” such statements may not improve math 

performance; rather, they may reduce motivation and signal to students that ability is a 

stable trait. Furthermore, such use of generic language may also trigger fear of 

confirming negative stereotypes (e.g., stereotype threat). 

Meyer (1992) identified other paradoxes of well meaning praise.  He found that 

if a student was praised for an easy task, other students were more likely to believe that 

the teacher perceived the praised student as having low ability.  Conversely, if a student 

was criticized while completing a challenging task, other students were more likely to 

believe that the teacher perceived the criticized student as having high ability.  

Furthermore, Meyer (1992) found that inferences about effort influenced eleven and 

twelve year old children’s perceptions of others’ ability; for example, if a teacher 

praised a student who was known to have put in great deal of effort, other students 

judged the student as having lower ability than students who were not praised.  The 

work of Meyer and his colleagues highlight the importance of recognizing that all 

effort-based praise is not necessarily “good” praise.  Such work also elucidates the need 

of understanding the context in which praise is given.  For example, it is important to 

know if the praise is given in response to an easy task or whether there were other 

students present. 

Ultimately, context matters, yet extant psychological studies on verbal praise 

have been primarily based in experimental or researcher-directed contexts.  Few studies 

have examined the effects of praise and feedback in authentic contexts.  Gunderson et 

al. ( 2013) examined the effects of parent praise on young children in home 

environments, finding that parent praise for children’s work at ages 14-38 months 
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predicted children’s mindsets at ages 7-8 years.  The researchers observed 4.5 hours of 

“typical daily activity” six times over the course of 24 months.  They then coded parent 

praise into three categories: process praise (e.g., “good job,” “I like how you covered 

your mouth”), person praise (e.g., “good girl,” “you’re so smart”) and other praise (e.g., 

“Good!”).  Children whose parents used more process praise when they were younger 

were more likely to adhere to incremental theories of intelligence.  The researchers, 

however, did not find a significant relationship between parent use of person praise and 

children’s entity theories of intelligence.  The authors conjecture that this may be 

because very young children may be too young to associate person-based praise to 

entity theories.  Although the Gunderson et al. (2013) study had clear limitations, it 

does set a precedent for examining the relationship between praise and mindset in a 

naturalistic setting.  

The literature suggests that teacher praise influences students’ theories of 

intelligence; however as yet, no study has examined the relationship between the two in 

a naturalistic classroom context.  When examining teacher verbal praise, it is important 

to take into consideration the classroom ecology, especially since accompanying non-

verbal behaviors can enforce or contradict the praise (Brophy, 1981) and seemingly 

identical verbal praises can convey different messages depending on context (Meyer, 

1992) and sincerity (Henderlong & Lepper, 2002) 

High Standards and Assurance    

In addition to giving praise, teachers can communicate mindset messages 

through the types of standards they convey to their students.  Research on student 

interventions has emphasized the importance of establishing high performance 
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standards for students (Fullilove & Treisman, 1990).  Such standards presume that 

students have the motivation and ability to succeed, and invoking high standards 

conveys the message that students can succeed through persistence and effort, thereby 

implying that academic ability is not fixed.  Various studies illustrate how high 

standards might communicate growth mindset messages about ability. 

In an experiment with college students engaging in a writing task, Cohen, Steele 

and Ross (1999) examined the impact of giving “wise” feedback that communicates 

both high standards and assurance or affirmation that students could meet the standards.  

Students were placed in one of three conditions: (1) unbuffered condition in which 

students received criticism on their writing, (2) buffered condition in which students 

received criticism on their writing with a generic note of praise (e.g., “Overall, nice 

job”), and (3) a condition in which students received criticism with high standards and 

assurance.  Black students who received feedback with high standards and assurance 

reported higher task motivation, lower perceptions of racial bias, and higher perception 

of skills than students in the other two conditions.  Although student mindset was not 

assessed directly, students who received high standards and assurance feedback were 

more likely to focus on mastery (versus performance) goals, which would suggest 

greater alignment with a growth mindset perspective of ability (Stipek et al., 2001; 

Dweck & Leggett, 1988).   

In another high standards and assurance study, Yeager and colleagues (2012) 

examined wise feedback (Cohen et al., 1999) in the context of various low-income 

public middle and high schools.  The researchers found that wise feedback increased 

Black students’ motivation to resubmit their work and improved the quality of their 
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work.  Although mindset was not examined directly, students in the high standards and 

assurance condition seemed to believe that their ability could improve through effort (as 

evidenced by the willingness to resubmit their work), which is a likely reflection of a 

growth mindset.  Additionally, Yeager et al. (2012) found that bolstering students’ trust 

of teachers and the school helped students to be more receptive to feedback and 

therefore more willing to resubmit their work.  With this in mind, it is important to 

examine teacher behavior and classroom structures that create a trusting and safe 

environment for students, as students are more willing to exert effort (e.g., resubmit 

work) when they feel that they can trust the teacher.     

In both of the aforementioned high standards and assurance studies (Cohen et 

al., 1999; Yeager et al., 2012), there are two additional aspects that might also be 

significantly related to growth mindset.  First, students were given the opportunity to 

improve upon their work, which would appear to communicate the message that one 

could improve by trying again.  Such a message aligns with an effort-based (growth 

mindset) view of ability.  A second component of the high standards and assurance 

studies that may be highly related to growth mindset is the nature of the critical 

feedback.  Rather than providing generic feedback (e.g., “needs improvement” or “be 

clearer”) the critical feedback in both studies was specific and extensive (e.g., “Your 

letter is long on adjectives and short on specific illustrations…what were some of the 

specific things your teacher did that set her apart from other teachers?”).  Such feedback 

offers specific guidance for how one can improve his or her work, which may 

ultimately communicate that the work can be improved through greater effort – a 

message that aligns with growth mindset.   
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Clearly, high standards may help students develop more of a growth mindset; 

however, the converse may also be true – communicating low standards may influence 

students to develop more of a fixed mindset.  Various studies have identified teacher 

practices that communicate low expectations and low ability to students such as 

providing unsolicited help, communicating pity following failure, and assigning easier 

work (Good et al., 2012; Graham, 1990; Meyer, 1992; Rattan et al., 2012).  In contrast, 

high ability cues might include withholding help, becoming angry after a failure, and 

assigning more challenging work (Graham, 1990; Meyer, 1992).  Rattan et al., (2012) 

found that students who received “low ability” forms of comfort feedback (e.g., not 

everyone is meant to pursue a career in this field; not everyone can be smart in math) 

tended to view their instructor as having an entity theory of intelligence and perceived 

their instructor as having lower expectation of and investment in their performance.  

Additionally, students who received low ability forms of feedback reported lower 

motivation and lower expectations for their own performance – potential signs of fixed 

mindset beliefs about ability. 

Comparative Classroom Environments 

Another useful lens to help explain the relationship between teacher messages 

and student perceptions of intelligence may be Festinger’s (1954) social comparison 

theory.  According to this theory, individuals are driven to get accurate evaluations of 

their opinions and abilities by examining their opinions and abilities in comparison to 

others’ opinions and abilities. Viewing the teacher as a legitimate source of evaluation 

(Correll, 2004), students may assess their competence relative to the performance or 

evaluation (as given by the teacher) of peers.  Thus, if a teacher conveys to one student 
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who gave a correct answer that she is “smart”, another student with the wrong answer 

may conclude that he is “not smart.” Similarly, Meyer and colleagues (1986, 1992) 

found that differential distribution of praise and criticism signals teachers’ perceptions 

of individual students’ ability.  The researchers found that when a teacher criticized one 

student for a particular result and praised another student for identical performance, 

then the criticized student was deemed as having high ability and the praised student as 

having low ability.   

Furthermore, the classroom environment and structures established by a teacher 

might create social-comparative situations that influence students’ perceptions of their 

own ability as well as the ability of others.  In examining the effects of competitive and 

cooperative structures on student outcomes, Ames (1981) found that high performing 

students in a competitive reward structures rated their ability and “deservingness” to 

win higher than high performing students in a cooperative structure. Moreover, high 

performers in competitive structures attributed significantly less ability to their lower 

performing classmates than high performers in a cooperative structure.  Conversely, in a 

competitive environment, students who lost tended to have lower levels of self-

attribution of ability than low performing students in a cooperative structure.  Such 

evidence suggests that structures that emphasize social comparison can reinforce fixed 

mindset beliefs – for “winning” students they continue to view themselves as having 

natural ability, while low performing students continue to believe that they have a very 

limited amount of ability.   

Another competitive structure that might influence student mindset is the use of 

normative grading (e.g., grading on curve).  Under a normative grading structure only a 
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certain percentage of students would be able to earn an ‘A’ grade.  Such grading 

policies would likely induce greater competition amongst students (Black & Wiliam, 

1998a, 1998b), which might lead to a polarization of “winners” and “losers.”  Those 

who repeatedly find themselves on the “losing” side, having earned a low grade, might 

begin to internalize their losing as an indication of having fixed ability.  Some more 

growth mindset, less competitive, forms of grading might include the use of criterion 

based metrics and formative assessments (Black & Wiliam, 1998a, 1998b; Wiliam, 

2011), such as rubrics (Andrade, 2000), which focus more on progress towards a 

particular learning goal and personal improvement. 

In summary, I have identified three categories of teacher behaviors (praise, 

expectations, and comparative structures) that potentially mediate student and teacher 

mindset.  In the following section I examine research in mathematics education that 

have been shown to bring about high achievement in students, and I discuss how such 

research might be related to mindset.  

Math Instruction and Student Mindset 

There may be significant overlap between effective math instructional practices 

that improve students’ mathematical understanding and students’ development of a 

growth mindset (Boaler, 2013a).  In this section, drawing from the math education 

literature, I identify several features of mathematics instruction – (1) nature of the 

mathematics (Kilpatrick, Swafford, & Findell, 2001; National Governors Association, 

2010; Skemp, 1978; Stein, Smith, Henningsen, & Silver, 2009), (2) opportunities to 

learn (Hiebert & Grouws, 2007) and (3) demand for high level work (Boaler & Staples, 

2008; Kazemi & Stipek, 2001; Stein et al., 2009) – that seem closely linked to mindset.  



Chapter 2: Literature Review 
 

24 

For each of these features I identify several math teacher practices that the literature 

(Boaler, 2013b, 2015; Dweck, 2008; Suh, Graham, Ferranone, Kopeinig, & Bertholet, 

2011) has suggested to be associated with student mindset such as: use of mixed ability 

grouping (Cohen, Lotan, Scarloss, & Arellano, 1999), use of mistakes, (Boaler, 2013a), 

selection of tasks and press for justification (Boaler, 2013a; Kazemi & Stipek, 2001; 

Suh et al., 2011). 

Nature of Mathematics  

Several frameworks contribute to our understanding of the nature of the 

mathematics in which students might engage.  Skemp (1978) differentiates between 

instrumental and relational mathematical understanding.  Instrumental understanding is 

associated with mathematical rules or procedures and is often devoid of sense making 

and understanding, or what Skemp terms “rules without reason” (p. 2).  In contrast, 

relational understanding is associated with “knowing what to do and why” (p. 2), and in 

mathematics this is connected to reasoning and seeing the connections between 

different ideas.  

Over the decades others in the United States have built upon Skemp’s theory, 

furthering our understanding of how one might develop relational understanding.  The 

National Research Council (NRC) (Kilpatrick et al., 2001) synthesized a model for 

mathematical proficiency, comprised of five strands (see Figure 2): procedural fluency, 

conceptual understanding, adaptive reasoning, strategic competence and productive 

disposition.   
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Figure 2. Five Strands of Mathematical Proficiency (Adding It Up, NRC, 2001) 

According to NRC, the five strands are defined as follows (p. 5): 

• Conceptual understanding – comprehension of mathematical concepts, 

operations, and relations 

• Procedural fluency – skill in carrying out procedures flexibly, 

accurately, efficiently, and appropriately 

• Strategic competence – ability to formulate, represent, and solve 

mathematical problems 

• Adaptive reasoning – capacity for logical thought, reflection, 

explanation, and justification 

• Productive disposition – habitual inclination to see mathematics as 

sensible, useful, and worthwhile, coupled with a belief in diligence and one’s 

own efficacy. 

In this representation fluency with procedures is intertwined with the other four strands.    
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Thus, according to the NRC framework deep engagement in mathematical thinking is 

much more than simple procedural or instrumental understanding, involving 

engagement in all five strands of proficiency.  

The work of Stein and colleagues (Stein, Grover, & Henningsen, 1996; Stein, 

Smith, Henningsen, & Silver, 2000) presented a framework with which to analyze 

mathematical tasks.  This framework classified the cognitive demand of a mathematical 

task into four categories: 

1. Memorization, 

2. The use of formulas, algorithms, or procedures without connection to 

concepts, understanding, or meaning, 

3. The use of formulas, algorithms, or procedures with connection to concepts, 

understanding, or meaning, and 

4. Cognitive activity that can be characterized as "doing mathematics," 

including complex mathematical thinking and reasoning activities such as 

making and testing conjectures, framing problems, looking for patterns, and 

so on.  (Stein et al., 1996, p. 466). 

The first two levels of the cognitive framework focus on rote memorization and fluency 

with procedures, which align with Skemp’s (1978) notions of instrumental 

understanding.  The latter two levels relate to making connections between ideas and to 

engaging in mathematics in broader ways, which connects to relational understanding 

(Skemp, 1978). 

The most recent national endeavors to conceptualize rigorous student 

engagement in complex mathematics have resulted in the set of Mathematical Practice 
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Standards from the Common Core State Standards (CCSS) (National Governors 

Association, 2010).  The set of eight mathematical practices outlines the ways in which 

students should engage in mathematics, and represents the most recent national 

movement towards conceptualizing deep engagement in mathematics.  Included in the 

CCSS mathematical practices are the ideas of representing mathematical ideas, seeing 

and generalizing patterns, and justifying one’s reasoning.   

Combining these different frameworks, I am going to use the term one-

dimensional to describe mathematics that is primarily focused on memorization, 

procedures or rules.  This type of math is very narrow and closed (Boaler, 1998).  Math 

classes that operate under a one-dimensional view of math would be primarily focused 

on learning and using formulas accurately and correctly.  In contrast, I will use the term 

multi-dimensional (Boaler, 2006) to refer to mathematics that includes procedural 

fluency, but also includes conceptual understanding, sense making, and multiple 

solution paths.  Multi-dimensional mathematics is much more open than traditional 

rules-based math instruction (Boaler, 1998), allowing for multiple entry points to solve 

a problem, and for multiple ways to demonstrate mastery of the material.  Thus, multi-

dimensional mathematics is inherently more complex and rich than one-dimensional 

mathematics.  

Related to one-dimensional or multi-dimensional views of mathematics are 

various perspectives of learning (Bransford, Brown, & Cocking, 1999; Clements & 

Battista, 1990).  Clements and Battista (1990) claim that most math instruction and 

curriculum fall under what they identify as a “transmission” philosophy of instruction.  

Under this view, “students passively ‘absorb’ mathematical structures invented by 
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others and recorded in texts or known by authoritative adults. Teaching consists of 

transmitting sets of established facts, skills, and concepts to students” (p. 35).   A 

transmission-based perspective of learning best aligns with one-dimensional 

mathematics, as the focus is on rules and procedures.  This type of fact-and-rules based 

math instruction has a long history in the United States, dating back to the “drill and 

practice” era of the 1920s, resurrected in the “back to the basics” movement of the 

1980s (Lambdin & Walcott, 2007; Thorndike, 1922) and continuing through to more 

recent years (Boaler & Greeno, 2000; J. Stigler & Hiebert, 2009).  Under this more 

traditional, transmission-based model of mathematics instruction the teacher’s role is to 

give information and the students’ role is to memorize the procedures presented to them 

(Boaler & Greeno, 2000; Boaler, 2002a; Clements & Battista, 1990).   

A contrasting learning philosophy is constructivism, in which “knowledge is 

actively created or invented by the child” (Clements & Battista, 1990, p. 35). Under 

more constructivist philosophies learning is a more active and a social process (Bruner, 

1986; Vygotsky, 1978) than traditional transmission based approaches.  In mathematics 

classrooms that adhere to more constructivist philosophies students have more 

opportunities to make sense of the mathematical ideas and engage in a broader range of 

mathematical strategies beyond simply following a method or procedure (Boaler & 

Staples, 2008; Boaler, 1998, 2002a).  In these types of classrooms the role of the teacher 

is a facilitator who seeks to understand student thinking and promote mathematical 

sense making (Carpenter, Fennema, Peterson, Chiang, & Loef, 1989; Fennema et al., 

1996; Horn, 2008; Schoenfeld, 1992; M.S. Smith & Stein, 2011). 
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In a more one-dimensional or transmission based perspective of mathematic 

teaching and learning, teachers are the ones doing much of the mathematical thinking. 

Lessons under this model typically follow the Initiate, Response and teacher Evaluation 

(IRE) model, in which the teacher controls the primary contributor to the mathematical 

discourse with little student input (Cazden, 2001; Mehan, 1979). In a constructivist and 

more multi-dimensional perspective of math instruction, students are the ones who are 

doing the mathematical work and driving the mathematical discourse in the class 

(Boaler, 2002a; Clements & Battista, 1990; Cobb & Steffe, 1983; Horn, 2008; Lambdin 

& Walcott, 2007).  Research in mathematics education has repeatedly shown the value 

of students engaging in multi-dimensional mathematics (Boaler & Staples, 2008; 

Boaler, 1998).  In constructivist mathematics classrooms that focus on the multi-

dimensional nature of mathematics, students have more opportunities to experience 

mathematical success because multiple aspects of mathematical work are valued 

(Boaler & Greeno, 2000; Boaler & Staples, 2008; Boaler, 2002a; E. Cohen et al., 1999).  

As such, a focus on students’ constructing meaning and an emphasis on the multi-

dimensional nature of mathematics is likely to communicate growth mindset, as there 

are more opportunities for students to experience growth (Boaler, 2013b).  

Opportunities to Engage in Complex Mathematics 

The literature in mathematics education emphasizes the importance of providing 

opportunities for all students to engage in complex and conceptually rich mathematics 

(for review see Boaler, 2008; Hiebert & Grouws, 2007).  Providing opportunities to all 

students to engage in multi-dimensional mathematics would likely convey the message 

that everyone, not just an elite few, can successfully engage in rigorous mathematic – a 
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message that appears to be highly aligned with a growth mindset view of math ability 

(Boaler, 2013b; Suh et al., 2011). There are two primary strategies math teachers can 

implement to provide opportunities for all students to learn: 1) using mixed ability 

grouping structures and 2) selecting tasks that all students can access (E. Cohen et al., 

1999).   

Research in mathematics education has shown that the use of mixed ability 

grouping structures has been more effective than ability level (or tracked) grouping in 

providing opportunities for and supporting all students to engage in rich mathematical 

activity (Boaler, Wiliam, & Brown, 2000; Linchevski & Kutscher, 1998). In two 

longitudinal studies comparing teaching approaches in high school, Boaler (Boaler & 

Staples, 2008; Boaler, 1998) compared a reform- or constructivist-oriented approach 

with a more traditional or transmission approach to mathematical instruction.  In the 

reform-oriented classrooms, students worked in heterogeneous groups on longer more 

conceptual problems; whereas in traditional classrooms, students were placed in ability 

groups and were taught primarily through demonstration and practice. Students in the 

reform-oriented, mixed-ability grouped, mathematics classrooms, scored better on 

conceptual tests and equally well on traditional standardized tests.  Students in reform-

oriented classes were also more likely to persist longer when doing mathematics, to 

report enjoying doing mathematics more, to have intention to take advanced 

mathematics (Boaler & Staples, 2008) and to see math as relevant in their lives upon 

graduation (Boaler, 2012). 

There are various potential negative consequences associated with ability 

grouping in math classrooms (Boaler, 2013a).  In a study of middle school mathematics 
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classrooms, Boaler, Wiliam & Brown (2002) found that students perceived teachers as 

generally having lower expectations for students in low ability groups and assigned 

easier or “baby work” (p. 638).  Teachers also had higher expectations for students in 

high ability groups expecting that students were “supposed to know it all” (p. 636).  

These findings were consistent with past work in psychology examining teacher 

differential expectations (Graham, 1990; Meyer, 1992).  Such expectations paired with 

the fact that it is very difficult to move out of particular ability groups or “tracks” seem 

to communicate to students that math ability is fixed (Boaler, 2013a) – students in low 

ability groups receive the message that their ability is limited and they are not capable 

of doing more challenging work; whereas, students in high ability groups receive the 

message that math ability is not developed through effort, but rather math ability is 

something that one “just has.”  Such use of ability groupings within math classrooms 

and schools may only further exacerbate beliefs that math ability is a fixed trait for both 

students in low and high ability groups. 

Boaler & Staples (2008) identified one particular heterogeneous grouping 

strategy called complex instruction (Cohen, Lotan, Scarloss, & Arellano, 1999) that was 

used in the reform-oriented mathematics classrooms.  Complex instruction was 

designed to reduce status differences within groups by assigning particular roles to 

students, so that all group members can contribute to the success of the group.  At the 

heart of complex instruction is the selection of “group-worthy” tasks (Lotan, 2003), 

which has a set of core criteria: they must (1) be open-ended and require complex 

problem solving, (2) provide multiple entry points and multiple ways to show 

competence, (3) deal with important disciplinary content, (4) require interdependence 
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among the group members, and (5) have a clear criteria for evaluation.  The criteria for 

group worthiness is highly applicable to the selection of mathematical tasks that give all 

students access and opportunities to engage in rigorous mathematics.   

In the selection of a group-worthy mathematics task, teachers would need to 

choose problems that reflected the multi-dimensional nature of mathematics, allowing 

for multiple entry points for students to access the task in a variety of ways (Boaler, 

2006). Suh and colleagues (2011) argue that the teacher’s role in “designing 

mathematical tasks that allow multiple entry points, learning styles, and engagement,” 

“establishing a community of mathematics inquiry that embraces challenges,” and  

“using mathematics communication respectfully and clearly to make sense of 

mathematics” (p. 179) are all intricately intertwined with student development of a 

growth mindset in mathematics.   

Research in design education has begun to examine the relationship between 

more open-ended tasks and growth mindset beliefs.  Experimental work by Reid & 

Ferguson (2014) found that if students were introduced to open-ended design projects 

during their first year of university engineering undergraduate studies, they were less 

likely to have a fixed mindset at the end of the year.  Such evidence suggests the value 

of assigning complex, multidimensional problems in mathematics that require time and 

persistence. These types of problems may better help students to develop growth 

mindset beliefs about their math ability than a series of short problems that require step-

by-step procedures, 

Demanding High Levels of Mathematical Work 

The National Council of Teachers of Mathematics (2000) and now the Common 
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Core State Standards in Mathematics (National Governors Association, 2010) endorse a 

vision in which all students will engage in high levels of mathematical work including 

solving complicated problems, exploring patterns, and making conjectures.  In line with 

this vision of mathematics, research on effective mathematics instruction emphasizes 

the importance of students engaging in discussion to explain and justify their answers.  

Of particular importance is the idea of socio-mathematical norms (Yackel & Cobb, 

1996) in which students are expected to explain and provide evidence for their 

mathematical reasoning.   

In a study of math elementary school math instruction, Kazemi and Stipek 

(2001) further developed our understanding of socio-mathematical norms by describing 

how teachers press students for different levels of mathematical justification.  In “low 

press” classrooms teachers typically focused on procedures and tended to “gloss" (p. 

71) over inadequate solutions without much analysis.  In contrast, in “high press” 

classrooms teachers pushed students to examine mathematics beyond recognizing 

superficial features of math problems such as procedures towards understanding the 

underlying concepts and relationships embedded in the problem.  Teachers in high press 

classrooms encouraged students to compare different solution strategies and to 

triangulate between various mathematical representations (e.g., verbal, graphical, 

numerical).  Teachers in both high and low press classrooms viewed mistakes as 

essential to learning; however, only in high press classroom were mistakes used as 

opportunities to further student understanding. Oftentimes mistakes may be viewed as 

“failure” and can lead students to believe that they are not capable or “smart” (Mueller 

& Dweck, 1998).  Using mistakes in a manner that presses (Kazemi & Stipek, 2001) 
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students on their mathematical understanding may be an important differentiating factor 

for teachers to encourage growth mindset beliefs about math ability for their students 

(Boaler, 2013a).  Furthermore, messages about mistakes in mathematics can be 

productively linked to the brain’s ability to grow (Boaler, 2013a; Moser, Schroder, 

Heeter, Moran, & Lee, 2011).  For example, teachers might communicate to students 

that when they make a mistake they grow their brain (see youcubed.org for examples). 

The push for students to justify their mathematical reasoning is reflective of two 

growth mindset related practices addressed in the psychology literature: 1) high 

expectations (Cohen et al., 1999) and 2) mastery-oriented practices (Dweck & Leggett, 

1988).  Furthermore, pressing students to work hard to explain their reasoning is aligned 

with the first Mathematical Practice Standard of the Common Core State Standards for 

Mathematics, which requires students to “make sense of problems and persevere in 

solving them” (CCSS-M, 2010).  High press practices that recognize the importance of 

perseverance and the value of mistakes in mathematics may be an essential component 

for the development of growth mindset in mathematics classrooms. 

Summary 

Given the importance of student mindset on student achievement, it is important 

that we extend our understanding of how math teachers might influence student 

mindset.  Returning to my proposed theory of action (see Figure 1), I have identified 

several studies that examine the relationship between teacher mindset and teacher 

behavior (Stipek et al., 2001; Good et al., 2012) and various other studies that suggest 

that particular teacher behaviors and practices might be highly related to student 

mindset. Yet, few studies have empirically examined the relationship between teacher 
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mindset, teacher classroom behaviors and practices, and student mindset.  Ultimately, a 

careful examination of in situ math classroom practices may help to further illuminate 

the relationship between teacher and student mindset.   

Based on the literature reviewed in this chapter, I have organized a theoretical 

framework for understanding how to teach mathematics for a growth mindset.  This 

framework builds upon Boaler’s (2013) conceptualization of mindset and math 

teaching, which identifies six aspects of math classroom teaching that communicate 

mindset messages: questions asked, tasks, grading and feedback, mistakes, grouping, 

and norm setting.  I conceptualize four of Boaler’s (2013) aspects: sorting2, norm 

setting, using tasks, and giving feedback and assessing, as dimensions that can be used 

to organize the literature in psychology and math education related to mindset. Table 1 

classifies the literature addressed in this chapter into these four dimensions of math 

teaching. 

  

                                                
2 Informed by the literature on differential treatment and expectations, I re-conceptualized Boaler’s 
(2013) grouping aspect to become the sorting dimension.  What she identified as ability grouping is now 
one of three sorting practices. Similarly, I did not include Boaler’s mistakes as a dimension because under 
the current conceptualization use of mistakes is a practice under norm setting.  
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Table 1. Literature Based Math Teaching for Mindset Framework 

 Behavior/  
Practice Literature Fixed Mindset Growth Mindset 

So
rt

in
g 

Ability 
grouping 

Boaler et al., 
2000; Linchevski 
& Kutscher, 1998 

- Students are always in 
fixed/stable groupings 
based on ability 

- Students are never in 
fixed/stable groupings 
based on ability 

Comparative 
structures 

Meyer, 1992; 
Ames, 1981; 

- Teacher frequently 
makes references to 
comparisons with other 
students 
- Teacher uses 
“fixed”/person-based 
language about students 
(e.g., slow kids, low 
kids) 

- Teacher never makes 
references to 
comparisons with other 
students 
- Teacher uses flexible 
language about students 
(e.g., not their yet) 

Expectations 

Fullilove & 
Treisman, 1990; 
Good et al., 2012; 
Meyer, 1992; 
Rattan et al., 
2012 

- Teacher has low 
expectations for some 
students 
- Teacher pities low 
performing students 
- Teacher provides 
unsolicited help to low 
performing student 
- Teacher assigns 
easier/less 
mathematically rich 
work to low performing 
students 
- Some students never 
have access to the most 
challenging material 
- Teacher frequently 
makes statements such 
as, “some of you will get 
this” 

- Teacher has high 
standards for all students 
- Teacher does not 
provide unsolicited help 
- Teacher assigns 
mathematically rich 
work to all students 
- All students have 
access to the most 
challenging material in 
the class at all times 
- Teacher frequently 
makes statements that 
“all of you will get this” 
 
 

N
or

m
 

Se
tt

in
g 

Mindset 
Messages 

Dweck, 2006; 
Blackwell et al., 
2007; Aronson et 
al., 2002 

- Teacher does not 
follow-up or persist with 
students perceived as 
low performing 
- Teacher never 
encourages multiple 
attempts 

- Teacher consistently 
persists with students of 
all performance levels 
- Teacher frequently 
encourages multiple 
attempts 
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Perseverance 
Kazemi & Stipek, 
2001; Yackel & 
Cobb, 1996 

- Teacher does not 
follow-up or persist with 
students perceived as 
low performing 
- Teacher never 
encourages multiple 
attempts 

- Teacher consistently 
persists with students of 
all performance levels 
- Teacher frequently 
encourages multiple 
attempts 

Use of 
mistakes 

Boaler, 2013; 
Kazemi & Stipek, 
2001; Mueller & 
Dweck, 1998 

- Teacher does not use 
mistakes as learning 
opportunities. 
- Teacher often sends the 
message that mistakes 
should be avoided. 

- Teacher frequently 
uses mistakes as 
learning opportunities. 
- Teacher frequently 
talks about the 
importance of mistakes. 

U
si

ng
 T

as
ks

 Task 
selection 

Suh et al., 2011; 
Boaler & Staples; 
2008; Lotan, 
2003; Stein et al., 
1996 

- Mathematical tasks 
allow for one correct 
solution method 
- Mathematical task 
focus on correctness and 
speed over process 

- Mathematical tasks 
allow for multiple entry 
points 
- Mathematical tasks 
allow for multiple 
solution strategies 
- Mathematical task 
focus on process 

Press for 
justification 

Kazemi & Stipek, 
2001; Yackel & 
Cobb, 1996  

- Teacher does not 
encourage student 
explanation, sense 
making and justification 

- Teacher encourages 
student explanation, 
sense making and 
justification 

Teacher vs. 
Student 
Centered 

Boaler & Staples; 
2008; Lotan, 
2003; Clements 
& Battista, 1990 

- Teacher is primarily 
doing the mathematical 
thinking 

- Students are primarily 
doing the mathematical 
thinking 

G
iv

in
g 

Fe
ed

ba
ck

 &
 A

ss
es

si
ng

 Grading 
Policies 

Wiliam, 2011; 
Andrade, 2000; 
Black & Wiliam, 
1998 

- Grades are assigned 
based on a normal 
distribution 
- Teacher does not 
provide opportunities for 
students to resubmit 
their work 

- Grades are based on 
mastery or criterion (not 
on a normal distribution) 
- Teacher provides 
opportunities for 
students to resubmit 
their work 

Verbal 
“Praise” 
Messaging 

Rattan, Good & 
Dweck, 2012; 
Cimpian, 2010; 
Cimpian et al., 
2007; Kamins & 
Dweck, 1999; 
Mueller & 
Dweck, 1998; 
Meyer, 1992; 
Gunderson et al. 
(2013) 

- Teacher frequently 
talks about the value of 
intelligence or “being 
smart” 
- Teacher frequently 
praises intelligence 
- Teacher often makes 
ability attributions 
- Teacher focuses on 
performance and not 
mastery 

- Teacher never talks 
about the value of 
intelligence or “being 
smart” 
- Teacher frequently 
praises hard work and/or 
effort 
- Teacher frequently 
makes effort attributions 
- Teacher frequently 
focuses on mastery and 
not performance 

High Cohen et al., - Feedback is not - Feedback conveys high 
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Standards 
and 
Assurance – 
Written 
Feedback 

1999; Yeager et 
al., 2012 

meaningful 
- Feedback does not 
provide guidance and 
support for students to 
improve  
- Feedback focuses on 
what is right and wrong 
and does not 
acknowledge progress 
and areas for 
improvement 

standards and assurance 
- Feedback provides 
clear guidance and 
support for students to 
improve 
- Feedback 
acknowledges progress 
and areas for 
improvement 

 
This study will take both a psychological and sociological interpretive 

framework (Yackel & Rasmussen, 2002) to examine mindset in math classrooms.  The 

psychological perspective will examine teacher and student beliefs related to mindset 

and mathematics, and the sociological perspective will examine classroom math 

instruction, as it relates to norm setting and classroom practices.  This dissertation will 

elaborate and expand upon the theoretically based math teaching for mindset framework 

presented in this chapter.  I will introduce the revised framework informed by empirical 

evidence in chapter five.  The goal of this dissertation is to further our understanding of 

1) the relationship between teacher mindset, teaching practice, and student mindset, and 

2) how to better analyze math instruction using a mindset lens.  In the next chapter I 

discuss how I designed a study to address these two goals.  
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Chapter 3: Data and Methods 

Design Overview 

 This study took a mixed methods approach to try to understand the relationship 

between teacher and student mindset related to mathematics. The study consisted of two 

parts: (1) a pre-post survey analysis and (2) a case study.  The data and methods for 

each of these parts are addressed in following sections.  

Survey Study Overview 

The first part of the study was designed to gain an understanding of the 

relationship between teacher and student beliefs regarding math ability. I designed and 

tested survey instruments to measure students’ and teachers’ beliefs (fixed versus 

growth) related to math ability.  The survey also measured other student and teacher 

beliefs related to mathematics.  In addition to the traditional survey scales 

(agree/disagree, never/often), the surveys included qualitative short-answer survey 

items.  The survey was administered to 40 middle school math teachers and 

approximately 3400 of their students at the beginning and the end of the 2013-2014 

academic school year.  Using data from the surveys, I examined various correlations 

between the different belief constructs.  I also examined whether students’ beliefs 

changed over the course of the year in a direction that conformed to their teacher’s 

beliefs. 

Case Study Overview 

While quantitative data is useful for understanding general trends in data, I also 

wanted to better understand and identify factors that potentially drive such trends.  

Thus, the second part of the study was designed to better understand the association 
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among teachers’ beliefs about math ability, classroom practices, and students’ beliefs 

about math ability.  The purpose of the case study was to deepen our understanding of 

how teachers might communicate mindset messages in their classroom instruction.   

Based on the teacher survey administered at the beginning of the school year, I 

purposefully sampled (Marshall, 1996) eight middle school math teachers who 

represented a range of beliefs about math ability (from fixed mindset to growth 

mindset) and who taught in similar grade levels.  Over the course of one year, I 

conducted parallel case studies (Yin, 2009) of these eight case teachers.  Through the 

conduct of ethnographic methods (Eisenhart, 1988), such as teacher and student 

interviews, classroom observations and analysis of classroom talk and course materials 

(e.g., feedback on assessments, postings on the wall, syllabi, etc.), I examined 

differences in how these case math teachers communicated particular messages about 

math ability to their students.  I also examined how teaching differed across math 

teachers’ with different mindset beliefs.  

Setting 

Six middle schools in northern and southern California were selected to 

participate in the study.  These schools were selected because they represented a variety 

of public schools that teach diverse populations in California.  The student population at 

these schools ranged from approximately 530 students to nearly 1200 students.  The 

schools served children from predominately low-income families.  The percentage of 

classified English Language Learners (ELLs) for the schools ranged from 22% to 72%  

(see Table 2).   

Table 2.  School Student Demographics 2012-2013 School Year*  
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  Central Eastside 
Valley 
View Shoreline Brookside Westside 

Over-
all 

Black 3% 4% 3% 3% 4% 2% 4% 
American 

Indian 1% 0% 0% 0% 1% 0% 0% 

Asian 4% 4% 11% 9% 5% 1% 7% 
Filipino 2% 1% 6% 16% 2% 1% 5% 
Hispanic 78% 46% 50% 62% 49% 87% 57% 
Hawaiian 0% 2% 8% 1% 0% 1% 2% 

White 11% 38% 17% 8% 36% 7% 22% 
Low SES 80% 51% 62% 71% 49% 91% 62% 

ELL 44% 25% 44% 53% 22% 72% 37% 
Total n 1017 1190 530 772 1192 575 5276 

*Data retrieved from cde.ca.gov. 
Teacher Participants 

A total of 40 middle school math teachers completed the pre-survey.  All 

teachers volunteered to participate.  To ensure that teachers were not primed to know 

that the study was specifically focused on mindset, I told the teachers that I was 

interested in examining teacher and student perceptions of mathematics teaching and 

learning.  There were 17 male (42.5%) and 23 female (57.5%) participants, with 

varying years of teaching experience. Table 3 summarizes the teaching experience of 

the participating teachers. 

Table 3. Teaching Experience 

Years Teaching n Percent 
0 years 1 2.5% 
1-2 years 2 5.0% 
3-5 years 5 12.5% 
6-10 years 7 17.5% 
11-15 years 9 22.5% 
16+ years 16 40.0% 

 
The majority of the teachers self-identified as being White or Caucasian (75%).  Table 4 

highlights the racial composition of the study teachers.  

Table 4. Teacher Race 
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Race n Percent 
Asian 5 12.5% 
Black/African American 2 5% 
Hispanic/Latino 2 5% 
White/Caucasian 30 75% 
Pacific Islander and White 1 2.5% 
 
The majority of the teachers held a single subject math credential.  Table 5 

summarizes the different types of teacher credentials.  Of the teachers having a multiple 

subject credential without mathematics authorization, two had science authorizations.  

Two of the teachers in the other credential category attained a single subject physical 

education credential but later earned a math authorization.   

Table 5. Teacher Credentials 

Credential n Percent 
Single Subject Math 18 45.0% 
Multiple Subject with Mathematics Authorization 6 15.0% 
Multiple Subject without Mathematics authorization 12 30.0% 
Other 4 10.0% 

 

Case Teacher Participants 

The case study teachers were selected in pairs so I had at least two teachers who 

taught similar courses (e.g., Math 7) but had different mindset beliefs.  Four teachers 

adhered to more of a fixed mindset and four adhered to more of a growth mindset.  

Whenever possible, teachers were matched on years of experience.  Table 6 illustrates 

the pairing of the different teachers. 

Table 6. Case Study Teachers 

 

Relatively more  
fixed mindset 

Relatively more  
growth mindset 

Years teaching 

6th grade Ms. Murphy Mr. Reese 3-5 yrs. 
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6th grade Ms. Jordan Mr. Taylor 6-10 yrs. 
7th Grade Ms. Carter - dropped Ms. Avery 11-15 yrs. 
8th Grade Mr. Kennedy Mr. Sydney 16+ and 6-10 yrs. 

 
Due to health issues Ms. Carter missed a significant amount of time in the classroom 

and was thus dropped from case study. 

Student Participants 

Students from each of the participating teacher’s math classroom were surveyed 

at the beginning and the end of the school year.  There were approximately 3100 and 

3500 students surveyed in the pre- and post-surveys, respectively.  All student data was 

collected upon receiving parental consent (either active or passive, depending on IRB 

requirements). For the case study, I selected a case class period for each case teacher.  

Based on the pre-test beliefs survey, I purposefully sampled (Marshall, 1996) four to 

seven students from each of these case classes to interview towards the end of the 

academic year (April-June time frame). When selecting these students, I tried to select 

at least two students from each class who had more of a growth mindset and another 

two that had more of a fixed mindset, depending on who returned consent forms.  

Teacher Survey Measures 

Teacher Reported Practice Items 

The teacher survey completed at the beginning and the end of the academic year 

asked several questions relating to their self-reported classroom practices.  There were 

two sets of items.  The first set of items was designed to assess the how frequently 

teachers engaged in particular practices: 

• In your class(es), when grouping students how often do you group students 

by math skill or ability level?  (5 point scale, 1= rarely and 5 = all the time) 
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• How often do you allow students to resubmit tests for a regrade? (5 point 

scale, 1= rarely and 5 = all the time) 

• How often do you allow students to resubmit assignments (e.g., classwork, 

homework) for a regrade? (5 point scale, 1= rarely and 5 = all the time) 

• How often do you publicly discuss an individual student’s mistakes in front 

of the whole class? (4 point scale, 1 = rarely and 4 = regularly) 

• How often do you give different assignments to different students based on 

achievement or ability? (4 point scale, 1 = rarely and 4 = regularly) 

The second set of items assessed teachers’ practices in their perceived highest- and 

lowest-level course.  For this set of items teachers reported how frequently students in 

the lowest class and highest class engaged in particular activities.  Responses were 

measured on a six-point scale from never to daily.  The prompt for the teachers read, “In 

your highest level course(s), how often do students do each of the following”: 

• Work in groups 

• Engage in math exploration/discovery 

• Engage in discussion with peers 

• Work on projects that take several days to complete 

• Explain their reasoning in written or verbal form 

• Do math worksheets or textbook work. 

Teacher Belief Measures 

The 64-item survey was designed to measure their beliefs and practices related 

to mathematics and math teaching and learning.  The survey was designed to measure 

five belief constructs: mindset, expectations, beliefs about the nature of math, access 
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views of math, and willingness to experiment.  The survey items were measured on 

either 5-point scale measuring perceived importance or a 6-point scale measuring level 

of agreement.  The survey items related to these constructs are listed in Table 7, and 

their descriptions are in the following sections. For each construct, a means scale score 

was calculated by averaging the individual item scores. 

Table 7. Teacher Survey Construct Items 

Item No. Teacher Mindset Belief Construct Items (Agree/Disagree) 
Q24 There are limits to how much people can improve their basic math ability. 

(Reverse) 
Q30 You have a certain amount of math intelligence, and you can’t really do 

much to change it. (Reverse) 
Q32 Some students have a knack for mathematics and some just don't. (Reverse) 

 
 Teacher Expectations Belief Construct Items (Agree/Disagree) 

Q19 In math class there will always be some students who simply won't "get it." 
(Reverse) 

Q25 Some students are not going to make a lot of progress this year, no matter 
what I do. (Reverse) 

Q28 In my class(es), students who start the year low performing tend to stay 
relatively low performing at the end of the year. (Reverse) 

 
 Teacher Nature of Math Belief Construct Items (Agree/Disagree) 

Q21 Mathematics involves mostly facts and procedures that have to be learned. 
(Reverse) 

Q23 There is usually only one way to solve a math problem. (Reverse) 
Q26 In mathematics, answers are either right or wrong. (Reverse) 
Q27 Discussing students' errors with the class is a good strategy for enhancing 

students' understanding. 
 

 Teacher Access Views Belief Construct Items (Importance Scale) 
Q34 How important is it for students to acquire basic math skills before engaging 

in complex conceptual math problems? (Reverse) 
Q37 When learning math, how important is it that students are placed into math 

classes according to their math achievement (ability grouping)? (Reverse) 
 
Item No. Teacher Willingness to Experiment Construct Items (Agree/Disagree) 

Q56 I like trying out new ideas in my teaching. 
Q58 I often hesitate before trying out a new idea in my classroom. (Reverse) 
Q59 I enjoy experimenting with my teaching. 
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Q60 In my teaching I prefer sticking with what I already know over / trying 
something new. (Reverse) 

 
I originally theorized a mindset construct that consisted of six items measured 

on a six-point agree-disagree scale (1=strongly disagree and 6=strongly agree).   Two 

items were selected from Rattan et al.’s (2012) survey.  The remaining four items were 

taken from Stipek et al. (2001) survey. Factor analysis of the six mindset items in the 

pre-survey suggested that there were two components from the original six items.  Table 

8 shows the results of the principal component factor analysis for these teacher items in 

the pre-survey, which identified two factors 1) mindset, consisting of three items and 2) 

teacher expectations, consisting of another three items accounting for 46% and 18% of 

the variance, respectively. 

Table 8. Teacher Survey Factor Analysis – Mindset & Expectations 

 
Component 

  Mindset Expectations 
Pre_Q19_Reversed 0.319 0.804 
Pre_Q24_Reversed 0.83 0.108 
Pre_Q25_Reversed 0.109 0.761 
Pre_Q28_Reversed 0.137 0.791 
Pre_Q30_Reversed 0.857 0.159 
Pre_Q32_Reversed 0.636 0.259 

 

Teacher mindset. The three items in the mindset construct most closely related 

to entity theories of intelligence and were associated with beliefs related to math ability 

being fixed.  Questions 24 and 30 were modifications from surveys used by Dweck and 

colleagues (Rattan et al., 2012), and question 32 was adopted from the work of Stipek 

and colleages (Stipek et al., 2001). These items were reversed coded to orient the scale 

in the positive direction so that a higher means scale score would indicate more of a 
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growth mindset.  The teacher mindset items had a pretest alpha of 0.688 and posttest 

alpha of 0.465.3 

Teacher expectations. The set of items in the expectations construct consisted 

of three items that were related to teacher’s beliefs about whether all students could 

succeed.  These items relate to teachers’ beliefs about students’ progress, understanding 

and performance. The expectations items had a pretest alpha of 0.726 and a posttest 

alpha of 0.472.4 These items were also reversed coded to orient the scale in the positive 

direction so that a higher mean scale score would indicate higher expectations for 

students. 

Teacher beliefs about the nature of math.  The construct measuring teachers’ 

beliefs about the nature of math consisted of four items measured on a six-point agree-

disagree scale (1=strongly disagree and 6=strongly agree).  These items were taken 

from the My Beliefs about Mathematics and Teaching scale (Stipek et al., 2001).  These 

four items were designed to capture teachers’ beliefs about the nature of mathematics 

on a range from beliefs about math being fixed and procedural to beliefs about math 

being open ended and not focused on correctness or procedures.  For the purposes of 

this study, a more procedural or rules-based perspective of mathematics will be called a 

one-dimensional view of math.   A more open conception of math incorporating 

conceptual understanding, procedural fluency, sense making and multiple solution 

                                                
3 One possible reason for the lack of coherence in the post-test alphas for Mindset is that two of the 
participating schools underwent school-wide mindset interventions at their sites, which began after the 
first week of school.  In the pre-survey teachers from these two schools seemed to have coherent mindset 
beliefs (α=0.842, n=14).  However, in the post-survey the alpha significantly dropped (α=0.263).  
Teachers’ mindset beliefs, particularly for this group of teachers and possibly others, may be shifting and 
they may thus have inconsistencies in their responses.  
4 (See previous footnote.) The pre- and post-alphas for the expectation construct did not significantly 
change for the 14 teachers at these two school sites.  It is not clear why the construct did not have 
coherence in the post survey.  
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strategies will be called a multi-dimensional view of math. Question items 21, 23 and 26 

were reverse coded, so that a higher mean scale score would indicate a less procedural 

and narrow view of mathematics.  The beliefs about math items had a pretest alpha of 

0.650 and a posttest alpha of 0.657. 

Teacher access views of math.  Many teachers believe that low-achieving 

students should not have access to work that requires higher order thinking (Zohar, 

Degani, & Vaaknin, 2001).  The access view of math construct consisted of two items 

measured on a five-point importance scale to measure teachers’ beliefs about who 

should have access to more complicated mathematics (1=not at all important and 

5=extremely important).  For the purposes of this study, responses that aligned with the 

belief that basic skills need to be acquired before students engage in complex 

conceptual math and that ability grouping or segregating students based on achievement 

level is important was termed a closed access view of math.  In contrast, responses that 

disagreed with the importance of the two items indicated a belief that all students 

regardless of basic math skills should engage in complex math and all students would 

benefit from mixed ability grouping.  As such, disagreement with the importance of the 

two items in the access view measure was termed open access view of math because 

disagreement reflected a view in which more students should have access to complex 

mathematics.  The two items in this measure were reverse coded so that a higher mean 

scale score indicated a more open access view of mathematics.  The two items had a 

pretest alpha of 0.836 and posttest alpha of 0.702.  

Teacher willingness to experiment.  In the post survey given at the end of the 

academic year additional items were added to measure teachers’ beliefs related to their 
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willingness to experiment.  This construct consisted of four items measured on a six-

point agree/disagree scale (1=strongly disagree and 6=strongly agree).  I decided to add 

this construct to the survey because a theme of risk taking and experimentation emerged 

in an examination of the classroom observation data, and I wanted to capture this 

construct in the post survey.  The posttest alpha for this construct was 0.725. 

Teacher Belief Survey Summary 

The five belief constructs for the teacher survey are summarized in Table 9.  The 

correlation coefficients between the pre- and post-survey suggest stability for the 

mindset and nature of math beliefs and a fair degree of stability for expectations and 

access views.  However the reliability for the mindset and expectations construct 

dropped in the post-survey. 

Table 9. Teacher Belief Construct Alphas, Means and Pre-post Correlations 

Belief Construct 

 Alphas 

Pre-post 
correlation 

Pretest Posttest 

Mindset 0.688 0.465 0.841** 
Expectations 0.726 0.472 0.666** 
Nature of Math 0.65 0.657 0.821** 
Access Views 0.836 0.702 0.526** 
Willingness to Experiment - 0.725 - 

 Student Survey Measures 

At the beginning and the end of the 2013-2014 academic school year students of 

the surveyed teachers were given an 18-item survey to measure their beliefs related to 

math.  The survey was designed to measure four belief constructs: mindset, beliefs 

about the nature of math, performance orientation, and identification with math.  

Principal component factor analysis of the student survey items confirmed these four 
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constructs in both the pre-surveys.  Table 10 shows the results of the factor analysis for 

the student pre-survey, which identified four interpretable factors accounting for 19.3%, 

14.2%, 9.1% and 7.5% of the variance, respectively.   

Table 10. Results of Factor Analysis for Student Pre-survey  

 
Component 

  
Identification 

with math Mindset 
Mastery 

Orientation 
Views of 

Math 
Pre_Q2_Reverse 0.036 0.547 0.056 0.085 
Pre_Q3 -0.29 0.21 -0.034 -0.511 
Pre_Q4_Reverse 0.065 0.131 0.123 0.559 
Pre_Q5_Reverse -0.065 0.718 0.049 0.068 
Pre_Q6 -0.028 0.393 0.093 0.469 
Pre_Q7 -0.095 0.185 0.155 -0.568 
Pre_Q8_Reverse -0.076 0.214 0.14 0.542 
Pre_Q9_Reverse -0.097 0.706 0.031 0.053 
Pre_Q10 0.827 -0.041 0.068 0.135 
Pre_Q11_Reverse -0.145 0.627 0.046 -0.142 
Pre_Q12 0.821 -0.076 0.039 0.14 
Pre_Q13_Reverse 0.808 -0.044 0.004 -0.036 
Pre_Q14 0.843 -0.103 0.042 0.03 
Pre_Q15 0.017 0.103 0.704 -0.025 
Pre_Q16 0.033 0.247 0.586 0.022 
Pre_Q17 0.02 -0.009 0.798 0.079 
Pre_Q18 0.131 -0.285 0.541 0.338 

 
 Table 11 displays the survey items for four belief constructs related to: mindset, 

the nature of math, mastery/performance orientation, and identification with math.  Like 

the teacher survey, a means scale score was calculated for each construct by averaging 

the individual item scores.  The following sections describe each construct.   

Table 11. Student Survey Items 

Item No. Student Mindset Belief Construct Items 
Q5 You have a certain amount of math intelligence, and you can’t really do 

much to change it. (Reverse) 
Q9 There are limits to how much people can improve their basic math ability. 
Q11 Some kids can never do well in math, even if they try hard. (Reverse) 
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 Student Nature of Math Belief Construct Items 

Q4 Mathematics involves mostly facts and procedures that have to be 
learned. (Reverse) 

Q6 People who really understand math will have a solution quickly. 
(Reverse) 

Q8  
(dropped) In math, answers are either right or wrong (Reverse) 

 
 Student Mastery Oriented Belief Construct Items 

Q15 In math, how important is it to avoid making mistakes? (Reverse) 
Q16 How important is it that you to do better than other students in your math 

class? (Reverse) 
Q17 In math class, how important is it to get the right answer? (Reverse) 
Q18 How important is it that you do well in math? (Reverse) 

 
 Student Identification with Math Construct Items 

Q10 I see myself as a "math person". 
Q12 How much do you like math? 
Q13 Math is ___________ (easy to hard) for me. (Reverse) 
Q14 I am ___________ (bad to good) at math.  

 
Student mindset.  The student mindset construct consisted of three items 

measured on a six-point agree/disagree scale.  These items were used to assess student 

beliefs about math ability.  Two of the items were the same two items from the teacher 

survey (Q5 and Q9), which came from the work of Dweck and colleagues.  The third 

item (Q11) came from Stipek et al. (2001)5. These three items were reverse coded so 

that a higher mean scale score would indicate more of a growth mindset.  The student 

mindset items had a pretest alpha of 0.621 and a posttest alpha of 0.677.   

 Student beliefs about the nature of math.  The original construct to measure 

student beliefs related to the nature of mathematics had three items.  However, dropping 

the question related to answers in math being right or wrong (Q8) yielded a higher 

                                                
5 This item was changed from the teacher survey item, “Some students have a knack for math and some 
don’t”, because during the piloting of the student measure some students had a difficult time 
understanding what was meant by the word “knack.” 
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Cronbach’s alpha (see Appendix for reliability analysis). Thus, there were two items 

that comprised the nature of belief construct, Q4 and Q6.  These items were adopted 

from Stipek et al. (2001). The items were reverse coded so that a lower mean scale 

score indicated a more procedural and speed driven view of mathematics.  The pre- and 

post-survey alphas for the two item construct were 0.595 and 0.648, respectively. 

Student mastery (vs. performance) orientation.  The set of four items in this 

construct related to students’ perceptions of performance-oriented behaviors, such as 

making mistakes or getting the right answer.  The scores were reverse coded, so that a 

low mean scale score indicated more of a performance orientation and a higher mean 

scale score indicated more of a mastery orientation.  The Cronbach alphas for these 

items were 0.595 in the pre-survey and 0.627 in the post-survey.  

Student identification with math.  Four items were used to measure student 

identification with math.  A higher mean scale score for this construct would indicate 

more of a positive identification with mathematics.  Question 13 was thus reverse coded 

to reflect this directionality of scaling. The pre-survey alpha was 0.837 and the post-

survey alpha was 0.808. 

Student Belief Survey Summary 

Table 12 summarizes the means and correlations for the pre- and post-student 

surveys.   

Table 12. Student Belief Construct Alphas, Means and Pre-post Correlations 

Belief Construct 

 Alphas Pre-post 
correlation 
(n=2168) 

Pretest Posttest 

Mindset 0.621 0.677 0.486** 
Nature of Math 0.595 0.648 0.355** 
Mastery 0.594 0.627 0.430** 
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Identification with Math 0.837 0.808 0.304** 
**p<0.01 (2-tailed). 

    
Student Academic Outcomes 

 In 2013-2014 many states, including California, were transitioning from localized 

state controlled educational standards to the Common Core State Standards (CCSS).  As 

a consequence, the present study did not examine student academic outcomes. 

Case Study Data Sources 

 For the case study, I collected a variety of data, including audio and video records 

of classroom observations, audio recordings and transcripts of teacher and student 

interviews, and various course content materials from the case classes. 

Classroom Observations 

 I audio recorded at least three lessons during the first two weeks of school. I 

elected to examine the first few days of school because the beginning of the school year 

provided a unique window in which teachers explicitly communicated their 

expectations for this classroom, as noted by Patrick and colleagues (2003).  I was able 

to observe the beginning of school for six case study teachers.  However, I was unable 

to observe the first two weeks in Ms. Avery’s class because she taught at a year round 

school and the year began one month earlier than the other schools.  I talked to Ms. 

Avery in her first interview to discuss how she designed the first few days of her class.  

During this interview she showed artifacts from the first few days of her class. 

 Throughout the academic year (September 2013 - May 2014), I audio and video 

recorded at least seven additional class sessions per case teacher, for a total of between 

11 to 13 observations per teacher (see Table 13). These video recorded class sessions 

were selected with the case teachers to ensure that the observation lessons included 
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classroom activity (as opposed to assessment sessions).  The audio and video recordings 

of class sessions spanned across the academic year with the hopes of capturing any 

variations in teacher practice or messaging over the course of the year.  The video 

camera was set up in the back of the classroom and followed the teacher.   The teachers 

wore microphones to capture their verbal comments.   

Table 13. Case Teacher Observations 

Teacher School Case Class No. of Obs. 
Ms. Avery Shoreline Math 7 13 
Ms. Jordan Valley View Math 6 12 
Mr. Kennedy Central Math 8 11 
Ms. Murphy Brookside Math 6 11 
Mr. Reese Brookside Math 6 12 
Mr. Sydney Brookside Math 8 11 
Mr. Taylor Brookside Math 6 13 

 
 In addition to the use of audio and video equipment to capture student and teacher 

interactions in the case math classes, I was present to take detailed field notes. The field 

notes were used to help index particular events in the classroom, and were helpful for 

doing on going analysis.  Consistent with ethnographic methods (Emerson, Fretz, & 

Shaw, 2011), I would often write comments or memos in the side margins to indicate 

particular questions or themes that would arise from the observations.   

Interviews 

 I conducted semi-structured interviews of case teachers two times during the year, 

towards the beginning of the school year (October/November 2013) and again at the 

end of the school year (May/June 2014).  Towards the end of the academic school year 

(April/May 2014) I conducted semi-structured interviews of three to seven students per 

case class.  All of the interviews were audio recorded and transcribed.  The purpose of 

the interviews was to: 1) triangulate data with the survey and classroom observations, 2) 
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get a better sense of teacher and students beliefs about math ability, and 3) understand 

how students perceived particular teacher actions.  Interviews included reflections on 

teacher and student experiences with math, both in and out of class. 

 For case teachers, interview questions addressed teachers’ mindset, experiences, 

and perceptions of math teaching and learning. One purpose of the teacher interview 

was to better understand how teachers reflect on their practice and how they perceive 

their behaviors to influence student beliefs and outcomes.  Some interview questions 

were specifically related to the types of feedback and support they give particular 

students.  Other questions related to characteristics of good math instruction. 

 For students in the case classes, interview questions addressed students’ mindset, 

experiences, and perceptions of math.  A goal of the student interview was to better 

understand how students construct their theories of intelligence.  For example, a 

sequence of interview questions aimed to better understand how students came to 

believe that they were “good (or bad) at math” (e.g., Do you think you are good at 

math? What makes you think that you are (not) good at math?).  Another purpose of the 

interview was to better understand teacher practices, mindset, and behaviors (e.g., How 

does your teacher respond when you make a mistake in math class?).   Both the teacher 

and student interviews were semi-structured in format (J. A. Smith, 1995) with guiding 

questions and supplemental follow up questions to elicit more in-depth responses (see 

Appendix for sample interview questions). 

Course Artifacts 

 Various course artifacts that the case teacher distributed or displayed were 

collected to understand how teachers might convey messages about mindset. I collected 
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three types of course artifacts:  

1. Assessments. I collected one class set of graded assessment during the 

academic year from each case class. The purpose of the assessment was to 

examine the nature of the written feedback teachers were giving to students 

(Black & Wiliam, 1998a; G. L. Cohen et al., 1999).  

2. Images or postings that were publically displayed on classroom walls 

(e.g., posters, student work).  I took pictures of postings walls that 

communicated particular messages to students (e.g., “A growth mindset means 

not….yet!”).  Additionally, whenever possible, I took pictures of displays that 

posted student work to examine whether the posting was primarily based on 

effort and process  (e.g., to communicate good student mathematical thinking) 

or for performance (e.g., only student work with perfect scores are posted).   

3. Course handouts.  Teachers gave a variety of handouts to their students.  For 

example, teachers gave course syllabi, which described grading policies.  

Other handouts included class notes, assignments and other policies. The 

content of these handouts had the potential to communicate particular 

messages to students.   

Data Analysis 

This qualitative component sought to further our understanding of the 

relationship between classroom practices and teacher and student mindsets. Table 14 

outlines my research questions (RQ) and their corresponding analysis questions and 

data sources.  In each of the following subsections I outline the analyses for each of the 

research questions. 
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Table 14. Data Analysis Questions and Data Sources 

Research Questions Analysis Question Data Sources 
RQ1. What are the 
relationships between 
teacher mindset, student 
mindset, and other beliefs 
related to mathematics 
teaching and learning? 
 
 
 

1. Are mindset beliefs 
correlated to other 
beliefs related to math? 

2. Do students’ mindsets 
move towards 
conforming to teacher 
beliefs over the course 
of the year? 

 

• Teacher survey data  
• Student survey data  
• Demographic 

information 
 

RQ2. How do mindset 
messages get 
communicated to students?      

1. What types of math 
teacher practices have 
the potential to convey 
messages about math 
ability to students? 

2. When and how do math 
teachers communicate 
particular mindset 
messages? 

 

• Past research 
• Classroom observation 

video  
• Assessments with 

feedback 
• Course materials 
• Teacher interviews  
• Student interviews  
 

RQ3. How do particular 
math teaching practices 
vary across teachers who 
have different mindset 
beliefs? 
 

1. What are the 
similarities and 
differences in 
classroom practices 
between teachers with 
growth mindset and 
teachers with fixed 
mindset? 

2. Are there particular 
practices that are more 
associated with 
teachers with a growth 
or fixed mindset? 
 

• Classroom observation 
video  

• Assessments with 
feedback 

• Course materials 
• Teacher interviews 
• Teacher survey data  

Quantitative Analyses (addressing RQ1) 

To address the first research question, using numerical data from the surveys, I 

examined the associations between teacher and student beliefs. This type of analysis 

was primarily descriptive and correlational.   I also used hierarchical linear modeling 

(HLM) methods (Raudenbush & Bryk, 2002) to estimate several relationships, 
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including whether teacher mindset predicts student mindset at the end of the academic 

year, controlling for baseline student mindset at the beginning of the year.  To take into 

account the nesting of students in particular classrooms, I used a two-tiered, fixed 

effects, hierarchical linear model.  Specifically, the HLM model allowed for 

examination of the effects of classroom teachers on student mindset and student 

achievement.  HLM was an appropriate choice because it allowed me to model 

individual differences (level 1) accounting for variation in values within classrooms 

(level 2).  The first stage equation in HLM modeled student outcome (Yij) for student i 

in classroom j, and is a linear function of the student and the teacher input variable at 

the baseline time plus a random error associated with the student(eij).  The second level 

HLM modeled student outcomes while being enrolled a particular teacher’s class 

(Classj).  This model takes the following form: 

Level 1: Yij = α0i + α1jStudent0t + α2Teacher0t + eit  (1) 

Level 2: α0j  = β 00+ β01(Classj) +  r0j 

 α1j  = β 10 + β 11(Classj) + r1j 

The student variable was the composite scale score of a particular construct from the 

student survey: mindset, identification with math, view of math and mastery orientation. 

The teacher variable was the composite score of a particular construct from the teacher 

survey: mindset, expectations, access views of math, views related to the nature of 

math. 

 Since classrooms were nested within in schools, a three-level HLM model may 

also be a useful model to examine. I used a three-level model to investigate this 

relationship, which took the form: 
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Level 1: Yit = α 0i + α1jStudent0t + α2jTeacherij + eit  (2) 

Level 2: α0j  = ß 00+ ß 01(Classj) +  r0j 

 α1j  = ß 10 + ß 11(Classj) + r1j 

Level 3: ß00j  = γ000+ γ001(Schoolsj) +  u00j 

 ß01j  = γ100 + γ110(Schoolsj) + u10j 

However, since my study only consisted of six schools, the sample size across schools 

may be too small to yield significant findings using a three-level model.  

Qualitative Analyses 

Through examination of teacher and student interviews, classroom observations, 

and course materials (e.g., postings on the wall, syllabi, etc.), I sought to address the 

second and third research questions.  As with most approaches to qualitative research, 

my data collection and analysis was iterative (Charmaz, 1995; Corbin & Strauss, 1990), 

as I generated, tested, and revised various theories.  Throughout the process, I wrote 

analytic memos, and used ideas from these memos to inform future data collection and 

to shape the codebook used in the analysis of the qualitative data.   

Through the triangulation of data between classroom observation, interviews, 

and course materials, I aimed to capture an accurate picture of the case study teachers’ 

math instruction.  Then through an iterative process, I drew comparisons across case 

teachers and classes by comparing charts, identifying potential similarities and 

differences within and across case teachers, and searching for confirming or 

disconfirming evidence (Miles & Huberman, 1994; Patrick et al., 2003). This 

comparison process was used to systematically identify both: 1) how teachers 

communicated mindset messages in their math instruction and 2) patterns in how 
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teachers’ mindsets relate to particular teaching practices. In the subsequent sections I 

describe my iterative process for generating theory related to mindset and math 

teaching.   

Analysis for RQ2: Identifying how mindset messages are communicated 

The second research question related to understanding how math teachers 

communicated particular mindset messages to their students.  To address this question, I 

began by creating a preliminary codebook that was based on the initial math teaching 

for mindset framework introduced at the end of Chapter 2.  This framework identified 

mindset related teaching practices based on past psychology and math education 

literature associated with mindset. Using a modified version of Boaler’s (2013) Aspects 

of Classroom Teaching that Communicate Mindset Messages, this framework organized 

practices into four dimensions of math teaching: 1) sorting, 2) norm setting, 3) using 

tasks, and 4) giving feedback and assessing. The codebook development was based on a 

piori codes taken from the initial mindset math framework and emergent codes from the 

qualitative data. The process of refining codes was an iterative process that went 

through several cycles.   

In the first phrase of the codebook development, I created logs based on the 

written field notes of case study observations.  In these logs, I described what was 

happening in the classroom and began to take note of the practices associated with the 

various dimensions of the math teaching for mindset framework.  Some of the practices 

were identified based on the literature. For example, the literature on praise (Mueller & 

Dweck, 1998) suggests having a code to capture teaching practices associated with 

praise.  Since praise was a form of feedback, I classified practices associated with praise 
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under the fourth dimension of the framework: giving feedback and assessing.  Similarly, 

the mindset intervention literature (e.g., Blackwell et al., 2007) suggests creating a 

practice related to “direct mindset messaging” to capture when teachers explicitly 

mention the brain’s ability to grow.   Because such direct messaging seemed to be 

related to the norms of the classroom, this practice was classified under the second 

dimension of the framework: norm setting.   

This first phase was a time of flaring and refining, as I was trying to generate the 

possible ways that mindset messages might be communicated in the classroom.  In 

addition to using field notes, I identified practices based on student and teacher 

interviews and course content materials.  During this phase of the codebook 

development, I expanded particular dimensions of the framework to account for new 

ideas that emerged from the data.  This was particularly true for the norm setting 

dimension of the framework.  For example, based on classroom observations one 

teacher heavily emphasized the norm of risk taking, so risk taking was added to the 

codebook.  Similarly, students would often talk about the opportunity to come in for 

extra help outside of regular school hours, so I added an additional code under 

dimension four of the framework: giving feedback and assessing.  I also collapsed or 

removed particular a priori codes.  For example the idea of press (Stipek et al., 1998) 

was actually captured by other teacher practices such as value of mistakes (under the 

norm setting dimension) and focus of the math task (under the using math tasks 

dimension).  All codes were aggregated then consolidated (Miles & Huberman, 1994) to 

develop a more focused set of codes to create a codebook for the classroom observation 

data.  The end of this round of codebook development yielded the following coding 
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categories for teacher practices: 

Table 15. Teacher Practice Codes 

Dimension #1: Sorting 
Ability Grouping: how are students are grouped? 
Expectations: how do teachers communicated expectations of students? 
Comparative Structures: how are students compared? 

Dimension #2: Norm Setting 
Explicit Mindset Messages: how do teachers talk about mindset or the brain?  
Valuing the Process: how do teachers endorse the value of the learning process? 
Respect for Mistakes: how do teachers show the importance of mistakes? 
Importance of Struggle: how do teachers highlight the value of struggle? 
Need for Risk Taking: how do teachers encourage students to take risks? 

Dimension #3: Using Math Tasks 
Focus of the Tasks: what is the focus of the math? 
Student vs. Teacher Driven: who is doing the math? 

Dimension #4: Giving Feedback and Assessing 
Verbal Praise: what type of praise do teachers give? 
Written Feedback: what is the nature of the written feedback? 
Opportunities for Extra Help: what opportunities are there for extra 

feedback/help? 
Grading Policy: how are students assessed and graded? 

 
The goal of the second phase of the codebook development was to create a 

continuum, from more fixed mindset to more growth mindset, for each of the teacher 

practices identified in the first phase.  Through an iterative process of examining the 

various qualitative data, I continued to refine my conceptualization of the continuum for 

the various teacher practices in the codebook. During this process, I began to theorize 

about how the ways particular teachers enacted a practice might serve as anchor 

instances for each teacher practice.  These anchor instances served as relative extreme 

examples of math teaching practices that communicated more fixed and more growth 

mindset messages.  I engaged in the process of constant comparison (Glaser & Strauss, 

1967), as I attempted to identify these instances.  My conceptualization of these anchors 

changed as I analyzed additional data.  For example, I had originally theorized that 
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talking about the brain’s ability to grow would serve as the growth mindset anchor for 

teacher practices associated with explicit mindset messages (under Dimension 2: Norm 

setting).  However, in one lesson I observed a teacher talking about the brain’s ability to 

grow in relation to multiple ways to engage in mathematics.  As a result of this 

observation, I modified the growth mindset anchor for math instruction for this practice 

to include links to the nature of engaging in mathematics.  These anchors are explained 

in greater detail when I present my findings in Chapter 5.  

Analysis of RQ3: Examining differences across teachers 

The third research question examined the relationships between teachers’ 

mindset and their classroom practices that communicated particular messages about 

math ability.  To address this question, I needed to examine practices across different 

case study teachers.  To keep track of the various teacher practices I began by 

examining the teacher observation field notes.  Using the codebook that was developed 

to address the second research question, I coded the field notes for the different 

practices and created a chart for each of the case study teachers organized along the four 

dimensions of the framework (for example, see Figure 3). I then listened to the audio or 

watched the classroom video of the observation and selectively transcribed portions to 

create a fuller depiction of how the teacher enacted a particular practice.  Relevant data 

from course materials and interviews were also added to the teacher charts (see next 

section).  Upon completing the charts for each case study teacher, I classified each of 

their practices as either more fixed, more growth, or mixed/middle mindset based on the 

continuum I had created.  This process helped me to understand each case teacher’s 

overall math teaching for mindset from a more globalized perspective. 
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Figure 3. Sample Excerpt from Case Teacher Chart 

Content & Interview Coding 

To address both qualitative research questions, in addition to the field notes, I 

also examined course content materials and interview transcripts. I analyzed course 

content material using the same codebook developed to address the second research 

question.  If something from the course content (e.g., syllabi, worksheet, or posting on 

wall) related to one of the four dimensions of math teaching for mindset, I classified it 

along the math teaching for mindset continuum and noted it in the case teacher chart.  

Similarly, statements from the teacher and student interviews were also classified and 

added to the case teacher chart.  However, because the interviews also captured beliefs 

about mathematics, the interview codebook was a modified version of the observation 

and course content coding scheme.  There were similar codes such as “grading” and 
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“nature of math tasks”, but there were also codes to capture beliefs such as “affinity 

towards math” (see Table 16).  

Table 16. Sample Codes from Student Interview Codebook 

AFFINITY TOWARDS 
MATH   

Positively Identifies with 
Math 

These are instances of talk when the speaker 
positively identifies with math by saying they like 
math, they think they are good at math, they see 
themselves as a "math person", etc. 

Negatively Identifies  Math 

These are instances of talk when the speaker 
negatively identifies with math by saying they do 
NOT like math, they think they are NOT good at 
math, they do NOT see themselves as a "math 
person", etc. 

Ambivalent Identification 
with Math 

These are instances of talk when the speaker neither 
negatively or positively identifies with math by 
saying they like math.  "There's nothing wrong with it 
[math]." 

GRADING   

Grading - Fixed 

These are instances of talk when the speaker 
discusses the grading policies in class in fixed 
mindset ways.  This means that policies do not allow 
for multiple opportunities to demonstrate mastery.   

Grading - Growth 

These are instances of talk when the speaker 
discusses the grading policies in class in growth 
mindset ways.  This means that policies may allow 
for formative assessment, multiple opportunities to 
show mastery and improve grade and learning. 

NATURE OF MATH   

Nature of Math - Fixed 

These are instances of talk related to purpose of task  
that are more fixed mindset in nature. This is talk that 
talks about math being primarily procedural or one-
dimensional.  There is typically only one solution 
path.  The talk is focused on the importance of speed, 
correctness or following a particular method. This 
can relate to doing mathematics by following strictly 
rule or procedure. 
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Nature of Math - Growth 

These are instances of talk related to purpose of task  
that are more growth mindset in nature. Talk is 
related to the multi-dimensional nature of math with 
multiple entry points and connections between 
concepts and ideas. The talk is focused on the 
importance of making connections, reasoning and 
thinking of multiple strategies. This can relate to 
doing mathematics using multiple strategies. 

Nature of Math - Unclear 

These are instances of talk related to the nature of 
doing math or the purpose of task, but the nature is 
not clear.  "You have to really think about it." 

 
I used Dedoose qualitative software for coding the interviews.  The interview 

codebook was developed collaboratively with another mathematics education expert. 

Interview coding was primarily done at the sentence level.  Although the end of 

sentence is subjective to the transcriber’s interpretation, the sentence level provided a 

clear demarcation for a unit of analysis.  However, in some instances codes could span 

multiple sentences if the consecutive sentences referred to the same code.  This 

consecutive sentence strategy better captured the overall gist of the coded statement.  In 

addition to the coding of interviews, I also repeatedly read through the interviews and 

created memos on various themes. I then went back and added evidence for or against 

the various themes I saw in each interview and identified relevant quotes.  These quotes 

were then added to the case study teacher charts.  My primary method for conducting 

reliability on the analysis of the interviews was to establish inter-rater agreement.  Ten 

percent of all interview materials were selected and coded by a trained rater.  If there 

was disagreement on the codes, I met with the trained coder and we discussed the 

coding until we reached agreement on an appropriate code.   

Limitations 
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The sample of six school sites and 40 teachers was relatively small.  The schools 

and teachers agreed to participate in the study, and may not be representative of 

classrooms at large.  In particular, the students I interviewed in the study were required 

to turn in consent forms.  There may be differences between the groups of students who 

self-selected to participate and those that did not. As such, I cannot make claims to how 

my findings will generalize to teachers and students outside of my study.  However, the 

purpose of this study was not to find generalizable results.   

Summary 

The purpose of this study was to generate theory (Glaser & Strauss, 1967; Yin, 

2009) about how math teachers might influence student mindset.  I seek to further our 

understanding of the relationship between math teaching and mindset. In the next three 

chapters, I explore this relationship.  The next chapter focuses on the quantitative 

findings, and examines the relationship between teacher beliefs and student mindset.  

The subsequent two chapters examine the qualitative data to understand how mindset 

plays out in various math classrooms. I use my qualitative analysis to produce “thick 

description” (Geertz, 1973) of math teacher actions that were related to various math 

teaching for mindset practices.  These descriptions can be found in findings Chapters 5 

and 6. 
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Chapter 4: Teacher and Student Mindset and Related Beliefs 

The purpose of this chapter is to address the first research question of the study: 

what are the relationships between teacher mindset, student mindset, and other beliefs 

related to mathematics teaching and learning?  The findings are presented in three 

sections that focus on the relationship among: 1) teacher beliefs, 2) student beliefs, and 

3) teacher and student beliefs.  I conclude this section by discussing how the findings 

relate to broader issues in education and educational research. 

Teacher Mindset and Related Beliefs 

 Table 17 gives the mean scale scores for the pre- and post-survey teacher belief 

constructs.  The range for mindset, nature of math, and willingness to experiment 

constructs were quite small and the means were high, indicating that teachers generally 

had more growth or open views related to these three belief constructs.  The means for 

mindset were 4.775 and 4.675 on the pre- and post-survey mindset construct, 

respectively.  This meant that on average teachers were likely to somewhat agree that 

math intelligence is malleable and can grow.  

Table 17. Teacher Belief Construct Mean Scale Scores and Standard Deviations 

Construct N Scale Min Max Mean S.D. 
Pre Mindset 40 1-6 3 6 4.775 0.771 
Post Mindset 39 1-6 3 6 4.675 0.778 
Pre Expectation 40 1-6 1.33 6 4.267 1.027 
Post Expectations 39 1-6 2 6 3.974 0.900 
Pre Nature of Math 40 1-6 3.25 6 4.913 0.704 
Post Nature of Math 39 1-6 3.25 6 4.936 0.663 
Pre Access View 40 1-5 1 4.5 3.038 0.901 
Post Access View 39 1-5 1 5 2.808 0.871 
Post Willingness to Experiment 39 1-6 3.5 6 4.878 0.604 
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The mean scale scores for teacher views related to the nature of math were also quite 

high, averaging 4.913 and 4.936 in the pre- and post-survey, respectively. Thus, on 

average teachers were likely to agree that math was multi-dimensional in nature.  

Additionally, the mean scale score for teacher’s willingness to experiment was 4.878, 

which indicated that on average teachers viewed themselves as somewhat likely to take 

risks.   

Teachers were only somewhat likely to expect that all students would succeed, 

as the mean scale score for teacher’s expectation of students were 4.267 and 3.974 on 

the pre- and post-surveys.  This belief significantly shifted downward between the pre- 

and post-survey (t(37) = 26.26, p < 0.001), meaning that teachers were less likely to 

believe that all students could succeed at the end of the year.  Teachers’ access views of 

math had mean scale scores of 3.038 and 2.808, indicating teachers were somewhat 

likely to disagree that all students should have access to rigorous mathematics.   

Teacher Belief Correlations 

In the next set of analyses I examined the correlations among the five belief 

constructs.  Table 18 summarizes these correlations. 

Table 18. Teacher Survey Construct Correlations 
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There was a significant positive correlation between the mindset construct and 

the expectations construct in both the pre- and the post-surveys. Teachers who were 

more likely to have a growth mindset were more likely to believe that students would 

make progress during the year.   Findings also suggest that, in the pre-survey, teachers 

with more of a growth mindset were more likely to have multi-dimensional views about 

the nature of math. This relationship, however, was not significant in the end of the year 

post-survey.  

In the pre-survey, teacher mindset was also significantly correlated to how 

important they felt mistakes were to the learning of mathematics, as measured by the 

single item on the survey that did not fall into any of the belief constructs– “Mistakes 

are important when learning math.”  Teachers with more of a growth mindset were 

more likely to agree with the statement and thus view mistakes as being important for 

learning math (r(38)  = 0.410, p<0.01).   

Additionally, teachers who held more multi-dimensional views about the nature 

of math were more likely to have more open access views for who should have access 

to complex mathematics.  In the post-survey, teachers with more of a growth mindset 
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were more likely to report being willing to experiment in their teaching.  Teachers who 

reported being more willing to experiment were also more likely to: have the 

expectations that students would make progress, hold more multi-dimensional views of 

mathematics, and believe that more students should have access to complicated 

mathematics.   

Teacher Beliefs and Reported Practices 

Findings also suggest that math teacher beliefs were related to their self-reported 

practices.  Table 19 highlights the relationship between teacher beliefs and self-reported 

practices in the surveys.  Teachers with high expectations for students in the pre- and 

post-survey were more likely to allow students to resubmit work for a regrade. Teachers 

with more of a growth mindset in the pre-survey were more likely to report assigning 

different work to students at different achievement levels.  However, this relationship 

was not significant in the post-survey.  Teachers who had more multi-dimensional 

views of mathematics were more likely to report publically addressing mistakes in their 

classrooms in the pre- and post-surveys.   

Table 19. Correlations: Teacher Beliefs and Reported Practices 
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There were several significant correlations in the post-survey that were not 

present in the pre-survey.  Teachers with more of a growth mindset were marginally 

significantly more likely to report allowing students to resubmit work.  Additionally, 

teachers who had more multi-dimensional views of mathematics were marginally more 

likely to report allowing students to resubmit tests.  Furthermore, teachers with a higher 

willingness to take risks were significantly more likely to report publicly addressing 

mistakes in class.   

In the post-survey, there were three significant correlations between teacher 

access views and reported practices.  First, teacher beliefs related to who should have 

access to challenging mathematics was negatively correlated to teachers’ reported use 

of grouping by ability.  In other words, teachers who had more open access views of 

who should have the opportunity to engage in challenging mathematics were less likely 

to report using ability grouping in their classrooms.  Second, teachers with more open 

access views were also more likely to report allowing students to resubmit tests.  Third, 

there was a positive correlation between access views and teacher reported frequency of 
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publicly addressing mistakes. Teachers with more open access views of math, believing 

more students should have access to complex math, were more likely to report 

discussing mistakes in class.   

Teacher Practices in Low vs. High Level Classes 

Figure 4 depicts the reported average frequency of particular teaching practices 

in the perceived highest and lowest level math courses from the pre- and post-survey.  

The higher the mean, the more opportunities the teacher reported giving students to 

engage in particular activities in their perceived highest or lowest class.  The analyses 

revealed that teachers reported giving students in their perceived lowest class 

significantly more opportunities (p < 0.001 in all comparisons) to: 

1. Work in groups 

2. Engage in math exploration/discovery 

3. Engage in discussion with peers 

4. Work on projects that take several days to complete 

5. Explain their reasoning in written or verbal form 

6. Do math worksheets/textbook work 
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Figure 4. Teacher Reported Practices by Perceived Class Level 

In order to better capture this differential treatment between teachers’ perceived 

highest and lowest classes, I calculated the absolute value of the difference of the 

frequency of reported practices between the highest and lowest class.  I then correlated 

the various belief constructs with these differences. There was only one significant 

correlation.  In the pre-survey there was a negative correlation (r(38) = -0.340, p<0.05) 

between teacher expectations and the absolute value of the difference between high and 

low classes in reported use of worksheets; teachers who believed that more students 

could succeed were more likely to have a smaller difference in the frequency of 

reported use of worksheets between high classes and low classes.  

Student Mindset and Related Beliefs  

 In this section, I examine the relationship among various student beliefs.   
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As with the teacher survey, a mean scale score in the 1 range (1-1.99) for the student 

survey would indicate a strongly fixed or closed belief.  A score in the highest range 

(either 4-4.99 or 5-5.99, depending on the construct) indicated strong agreement with 

the most open or growth belief.   For the mindset and nature of math constructs a mean 

scale score of 6 was the highest possible score and thus indicated strongest agreement 

with a growth mindset or a multi-dimensional view of math.  For the mastery 

orientation and the identification with math constructs the highest possible mean scale 

score was a 5, which indicated strongest agreement with having a mastery orientation 

and having a positive identification with mathematics.  

Student Belief Descriptive Statistics 

 Table 20 shows the means and standard deviations for each of the student belief 

constructs.  Across all four constructs in the pre- and the post-surveys there were 

responses that included the minimum score of 1 or the highest score of 5 or 6, 

depending on the construct.   The means for all of the student belief constructs were 

significantly different in the pre- and post-surveys.  Student mindset, mastery 

orientation, and views related to the nature of math significantly increased (p<0.001) 

between the pre- and post-surveys.  Thus, students on average ended the year with more 

of a growth mindset, a greater mastery orientation towards learning math, and a more 

multi-dimensional view of mathematics.  On average student identification with math 

significantly decreased (p<0.05) from the beginning to the end of the year.  Consistent 

with past research (Wigfield, Eccles, Mac Iver, Reuman, & Midgley, 1991), at the end 

of the year students in this study were less likely to have a positive identification with 

mathematics. 
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Table 20. Student Belief Construct Mean scale scores and Standard Deviations 

 
n Min Max Mean S.D. 

Pre Mindset 3097 1 6 4.202 1.111 
Post Mindset 3511 1 6 4.306 1.099 
Pre Identification 3087 1 5 3.318 0.905 
Post Identification 3483 1 5 3.186 0.943 
Pre Mastery Orientation 3089 1 5 2.786 0.717 
Post Mastery Orientation 3516 1 5 2.839 0.734 
Pre Nature of Math 3136 1 6 2.814 0.917 
Post Nature of Math 3555 1 6 2.838 0.918 

 

 The mindset construct tended to have the highest relative means of 4.202 and 

4.306 in both the pre- and post-surveys, respectively.  This meant that on average 

students were likely to somewhat agree that it is possible to grow one’s math ability.  

The other three constructs tended to have mean scale scores that were approximately in 

the middle of the minimum and maximum scores.  For these constructs, on average 

students tended to have more neutral beliefs, which fell between somewhat agreeing 

and somewhat disagreeing between more growth/open and fixed/closed beliefs. 

Student Belief Correlations 

 In the student pre- and post-surveys there were several significant correlations 

among the four belief constructs (see Table 21).  First, students with more of a growth 

mindset were more likely to have a positive identification with mathematics.  Students 

with more of a growth mindset were also significantly more likely to have a mastery 

orientation towards learning in the pre-survey and the post-surveys.  In other words, 

students with a growth mindset were less likely to think that mistakes should be avoided 

in math and less likely to feel that they needed to outperform their classmates.  Student 

mindset was also significantly positively correlated with student views related to the 

nature of mathematics in the surveys, meaning that students with more of a growth 
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mindset were more likely to have more open (less procedural) and multi-dimensional 

views of mathematics.  

Table 21. Student Survey Construct Correlations 

 

 
 

Additionally, there was a slight negative correlation between identification with 

mathematics and mastery orientation.  Students who had a more positive identification 

with math were less likely to have a mastery orientation towards the learning of math in 

both surveys.  In contrast, there was a significant positive correlation between mastery 

orientation and nature of math.  Thus, students with more multi-dimensional views 

about the nature of math tended to have more mastery orientation beliefs about learning 

math.  Or reworded in the converse, students who were more performance oriented 

tended to have more one-dimensional views about the nature of mathematics.  

Student Beliefs by Grade 

 To further understand student beliefs, I assessed how beliefs might differ across 

grades by running ANOVA tests for each of the student belief constructs.  Figure 5 

depicts the mean mindset scale scores by grade.  There were no significant differences 

in mindset scores between grades in the pre-survey.  However, for all grades the mean 
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mindset score significantly increased in the post-survey.  As such, there was a 

significant difference in mindset views between grades for the post-survey [F(2, 2926) 

= 4.222, p = 0.015].  Post-hoc comparisons indicated that the mean post-survey mindset 

scale score for 6th graders (M=4.450, SD=1.088) was significantly higher than the 

mindset score for 7th graders (M=4.293, SD=1.109).   Thus, sixth graders were 

significantly more likely to have more of a growth mindset than seventh graders at the 

end of the year. 

 

Figure 5. Mean Student Mindset Score by Grade 

 There was also a significant difference in students’ identification with math 

across grades in the pre survey [F(2, 2922) = 53.53, p<0.001] and the post survey  [F(2, 

2228) = 46.931, p<0.001]. In the pre-survey, post-hoc comparisons yielded significant 

differences in students’ identification with math between all grade levels.  In the post-

survey, however, there was only a significant difference in mean scale score between 

sixth and eight grade students’ identification with math.  In the post-survey, the seventh 

grade mean scale score for identification with math had taken a significant dip and was 
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no longer significantly different from the eighth grader mean scale score.  The mean 

scale scores for student identification with math seemed to significantly decrease as 

students advanced through the middle school grades (Figure 6).  Sixth grade students 

consistently had the highest identification with math and eighth grade students had the 

lowest identification with math scores. 

 

Figure 6. Mean Student Identification with Math Scores by Grade 

 Student beliefs related to having a mastery orientation also significantly differed 

across grades in the pre-survey [F(2, 2922) = 5.134, p=0.006] and the post-survey [F(2, 

2260) = 4.707, p=0.009].  In the pre-survey there was a significant difference between 

6th grade (M=2.817 SD=0.733) and 7th grade (M=2.742, SD=0.685), and between 7th 

grade and 8th grade (M=2.84, SD=0.737) students mastery orientation.  Seventh graders 

had significantly lower mastery orientation scale scores than sixth and eighth graders.  

In the post-survey, the difference between six and seventh graders was no longer 

significant.  But eighth graders continued to be significantly more likely to have a 

higher mean scale score on the mastery orientation measure than 7th graders (Figure 7).  
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Thus, in the post-survey eighth graders were more likely to consistently rank avoiding 

mistakes and doing better than classmates as less important than their seventh grade 

counterparts. 

 

Figure 7. Mean Student Mastery Orientation Score by Grade 

 In the pre-survey, there were also significant differences in students’ views 

related to the nature of mathematics between eighth graders and students from the other 

two grades [F(2, 2974) = 3.281, p=0.038].  Post-hoc analysis revealed that eighth 

graders, at the beginning of the year, had a significantly higher mean scale scores for 

the nature of math (M=2.889, SD=0.926) than seventh graders (M=2.786, SD=0.895).  

Thus, eighth grade students began the year with less procedural views than their 

younger middle school classmates.  However, this difference was no longer significant 

at the end of the year [F(2, 2288) = 1.962, p=0.141].  Figure 8 depicts the shifts in the 

mean scale scores by grade related to the nature of math. 
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Figure 8. Mean Student Nature of Math Score by Grade 

Relationship between Teacher and Student beliefs 

 Having examined teacher and student beliefs separately in the two 

previous sections, this section examines the relationship between the two.  Using two-

level hierarchical linear modeling (HLM)6 I examined the relationship between 

students’ end of the year beliefs and their teachers’ beliefs, controlling for students’ 

beliefs at the beginning of the year.  Because teachers’ willingness to take risk was only 

assessed in the post-survey it was excluded from the current analysis.   

Table 22 identifies the teacher beliefs that significantly predicted a particular 

student belief.  Of note is the fact that teacher expectations did not predict any of the 

student belief constructs.  Additionally, none of the teacher belief constructs 

significantly predicted students’ beliefs related to the nature of math and identification 

with math.  In the following sections, I discuss in greater depth the other findings from 

the multi-level analysis.  

                                                
6 I also ran three-level multi-level analysis to account for students nested in classrooms in schools, but 
given the limited number of schools (n=6) these results were not significant. 
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Table 22. Predictors of Student Beliefs* 

  
STUDENT BELIEFS 

TEACHER BELIEFS Mindset Nature 
of Math 

Identifica-
tion with 

Math 

Performance 
Orientation 

Mindset     
Expectations     
Nature of Math X   X 
Access Views X   X 

*Significant predictors marked with an X. 

Predicting Student Mindset 

Analyses yielded no support for the hypothesis that teacher mindset would 

predict student mindset controlling for student beginning-of-year mindset.  However, 

results indicated that two other teacher beliefs predicted student mindset.  First, 

teachers’ view of the nature of math predicted student end-of-year mindset, controlling 

for student beginning-of-year mindset. This meant that teachers, who held more multi-

dimensional views of mathematics, believing that math was more than procedures, were 

more likely to have students with more of a growth mindset at the end of the year.   

Second, teachers’ access view of math marginally predicted student end-of-year 

mindset, controlling for student beginning-of-year mindset. Thus teachers, who held 

more open access views of math, believing that all students should have access to 

rigorous mathematics, were more likely to have students with more of a growth mindset 

at the end of the year.  Results from the multi-level analysis are summarized in Table 

23. 

Table 23. Multi-Level Model to Predict Student Mindset 

FIXED EFFECTS b(s.e.) b(s.e.) b(s.e.) b(s.e.) 
Intercept 2.136*** 2.301*** 1.494*** 2.195*** 

 
(0.299) (0.243) (0.369) (0.175) 
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Initial Student Mindset 0.441*** 0.441*** 0.441*** 0.441*** 

 
(0.020) (0.020) (0.020) (0.020) 

Teacher Mindset 0.077 
   

 
(0.061) 

   Teacher Expectation 
 

0.044 
  

  
(0.054) 

  Teacher View of Math 
  

0.201 
 

   
(0.072)** 

 Teacher Acces View of Math 
  

0.105 
        (0.053)^ 
RANDOM EFFECTS         
Residual 0.888*** 0.888*** 0.888*** 0.888*** 
Intercept 0.033* 0.033* 0.024* 0.029* 
^ p = 0.056 

    * p < 0.05 
    ** p < 0.01 
    *** p < 0.001 
     

Predicting Student Performance Orientation 

Teachers’ views about the nature of math predicted student mastery orientation 

at the end-of-year, controlling for student beginning-of-year orientation (Fixed effects 

coefficient = 0.212, p=0.006, intercept p < 0.001).  This meant that students in 

classrooms who had teachers with more of a multi-dimensional view of the nature of 

mathematics were more likely to have mastery oriented beliefs at the end of the year.  

Or conversely, teachers who had more one-dimensional views of math were more likely 

at the end of the year to have students who had performance orientations towards math.  

These performance oriented students tended to value avoiding mistakes and doing better 

than other students.  Similarly, teachers’ access views of math predicted students’ end-

of-year mastery orientation, controlling for student beginning-of-year mastery 

orientation (Fixed effects coefficient = 0.167, p=0.001, intercept p < 0.001).  In other 

words, students in classrooms who had teachers with more open access views of 
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mathematics were more likely to hold a mastery orientation towards math at the end of 

the year. 

Discussion 

Teacher Beliefs as Interconnected 

 The results from this study were consistent with past research that examined 

teacher beliefs related to mathematics in finding coherence between mindset and other 

beliefs related to mathematics (Stipek et al., 2001).  For example, the work of Stipek 

and colleagues (2001), found that elementary teachers with more entity views of math 

ability (fixed mindset) were more likely to view math as operations and to focus on 

correctness.  The present study identified a similar correlation for middle school math 

teachers, finding that teachers with more of a growth mindset were more likely to have 

multi-dimensional views of mathematics.   The present study also found that teacher 

mindset beliefs were significantly correlated to their expectations of students.  Teachers 

with more of a growth mindset were more likely to have more of an expectation that all 

students would succeed.   

Because teacher mindset was correlated with both the nature of mathematics and 

teacher expectations it might seem important to further our understanding of the 

potential directionality of these correlations.  For example, do teachers’ mindsets drive 

their view of the nature of mathematics?  Or is it teachers’ views about mathematics 

that drive their mindsets?  Similarly, do teachers’ mindsets drive their expectations of 

who can succeed?  Or is it the other way around?  However, it is likely that the 

relationship between these different beliefs do not move in a single direction.  Rather, 
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the beliefs are most likely intertwined and influence one another in a variety of ways 

(Cobb, Wood, & Yackel, 1990).   

For example, ascribing to a fixed or one-dimensional view about the nature of 

mathematics would seem to contradict the growth mindset belief because a one-

dimensional view of math would define mathematics in very narrow terms (e.g., getting 

the one right answer by doing the one right procedure).  With such narrow conditions 

for mathematical success, all students would not have the opportunity to demonstrate 

growth their math ability.  In contrast, multi-dimensional views of mathematics would 

value different ways for students to successfully engage in the mathematics (Boaler, 

2006).  If teachers were to have a more multi-dimensional view of mathematics, then 

students would no longer be bound to following a single rule or procedure and they 

could demonstrate success several different ways.  As teachers observe student 

engagement in complex mathematics and realize that students are demonstrating 

understanding in multiple ways, they may then begin to believe all students can grow 

their ability.  They may also begin to change their expectations for student success.  

This idea of the nature of mathematics shaping teachers’ expectations and 

beliefs about math ability has also been suggested by the Cognitively Guided 

Instruction (CGI) work (Carpenter et al., 1989; M. L. Franke, Carpenter, Levi, & 

Fennema, 2001), which was focused on training teachers to view mathematics as much 

more than rules and procedures.  CGI focused on developing teachers’ understanding of 

mathematics and trained teachers to listen to and elicit student thinking.  The framework 

for CGI was based on multi-dimensional views of mathematics, believing there were 

multiple-ways to solve problems and providing more open-ended math tasks.  
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Ultimately, the CGI research found that as teachers’ began to investigate student 

thinking while they engaged in rich mathematical tasks, teachers’ practices became 

more “generative” (Franke et al., 2001) – as teachers saw what students were capable of 

doing, they learned more about student thinking and gave students more opportunities 

to engage in complex math. Thus, although the language of mindset was not explicitly 

used in the CGI work, it appeared that a focus on the nature of mathematics seemed to 

influence teachers’ mindsets.  As teachers began to witness that math ability could 

indeed grow, there beliefs shifted to be more growth mindset oriented and to have 

higher expectations for students.   

Regardless of the directionality of the relationship between teacher beliefs, it is 

clear that mindset, view about the nature of math, and expectations are significantly 

related, and potentially interconnected.  In working with teachers it may be important to 

address all three of beliefs simultaneously, as each has the potential to influence the 

others. Thus, future studies might seek to examine the co-development of these three 

beliefs, and seek to further our understanding of the relationship and nuances between 

them.   

 The teacher descriptive statistics also raised some interesting points for further 

examination.  Three of the teacher survey constructs were heavily right skewed: 

mindset, nature of math, and willingness to experiment.  For each of these three 

constructs, not a single teacher had a mean scale score of 1 or 2, meaning that no 

teacher held a fixed or strongly fixed view related to these beliefs.   These findings 

suggest that teachers might have engaged in survey satisficing, tending to steer clear of 

the “wrong answer” and responding in socially desirable (Krosnick, Narayan, & Smith, 
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1996) ways.  This might have been particularly true for the mindset items because in 

several of the schools Dweck’s (2006) mindset work had become quite prevalent.   

Consequently, for teachers in these schools it might have been inappropriate or socially 

unacceptable to respond to items claiming that math intelligence was fixed.  In general, 

survey satisficing (Krosnick et al., 1996) might be a particularly challenging issue for 

teachers because they are in a position in which they are expected to be role models, 

and are often expected to respond with the socially accepted “right answer.”  Another 

explanation for the lack of fixed or closed responses might be that teachers were 

responding in ways that reflected their “possible selves” (Markus & Nurius, 1986), or 

what they hoped they might become in the future.  Thus, teachers might have been 

responding in ways that reflected an idealized version of themselves.  Future research 

might seek to address these issues related to measuring teacher beliefs.  In addition to 

examining and creating new survey items to measure teacher beliefs related to mindset, 

expectations, and the nature of math, research might also focus on creating other 

instruments such as reflections or interviews to better capture these belief constructs. 

 The teacher willingness to experiment construct was added in the post-survey 

and had significant correlations between all four of the other beliefs constructs.  This 

suggests that examining teachers’ willingness to experiment might warrant further 

study.  This is particularly true because recent research in teacher professional 

development recommends that teachers should engage in the process of inquiry or 

experimentation with their practice (L. Darling-Hammond, 2000; M. L. Franke et al., 

2001; Shulman, 1998).  If we are to help teachers grow more comfortable in their 

willingness to experiment, then it will be important for us to better understand how 
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particular beliefs might play a role in helping teachers to develop a disposition towards 

experimentation.    

 With regard to teacher practices, two themes are worthy of highlighting.  First, 

there was a significant difference in reported practices between teacher’s perceived 

highest and lowest level classes.  Although differential treatment is not a new idea 

(Becker, 1981), attempting to make a connection between differential practices and 

teacher beliefs merits further study.  This study only found one belief that might help to 

explain the differential treatment – teacher expectations.  Teachers with higher 

expectations for students were less likely to treat their classes differently.  Second, the 

public handling of mistakes was significantly correlated with three teacher beliefs: 

mindset, nature of math, and access views.  Findings from this study build upon the 

work of Santagata (2005), who proposed that teacher’s view of learning as behaviorist 

or constructivist might influence how mistakes are handled.  In this present study, 

findings suggest that teachers’ views of math and beliefs about who should have access 

to rigorous math might influence teachers’ reported handling of mistakes.  Those with 

more multi-dimensional and open access views of math were more likely to publically 

address mistakes.  

Student Beliefs 

 The examination of student beliefs yielded some interesting findings. First, 

student mindset was positively correlated with identification, mastery orientation and 

nature of math beliefs.  Thus, students with more of a growth mindset were more likely 

to positively identify with math, have more of a mastery orientation, and view math as 

more multi-dimensional.  Second, for the most part student belief constructs were 
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positively correlated with each other, however there was one significant negative 

correlation between students’ identification with math and mastery orientation in the 

pre- and post-surveys.  Students with more of a mastery orientation toward learning 

math were less likely to identify with mathematics, and vice versa.  It is unclear why 

this negative correlation might have been present.  One possible explanation might be 

that students who have more a mastery orientation are more focused on the learning and 

less likely to care whether they are a “math person” or whether they like math.  Or 

conversely, it might be that those who have more performance orientation may be more 

concerned with maintaining an identity that they are “good at math” and will thus 

respond to the identification survey items in positive ways.  Another explanation might 

be that students who have a high identification with math may feel the need to protect 

their positive identification and thus turn towards more performance or “look smart” 

beliefs and behaviors.  As with the teacher beliefs, it seems important to further study 

the connections and relationships between these various student beliefs to examine 

question such as: does influencing one of the beliefs shift the others?  If so, how?   

Seventh Grade Slump. Research examining elementary school children’s 

beliefs about math has found that math-related beliefs for younger children in first 

through fourth grade remain relatively stable over time (Kloosterman, Raymond, & 

Emenaker, 1996).  Kloosterman and colleagues (1996) found that students who tended 

to like math in first grade, still tended to like math in fourth grade.  Likewise, students 

who tended to dislike math because it was hard tended to feel the same way in fourth 

grade.  Findings from this study seem to suggest that such beliefs were no longer stable 

in the middle school grades.  Instead, findings from this study seem to corroborate 
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research that has identified declining student motivation, self-concept of math ability, 

and liking of math over the middle school years (Wigfield et al., 1991).   Results from 

the present study found that at the beginning of the year eighth graders had significantly 

lower identification with math than their younger middle school classmates.  However, 

by the end of the year there was a significant dip in seventh graders’ identification with 

mathematics. By the end of the year, seventh graders were on par with their eighth 

grade counterparts in dis-identifying with math.  Additionally, seventh graders had the 

lowest mean mindset scale score in the pre- and post-surveys, meaning seventh graders 

had more fixed mindsets compared to their sixth and eighth grade classmates.  Seventh 

graders also had the lowest mean mastery orientation scale scores, and were thus more 

likely to have more of a performance orientation towards mathematics than sixth or 

eighth graders.  Such findings seemed to strongly suggest that something occurred in 

seventh grade to shift students’ beliefs.  However, extensive examination of these 

lowered construct scale scores in seventh grade was beyond the scope and data 

collection of this present study.  As such, future studies should seek to further our 

understanding of what happens in seventh grade.   

Multi-Dimensional Views of Math Matter for Growth Mindset 

 While past studies have primarily examined student or teacher beliefs 

independently, this study took an approach that also examined the relationship between 

students and teachers beliefs.  Although I had originally hypothesized that teacher 

mindset would be a significant predictor of student mindset, the results from the present 

analysis found that teacher mindset was not a significant predictor of student mindset at 

the end of the year.   This finding does not necessarily mean that teacher mindset is not 
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important.  But rather, it may signify that the way in which teacher mindset beliefs 

might influence student mindset may be mediated by other beliefs that are significantly 

correlated with mindset.  One such possible belief suggested by this study might be 

beliefs related to the nature of math. 

In this study, teacher belief that significantly predicted student mindset was 

teacher beliefs about the nature of math.  Teachers with more multi-dimensional views 

of math at the beginning of the year were more likely to have students with more of a 

growth mindset at the end of the year.  Thus, it appeared that the nature of mathematics 

that teachers ascribed to was important for student mindset.   

Furthermore, results from this study also found that one’s perception about the 

nature of mathematics was associated with having more of a growth or fixed mindset 

related to math ability.  This was true for both teachers and students.  Teachers and 

students with more multi-dimensional views of math were more likely to have more of a 

growth mindset.  Such findings point to the importance of examining domain specific 

mindsets as they relate to one’s perceptions of the domain or discipline.  This is 

consistent with research that has found that various beliefs can be domain specific 

(Buehl & Alexander, 2002), including mindset beliefs (Yeager & Dweck, 2012), 

meaning that it is possible to have different mindset views for different domains.  For 

example, it would be possible to have a growth mindset towards your ability to cook 

and a fixed mindset in your ability to learn science.  Findings from this study may help 

elucidate why it is possible to have different mindsets across different domains.  Results 

from this study draw attention to the connection between growth mindset and multi-

dimensional views of math.  The connection between multi-dimensional views of a 
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discipline or domain and growth mindset may also be true for other disciplines as well, 

and merits further study7.  People may thus have a range of mindset beliefs across 

domains because they have different perceptions of these various domains or content 

areas.    

The relationship between mindset and one’s perception of the discipline further 

highlights Shulman’s (1986, 1987) call to attend to how teaching may vary across 

different content areas.  In relation to teaching, it may be important for teachers to know 

the perceptions their students have towards a particular content area and to understand 

how such views may be associated with mindset.  This type of knowledge may be 

useful in informing how teachers instruct.  

Ultimately, findings from this chapter highlight the importance of examining the 

interconnectedness of mindset and views about the nature of mathematics. Findings 

from the survey analysis seem to confirm that having a multi-dimensional view of math 

may be an essential component of having a growth mindset towards math ability 

(Boaler, 2013b, 2015).  In the next chapter, I delve further into this relationship by 

using qualitative methods to examine the relationship between mindset, nature of math, 

and classroom instruction.  

                                                
7 In science, for example, is growth mindset associated with a more open or multi-dimensional view of 
science? 
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Chapter 5: Math Teaching for Mindset Framework 

The second research question for this study aimed to understand how teachers 

communicated mindset messages through their math teaching.  In order to address this 

question I built upon the literature-based mindset and math framework introduced in 

Chapter 2.  In the current chapter, I introduce the math teaching for mindset 

framework (MTMF), which was informed by the literature and empirical evidence 

from case study classes.  The MTMF seeks to further our understanding of mindset as 

it relates to math teaching by describing a continuum of practices from more fixed to 

more growth mindset.  The first part of this chapter describes the math teaching for 

mindset framework.  The second part of this chapter uses the MTMF to analyze an 

episode of math teaching.   

Math Teaching for Mindset Framework Revisited 

The goal of the math teaching for mindset framework is to further our 

understanding of the continuum of mathematics teaching related to mindset. Through 

triangulation of data (Miles & Huberman, 1994) from teacher and student interviews, 

classroom observations, and course materials, I identified particular teacher practices 

highlighted in the literature-based framework.  I then sorted and classified each 

practice into the four dimensions of math teaching from Boaler’s (2013) 

conceptualization of mindset and mathematics: 1) sorting, 2) norm setting, 3) using 

math tasks and 4) assessing and giving feedback.  For each of the practices, I 

identified the nature of the mindset message communicated through each teaching 

practice.  Through this process of sorting and classifying teacher practices, I created a 

continuum of the enactment of each practice rooted in the empirical observation of the 
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case study teaching.  I identified anchor instances for each of the various practices in 

the initial theoretical framework.  These anchor instances represented the relative 

extreme of a particular practices as being more fixed or growth mindset oriented.  I 

then created descriptors for each of the anchor instances used to categorize the other 

teacher practices. Table 24 presents this continuum, which is a revised version of math 

teaching for mindset framework from Chapter 2.  

Table 24. Revised Math Teaching for Mindset Framework 

 FIXED 
MINDSET 

Math Teaching 

 GROWTH 
MINDSET 

Math Teaching 
Dimension #1: 
Sorting 

   

 
Grouping Strategies 

 
Groups based on one-

dimensional of 
mathematical success 

and on 
deficit-based views of 

students. 
 

 
Group structures 
vary, sometimes 
based on deficit 
view and other 
times on asset-
based views of 

students. 
 

 
Groups based on 

multi-dimensional 
perspective of 

mathematics and 
on asset-based 

views of students. 

Expectations Expectations are 
different for high and 
low students and low 
students “can’t do” 

the math.  Heavy use 
of fixed labels to 
describe students. 

 

Expectations are 
inconsistent, 
ranging from 

high 
expectations for 
all students to 

high 
expectations for 
some students. 

 

Expectation that all 
students will 

contribute and be 
able to successfully 

“do” the math. 
Little to no use of 

fixed labels to 
describe students. 

 

Comparative Structures Public postings of 
student performance 

that consistently 
ranks or categorizes 

the same students into 
high and low 

achievers. Postings or 
recognition of student 
work based on one-

Public postings 
are based on a 
combination of 

more fixed 
categorizations 

and multiple 
dimensions for 
math success.  

Public posting of 
student work allow 

for a range of 
student work to be 

posted and the 
postings/recognition 

are based on 
multiple 

dimensions of 
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dimensional views of 
math. 

 

mathematical 
success8. 

Dimension #2: 
Norm Setting 

   

 
Explicit Mindset 
Messages 

 
Does not talk about 

brain’s ability to 
grow. 

 
Talk about the 

brain’s ability to 
grow. 

 
Links the brain’s 
ability to grow 

with the nature of 
learning math. 

 
Valuing the process Does not emphasize 

the process of learning 
and hard work/effort.  
Focuses primarily on 

outcomes and 
answers. 

 

Talks about the 
importance of 
the learning 

process 
generally. 

Talks about the 
importance of 
process and its 
relation to the 

nature of learning 
math.  Values hard 

work and effort. 
 

Risk Taking Teacher discourages 
students from trying 

new ideas or 
experimentation when 

doing math.   

Teacher talks 
about the 

importance of 
risk, but does not 
elaborate on how 

to do so. 

Teacher 
encourages student 

risk taking and 
promotes student 
idea generation 

and 
experimentation 
when doing math. 

 
Struggle Teacher encourages 

students to avoid 
struggle. 

Teacher 
mentions the 
importance of 
struggle.  But 

may contradict 
this message by 
telling students 

to avoid 
struggle. 

Teacher refers to 
the importance of 

struggle and 
consistently 

highlights times of 
struggle as an 
opportunity to 

learn, grow, and 
make important 

connections 
between 

mathematical 
ideas. 

 
Mistakes Talks negatively 

about mistakes.  Does 
not persist when 
student makes a 

mistake. 

Talks about the 
importance of 

mistakes 
generally.  May 
correct mistakes, 

but does not 
engage deeply in 
the mathematics 
of the mistakes.  
May not persist 

Talks about the 
importance of 
mistakes in the 

math contexts and 
makes connections 
between mistakes, 
sense making and 
learning.  Engages 

in mistakes at a 
deep level with 

                                                
8 Boaler, 2000, 2006.  



Chapter 5: Math Teaching for Mindset Framework 96 

when a student 
makes a mistake. 

students.  Persists 
when students 
make a mistake. 

 
Dimension #3: 
Math Tasks 

 
  

 
Focus of the  
Math Task 

 
Math tasks are 
primarily one 
dimensional 

(procedural) in nature 
with only one 
solution path. 

 

 
Tasks may have 
the potential to 

be multi-
dimensional in 
nature, but the 

implementation 
does not 

necessarily reach 
this potential.    

 

 
Tasks are multi-

dimensional with 
multiple entry 

points and solution 
paths. 

Teacher emphasizes 
connections, 

reasoning, alternate 
strategies and 
justification. 

 
Doer of Math Teacher is doing the 

majority of the 
mathematical work.  

The mathematical 
authority lies with 

the teacher.   
 

There is a mix of 
student-driven 
and teacher-led 
work in doing 

the math. 
 

Students are doing 
most of the 

mathematical 
work, with 

guidance from 
teacher. 

 
Dimension #4: 
Feedback & 
Assessment 

   

 
Verbal Praise 

 
Teacher praises 

students based on 
fixed attributes. 
Teacher praises 

students for outcomes 
(e.g., speed, 

correctness), and/or 
strictly following a 

method. 
 
 

 
Teacher may 

praise students 
for hard work 
and effort, but 
the praise is 

based narrow 
views of math.    

 
Teacher praises 

students based on 
effort and process 

and links such 
praise to a specific 
student behavior 

related to their 
engagement with 
various aspects  

of doing math such 
as reasoning and 

thinking. 
 

Opportunities for Extra 
Help 

Teacher rarely 
provides additional 

opportunities for 
feedback and help. 

Teacher 
sometimes 

provides 
additional 

opportunities to 
receive feedback 

and help.  

Teacher often 
provides 

opportunities to 
receive additional 

feedback and help. 

 
Grading Policies 

 
Students are assessed 
on one dimension of 

mathematics.  
Teachers provide 

 
Teacher 
provides 

occasionally 
allows students 

 
Students are 

assessed along more 
than one dimension 

of mathematics. 
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limited opportunities 
for students to 

demonstrate mastery 
of the material.  

to retake or 
resubmit work to 

demonstrate 
mastery of the 

material. 

Teachers 
consistently provide 

multiple 
opportunities for 
students to master 
and resubmit the 

material. 
 

The framework captures the continuum for math teaching, ranging from a 

more fixed mindset math instruction to more growth mindset math teaching.  A 

common thread across the four dimensions in the math teaching for mindset 

framework is the nature of the mathematics plays a significant role in whether a 

particular practice is classified as more growth or more fixed mindset (Boaler, 2013b). 

Thus, in this framework, the differentiating feature for more growth mindset math 

instruction across the four teaching dimensions is a multi-dimensional view of 

mathematics (Boaler, 2006, 2013a; Kilpatrick et al., 2001).  In the following sections, 

I give an overview of each of the dimensions in the framework.  To help give flesh to 

several of the practices associated with each dimension, I draw examples from two of 

the case teachers: Mr. Kennedy and Ms. Avery.  Mr. Kennedy represents the case of 

more fixed mindset math instruction, as his teaching was classified as more fixed 

mindset across the four dimensions of the MTMF.  Ms. Avery consistently engaged in 

growth mindset math instruction across all of the four dimensions of the framework.  

Ms. Avery, thus, represents the case for consistent growth mindset math instruction.  

The contrasts between these two case study teachers illustrate the differences between 

more fixed and more growth mindset math instruction in the classroom.   

Sorting Overview 

 The sorting dimension of the math teaching for mindset framework examined 

teaching practices associated with grouping practices, expectations, and comparative 
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structures.  Grouping practices related to how students were physically grouped at the 

school or classroom level.  Expectations encompassed the ways in which teachers held 

different expectations for different groups of students.  This practice also captured 

teachers’ use of fixed labels.  Comparative structures related to the types of public 

comparisons teachers used in their classrooms.   

  Fixed Mindset Grouping.  Students in the case study were classified and 

sorted in a variety of ways at the school and classroom levels.  This finding was 

consistent with research that has found mathematics to be the subject with the greatest 

use of ability grouping or tracking (Hallam, Ireson, Lister, & Chaudhury, 2003).  At 

each of the four case study schools, school-wide ability grouping was done to some 

degree.  With the exception of the 6th grade at Valley View, all students were placed 

into a tracked hierarchy of math achievement (see Table 25).  Although Brookside had 

originally wanted to keep the majority of their 6th grade untracked, the pressures from 

parents led them to sort the students a few months into the year.  

Table 25. Math Tracking at the Case Study Middle Schools 

 Shoreline 
(STEM 
magnet) 

Central Middle Brookside Valley View 

6th Some Tracking 
 Heavy Tracking Heavy Tracking No Tracking 

7th Heavy Tracking Heavy Tracking Heavy Tracking Heavy Tracking 
8th Heavy Tracking Heavy Tracking Heavy Tracking Heavy Tracking 

KEY: No Tracking =1 section; Some Tracking = 2 sections; Heavy tracking ≥	 3 sections 

Across the four case study schools, students were sorted into ability tracks based on 

traditional (Boaler, 1998; Clements & Battista, 1990) and narrow measures of 

mathematical success (Boaler & Greeno, 2000; Boaler, 2006).  The prevalent use of 

ability-based math classes within schools suggests to students that one’s ability was 
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determined by your achievement classification.  In these classrooms there is little 

opportunity for students to move in an out of particular groups. One of the most 

relevant consequences of many of these rigid grouping strategies was that students 

were grouped and labeled into fixed categories and likely communicated fixed mindset 

messages to students (Boaler, 2013a).  

Although the case study schools had rigid school-wide tracking systems, 

teachers had some flexibility for how they sorted and grouped students within their 

classrooms.  Some of the case teachers segregated students based on academic 

achievement within their classroom. The use of more fixed mindset ability grouping 

often translated into classrooms where teachers would group students based on 

perceived ability along one dimension of mathematical success (usually the 

standardized test score) or a deficit view of students. 

A more fixed mindset grouping practice observed in Mr. Kennedy’s class was 

the use of identifying a single leader into each group. He explained his classroom 

grouping strategy as follows,  

After maybe one or two weeks, then when I see that there’s one who could be a 

leader, and I try to move—sometimes they would ask me, “Why did you move 

us?”  “Oh, you’re not in trouble.  I just want to make sure that somebody can 

lead the group.”  And they like it when I said, “You’re the leader.  You’re the 

one.” … It’s like if everybody’s asking me a question, then that’s when I say, 

“You can ask first him,” or, “You can ask first her.”  And then if he couldn’t or 

she couldn’t answer the question, then you come to me.  So they always know 

that there’s always one.  And after maybe three, four weeks, when there’s 
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posted the grade, they see their grade.  So they realize that, “Yeah, this person 

can be the person to be asked.”  So that’s how it works.  

Intentionally placing a “smart” student in each group potentially conveyed 

fixed mindset messages in two ways.  First, it was a very clear use of fixed labeling of 

students.  Such fixed labeling could be associated with fixed ability (Dweck, 2006b) – 

some students were just smart and others were not.  Second, this type of grouping was 

based on a very deficit view (Valencia, 1997) of low achieving students.  Students 

who were considered low performing were viewed as being in need of help and only 

the “smart” student or the “leader” was capable of helping the student.  Under this 

view low achieving students were not viewed as being able to help out in the group, 

and they may thus have felt that they had limited ability to contribute.  Additionally, 

Mr. Kennedy referenced the public posting of grades, so other students could identify 

who “the one” was.  This public posting strategy will be discussed in the fixed mindset 

comparative structures section.   

Fixed Mindset Expectations.  Beyond the more formal tracking of students 

into groups, teachers tended to informally sort students in their classrooms by 

classifying and labeling different students and then making comparisons between 

students and having differential expectations and treatment of these students. The 

labeling and sorting of students as being “fast or slow”, “high or low”, and “smart” 

and therefore implicitly “not smart” adhered to a deficit view of student learning.  The 

use of these labels based on achievement communicated the message that math ability 

was indeed a fixed trait (Kamins & Dweck, 1999). 
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Mr. Kennedy used fixed labels to describe his students as “high end,” ‘low 

end,” and “advanced group” in the interviews. Mr. Kennedy taught the most advanced 

courses at his middle school and he tended to view his advanced students as smart, 

distinguishing them from the other students. He said in his interview, “I am the only 

teacher here in campus who have that opportunity to have all the smart kids in the 

same group.”  The use of the word “smart” was already labeling students in very fixed 

ways.  Mr. Kennedy also seemed to have a higher expectation for this group of 

students.  He explained in his interview,  

With my advanced kids, I made them realize that the reason why you’re doing 

Algebra, you are all smart.  So the expectation is right there.  And therefore, 

you have to keep up with that expectation.  The moment you get reluctant with 

the work, you will see yourself at the bottom.  Because everybody is doing a 

great job.  And if you will just be missing one more problem, you would find 

yourself at the bottom… If you feel like this Algebra class is too fast for you, 

talk to your parents.  Have your parents talk to me.  And maybe if they move 

you to the regular eight, then the more you will be successful.  Because I’m not 

saying that you will not be learning whatever the Algebra kids are doing, you 

will still be learning it in grade eight, but you are just doing it slower. 

…Imagine there were 35 smart kids.  And if you’re the one who will be 

missing two or three homeworks in a week, then you will find yourself at the 

bottom.     

In the above interview excerpt, Mr. Kennedy talked about encouraging students to step 

down if they felt that the pace of the advanced class was too fast.  He seemed to have 
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the expectation that students in the advanced class were expected to do better and 

move faster than other students.  Implicit in his statement was the expectation that 

only some students would be able to keep up with the pace of the advanced class.   

Growth Mindset Grouping and Expectations.  In contrast, in classes where 

students were grouped using factors beyond traditional views of what it meant to be 

successful in math, the teacher made an effort to understand how each student would 

contribute to a group’s collective understanding of the mathematics.  This type of 

grouping practice that was rooted in a more asset-based view of students and 

communicated a growth mindset message because everyone could contribute to 

developing mathematical ideas (Boaler, 2013a).    

Ms. Avery seemed to steer clear of grouping based on high and low or fast and 

slow characteristics.  She explained in an interview,  

I don't say, "Gosh, this kid's fast at math and gets it, so I'm gonna put him by 

this slow kid."  It's more about what kind of communicator are you and where 

do you feel safe, and then I play with that.  So I think a good example is Quan.  

When he's with someone he perceives as somebody he doesn't know or doesn't 

feel comfortable with, he really shuts down.  So I want to make sure Quan’s 

with someone who knows how to pull him out of his shell.  So he ends up with 

John or other boys a lot because of that.  Now, there are other girls, I think, 

who do that to him, but he so far has shut down, so I've tried it.  I've pulled 

back.  I'll try it again later.  So I think Quan needs to be by someone who's 

gonna pull him out of his shell, and that could be a lot of kids in this class, and 

it does not in any way need to be an academic thing.  You know, I like him by 
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Jay because Jay is such a question asker.  I might put by Chris, who Chris 

struggles with the math understanding but has this way of communicating that 

pulls him out.   

In the above interview excerpt Ms. Avery explained how her grouping strategies were 

based on a wide range of characteristics, and not solely on perceived math 

achievement or ability.  Her description of grouping highlighted the various aspects 

that she thought were important for successful student interaction around mathematics.  

She espoused a more multi-dimensional view of mathematics (Boaler, 1998, 2006) 

that accounted for multiple ways students could engage each other around 

mathematical ideas.  For example, in this excerpt she highlighted the importance of 

clearly communicating, asking questions, and drawing others out. This type of 

message was more conducive of communicating a growth mindset message because it 

conveyed there were multiple ways students could grow their math ability (Boaler, 

2013b).  These multiple ways to show understanding in Ms. Avery’s class gave 

students more opportunities to grow their math understanding and likely made the 

possibility of math growth more accessible to more students (Boaler & Greeno, 2000).   

Furthermore, Ms. Avery’s grouping strategy seemed interconnected with her 

high expectation for students.  Ms. Avery did not take a deficit view (Valencia, 1997) 

of what students could contribute to the group.  Rather, for each of the students in the 

group, she held the expectation that all students could contribute to helping others 

grow in their mathematical understanding.  This asset-based view of student was 

evident in her description of Chris.  Although Ms. Avery described Chris as a student 

who was struggling with math understanding, she saw value in what he could 
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contribute to the group.  Ms. Avery’s grouping strategy and high expectations of 

students likely communicated a growth mindset message to students because it 

conveyed all students had the potential to contribute and to help others grow in their 

math learning.  

Fixed Mindset Comparative Structures.  Mr. Kennedy posted the names of 

the top students in each of his class periods across each marking period on a bulletin 

board at the front of the room.  As the year progressed, the same students’ names 

appeared on each of the lists for every marking period.  The public acknowledgment 

of students who were consistently at the top might have unintentionally reinforced the 

high and low classification status, particularly if students continually saw they were 

not at the top of the class.   

Publically posting student work based on student performance might not 

necessarily always communicate fixed mindset messages to students.  Rather, it was 

the basis for the public post that might have signaled to students more fixed views.  

For example, having the same students’ work or names repeatedly posted for “good” 

work was likely to communicate more fixed messages – only some students (those 

who are always publically recognized for good performance) were good at math. 

Posting exemplary student work based on a one-dimensional view of mathematical 

success might have also communicated fixed mindset messages because the 

opportunities to demonstrate mastery and success were limited, and therefore quite 

fixed.   



Chapter 5: Math Teaching for Mindset Framework 105 

Setting Norms Overview 

Teachers communicated a wide variety of norms to their students.  Mindset 

norms fell into two types: 1) explicit communication of growth mindset messages 

related to the brain’s ability to grow (Blackwell et al., 2007; Dweck, 2006b) and 2) 

encouragement of working hard and persevering (Mueller & Dweck, 1998), such as 

valuing the process of learning, respecting mistakes, seeing the importance of struggle, 

and encouraging risk taking.  In the math teaching for mindset framework the far right 

column describes norm setting practices that most reflected growth mindset.  In the 

framework a more growth mindset way of communicating the norm was associated 

with a more multi-dimensional view of mathematics.  For example, although teachers 

communicated more generic explicit growth mindset messages (e.g., you can grow 

your brain), the message became more powerful (and thus more growth oriented) 

when the message was connected to a multi-dimensional view about the nature of 

learning math.  Similarly, some teachers talked generically about the importance of 

taking risks.  But in order for such a practice to be classified as more growth mindset, 

it was equally important for the teacher to explicitly communicate what risk taking 

looked like while doing mathematics (e.g., sharing multiple strategies, trying new 

approaches). Thus, a more growth mindset way of engaging in norm setting aligned 

with the enactment of socio-mathematical norms (Yackel & Cobb, 1996) rather than 

just general social norms (Kazemi & Stipek, 2001). 

Growth Mindset Explicit Mindset Messages.  What differentiated Ms. 

Avery’s explicit mindset message from the other teachers who used the language of 

“mindset” was her explicit connection to the multi-dimensional nature of mathematics 
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and her views of student potential.  Ms. Avery introduced a way to connect the brain’s 

growth with the nature of the mathematics beyond doing mathematical calculations.  

Ms. Avery took some time at the beginning of the year for students to read articles 

about the brain.  She explained how she had been part of professional development 

that shared with her research on how the brain works.  Ms. Avery recounted in her 

interview, 

And they were doing this thing around brain research and parallels, which was 

trying to help kids understand how their brain works and rework their mindset.  

So that's when I got exposed to all the Carol Dweck mindset findings, you 

know.  So I thought how much nicer – how that ties so nicely, right?  How 

mindset and trying to build a fix – a growth mindset around mathematics, and 

then understanding how a brain works.  We only do a little bit of it.  But, you 

know, try to understand how a brain works, 'cause that relates – 'cause if you 

understand how your brain works, you're gonna be less likely to judge yourself 

as "I can" or "can't" do math, because it's – when you forget something, you 

understand brains do that.  It's not your fault 'cause it's not the definition of 

your intelligence.  And that that just fed the work I was already doing around 

trying to get kids to persist and take risks and communicate productively. 

Ms. Avery also spent some time at the beginning of the year sharing with her 

students how the brain works, and how neurons grow and develop over time.  She 

showed images of human brains becoming “more full” over time at six months, three 

years and tens years of age.  But beyond just sharing about the brain Ms. Avery 
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extended the growth of the brain to a multi-dimensional view of mathematics.  She 

explained, 

I actually show them, and I say, "Okay, this is how your brain works."  And 

then when you're connecting neurons, something happens; and then a synapse 

happens between neurons and that's how it gets scored in the brain, and that 

neurons never touch but they're spaced and there's – – I'm thinking of the name 

of the chemical in between.  But, anyway, so if you think of it as like if you 

walk through the snow: it's blank snow and you walk through it and you make 

a track in the snow from one to the other.  This is all Thrive stuff.  That if you 

– it's there.  You see it.  And then, over time, you could kind of ___ – you can 

think of it snowing, right?  And then those tracks aren't as deep, so you have to 

reconnect those tracks.  And to really make a deep connection in your brain, 

you have to be experiencing things multiple ways, lots of times. A deep track 

that just doesn't go away.  And that's the kind of math I want them to 

experience in here.  We're gonna do math a lot of different ways.  I'm gonna 

ask you to talk about it, think about it, write about it, do it a different way, do it 

another different way, do it another different way, return to it again, leave it, 

come back.  We're gonna do a lot of different – be a listener.  All those 

different things I ask you to do helps you deepen your track through the snow 

of your brain, which helps you be a better thinker.  That's the message.   

In her explanation, Ms. Avery made a connection between the learning of mathematics 

and the deepening of tracks in the brain.  This connection related to the multi-

dimensional view she wanted her students to have towards math, that the subject could 
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be approached in “a lot of different ways” and required a lot of different skills such as 

talking, thinking, and listening. Her statements also reflected the idea that learning was 

an iterative process in which ideas would be revisited or in her words learning was a 

process of “return to it again, leave it, come back.”  

Fixed Mindset Valuing the Process.  At the beginning of the year Mr. 

Kennedy reviewed CCSS Mathematical Practice Standard 1, which focused on making 

sense of problems and persevering in solving them.  He described this mathematical 

practice standard in the following way: 

What it means is that most of the students actually fail because they end up 

quitting because the problem doesn't make sense to them.  When you try to 

read it, if you have to read it once, twice, thrice until you understand what it 

means.  You are practicing making sense of the problem.  I hear that a lot Mr. 

[Teacher name], I tried.  Well trying is not enough.  It is an excuse for failing.  

Some students ask if I can get extra credit or partial credit for trying.  No, 

trying is not enough.  You really have to solve it until you come up with your 

answer. 

In the above excerpt the teacher was sending an extremely mixed message.  On one 

hand the teacher was communicating the importance of making multiple attempts.  But 

on the other hand, the teacher was literally9 saying trying was not enough.  Students 

might have interpreted his statement as conveying effort was insufficient; the 

important part was coming up with an answer.  This latter message seemed to 

                                                
9 Figuratively speaking, it may be possible the teacher may have been trying to communicate that by 
saying, “I tried” was just an excuse for not really putting in one’s best effort.  But there is insufficient 
evidence to support this interpretation.  As such, my interpretation is based on what the teacher literally 
said, and focuses on how this literal translation might be interpreted by students. 
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emphasize the importance of the answer, which may have overshadowed the first 

message to make multiple attempts.  Mr. Kennedy’s framing of the Mathematical 

Practice Standard aligned with a fixed mindset message –correct answers were more 

valuable than the process of trying.   

Growth Mindset Valuing the Process, Risk Taking and Struggle.  Ms. 

Avery had a set of three guiding classroom norm:  take risks, communicate 

productively, and work persistently. These norms were posted on the wall (Figure 9) 

and Ms. Avery repeatedly referred to them in some way during each lesson before 

students engaged in doing mathematics.  

 

Figure 9. Norms Visuals in Ms. Avery’s Class 

Ms. Avery often talked about the importance of risk taking in doing math, and 

often made this norm explicit to students before they engaged in collaborate work.   

For example, in one lesson Ms. Avery associated taking risks to intellectual conflict in 

doing mathematics.  She explained to her students,  

When two different people have an idea, your job is to take a risk and share 

your idea.  And while someone else is doing that, it's everyone else's job to be 
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an active listener...Your job is to be an active participant and you're listening to 

other people's ideas in the group.  And you're not just listening but you're also 

rephrasing.  Oh yea, I see that." "Your goal is in intellectual conflict is to talk 

about lots of different mathematics together, and use that as an opportunity to 

grow your understanding and to grow each other's understanding. 

In the above quote, Ms. Avery clearly linked taking risks and sharing ideas with 

growth and knowledge.  There was also a clear connection to a multi-dimensional 

view of mathematics in which multiple ideas and strategies were valued.   

Another poster in Ms. Avery’s class highlighted the role of confusion in the 

learning process (Figure 10).  This poster characterized confusion, and therefore 

struggle, as an important aspect of the process to deeper understanding.  Furthermore, 

this poster illustrated learning as an iterative process.   

 

 
Figure 10. Deeper Understanding Poster in Ms. Avery’s class  

In one lesson, Ms. Evans had written on the board, “I don’t get it…YET!” a message 

she had learned about related to growth mindset.  The use of the word “yet” 
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communicated that a goal was still attainable if one continued to work hard (Dweck, 

2014). 

Fixed Mindset Mistakes.  In some of the observed lessons, Mr. Kennedy 

talked about the importance of avoiding mistakes.  When students made a mistake or 

did not know the answer, Mr. Kennedy did not persist with the student, but rather 

answered the question himself or immediately called on another student.  In response 

to an interview question about what happens when a mistake was made in Mr. 

Kennedy’s class, one student explained, “The whole class, they just really like 

sometimes stare at the teacher or just wait for him to try to answer it.”   The student 

recounted how the teacher was the one who managed and “answered” the mistake.  

Similarly, another student in Mr. Kennedy’s class explained that when a mistake 

happened in class “the teachers will tell us why it's wrong, how we can fix it, and how 

it should be done.”  In these student descriptions there was a sense of the intellectual 

responsibility of correcting mistakes resting on the teacher.   

There were elements of Brousseau’s (1988) didactic contract present, in which 

students and teachers assumed particular roles to play. In the case of handling 

mistakes it seemed like the role of the student was to passively sit back when a 

mistake occurred in class, while the onus was on the teacher to respond and intervene 

to correct the mistake. This type of mistake handling was classified as reflecting fixed 

mindset math instruction because mathematical mistakes were no valued as a growth 

opportunity (Boaler, 2013a, 2015). Teachers did not press (Kazemi & Stipek, 2001) 

students to address the mistakes for themselves.  Students in this class were therefore 
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not given the opportunity to engage deeply with the mistake, and as a result students 

missed the opportunity to experience growth through wrestling with the mistake.  

Growth Mindset Mistakes.  In their end of year interview, Montserrat and 

Janet, recounted how Ms. Avery handled mistakes in class:  

KS:  In your class what typically happens when someone makes a 

mistake? 

Monterrat:  Ms. Avery typically brings it up to the board.  Explain why is it 

a mistake.  She explains the process. 

Janet:  And then the whole class gets in on it. 

Monterrat:  Yeah. 

KS:  What do you mean, the whole class gets in on it? 

Janet:  Like they get in on the conversation. 

Monterrat:  We'll all share the ideas how they got it wrong and how to fix it. 

KS:  Yeah.  And how do you feel about that way of handling a 

mistake? 

Monterrat:  I learned through some of that because then I've practically been 

to some of that situation and I learned from it. 

KS:  How about you, how do you feel about how she handles the 

mistakes in math? 

Janet:  I feel good.  It feels good.  I like it. 

KS:  What do you like about it? 

Janet:  Like other people get to interact and other people get to go up 

on the board and stuff and write down their ideas. 
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Although Ms. Avery’s was the one who initially put the mistake on the board, there 

was active engagement from the students in handling the mistake, as evidenced by 

Janet’s use of the phrase “the whole class gets in on it.”  This was another instance of 

growth mindset way of handling a mistake.  This type of mistake handling was 

grounded in a more multi-dimensional view of math because during the process 

students were expected to interact around their classmates’ various mathematical 

ideas.  By encouraging students to get involved in understanding the mistake, Ms. 

Avery not only communicated that mistakes were important, but also that anyone and 

everyone should be engaged in the process of handling the mistake.  As a result, all 

students had the opportunity to learn and grow from the mistake.   

Using Math Tasks Overview 

Similar to the first two dimensions of the framework, in my examination of 

how teachers used math tasks, the nature of the mathematics again played an 

important part in communicating either fixed or growth mindset messages to students 

(Boaler, 2013b).  In the observed classrooms, different math tasks had the potentials to 

engage students in different kinds of math (Stein et al., 1996, 2009).  For example, 

some math tasks, as they were written, only had the potential to engage students in one 

dimensional mathematics, such as producing memorized facts (e.g., multiplication 

speed tests) or doing the same procedure over and over (e.g., creating factor trees).  In 

contrast, other math tasks that connected procedures to conceptual understanding or 

engaged students in problem solving and justification had the potential to engage 

students in more multi-dimensional aspects of mathematics (Boaler & Staples, 2008).  

However, even when math tasks had the potential to be one- or multi-dimensional, the 
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teacher played a role in shaping and directing the focus of the task (Boaler, 2002b; 

Stein et al., 2009).    

Fixed Mindset Focus of Math Tasks.  If the math task was primarily one-

dimensional, focusing on rote memorization or following procedures the math 

teaching was classified as more growth mindset.  For example, in general, the focus of 

the lessons in Mr. Kennedy’s classes tended to heavily emphasize procedural fluency 

and getting the right answer, and his teaching was thus associated with being more 

fixed mindset (Boaler, 2013b).   

Growth Mindset Focus of Math Tasks.  Consistent with past research (e.g., 

Boaler & Staples, 2008; Fennema et al., 1996), case study teachers who tended to 

focus on the multi-dimensional nature of math focused on student thinking and drew 

students’ attention to the various ways to succeed at doing math and the connections 

between mathematical ideas.  They also gave students many opportunities to engage in 

deep mathematical thinking.   

Also consistent with literature (Boaler & Staples, 2008; Boaler, 1998), students 

in classes engaged in more multi-dimensional mathematics seemed to experience a 

different type of growth and success from those who were encouraged to follow a 

narrow set of procedures.  While students in the case study classrooms who engaged 

primarily in one-dimensional mathematics grew in their ability to follow an algorithm, 

they seemed to continue to think of mathematics, and subsequent success in 

mathematics as limited and closed. These students continued to use words such as 

“equations” and “numbers” to describe math at the end of the year.  However, students 

in classes where the teacher focused on more multi-dimensional views of math seemed 
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to develop a more generative and open views of mathematics. These students used 

words such as “creative”, “curiosity”, and “discovery” to describe math.  Based on the 

word differences, mathematics for these students seemed much more expansive and 

full of potential.  Thus, engaging students in multi-dimensional math tasks, where 

students were doing much of the work, reflected much more of a growth mindset 

because students could experience the openness of mathematics (Boaler, 1998, 2013a).  

For every observed lesson Ms. Avery engaged students in more multi-

dimensional math tasks that focused on deep conceptual understanding and sense 

making. She took traditionally more procedural task and directed students’ attention to 

more conceptual aspects of a task.  For example, in one class period, Ms. Avery posted 

the following prompt:  

0% of $450 is 0. 

100% of $450 is $450. 

Find at least 12 more percentages of $450. 

This task could have been implemented in a very procedural way, especially if the 

students had learned an algorithm for calculating percentages.  However, in this 

particular class, Ms. Avery did not give students an algorithm.  Instead students were 

encouraged to use their understanding of proportionality to identify five other 

percentages.  In launching the percentage task, Ms. Avery explained to her students 

that there were several ways to be successful in solving the problem:  

Can you pick out important details from word problems?  Can you rephrase 

simplify question clearly so everyone can understand?  Good at organizing 

data so whole group can follow?  Can you avoid naked numbers?  Are you 
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good at building on ideas?  Are good at explaining some else's idea?  Can you 

determine reasonability of ideas?  Are you good at checking ideas?... Answers 

are the last thing I care about. The first thing is clear details, lots of reasons, 

everyone can explain, so if you're calculating all by yourself over here.  And 

you're thinking, I'm going to get it done and then tell everyone else.  No.  Cuz 

that's not how we do math in here.  That's not how people learn best. 

Ms. Avery gave students the opportunity to succeed along multi-dimensions, 

and never once mentioned the importance of correctly following an algorithm.  By 

having a broader view for what it meant to be engaged in doing mathematics, Ms. 

Avery established a more growth mindset focus to the task.   

What could have been a one-dimensional task was framed in such a way that it 

became more multi-dimensional, allowing for students to make connections between 

past understandings and to use reasoning to find their answers.  As such, the students 

in the class came up with a variety of strategies for finding their percentages.  Figure 

11 depicts two examples of student group work.  In the first example, students used a 

combination of multiplication and division to calculate percentages.  In the second 

example, students show evidence of using addition to calculate 75%.   
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Figure 11. Student Work Related to Percentages. 

The opening up of the math task allowed students to have the opportunity to explore 

and come up with their own strategy to solve the problem.    

 Doer of Math.  In the framework there is a practice related to who is doing the 

mathematics.  If the instruction was consistent with a more transmission model of 

teaching (Clements & Battista, 1990), where the teacher was telling student what to do 

and how to think, then the teaching was classified as more fixed mindset.  This often 

happened in Mr. Kennedy’s class in the form of the Initiate-Response-Evaluate (IRE) 

structure (Cazden, 2001; Mehan, 1979).  Mr. Kennedy would directly model for 

students how to graph a line.  The students would then respond back repeating the 

procedure for how Mr. Kennedy graphed the line.  Then Mr. Kennedy would allow 

students to try a graph on their own, and evaluate their work or responses. 

In contrast math instruction in which students were the ones constructing much 

of the mathematical sense-making (Clements & Battista, 1990) were more reflective 
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of growth mindset math instruction.  For example, in the percentage activity described 

above, students  in Ms. Avery’s class were doing the majority of the mathematical 

thinking, convincing each other of their ideas and strategies for solving problems.  In 

this class Ms. Avery’s role was much more of a facilitator (Stein & Smith, 2011) 

whose role was to elicit and respond to student thinking (Carpenter et al., 1989; 

Fennema et al., 1996). 

Feedback & Assessment Overview 

Verbal Praise.  Drawing on the literature, I had originally intended to examine 

teacher use of person- versus process- based praise, as each had been correlated to 

fixed or growth mindset, respectively (Kamins & Dweck, 1999; Mueller & Dweck, 

1998).  However, the case study teachers did not use person based praised as 

frequently as I had anticipated.  Rather, the two primary types of praise in classrooms 

were outcomes-based praise and process-based praise.  Outcomes-based praise was 

verbal praise that was focused on the outcome of student work (Kamins & Dweck, 

1999), such as correctness or speed.  In the math teaching for mindset framework, this 

type of praise aligned with more fixed mindset.  Process based praise, which was 

much more aligned with growth mindset instruction (Kamins & Dweck, 1999), was 

focused on how students were engaging in doing mathematics.  Teachers praised 

students for working hard.  However, in the current math teaching for mindset 

framework this type of praise was not the highest type of growth mindset math 

instruction because students could be working hard at memorizing a procedure, and 

would thus be limited in their growth.  Rather, to score highly growth mindset for 

giving praise, the praise for students needed to align with a multi-dimensional view of 
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mathematics.  For example, teachers might praise students for their diligence in trying 

a new strategy or justifying their ideas to a classmate.  

Opportunities for Extra Help. I had collected assessments from each of the 

case teachers and realized most teachers did not give significant written feedback on 

the assessment.  In fact, across all case classes written feedback was sparse and each 

problem was typically graded for a particular point value. The lack of commenting 

was not surprising given teachers were oftentimes grading more than 120 papers at a 

time.   Writing extensive “high standards and assurance” (G. L. Cohen et al., 1999) 

type of feedback would seem unrealistic.  Similarly, the use of rubrics (Andrade, 

2000), which would require an extensive amount of time, also would seem to be 

unrealistic given the high numbers of papers to grade.  A more time-efficient 

alternative to giving written feedback on the assessment seemed to be providing other 

opportunities for students to get feedback or help.  One such opportunity, which was 

mentioned in several student interviews, was the opportunity to receive extra help 

outside of class time.  Students recounted how being able to come in at lunchtime (as 

was the case for Ms. Avery’s students10) or after school allowed them to improve in 

math, and as one student said, the after school tutoring helped to “expand our learning 

ability.”  Thus, providing extra opportunities to receive feedback and support was 

classified as being conducive to helping students develop a growth mindset in 

mathematics.  

                                                
10 Ms. Avery provided multiple opportunities for students to receive additional help and feedback.  She 
also gave students opportunities to revise their assessments.  She offered out-of-class help to her 
students regularly.  The case class was after lunch, so before each observation, I witnessed Ms. Avery 
with students working on math during their lunch break.   
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Grading Policies.  In general, grading policies aligned with more growth 

mindset math instruction were consistent with principles of formative assessment 

(Black & Wiliam, 1998b) that focus on mastery learning and multiple opportunities 

for students to learn the material (Boaler & Greeno, 2000; Boaler, 2006).  Grading 

policies that allowed for students to resubmit work or improve their scores were 

classified as more growth mindset.  While grading policies that were more rigid and 

did not provide students to improve their grade or score were classified as more fixed 

mindset.  For example, Mr. Kennedy had a firm grading policy in which students had 

one opportunity to turn in assignments or to take tests.  Once the grade was 

determined for a particular assignment, it could not be changed.  Based on these 

practices, Mr. Kennedy's grading policies were classified as more fixed mindset. 

Furthermore, rather than focusing solely on outcomes, teachers should also 

focus on understanding student thinking and the strategies they use to solve particular 

mathematics tasks (Carpenter, Fennema, & Franke, 1996; Carpenter et al., 1989; 

Schifter, 2001).  If grading was based on more multi-dimensional aspects of 

mathematics, the grading policy was classified as more growth mindset. If grading 

was purely assigned based on correctness, the grading policy was consistent with more 

fixed mindset instruction.   

Using the Math Teaching for Mindset Framework 

In this section I zoom into a specific moment of instruction and use the math 

teaching for mindset framework to examine how mindset messages might be 

communicated in a brief interaction between teacher and students.  The goal of this 

section is to better understand how the framework might be beneficial for examining 
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particular instances of teaching and to highlight how multiple fixed or growth mindset 

messages might be communicated in the everyday, and seemingly common, 

interactions in a math classroom.  I examine one somewhat commonly occurring event 

in math classrooms: the handling of an alternate strategy.  

In the vignette that follows there were several aspects of the math teaching for 

mindset framework that occurred within a 15-minute instructional window.  The co-

occurrence of various practices in the framework within this teaching vignettes 

illustrate the nuances of how multiple mindset messages might be communicated 

interactions between teachers and students in math class.   

Vignette: Handling of an Alternate Strategy 

The vignette of the teaching episode below takes place in a sixth grade math 

class.  The current lesson is focused on adding mixed numbers (e.g., 4 !
!
 or 5!

!
) by 

changing the mixed number to an improper fraction (e.g., !
!
 or !"

!
) and then converting 

the improper faction back to a mixed number.   In the following sections, I provide a 

more detailed account of a particular teaching episode. Italicized text is used to 

describe the teaching vignette and non-italicized text represents my interpretation of 

the teaching episode.  Within the vignette I have used color coding to highlight 

instances that will be discussed in the interpretations: sorting in green, norm setting in 

red, using math tasks in blue, and feedback in orange. 

At the beginning of the lesson the teacher goes over the steps to add mixed 

numbers in the “skills development” section of the lesson.  

Step 1: Convert to improper (if necessary) 
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Step 2: Use LCM to find common denominator 

Step 3: Add/subtract the numerator (keep same denominator) 

Step 4: Simplify, if possible 

Step 5: Convert back to mix number, if needed. 

Students are expected to copy the steps into their notes.  The teacher then presents a 

problem to the students and proceeds to model how to solve the problem, walking the 

students through each step.  During this process the teacher typically makes 

statements that begin with “Step one is to...”  The students then chorally chant the 

steps as the teacher guides students through doing each step.  Students are expected to 

write down each step as the teacher writes them on the board.  The style of the class 

closely follows the typical Initiate-Respond-Evaluate (Mehan, 1979) format.  The 

teacher initiates by asking students for an answer.  The students then respond, 

typically with a single word answer.  Then teacher evaluates the response and decides 

whether to move on to the next step or another problem.   

The teacher goes through two examples using this call and response model and 

has put up a third example: 2!
!
 +1!

!
.  As with the two previous problems, the teacher 

begins by having the class go through step number one: convert each of the mixed 

numbers into improper fractions (!!
!

 + !
!
).  Since the denominators are the same, the 

teacher says they can skip step two, which is to find the least common denominator.  

At this point a student, Michelle, who is sitting in the back left corner of the room, 

raises her and begins to offer another way.  
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Michelle:  Well, I wanted to say that there's actually another way to find 

the answer.  What you do is... 

Teacher:  [cuts Michelle off] So pause that thought.  We'll talk about that 

thought in a little bit. You know another way. I want you to 

practice trying this method though. And later on you can choose 

whatever method you like.  So bring that up in a little bit. Ok? 

The teacher then goes on with steps 3-5 for adding mixed numbers. Another problem 

is posted (2 !
!"

 +5 !
!"

) and the same five steps are covered in the IRE format. 

In this brief moment in math class, Michelle put out an offer for another 

strategy to solve the problem, but the teacher did not accept this offer.   Instead the 

teacher (in blue) encouraged Michelle to focus on the procedures that were shared 

with the class. The focus of the task was “to practice trying this method.”  The 

teachers’ actions to proceed through steps 3-5 on the problem (in red) again 

highlighted the emphasis on following the prescribed method.  The focus on the 

method was further enforced by the teachers’ completion of another problem using the 

same five-step procedures. Under this format the teacher was doing much of the 

mathematical work and the students’ roles tended to be focused on reciting the steps 

back to the teacher.  The mathematics was heavily focused on following a procedure. 

Thus, under the math teaching for mindset framework the focus of the math task was 

more likely to communicate fixed mindset messages. 

 After the skills development portion of the lesson, students are given the 

opportunity to practice problems on their own under the “We do” portions of the 

lesson.  But before doing so there is a video of a dog sliding down the stairs.  At the 
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end of the video appears an image that says, “Don’t be lazy!!! USE EVERY STEP!!!” 

After the teacher projects one problem on the board (3!
!
 +6!

!
), he announces to the 

class, 

So even if you don't use every step I still want you to check every step. Because 

tomorrow you will be using everyone of these [steps].  So right together with 

your partner, I want to you to talk about how to do these and then stop.  I'll 

give you about a minute and half with your partner do each.  Talk about what 

you're doing. 

The students are then given an opportunity to work through the problem.  Some 

students work independently while other students talk to their partners. 

The video of the dog using every step again emphasized the procedural and 

rules based nature of the task.  In his directions to the class, the teacher repeatedly 

emphasized the importance of following the steps to solve the math problem, even if 

particular steps (e.g., step #3 finding a common denominator) were not necessary.  He 

also emphasized the importance of talking to one’s partner while doing the problems, 

which signaled that he believed that students could assist and help each other.   

 As the teacher is walking around class checking students’ work, there is a low 

hum in the room as partners are working together. Michelle tries to grab the teacher’s 

attention and shows her work to which the teacher responds, “Even if you do another 

method, I need you to do my method.  This is showing the work.”  After approximately 

2 minutes of partner work, the teacher does the problem on the board, but 

intentionally leaves a mistake.  The teacher’ work looks like this: 
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3
1
5   + 6

2
5 

16
5   +

32
5 =

48
10     

The teacher then asks the students, “What mistake have I made on my problem? I'm 

going to go random.”  The teacher then uses the computer to randomly select a 

student.  The selected student, Eddy, is sharpening his pencil and doesn’t answer, so 

the teacher picks another random student Ellen.   

Teacher:   So listen up, the next person is Ellen.  Ellen what was my 

mistake? 

Ellen:   Um, you added the top right, but on the bottom the denominator 

stays the same. 

Teacher:   Ah! You’re supposed to add the numerators, but are you 

supposed to add the denominators? 

Class:   No! 

Teacher:  So what should this number be? [referring to the 10] 

Class:   5! [The teacher crosses out the 10 and writes ‘5’.] 

Teacher:  So I owe you Ellen.  I’ll pay up in a moment.   
 

After the exchange with Ellen, the teacher then goes on to step five and converts the 

improper fraction back to a mixed number by using long division to divide 48 by 5.  

Afterwards the teacher rewards Ellen with a candy for getting the answer correct.   

Three elements of the math teaching for mindset framework occurred in the 

above section of the vignette.  First, this was the second time that Michelle has tried to 
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show the teacher another method.  Yet again her offer to use an alternate strategy was 

declined, and she was reminded to use the five-step method that was presented earlier.  

The emphasis was again placed on following the method and the “showing of work” 

was strictly connected to a strict adherence to the prescribed method.  Second, when 

the teacher did the work on the board he seemed to have an intentional mistake.  This 

seemed to indicate that he has some value in understanding mistakes.  However, the 

mistake was treated as primarily a procedural and computational mistake.  Ellen’s 

response that “the denominators stay the same” seems to highlight the rules-based and 

procedural nature of the mistake.  The conceptual rationale for why the denominators 

needed to be the same was not explicitly attended to in the exchange.  Third, Ellen was 

rewarded with a piece of candy for getting the correct answer.  The rewarding with 

candy was clearly a form of praise that supports extrinsic motivation and may thus 

enforce more of a performance orientation of learning in students (Lepper, Greene, & 

Nisbett, 1973).  Furthermore, the giving of candy in response to a correct answer 

seemed to communicate that correctness was what was valued as the primary currency 

in this mathematics class.  

 The next problem the teacher poses to the class is 2!
!
 +1!

!
 (problem F) and is 

intended to be done independently.  The teacher gives the directive, "Go ahead and 

work on F by yourself. You have about a minute."  As the teacher is walking around 

checking student work, Michelle raises her hand and the teacher approaches her desk.  

The following exchange ensues: 

Michelle:  Um, so I was doing it the ... 
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Teacher: [cuts Michelle off]: "The other method?  Well, tonight I want 

you to practice this method, then after tonight, I'll let you chose 

whatever method. Ok?  Thank you." 

Michelle persists in doing it her way.  The teacher returns to Michelle’s desk. 

Teacher: So I'm going to talk about that method right after this. And then 

explain why for some students it's not a good for them.  But if 

you understand it really well in all situations, then it's ok. But 

maybe not all students. 

 
The teacher then walks off and continues to check in with other students.  The teacher 

works to help students through the steps for adding with questions such as, “You’re 

going to change this to what?”  After a few moments, the teacher solves the problem 

on the board.  On the board he has written: 

2
3
4   + 1

1
4 

11
4   +

5
4 =

16
4   
÷ 4
÷ 4 =   

4
1 = 4     

 

The teacher asks the students, “Look at my problem and see if you see any mistakes. 

Raise your hand if you see any mistakes.”   Some students try to find mistakes.  One 

student, referring to !
!
, says,“You didn’t show your work.”  The teacher replies, 

“That’s a good point. I could have done 4 divided by 1, and 1 divided by 1 to get 4” 

and writes  !
!
  ÷!
÷!
=   4.  Then another student says, “You didn’t do anything wrong.”  
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The teacher then emphatically responds, “I didn’t do anything wrong!  Would you 

agree that my answer is correct?” 

 A few mindset related math teaching practices occurred in this section of the 

vignette.  First, the focus is again on solving the problem using one prescribed method.  

Michelle is encouraged to practice “this method” with the option of using her method 

in the future.  There is no encouragement to make connections or comparisons 

between the two methods.  Second, there were very fixed mindset sorting practices 

related to expectations of students.  The teacher’s statement, “I’m to…explain why for 

some students it's not a good for them.  But if you understand it really well in all 

situations, then it's ok. But maybe not all students” clearly conveyed different fixed 

mindset expectations and classifications for students.  The teacher seemed to imply 

that some students were not capable of solving the problem using Michelle’s strategy.  

Third, the teacher again placed some emphasis on mistakes, and his focus on mistakes 

seemed to signal that he views mistakes as important.  However, the emphasis was 

once again placed on the procedural nature of the mathematics.  The importance of 

following procedures was highlighted in the first student’s response that the teacher 

made a mistake because he “did not show his work” for how he went from !
!
 to 4.  The 

teacher’s enthusiastic response of “I didn’t do anything wrong” also reiterated the 

focus on correctly following the procedure.  

 The teacher then revisits Michelle’s earlier idea for how to add the mixed 

numbers.  The following exchange occurs during the last three minutes of class:  

Teacher: So I want to talk about something Michelle was mentioning earlier.  

She was saying, [teacher name], there's another method.  So 
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I'm going to give another problem say 3 !
!
  + 1 !

!
  

[The teacher writes the problem on the board.] 

Teacher: Let's say that's our problem. And Michelle was saying, what you 

could do, and some of you guys might have learned this.  What 

you could do is instead of getting an improper fraction you 

could take this 1 !
!
 line it up under this one and add this way.  

[The teacher lines up the numbers vertically.] 

Teacher: What's three plus two guys? 

Class: Five. 

Teacher: Five. So you end up with five fourths.  [Writes !
!
  on board] What’s 

three plus one? 

Class: Four. 

 The Teacher writes 4 on board in front of the !
!
 , so the students see: 

 

Teacher:  But what's wonky or weird about this fraction right now? [Referring 

to 4 !
!
]  What's weird about that fraction? 

[Michelle’s hand is enthusiastically raised at this moment, but the teacher 

calls on another student.] 

Teacher: Angela? 
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Angela:  You, you can make another whole number. 

Teacher:  I have a mixed number.  But what kind of fraction is this guys 

[pointing to the !
!
]?" 

Class:  Improper. 

Teacher: Improper.  Are you supposed to have both a mixed number and an 

improper together? 

Class:  No. 

Teacher:   No. So what happens with in this method guys, you might end up 

with something kind of weird.   

Teacher: And how many of you guys have done this method before? 

[A few student hands are raised.] 

Teacher: Ok, so this method for some of these problems works really nice.  It's 

actually faster to do this, but what happens some time is that 

you end up with a weird fraction here.  How many times can 

four go into five [referring to !
!
]? 

Choral:  One. 

Teacher: It can go in one time. How much would be leftover? 

Choral:  One. 

Teacher: So you have one and one fourth [writes 1 !
!
  ], but you also still have 

this four over here.  What would you do with this four? 

Choral:  Add it. 

Teacher:  Add it to the one.  So four plus one gives you… 



Chapter 5: Math Teaching for Mindset Framework 131 

Choral:  Five. 

Teacher:   Five.   

[The teacher rites five on board, so students see:] 

 

Teacher:  You get five and one fourth, and then you would get your 

answer. But since this step [referring to converting 4 !
!
  to 

4+1 !
!
  ], I notice a lot of students get stuck here and can't do it 

here.  I've shown you a method where you don't have to worry 

about doing that.  Now when you subtract it also gets weird.  

Now tonight I do want everyone to try this method [the one 

covered in class].  If you know another method, and you know 

that method well, you can use that method in the future.  But for 

tonight's homework I want you to show me you understand this 

method. Tim? 

Tim:  The way you can do the fraction problem is you can add the 

whole number and just add the other fractions. 

Teacher:  Is that what we did when we did two plus three is five? 
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Tim:  No, for E [referring to a previous problem 3 !
!
  + 6 !

!
 you can 

add 3 and 6 and get 9.  And 1 and 2 and get 3, so it would be 9 

and three fifths. 

Teacher: No, so yeah, that was the same idea as this.  Right?  And that one 

works out nice because you don't end up with a weird improper 

fraction, but sometimes you would and I wouldn't want students 

to end up having to struggle with it. So if you know that really 

well Tim you know what to do with this, then in the future you 

could do it.  But for tonight's homework I still want you to show 

me this way. Alright? 

 In the finale of the vignette, which ended the class, the teacher decided to share 

with the rest of the class Michelle’s strategy.  Her strategy was to line up the mixed 

numbers and then add the fractional parts and the whole number parts.  During this 

exchange the teacher communicated several mindset messages related to norm setting 

and using math tasks.  In relation to norm setting the teacher clearly communicated the 

importance of avoiding struggle.  The teacher ended the class by saying “I wouldn’t 

want students to end up struggling with it.” The teacher’s repeated use of the word 

“weird” to describe the fraction 4+1 !
!
 seemed to further communicate the importance 

of avoiding mathematics that did not look familiar.  Additionally, there seemed to be 

an underlying assumption that the whole number with the improper fraction would be 

a challenge to “some” students.  Thus, there seemed to be implicit expectations that 

some students would struggle and wouldn’t be able to handle the problem.  As in the 
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other sections of the vignette, the primary focus of the task was to follow and practice 

one particular method for adding mixed numbers.  Thus the focus is on a fixed, one-

dimensional view of mathematics.  Although the strategy that the teacher shared was 

Michelle’s strategy, the teacher did all of the explaining and did not give Michelle and 

opportunity to share her strategy.  In the vignette, Tim offers the same strategy as 

Michelle, but he was also not given an opportunity to thoroughly explain his 

reasoning.   

Vignette Discussion 

 I elected to analyze this vignette because it highlighted moments that could be 

quite common in math classes, and I thought it was important to bring attention to how 

teachers might unintentionally communicate very fixed mindset messages through 

their math instruction. Using the math teaching for mindset framework the interactions 

that occur during in this vignette primarily fell under more fixed mindset math 

instruction (see Table 26).  

Table 26. Fraction Vignette Math Teaching for Mindset Analysis 
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Several fixed mindset messages were communicated in this vignette.  The first 

message was the importance of avoiding struggle. It was quite clear from the exchange 

that the teacher believed struggle was not something all students should experience.  

By emphasizing that some students would not understand Michelle’s strategy, the 

teacher sent a message that he had lower expectations for some students.  Additionally 

by discouraging Michelle’s method, the teacher was de-emphasizing the importance of 

trying new ways of solving math problems because the new may be to challenging.  

This message discourages exploration and risk taking in mathematics.  In explaining 

of Michelle’s method, the teacher communicated the importance of avoiding 

mathematics that looked “weird.”   

The vignette related also highlights a lesson that is primarily focused on one-

dimensional view of mathematics.  The task was presented in a way in which the 
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teacher stripped the cognitive demand (Stein et al., 2000) of the task, by reducing the 

task to following a set of rote procedures.  In essence, the teacher did the mathematical 

thinking for the students, and did not give students an opportunity to reason and make 

sense of the problem for him or herself.  When an opportunity arose to make sense of 

an alternate strategy the teacher labeled aspects of the strategy as “weird” thereby 

signaling that deviating from the prescribed procedures was not encouraged.  

Additionally, although there was some attention to mistakes, the focus was at a low 

press level (Kazemi & Stipek, 2001) that emphasized correctly following the 

procedures.   

In wanting to protect students from struggle and failure, teachers may strip 

much the cognitive demand of a mathematical task (Stein et al., 2000). The teacher in 

this vignette seemed to fall into this category being well-intentioned and wanting 

students to succeed rather than struggle.  In encouraging students to avoid struggle, 

this teacher is endorsing avoidance strategies that are consistent with fixed mindset 

beliefs (Dweck, 2006c) and continuing to perpetuate the culture of fear of failure and 

avoidance of risk taking that has become prevalent amongst American youth 

(McArdle, 2014).  

This section highlighted how multiple mindset messages could be 

communicated within a short period of classroom instruction.  When we examine math 

teaching using a mindset lens, it is important that we think about how different teacher 

practices as a collective communicate mindset messages to students.  One practice 

may be particularly powerful, but understanding how the confluence of mindset 

related practices might influence student beliefs may be even more powerful.  The 
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implications associated with the confluence of mindset related practices are discussed 

further in the implications of the concluding chapter.   

Summary 

 In this chapter, I reintroduced the math teaching for mindset framework, and 

described a continuum for the four mindset dimensions (Boaler, 2013a) and related 

practices that was developed based on the literature and case study data. The goal of 

this chapter was to provide a detailed portrayal of what more fixed and more growth 

mindset math instruction looked like in real math classrooms. A key difference 

between more fixed and more growth mindset math instruction was the nature of the 

mathematics that was emphasized (Boaler, 2013b).  For more growth mindset math 

instruction across sorting, norm setting, using math tasks and assessing, teachers made 

explicit connections to the multi-dimensional and open nature of mathematics (Boaler, 

2006; Clements & Battista, 1990).  Whereas, more fixed mindset math instruction 

tended to focus on the closed (Boaler, 1998) and one-dimensional perspectives of 

mathematics where teachers tended to focus on rules and procedures (Boaler, 2002a; 

Skemp, 1978). Thus, as suggested in the survey study in Chapter 4, the framework 

again highlights how growth mindset is intricately linked to how one perceives or 

engages in mathematics.   
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Chapter 6: Mindset Beliefs and Practices: Analyzing across Teachers 

The third research question for this study related to better understanding how 

math teaching practices varied in classrooms of teachers who had different mindset 

beliefs.  To address this question, upon refinement of the math teaching for mindset 

framework (MTMF), I examined mindset instruction globally across the case study 

teachers, who had been selected to represent a range of mindset beliefs. Through 

qualitative analysis of classroom observations, course materials, and teacher and 

student interviews, I examined how the instructional practices varied across the seven 

case study teachers.  I classified each teacher practice according to the MTMF as 

either more fixed, middle/mixed, or more growth mindset.  Table 27 summarizes the 

teacher mindset classifications for each of the four dimensions of the Math Teaching 

for Mindset Framework: sorting, norm setting, using tasks, and grading and assessing.  

The table is sorted based on the average of each teacher’s self-reported mindset beliefs 

from the pre- and post-survey.  The lower the mindset belief score the more the 

teacher reported ascribing to a fixed mindset.   

Table 27. Math Mindset Teaching Practices across Case Teachers 

 
Mindset Belief Scores: 1-1.9: Very Fixed; 2-2.9: Fixed; 3-3.9: Somewhat Fixed; 4-4.9: 

Somewhat Growth; 5-5.9: Growth; 6: Very Growth ADD TITLE ABOVE PRACTICES 
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The table above highlights three patterns worthy of further exploration.  First, 

there were two teachers who had consistent alignment between their mindset beliefs 

and practices: Mr. Kennedy and Ms. Avery, who were highlighted in the previous 

chapter.  Mr. Kennedy had fixed mindset beliefs and his teaching practices were 

consistently fixed mindset in nature across all four dimensions of the Mindset Math 

Teaching Framework. Ms. Avery had very growth mindset beliefs and her practices 

consistently aligned with growth mindset math instruction as outlined in the MTMF. 

The second noteworthy pattern related to Ms. Royce, who, according to the survey had 

the most fixed mindset beliefs of all of the case teachers.  Yet, she consistently taught 

in ways that were classified as mixed or middle mindset across the four dimensions of 

the teaching framework.  The third pattern from the comparison across teachers relates 

to the remaining four teachers: Ms. Lara, Mr. Baxter, Mr. Williams and Mr. Mesa.  

These four teachers all reported having at least somewhat of a growth mindset.  Yet, 

their instructional practices across the four dimensions varied from more fixed mindset 

in some to growth mindset in others.  For this group of teachers, there seemed to be 

alignment between beliefs and practices for some of the practice dimensions and a 

lack of alignment in other dimensions.  I classify these three patterns as: 1) consistent 

alignment, 2) consistent lack of alignment, and 3) inconsistent alignment.   Table 28 

highlights the belief and practice alignment for the seven case teachers.    

Table 28. Case Teacher Belief Practice Alignment 
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 In the previous chapter, I highlighted the case of two consistent belief and 

practice alignment teachers: Ms. Avery and Mr. Kennedy, whose mindset beliefs and 

practices were aligned.  Yet it is well documented that the relationship between 

teacher beliefs and practices is not always consistent (Cross, 2009; Raymond, 1997; 

Shield, 1999; Thompson, 1992).  In this chapter, I examine the other two patterns 

associated with case study teachers who did not have alignment between their beliefs 

and practices.  

Consistent Lack of Alignment between Beliefs and Practices 

Ms. Jordan represented the case of a teacher whose beliefs did not consistently 

align with her teaching practices.  In relation to the other case study teachers, Ms. 

Jordan reported having the most fixed mindset beliefs.   Yet, under the math teaching 

for mindset framework Ms. Jordan’s teaching practices did not fall under fixed 

mindset in any of the dimensions of the framework.  Rather, Ms. Jordan consistently 

scored in the middle/mixed range across all four dimensions of the framework.  In this 

regard, her fixed mindset beliefs, as reported on the surveys, did not necessarily 

translate into her instruction.  
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Ms. Jordan had elements of emerging growth mindset math instruction 

throughout her teaching practice.  Ms. Jordan taught sixth grade at Valley View 

Middle School, a school which was working towards untracking their classes.  At the 

start of the academic school year, Valley View had decided to completely untrack the 

sixth grade, meaning that all sixth graders would take Math 6.  The seventh and eighth 

grade classes remained tracked, offering a variety of math levels.  Seventh and eighth 

grade students at Valley View were placed into a math level based on past 

achievement.  Since Ms. Jordan was a sixth grade teacher she was in the first cohort of 

teachers to have untracked math classes. In line with past research (D. K. Cohen, 

1990), she represented a teacher in transition between old and new ways of teaching.  

She described in an interview towards the beginning of the year, “I used to seat them 

according to their level like if you're at a second grade level you're all at this table, and 

then my higher kids at another table, but I didn't – that worked well, but I like them all 

mixed.”  In this statement, Ms. Jordan talked about her old way of grouping students 

(by ability level) and her new way (having them mixed). 

During her interview at the end of the year, Ms. Jordan talked about the 

importance of mixed ability grouping as a means to “level the playing field.”  She 

explained, 

Some of my higher performing kids in here would get answers really quickly 

but they're really not good at explaining concepts of how they know they're 

right.  So sometimes the kid who feels like they're so bad at math could explain 

a concept better than the higher performing kids so that it really kind of leveled 

the playing field for a lot of those kids.  And they're like oh my gosh, I knew 
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how to do something that this kid didn't know how to do and their confidence 

definitely went up this year.   

In this statement, Ms. Jordan communicated how she held the expectation all students 

could contribute and she used little fixed language in her interviews. Students in her 

class seemed to experience a new kind of success that was associated with engagement 

in more multi-dimensional mathematics (Boaler & Greeno, 2000; Boaler, 2006).  

Furthermore, by having students engage in more multi-dimensional mathematics, that 

required students to explain concepts, Ms. Jordan was also given the opportunity to 

see students who she had previously labeled as “bad at math” succeed.  Although her 

reported mindset beliefs did not shift over the course of the year, Ms. Jordan was 

working towards shifting her math instruction to be more consistent with multi-

dimensional views of mathematics. Ms. Jordan may have been a teacher whose 

practice shifts and whose beliefs might follow (Cobb et al., 1990).  

Ms. Jordan also communicated a variety of mindset related norms in her class. 

Students in Ms. Jordan’s class talked about the benefits of mistakes in their interviews.  

Chris a sixth grade student in Ms. Jordan’s class at Valley View said, “Like a lot of 

people say you learn from mistakes.”  Similarly, another student, Josh, explained,  

“Learn from your mistakes and see what you did wrong, so you can make it up.”  Ms. 

Jordan also talked to her students about struggle at the beginning of the year.  Students 

were sharing different words they associated with math.  In response to a student who 

shared he sometimes struggled with math, Ms. Jordan said,  

I like how some of you are saying sometimes math makes me mad and 

sometimes I struggle.  And I think that that's normal.  If you never struggle in 
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math then it means I'm not challenging you.  So you are going to struggle in 

here a little bit, but it's going to feel so good when you work it out.  So don't be 

afraid of feeling like you're struggling a little bit.  I help you as much as I can 

without giving you the answer. 

In Ms. Jordan’s statement it was clear students were expected to struggle in her class, 

and this struggle was part of the learning and growth process in mathematics.  

Although Ms. Jordan talked about the importance of mistakes and struggle, she did not 

score more growth mindset in these practices because she did not always engage 

students as deeply in the mathematics.  For example, although she gave students more 

time to struggle with the math than some of the other case teachers, she would often 

jump in before students had finished elaborating on their thinking to give students 

hints or she would have a student share the answer before the majority of students 

were done. 

Furthermore, although some of Ms. Jordan’s lessons were one-dimensional in 

nature, she had elements of trying to integrate multi-dimensional mathematics in her 

classroom.  She told her students during a math task, “What do you think I care about? 

You Learned. How you did it. Lots of different ideas.”  Ms. Jordan integrated some 

math tasks into her lessons that were not focused on procedures, but on reasoning and 

problem solving.  She also focused on challenging students and communicated the 

importance of working through struggle and frustration. In one of her lessons she 

asked her students how many triangles were in depicted in an image (see Figure 12).  

This problem was much more challenging than a strictly procedural problem, as it did 

not have a clear-cut solution path and was accessible to all students.  
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Figure 12. How Many Triangles Problem 

It was clear that although Ms. Jordan held more fixed mindset beliefs about 

math ability, her math teaching was not fixed.  Why might this have been the case? 

There are some potential reasons for why Ms. Jordan may have had such 

inconsistencies between her beliefs and practices.  First, Ms. Jordan and several of her 

colleagues at Valley Middle School had spent the past two years working with a local 

university to learn more about how to teach math in multi-dimensional ways.  In her 

interviews she would often allude to this training and spoke about how she was getting 

ideas and activities from the training.  Second, findings in Chapter 4 showed that 

teachers’ with more of open access views of mathematics were marginally 

significantly more likely to have students with growth mindset beliefs at the end of the 

year.  That is, teachers who were more likely to believe all students should have access 

to rigorous mathematics were more likely to have students with a growth mindset at 

the end of the year.  The case of Ms. Jordan may help to shed light across this 

relationship.   Ms. Jordan had the second highest open access views of math compared 

to the other case teachers (see Table 29).  

  Access Beliefs 
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Mr. Kennedy 1.5 
Ms. Murphy 1.5 
Mr. Sydney 2.5 
Mr. Taylor 2.5 
Mr. Reese 2.5 
Ms. Jordan 3.5 
Ms. Avery 4 

Access Belief Scores: 1-1.9: Very Closed; 2-2.9: Closed; 3-3.9:Somewhat Open; 4-
4.9: Open; 5: Very Open 

Table 29. Case Study Teachers Access Views Scores 

Thus, Ms. Jordan was more likely than the majority of case study teachers to believe 

all students should have access to rigorous complex mathematics.  Because she held a 

much less hierarchical view (Zohar et al., 2001) of who should have opportunities to 

engage in higher order thinking, Ms. Jordan gave all of her students the chance to do 

richer math tasks.  Although the connection between access views of math and teacher 

practices was beyond the scope of the present study, it may be possible Ms. Jordan’s 

access view of math played a significant role in shaping her math teaching.  The 

relationship between access view beliefs and teacher practices may be worthy of 

future study.  

Inconsistent Alignment between Beliefs and Practices 

For the remaining four case teachers, who all taught at Brookside Middle 

School, there was no clear pattern of alignment between their mindset beliefs and 

instructional practices.  These teachers, Ms. Murphy, Mr. Sydney, Mr. Taylor and Mr. 

Reese, reported having more growth mindset beliefs about math ability.  Yet, they 

each had a mix of fixed and growth mindset math teaching practices. These four 

represented the case of teachers who had inconsistent alignment between beliefs and 

practices.   
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Using the math teaching for mindset framing, Table 30 highlights the teaching 

practices from the framework for each of the four case study teachers at Brookside.  In 

general, we see that the four teachers were all quite similar in their sorting and 

feedback and assessment practices.  The four teachers seemed to most differ in their 

norm setting and use of math tasks.  These trends are discussed in greater depth in the 

proceeding sections. 

Table 30. Math Teaching for Mindset Practices of Brookside Teachers 

 

Sorting at Brookside 

The four teachers at Brookside Middle School consistently endorsed more 

fixed mindset sorting practices.  At Brookside seventh and eighth grade math classes 

were heavily tracked with a remedial, regular, and two advanced level courses at each 

grade.  Brookside began the year with some tracking at the sixth grade level.  There 

was one advanced sixth grade class with approximately twenty-five students, but the 
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remaining sixth grade students were distributed into the different sections of the 

regular Math 6 course.  However, towards the end of September of the academic year, 

when students’ standardized test scores were released, the school received a lot of 

pressure from parents to create a higher performing Math 6 section.  As a result, two 

sections of Math 6 were designated for students who had scored at the advanced level 

on the standardized state exam and received high marks during the first few weeks in 

their regular Math 6 course.  These designated students were transferred into Ms. 

Murphy’s class, and those students in Ms. Murphy’s class who did not meet both of 

the requirements for the more advanced section were demoted and transferred to either 

Mr. Reese’s or Mr. Sydney’s class.  Although the name of the course did not change 

and remained “Math 6” the teachers and the students knew the students in Ms. 

Murphy’s sections had a history of higher performance.  Furthermore, during the 

interviews teachers at this school continued to refer to students in these classes as the 

“high flex group” students.  Thus, as the year progressed, Brookside tracked sixth 

grade students in more fixed mindset ways. 

In their classrooms, the four Brookside teachers engaged in sorting practices 

that were a combination of fixed and mixed mindset teaching.  All four Brookside case 

teachers’ use of ability grouping aligned with fixed mindset principles.  For example, 

Mr. Taylor grouped the perceived high achieving students in the back of the 

classroom.  In an interview he described these students as ones who “could be totally 

by themselves and still be successful in this class.” In this classroom it was clear the 

students in the front who were closest to the teacher’s table were the lowest 

performing students in the classroom and the ones, according to the teacher, who 
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“needed the most help”.  Mr. Sydney grouped students into mixed-ability clusters with 

a higher performing student partnered with lower performing students.  The intention 

of such grouping was for the higher performing students to assist the lower performing 

students.  Although these groups had mixed-ability students, this type of grouping 

practice still clearly communicated which students were “smart” in the class.  In an 

interview, Mr. Sydney acknowledged that the students definitely identified the “smart” 

student in the group.  He said, “It’s obvious.  There’s no official [leader]—but it’s 

obvious.  They know. All the kids know.  ‘Dang, I wish Rebecca was here.  She helps 

us get it done.’  They know.”   A student from Mr. Sydney’s class recounted, “he [the 

teacher] makes like other – like really smart people that are really good at math come 

around and help.”  For both Mr. Sydney and his student, it was clear who the “leader” 

or the “smart” student was in each group, and it was clear this person’s role was to 

help the other students.  This type of grouping reflected more fixed mindset math 

teaching.   

In relation to expectations and comparative structures, the four Brookside 

teachers’ practices were classified as being mixed mindset according to the MTMF.  

This was because all four teachers tended to use the general language that all students 

could succeed, but they used fixed language to describe students such as “high kids,” 

“most gifted class,” and “not smart.”  They also held different expectations for 

different students.  One teacher explicitly said only “high students” should be given 

“higher order of questioning and everything,” a belief that is common among teachers 

(Zohar et al., 2001).   
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As in the case of Ms. Jordan from Valley View, these four teachers’ access 

beliefs may have played a role in shaping their sorting practices.  The four teachers 

held more closed access views of math (see Table 29), believing some students should 

not have access to more complicated mathematics.  This belief may have influenced 

teachers to sort and classify students in more fixed ways.  Again, this finding 

highlights the importance of further research to examine teachers’ access views of 

mathematics and how they might relate to teacher practice.   

Feedback & Assessment at Brookside 

Another commonality across all four teachers at Brookside was they had more 

growth mindset feedback practices, as they each provided multiple opportunities for 

students to receive additional help. The three sixth grade teachers, Ms. Murphy, Mr. 

Taylor and Mr. Reese, coordinated an after school math tutoring school program, 

which took place each afternoon in the school library.  Mr. Sydney had created an 

after school tutoring club in his classroom, and he would recruit student tutors to help 

other students.  Additionally, all four teachers heavily encouraged students to retake 

tests for a higher grade.  In the sixth grade classrooms the policy in the syllabus stated,  

“Students are allowed to retake any Formative or Summative Assessment up to one 

week before the end of the semester when grades are finalized.”  In Mr. Sydney’s class 

students were assessed based on different skills or standards (e.g., “determine if a 

representation is a function and explain why”).  Mr. Sydney had a matrix to keep track 

of student master over a particular standard.  If students did not meet a particular 

standard then he would ask them to come in to after school tutoring.  The student 

would receive additional help to further his understanding of the standard, and then 
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Mr. Sydney would reassess the student on a specific standard.  Students had multiple 

opportunities to demonstrate mastery over a particular standard.   

Many students in these classes recalled how the opportunity to improve your 

test score communicated that they could grow their math ability.  One student in Mr. 

Reese’s class explained the grading policy,  

But most of the time I get like Cs and Bs and Ds in these subjects, but if I’m 

allowed to retake the test I like to go to tutoring and retake the test and I can 

get – I can go from a C to a B and then I can retake it again and go from a B to 

an A, which is nice about this class.  You’re not just stuck at your grade, 

permanent record forever. 

For this student the retake opportunity allowed her to improve her grade.  She was no 

longer stuck with the low grades she typically received in the past.  Thus, allowing for 

resubmission of work and multiple opportunities to demonstrate mastery of the 

material seemed to clearly communicate ability could grow (Wiliam, 2011).  Such 

findings are consistent with the tenets of formative assessment (Black & Wiliam, 

1998b), which focus on the importance of students having the opportunity to use 

feedback to improve their performance.  Furthermore, these findings align with the 

potential benefits of formative assessment, such as increased student self-efficacy, 

attribution and effort (Wiliam, 2011). 

Norm Setting at Brookside 

 The language of growth was prevalent in the Brookside math classes.  The 6th 

grade teachers at Brookside decided to focus their syllabus around the process of 

growth.  To highlight this focus, at the top of the Math 6 syllabus was a quote by 
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Benjamin Franklin, which read, “Without continual growth and progress such words 

such as achievement and success have no meaning.”  Beneath the quote there was 

additionally text explaining the rationale for the focus on growth (see Figure 13). 

	  
Our	  philosophy	  lies	  on	  the	  behalf	  that	  all	  students	  can	  learn	  
and	  grow	  in	  their	  knowledge	  and	  abilities.	  	  We	  will	  do	  all	  that	  
we	  can	  to	  support	  your	  student	  in	  this	  growth.	  	  Please	  note	  
that	  this	  year	  we	  will	  be	  implementing	  the	  Common	  Core	  
State	  Standards	  in	  Mathematics.	  	  As	  we	  move	  into	  the	  21st	  
century,	  these	  changes	  will	  require	  the	  patience	  and	  
flexibility	  of	  all	  students,	  teachers	  and	  members	  of	  the	  
community.	  	  We	  look	  forward	  to	  a	  year	  of	  tremendous	  
growth	  and	  new	  experiences	  in	  the	  area	  of	  mathematics!	  
 

Figure 13. Brookside 6th grade syllabus 

The teachers highlighted and bolded all instances of the word growth, sending a clear 

message about the importance between the learning process and growth. 

 Brookside teachers also talked about the importance of the learning process 

and struggle in more growth mindset ways.  On the third day of school the sixth grade 

teachers at Brookside began the day by having students discuss a quote by Dwight 

Eisenhower – “Accomplishment will prove to be a journey, not a destination.”   The 

students shared comments about what they think this quote means.  At the end of the 

student sharing, Mr. Taylor re-voiced a student’s comment by stating, “I like that, that 

the journey itself is better than getting to where you need to get to.”  He then 

proceeded to ask students which was more of an accomplishment: taking a helicopter 

to the top of a mountain or hiking to the top of a mountain?  Mr. Taylor concluded 

with the idea that the hike was definitely more of an accomplishment because of all of 

the work and effort that went into climbing the mountain.  The purpose of this activity 
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seemed to reflect the class norm in which the process learning was important, and this 

message aligned with a growth mindset perspective o f math instruction. 

The three sixth grade teachers at Brookside, Ms. Murphy, Mr. Reese and Mr. 

Taylor11 presented a lesson on mindset at the beginning of the year to address 

characteristics associated with a growth and fixed mindset.  In the lesson the teachers 

presented students with an image of different types of growth.  Students were then 

asked to explain what they saw in the picture.  After a brief time of students sharing, 

Mr. Taylor told his class,  

This is just a representation of growth. It could be with students learning 

something.  It could be the plant.  It could be anything life is growing.  Now 

the reason why I mention this is because this is the focus of our class - is 

growth.  We’re learning math but I want to see growth in your math.  Now to 

help you get a better idea on this we’re going to talk about two 

mindsets…Mindset is just the way you think.  It’s kind of your attitude about 

thinking.  And one’s going to be a growth mindset and one’s going to be a 

fixed mindset.  I want you to pay attention to how a growth mindset is different 

than a fixed mindset. 

Mr. Taylor then showed a video (https://www.youtube.com/watch?v=brpkjT9m2Oo ) 

contrasting a growth and fixed mindset, which gave characteristics of students with a 

growth and fixed mindset.  The video characterized growth mindset as embracing 

challenge, persisting in the face of setbacks, seeing effort as a path to mastery and 

learning from criticism.   In the video fixed mindset was characterized by avoiding 

                                                
11 The three teachers created and shared presentation slides to use in their classes.   
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challenges, giving up easily, seeing effort as fruitless and ignoring feedback.  Students 

then had a brief discussion around the differences between a growth and fixed 

mindset. Although the language of mindset was present throughout the lesson, the 

mindset message about the brain’s ability to grow was not highlighted in great depth.  

Instead, the sixth grade teachers focused on behaviors associated with having a growth 

or fixed mindset.   

The way in which Mr. Reese and Mr. Taylor introduced the idea of mindset to 

their students was pretty disconnected from mathematics learning.  However, Ms. 

Murphy explained how she tried to explicitly tell her students about the brain and the 

brain’s ability to get better in relation to doing mathematical calculations. In her post 

interview she recounted,  

I always tell kids how you go to the gym, you have to exercise your muscles.  

You don't wanna be overweight.  Well, your brain also needs to exercise, and 

when you do these mathematical calculations, your brain is firing off all these 

cool, new things, and you're making all these connections and calculations.  

And the more you think, the smarter your brain gets. 

Ms. Murphy made an explicit connection to the brain’s growth and mathematics.  Her 

connection to mathematics, however, was related to doing “mathematical 

calculations.” She was connecting a growth mindset to a rather one-dimensional or 

procedural view of mathematics. 

Beyond the first week of school the language of mindset was not observed in 

Mr. Taylor’s or Ms. Murphy’s classroom.  However, Mr. Reese introduced the 

language of the word “yet” (Dweck, 2014) to his students.  Several weeks into school 
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Mr. Reese displayed a poster related to the word “yet” (see Figure 14).  The phrase “I 

can’t do it…YET” communicated to students that they would eventually be able to 

learn the material.   

 

Figure 14.  “Yet” Poster in Mr. Reese’s class 

During the interview, two students in Mr. Reese’s class referred to this poster as 

evidence of Mr. Reese’s belief that all students could be good at math.  They 

KLS: Does Mr. Reese think anybody can be good at math?  
 
Sarah: Yeah.  
 
KLS: What makes you say that?  
 
Isis: Because he said in the beginning of school if one fails 

we all fail, so then –  
 
KLS: What are you pointing to?  Which one?   
 
Sarah: A growth mindset says, “I can’t do it yet.”   
 
Interviewer: What does that mean?  
 
Sarah: He says like, if some people say like, “Oh, I can’t do it,” 

the kid that sits right there, he was like, “I just can’t do 
it.”   

 
 Mr. Reese says, “Yet.”    

Although Mr. Sydney did not explicitly use the phrase “mindset” or “brain” in 

his instruction, a bulletin board in his classroom which highlighted the mathematical 

practices also had the phrase “Academic Success is One’s Willingness to Struggle, 

Not One’s Inherited Intelligence” written all over.  In their interviews, two students 
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from Mr. Sydney’s class, Kitty and Keke, referred to this quote on the wall, and then 

recounted how Mr. Sydney would often tell students about his own story of struggle.  

Keke said, “He told us a lot that it’s like not someone’s inheritance.  It doesn’t matter 

if your parents went to college, because you can change it, like how he changed it.  He 

was like the first [to go to college].”  The focus on struggle as a means to develop 

intelligence reflected a growth mindset perspective of math instruction (Dweck, 

2006b).  An example of allowing students to struggle was evidenced in an episode in 

Mr. Sydney’s class when a student responded in class, “I don’t know.”  In response, 

Mr. Sydney said, “I don’t know doesn’t work.  We’ll wait.”  The student then 

proceeded to talk with his teammates until he was able to answer the original question.  

In this exchange the student was allowed to struggle, and was given an opportunity to 

work through his struggle by seeking help from classmates.  The student was then 

given another opportunity to respond.  Because the student was given an opportunity 

to work through his area of struggle, he clearly had an opportunity to learn and grow.  

In contrast, the value of struggle was not necessarily endorsed in practice in 

Mr. Reese’s or Mr. Taylor’s classes.  In these classes, procedures were taught with an 

emphasis on making math easier, and students were told to follow procedures (rather 

than generate their own strategies) as a means to avoid difficulty or struggle. This type 

of instruction reflected more of a fixed mindset math instruction because it limited the 

ways in which students could grow their math ability (Boaler, 2013a, 2015).  Under 

these types of structures, there was really only one way a student could grow – and 

that was by diligently following the prescribed solution method. 
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The rhetoric around the value of mistakes was also prevalent in Brookside case 

classrooms.  Both teachers and students frequently used language related to the 

importance of mistakes.  A poster in Mr. Taylor’s math class had the phrase, “Life is 

all about making mistakes and learning from them.” On the third day of school, Ms. 

Murphy told her students about the importance of mistakes for growth.  She said, 

We're all going to mess up.  We're all going to make mistakes because we're all 

learning and part of learning how to fix those mistakes and learn them for next 

time.  So in order to grow and improve we have to make mistakes sometimes.	  	  

Additionally, at the beginning of the school year, the three 6th grade case teachers at 

Brookside showed a video about the importance of mistakes and failure.  This video 

on “famous failures” (https://www.youtube.com/watch?v=zLYECIjmnQs ) recounted 

stories of well-regarded individuals, such as Michael Jordan and Albert Einstein, and 

the significant failures and challenges they faced in their lives.   

Although all of the case study teachers at Brookside seemed to value mistakes, 

the way in which mistakes were handled varied across classrooms. In general, Ms. 

Murphy and Mr. Sydney tended to enact the norms in ways that were consistent with 

the verbal messaging they were giving to students.  For example, they talked about the 

importance of mistakes and the pressed students to understand mistakes in relation to 

conceptual understanding.  When asked about making mistakes, a student recounted 

how Mr. Sydney would not let students off the hook.  She recounted how Mr. Sydney 

would not move on if a student didn’t have an answer.  She said, “He’ll just wait for 

you.  He’ll stop everything he’s doing and have everyone just watch you until you get 

the answer.”  Rather than addressing the mistake himself or quickly moving on to 
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another student, this teacher persisted with the student who made the mistake.  This 

type of mistake handling reflected a more growth mindset math teaching because it 

provided students with an opportunity to experience growth through deep engagement 

with their mistake (Boaler, 2013a, 2015).  

In contrast, Mr. Taylor and Mr. Reese also talked about the importance of 

failure and mistakes.  However, when a mistake occurred in class the focus was 

primarily correcting procedures, rather than deep understanding and struggle with the 

mistake.  If a student made a mistake in one of their classes, or was unable to answer 

the question, the teacher immediately moved on to another student.  

Math Tasks at Brookside 

Another difference between the four Brookside teachers related to practices 

associated with using math tasks between two sets of teachers: 1) Ms. Murphy and Mr. 

Sydney and 2) Mr. Taylor and Mr. Reese.  Ms. Murphy and Mr. Sydney tended to 

score in the middle to growth mindset range in this dimension, while Mr. Reese and 

Mr. Taylor tended to score in the more fixed to middle range.  The key difference 

between these two sets of teachers was the nature of the mathematics that was 

encouraged in their math classes.  Both Ms. Murphy and Mr. Sydney tended to focus 

more on student sense making, and allowed for students to contribute to the 

discussion.  Although Ms. Murphy followed the same slides and lesson plans as Mr. 

Reese and Mr. Taylor, she would often ask students “why” type questions. 

Additionally, students in Ms. Murphy’s class tended to ask more open-ended 

questions. However, this type of question asking may have occurred in Ms. Murphy’s 

class because it had been designated as the “high flex” Math 6 class at Brookside, and 
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students in this class were expected to “go deeper” [interview with Ms. Murphy 

5/15/14] in the mathematics.  The expectation may have been that students in Ms. 

Murphy’s class were better able to handle more rigorous mathematics. Thus, in Ms. 

Murphy’s class a more multi-dimensional math teaching may have been strongly 

connected a much more fixed mindset sorting practice.   

In Mr. Sydney’s class, he would engage students in the development of ideas.  

His lessons often began by having students generate their ideas about a particular 

topic.  In response to a student idea or suggestion Mr. Sydney would follow up with 

phrases such as “Could we improve on this?” or “What else?” to elicit more student 

ideas and strategies.   

In contrast, in Mr. Taylor’ and Mr. Reese’s classes students were expected to 

follow prescribed procedures.  When students in these classes were asked to explain 

their reasoning, they were expected to respond by recounting the steps of a particular 

method.  In many lessons, these two teachers maintained the one-dimensional nature 

of math by prescribing a set of steps to do a type of math problem.  For example, in 

one class students were given the following steps to add decimals: 

1. Mental math (estimate)  

2) Line ‘em up 

3) Fill in missing values with zeroes 

4) Calculate and regroup if necessary  

5) Point it out (to put back the decimal place). 

Once the five steps were share with the class, students were cold-called to recount the 

steps.  If a student missed recalling a step, they did not receive a treat from the teacher.  
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These types of examples, likely communicated fixed mindset messages to students 

because if a student could not correctly use the prescribed steps or if she could not 

remember the steps, she had no other option for demonstrating mastery, and would 

thus potentially view her ability as being fixed.   

Although the steps were intended to help students get the right answer, they 

were void of any conceptual understanding or sense making.  For example, by filling 

in missing values with zeroes, students may have lost the opportunity to gain a better 

understanding of place value (Resnick et al., 1989).  Consistent with past research 

examining more tradition mathematics classrooms (Boaler, 1998), the task became 

about following the five steps accurately and correctly, and doing so was the only way 

to be successful.  Furthermore, the rewarding of student with a piece of candy when 

they gave a correct answer enforced extrinsic motivation, and seemed to endorse a 

vision of mathematics that was about “answer getting.” With such enforcement 

mechanisms students could become less concerned about the process of learning and 

more focused on the rewards of having the right answer (Lepper et al., 1973; Stipek, 

1996), which likely created a culture of performance orientation and, by association, 

fixed mindset beliefs (Mueller & Dweck, 1998) in the classroom.   

To summarize, the four case teachers at Brookside, who had mostly growth 

mindset beliefs, had similarities across sorting and assessing practices.  Sorting 

practices across the four teachers tended to reflect more fixed mindset math teaching, 

while grading practices tended to reflect more growth mindset instruction. These four 

teachers also had the language of growth mindset and related norms, but the enactment 

did not always support these norms.  The practice with the greatest variation between 
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these teachers was the use of math tasks, in which some teachers taught in primarily 

one-dimensional ways while others tried to integrate multi-dimensional aspects of 

math into their instruction.  

Summary & Discussion 

Using the math teaching for mindset framework to examine math instruction, I 

identified general patterns across the case teachers. The relationship between teacher 

beliefs and practices was complicated and there was not always consistent alignment 

between the two.  As with other research there was consistent alignment for some 

teachers (Cross, 2009; Stipek et al., 2001; Thompson, 1984) and inconsistent 

alignment for others (Raymond, 1997; Shield, 1999).  For the two case teachers 

highlighted in this chapter there was indeed alignment between their beliefs and 

practices.  These two teachers served as models for more fixed and more growth 

mindset math teaching.  However, there was not alignment between beliefs and 

practices for all case study teachers.  The other five case teachers did not have 

alignment. In the following sections I discuss themes related to these five teachers. 

 
Talk is easy. Consistent enactment is not. 

 The lack of alignment for the Brookside teachers highlighted the disconnect 

between talk and enactment.  Findings suggest the language of growth mindset and 

related norms were prevalent in the case classrooms examined in this chapter.  In their 

instruction, the majority of the observed case teachers explicitly used the phrase 

“growth mindset” or phrases related to growth mindset norms such as persevering and 

putting in effort.  However, the mathematics instruction in some of these classrooms 
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was not consistent with these growth mindset messages.  Findings from this study 

furthered our understanding of this disconnect by identifying some of these 

contradictions.   

Teacher talk related to mistakes and their actions around mathematics were not 

always aligned.  Mistakes were verbally communicated to be important, and students 

revoiced this importance in their interviews.  However, the handling of mistakes by 

some of the case teachers tended to address mistakes in superficial ways focusing on 

correcting procedures.   Students in these classes were not encouraged to delve deeply 

into understanding the conceptual underpinnings of the mistake.  Furthermore, the 

language of struggle and challenge was voiced in all of the case classes.  But in some 

of case classes presented in this chapter, students were not given opportunities to 

struggle.  In these classes when a student did not know the answer the teacher would 

quickly answer the question or select another student.   

All of the case teachers in this chapter also talked about the importance of 

perseverance and effort. However, their concepts of perseverance related to different 

notions about the nature of mathematics, and as a result, the way in which they 

supported students’ to persevere also varied.  Two of the case teachers in this chapter, 

Mr. Reese and Mr. Taylor, tended to relate perseverance to working harder at 

memorizing or following procedures or endorsed a one-dimensional view of math.  

Under this view of perseverance, students could improve their procedural fluency, but 

they were not necessarily given opportunities to work hard to improve their conceptual 

understanding or their ability to generate new mathematical ideas.  In contrast, 

teachers who had more multi-dimensional views of math encouraged their students to 
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persevere in a different kind of math that involved more complex problem solving 

(Boaler, 1998).  

Similarly, because of the mathematical practices of the Common Core State 

Standards, the teachers in this chapter talked about the importance of justification and 

reasoning in doing mathematics.  This type of talk seemed to align with more multi-

dimensional or growth views of mathematics and was more aligned with growth 

mindset instruction (Boaler, 2013b, 2015).  However, the enactment of how teachers 

engaged students in justification and reasoning varied between the case teachers.  

Students experienced different types of justification depending on their teachers’ 

notions about the nature of mathematics.  For Mr. Reese and Mr. Taylor who were 

trained under a program called Explicit Direct Instruction (EDI), they tended to 

encourage students to justify their answers by writing the steps they completed.  These 

teachers focused on more superficial features of explanation, such as putting a period 

at the end of the sentence.  In these classrooms critiquing another student’s reasoning 

related to making sure the student did the procedures correctly.  

In summary, the comparison across the four case study teachers at Brookside 

seemed to suggest, in general, the case study teachers were “talking the talk” related to 

growth mindset.  Particularly in the case of Mr. Reese and Mr. Taylor the data 

suggests these teachers were attending to surface features of mindset math instruction.  

While they were able to verbally endorse the importance of mistakes and value of 

struggle, the nature of the mathematics that they had students engage in did not 

support the rhetoric.  Such attention to surface features has been demonstrated in past 

research related to inquiry oriented practices (Kazemi & Stipek, 2001) and teacher 
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questioning (Megan L. Franke et al., 2009).  The “right” mindset talk may be the 

beginning of better alignment between beliefs and practices, and may lead to eventual 

change and improved instruction (Richardson, Anders, Tidwell, & Lloyd, 1991).   

Beliefs-Practice Disconnect 

Why might there have been a disconnect between teacher mindset beliefs and 

practices?   One possibility is that reporting growth mindset belief is the socially 

desirable (Paulhus, 1984) response.  Under this assumption, teachers did not 

necessarily have growth mindset beliefs, but felt the pressure to respond as if they did. 

Their more fixed mindset practices would have aligned with their “true” fixed mindset 

beliefs.   

Another possibility is the teachers may in fact have believed in a growth 

mindset, but lacked the tools or knowledge for enacting growth mindset instruction. It 

may be possible the teachers thought their mindset and related beliefs were aligned to 

their practices, as in general, one tries to seek “integratedness” or alignment between 

the two (Thompson, 1984, p. 122). This perceived alignment was potentially mediated 

by their views about the nature of mathematics, which have been theorized to “provide 

a basis for a teacher’s mental models of the teaching and learning of math” (Ernest, 

1989, p. 26).  The teachers in this chapter, who had a lack of alignment between their 

mindset beliefs and math instruction according to the math teaching for mindset 

framework, used the language of growth and effort, but in relation to more one-

dimensional mathematics.  In these teachers’ minds, their talk and actions might have 

seemed aligned because they were operating under a one-dimensional perspective of 
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math.  They were thus unaware of the important connection between mindset and a 

multi-dimensional perspective of math, as outlined in Chapter 5.   

There may also have been some contextual elements (Talbert & McLaughlin, 

1993), such as school or district programs, that may also influence teacher alignment 

between beliefs and practices. For all of the case teachers, their contexts may have 

played an important part in influencing the alignment between their beliefs and 

practices (Talbert & McLaughlin, 1993).  For example, in the case of Ms. Avery 

(Chapter 5) who had both growth mindset beliefs and growth mindset math teaching, 

she was at a school in which she was permitted to teach in a way that encouraged 

students to engage in multi-dimensional mathematics beyond procedural fluency.  She 

was seen as a leader in her school and district and helping other teacher grow in their 

ability to facilitate mathematics discussion and engage students in rich math tasks.  

Similarly, Mr. Kennedy’s (Chapter 5), who had fixed mindset beliefs and fixed 

mindset math teaching, taught at a school in which one dimensional mathematics was 

the expectation of the school site and the school district.  The school district expected 

teachers to teach a certain way at a certain time of the day.  For example, within the 

first ten minutes of class period, math teacher were expected to be directly modeling 

strategies for students.  District administrators would randomly observe classes to 

make sure teachers were following this protocol.  In many ways, his school was 

supportive of more fixed mindset math instruction.  In each of their context, Ms. 

Avery and Mr. Kennedy’s did not seem to experience much dissonance between their 

own beliefs and their school’s expectation of their instructional strategies. 
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 For the other five case teachers, who had some degree of inconsistency 

between beliefs and practices their contexts may not have prevented coherent 

alignment between beliefs and practices.  In the case of Ms. Jordan, who held the most 

fixed mindset beliefs, she taught in ways which were reflective of more growth 

mindset teaching.  As mentioned earlier, this may have been because her school was 

deeply involved in programs to improve math instruction and was working closely 

with several of the local university’s math teaching iniatives.  It may well be in Ms. 

Jordan’s case, the context was shaping her teacher practice, but had not yet shifted her 

beliefs (Cobb et al., 1990).   

For the teachers at Brookside, elements of the school’s philosophies and 

policies, particularly around sorting practices, seemed to be reflected in the teachers’ 

practices.  The more fixed mindset sorting practices of Brookside’s four case teachers 

may have reflected the school wide philosophies of tracking, in which all seventh and 

eighth grade students were in tracked ability groups, and there was a decision to re-

track sixth grade students at the beginning of October.  The heavy use of tracking at 

Brookside might have left teachers somewhat helpless in being able to implement 

more growth mindset sorting practices.  Furthermore, Brookside was in a school 

district which was heavily committed to using Explicit Direct Instruction (EDI) 

(Hollingsworth & Ybarra, 2009).  EDI was an extremely procedurally- and teacher-

driven program.  Under the EDI model, teachers explicitly told students to put down 

their pencils and watch as the teacher modeled how to solve a problem using a 

particular procedure.  The teacher would then do another similar problem, and 

students were then asked to copy the steps as the teacher modeled them on the board.  
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After two to five problems, the students would get one problem to do on their own, 

and the teacher would walk around and check student answers. Under this model the 

main responsibility of the students was to copy what the teacher modeled.  Students 

were not given the opportunity to do much mathematical thinking for themselves, and 

they often relied on the teacher to check their work.  Thus, the mathematical authority 

rested with the teacher, who was the primary person who could assess the legitimacy 

of a mathematical idea (Gresalfi & Cobb, 2006).  For both Mr. Taylor and Mr. Reese 

their primary teacher training had been using EDI.  Mr. Reese explained in his 

interview, “I’ve been, so I’ve had four years of extensive training in EDI.  It’s all I’ve 

ever done.”  Thus, although the teachers at Brookside may have had more growth 

mindset beliefs, the conext in which they taught may not have supported or trained 

them to teach in growth mindset ways.  

I have presented several possibilities for why some teachers may not have had 

alignment between their beliefs and teaching practices.  The findings highlight the 

complex (Cross, 2009; Thompson, 1984) and “messy” (Pajares, 1992) relationship 

between beliefs and practices.  In the conclusion, I will revisit this issue of alignment 

and discuss future implications and directions to address the relationship between 

teacher beliefs, their context, and teaching practice.  
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Chapter 7: General Discussion and Conclusion 

This study sought to understand three overarching research questions: 1) what 

is the relationship between teacher beliefs and student mindset, 2) how do mindset 

messages get communicated in the mathematics classroom, and 3) how do math 

teachers with different mindset beliefs teach differently?  In this final chapter, I 

discuss how findings from this dissertation study contribute to furthering our 

understanding of these questions.  In the following sections, I begin with a brief 

review of the findings related to each question.  I then situate the findings into the 

larger context of educational research.  The findings and related discussions generated 

a series of ideas and questions for further study and future work with teachers, which 

will be presented throughout this chapter.  

Review of Findings 

In this section I highlight three key findings from this study.  In both the 

quantitative and qualitative analyses, I found that the nature of mathematics had 

significant relationship with mindset.   

Finding #1: Teacher mindset does not predict student mindset. 

In Chapter 4, I identified teachers’ beliefs that predicted student mindset.  I had 

originally hypothesized that teachers with more of a growth mindset would have 

students with more of a growth mindset at the end of the year.  Yet findings revealed 

that this was not the case.  Teacher mindset was not a significant predictor of student 

mindset. Rather, I found teacher beliefs related to the nature of mathematics 

significantly predicted student mindset at the end of the year, controlling for students’ 

baseline mindset beliefs.  That is, teachers with more multi-dimensional views of 
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mathematics (Boaler, 2002a, 2006), who saw math as more than a set of rules or 

procedures, were more likely to have students with a growth mindset at the end of the 

year.  This finding was significant because it suggested an important connection 

between views related to the nature of the discipline and mindset.  

Finding #2: Multi-dimensional math is essential for growth mindset math teaching.   

The connection between mindset and views related to the nature mathematics 

was also manifested in my qualitative analyses of how mindset messages might be 

communicated in the mathematics classroom (research question 2).  In Chapter 5, I 

presented my conceptualization of the math teaching for mindset framework (MTMF), 

which identified math teaching practices that might communicate more fixed or 

growth mindset messages.  This framework, informed by the literature discussed in 

Chapter 2, was grounded in the empirical observation data from this study. The 

MTMF classified practices along a continuum from more fixed to more growth 

mindset.  The anchor instances for the practices in the MTMF identified as being more 

fixed or more growth mindset relate to more multi-dimensional views of mathematics.  

Therefore, according to the framework if the nature of the mathematics in a classroom 

was narrowly focused and primarily procedurally driven (i.e., one-dimensional in 

nature), the math teaching was classified as being more fixed mindset.  In contrast, if 

the nature of the mathematics was more open (Boaler, 1998) and multi-dimensional 

(Boaler, 2006; E. Cohen et al., 1999), the instruction was classified as being more 

growth mindset.  

Finding #3: Teacher mindset does not always align with teaching practice. 
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The final findings chapter focused on comparative case studies across teachers 

with different mindset beliefs.  In line with past research (Cross, 2009; Raymond, 

1997; Thompson, 1992), findings from this study revealed that teachers’ beliefs did 

not always align with their practice.  Two teachers had consistent alignment between 

their mindset beliefs and practices, one with more fixed (Mr. Kennedy) and one with 

more growth (Ms. Avery).  I also identified a teacher with more fixed beliefs who 

taught in more middle/mixed mindset ways (Mr. Jordan).  Another set of four 

teachers, all from the same school site, had more growth mindset beliefs and a range 

of mindset related teaching practices. For these four teachers, the language of mindset 

and related norms was prevalent.  Teachers talked about growth mindset and the 

importance of struggle.  However, the enactment of the instruction did not always 

align with the verbal messages they were telling students.  I identified instances in 

which the one-dimensional  mathematics that characterized these classrooms did not 

provide opportunities for students to be challenged or to struggle.  Based on these 

findings, I argued that growth mindset related verbal messaging alone was insufficient 

to support student development of growth mindset.  Rather, in order for mathematics 

instruction to truly support these growth mindset messages, the teaching needed to 

endorse a multi-dimensional view about the nature of the mathematics.  Once again, 

these findings highlighted the connection between the nature of the mathematics and 

growth mindset. 

Revisiting the Theory of Action 

Figure 15 illustrates a modification of the theory of action presented in Chapter 

2.  The two X’s reflect (1) the insignificant relationship between teacher and student 
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mindset, and  (2) the inconsistent relationship between teacher mindset and practices, 

as presented in Chapters 4 and 6.  

 

Figure 15. Theory of Action - Revisited 

The inconsistency between mindset beliefs and practices may help shed light on the 

reason why teacher mindset did not predict student mindset. This inconsistency was a 

break in the hypothesized chain between teacher and student mindset.  The lack of 

consistency between teacher beliefs and practices meant that teacher beliefs about 

mindset could be diluted or even contradicted by their teaching practices.  A teacher 

with more of a growth mindset might be sending contradictory fixed mindset 

messages to students through various instructional practices.  These practices in turn 

may influence student mindset beliefs in a way that was not consistent with the 

teacher’s original mindset belief.   

Although some findings, particularly from the student interview data, 

connected teacher practice and student mindset, this relationship was not a primary 

focus of this study.  Rather, the present study primarily focused on the relationship 

between teacher mindset and teacher practices.  Thus, future studies can more closely 

examine the relationship between teacher practices and student mindset in classrooms.  

It is possible that teacher practices ultimately predict students’ mindsets. This 

hypothesis is supported by preliminary research conducted by Haimovitz and Dweck 
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(personal communication, April 14, 2015) that examined the relationship between 

parent and student mindset.  They found that parent mindset did not predict student 

mindset.  Rather, parent’s reported practices predicted student mindset.  Additionally, 

this study did not examine student achievement.  Thus, future studies can also examine 

the association between student academic achievement and teacher mindset and 

practices.   

Discussion and Implications 

 In the following sections, I examine the findings as they relate to three broader 

areas of educational research: 1) challenges of measurement, 2) mathematics teaching, 

and 3) issues of alignment.  I highlight several potential conceptual and practical 

implications for teaching and researching mathematics for a growth mindset 

throughout these sections.  

Challenges to Measurement 

The quantitative analysis examining the relationship between teacher beliefs 

and student mindset raised some issues related to the conceptualization and 

measurement of mindset.  My primary measures for teacher and student beliefs were 

based on a survey instrument.  There was likely some degree of survey satisficing, as 

participants responded in a way they perceived to be socially desirable (Krosnick et 

al., 1996).   The challenges to social desirability may be particularly pertinent to the 

measurement of mindset in schools because, as evidenced by the findings in Chapter 

6, the language of growth mindset has become quite ubiquitous in mainstream 

educational circles.  This raises a key question related to the measurement of mindset: 

how do we accurately capture mindset in school contexts?  
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Qualitative data may help contribute to strengthening how we capture the 

mindset construct.  One possibility is to examine the relationship between student 

beliefs as measured by the survey and the ways in which they talk about their ability in 

the interviews. Do students and teachers talk about mindset in the same way that they 

respond to mindset related survey items?  Through secondary analyses of teacher and 

student interviews it would be possible to get a better sense on the nuances on how 

teachers and students think about math ability as being fixed or malleable.  This type 

of analysis may help to conceptualize and develop a better instrument to measure 

mindset in school contexts.  Additionally, understanding how student talk about 

mindset may provide a useful framework for helping teachers to identify and attend to 

student beliefs.  Although interviews may help us to better understand mindset in 

school settings, it is important to note that issues related to social desirability may still 

be apparent, particularly with teachers.  

Mathematics Teaching 

A key contribution of this study was the development of the math teaching for 

mindset framework (MTMF) introduced in Chapter 5, which proved useful for the 

analysis of math instruction.  In this section I identify potential implications for 

mathematics teaching. 

Moving beyond the rhetoric.  Findings suggest that the language of growth 

mindset was prevalent in classrooms.  In their instruction, the majority of the observed 

teachers explicitly used the phrase “growth mindset” or phrases related to 

perseverance and effort.  However, beyond the rhetoric of growth mindset, the 

mathematics instruction in some of these classrooms seemed to contradict these 
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explicit growth mindset messages.  Future work with teachers should therefore 

emphasize that teaching mathematics for a growth mindset is much more than using 

the language of growth mindset.  Math teaching for growth mindset must be intricately 

tied to the nature of the discipline.  

In this study, and consistent with past research (Boaler & Staples, 2008; 

Boaler, 1998), teachers who espoused more multi-dimensional math instruction 

provided opportunities for their students to examine deeper structures and connections 

between mathematical ideas.  Students generated their own strategies and compared 

how their ways for solving were similar or different from their classmates.  Based on 

the math teaching for mindset framework these are the types of learning opportunities 

that have the potential to support student development of a growth mindset.  Thus, one 

possible next step is to work with teachers to integrate mindset language with a multi-

dimensional view of mathematics.  The nature of this type of work may align well 

with work in mathematics education differentiating social norms from socio-

mathematical norms (Kazemi & Stipek, 2001; Yackel & Cobb, 1996).  Given the 

adoption of the Common Core State Standards by the majority of states, this may be a 

ripe time to infuse mindset messages into mathematics instruction, as the Common 

Core’s mathematical practices align with more multi-dimensional views of the 

discipline.  One possible future study might be examining the process of teacher 

learning as it relates to math teaching for growth mindset.  Findings from this study 

may inform the design of future experimental studies that examine the effects of 

interventions or professional development designed to influence math teacher mindset 

and teacher practice.  
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Additionally, a common pattern across the case study classrooms was that 

teachers spent a fair amount of time during the first week of school addressing many 

of these mindset norms with their students.  At the beginning of the school year many 

teachers talked about the importance of persevering in relation to the first 

mathematical practice of the Common Core State Standards (CCSS) was to “make 

sense of problems and persevere in solving them” (National Governors Association, 

2010).  However, in the majority of the case classrooms these norms were not 

explicitly attended to in depth later in the year.  Only one teacher, Ms. Avery (Chapter 

5), consistently revisited these norms and reminded students of particular ways of 

engaging in mathematics each time they were about to do a math task. Ms. Avery’s 

frequent and explicit attention to the norms related to risk taking and persevering 

likely provided opportunities for her students to engage in mathematics in deep ways 

because they were regularly encouraged to share ideas and justify their thinking.  

Beyond the rhetoric of the norm (e.g., “risk taking is good”), Ms. Avery provided 

concrete examples for how to engage in the norm (e.g., “share an idea even if you’re 

not sure it’s right”).  This suggests the importance of working with teachers to the 

consistently emphasize mindset norms throughout the year.  Furthermore, future 

research studies might examine questions related norm setting in relation to mindset.  

Such studies might seek to understand the life span of a mindset norm, examining 

teachers over time and identifying when a mindset norm is established and how it is 

supported (or not) throughout the academic year.   

Identifying core tenets for teaching.  In recent years there has been a focus 

on identifying “high-leverage” or “core” practices for teaching (Ball & Forzani, 2009; 
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Grossman & McDonald, 2008).  Findings from this study were grounded in the 

practices of teaching (Ball & Cohen, 1999).  By identifying and providing “thick 

descriptions” (Geertz, 1973) of particular practices, this study contributed to our 

understanding of how particular core practices might be implemented in a way that 

supports growth mindset.  

While this study contributes to our understanding of detailed practices in 

relation to a content domain (Ball & Forzani, 2009; Shulman, 1986, 1987), I want to 

make the caveat that the math teaching for mindset framework is not intended to be a 

prescriptive or evaluative framework.  Such frameworks that mandate how teachers 

should instruct may stifle teacher authority and agency (Mehta, 2013).  Rather, the 

framework is intended to suggest to teachers and researchers ways in which mindset 

might be communicated in the classroom.  The framework helps to provide a lens for 

how teachers might align their instruction with an emphasis that all students can learn 

and can to grow their math intelligence.    

Furthermore, I want to emphasize that the framework is not intended to 

understanding practices in isolation.  Rather, it is important to understand the 

interconnectedness of the practices that I outlined in the math teaching for mindset 

framework.  In the case study analyses and the vignette presented in Chapter 5, I 

highlight how various practices together might communicate a more fixed (or growth) 

mindset message to students.  It is therefore important that we continue to understand 

how particular practices relate to one another, so as to avoid falling into the same 

atomization of practices from earlier approaches to teacher education and research that 
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Ball and Forzani (2009) criticize.  It is also important that we make these connections 

clear in our work with teachers related to math teaching for growth mindset. 

There may be particular moments in math classrooms that might be more 

conducive to seeing the connection between various practices.  In these moments 

teachers might convey mindset messages through a collection of practices.  One such 

moment, as highlighted in the vignette in Chapter 5, is the handling of alternate 

strategies.  Moments when students offer alternate strategies may be ripe opportunities 

for teachers to convey either more fixed (as in the vignette) or growth mindset 

messages through a combination of practices related to sorting, setting norms and 

using math tasks.  Other potential moments that are common occurrences in math 

classes might be going over homework or the launching of a math task (Jackson, 

Shahan, Gibbons, & Cobb, 2012).  Future studies can examine the confluence of 

mindset messages that might be conveyed in these common interactions in 

mathematics classrooms.    

Ball and Forzani (2009) warned that “the focus in teacher education can slip 

easily into an exclusively cognitive domain, emphasizing beliefs and ideas over the 

actual skills and judgment required in enactment” (p. 503).  The four case study 

teachers from Brookside seemed to reflect this warning.  Each of these case study 

teachers had the language and beliefs related to growth mindset, but they did not 

necessarily have the skills to enact math instruction in a way that aligned with the 

rhetoric of mindset.  Such findings highlight the importance of attending to the 

connections between beliefs and practices in teacher education or professional 

development programs.  Similar to what Ball and Forzani (2009) seem to imply in 
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their statement - the enactment or the idea cannot be emphasized in isolation, rather it 

is the combination of the two that have the power to lead to transformed teaching and 

improved student outcomes.   

With this in mind, in addition to identifying core practices of math teaching, I 

recommend identifying core tenets or philosophies for instruction that teachers can use 

as a lens for enacting particular practices.  I propose that one of these tenets for 

mathematics instruction, and perhaps other content domains too, might be related to 

growth mindset – that all students can grow their math intelligence.  Thus, as teachers 

anticipate or engage in particular core practices, they might see these practices through 

the lens of mindset.  Before a teacher enacts a particular practice, they might pause to 

reflect upon how what they are about to do might communicate more fixed or growth 

mindset messages to their students.  These core tenets may serve a way to equilibrate 

the imbalance identified by Ball and Forzani (2009) between “ideas” and “enactment”. 

Issues of Alignment 

The third finding relates to the lack of alignment between teacher mindset 

beliefs and teacher practices. In this section, I discuss the implications of this finding, 

and revisit some potential reasons for the lack of alignment discussed in the previous 

chapter. 

Bringing Awareness to the Disconnect.  In Chapter 6, I examined several 

teachers who had growth mindset beliefs and used the language of growth mindset in 

the classroom, yet taught math in fixed mindset ways.  I theorized that some of these 

teachers might not have thought they were teaching math in ways that did not support 

growth mindset.  In other words, they may not have realized the contradictions 
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inherent in teaching mathematics in one-dimensional ways and growth mindset.  This 

hypothesis is supported by past literature on teacher learning of reform practices.  

When learning new teaching practices, teachers tend to fit reform efforts into their old 

ways of doing.  This phenomenon has been well documented in relation to math 

education (D. K. Cohen, 1990; Margaret Schwan Smith, 2000). In many instances 

teachers may attend to the superficial feature of a particular practice, yet miss the 

underlying pedagogical principle (Coburn, 2003; Kazemi & Stipek, 2001; Spillane, 

2000).  Teachers may not be aware that they are only attending to these more surface 

features of practices.  In describing the case of Ms. Oublier, a teacher attempting to 

implement reform mathematics, Cohen (1990) writes, 

She is a thoughtful and committed teacher, but working as she did near the 

surface of this subject, many elements of understanding and many pedagogical 

possibilities remained invisible.  Mathematically she was on thin ice.  Because 

she did not know it, she skated smoothly on with great confidence (p. 323). 

In a similar fashion, teachers who were using the language of growth mindset may 

have been “skating smoothly with great confidence”, convinced that they were 

endorsing growth mindset in their instruction.  In some ways they were supporting 

growth mindset, albeit superficially.  But like Ms. Oublier, some of these teachers 

were on mathematical thin ice, as the mathematics was shallow and one-dimensional.  

As such, the instruction did not truly reflect growth mindset instruction.  This 

phenomenon brings attention to the importance of making this disconnect visible to 

teachers, so that they can more mindfully align their mindset beliefs to their teaching 

practices.  Such work might attend to how math teachers notice (Sherin, Jacobs, & 
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Philipp, 2011) the complexities of what is happening in a mathematics classroom and 

identify opportunities to embed mindset practices into their interactions with students. 

Context Matters: Alignment, congruence and coherence.  The terms 

congruence, alignment and coherence are used in a variety of ways, often 

interchangeably, in the literature.  For the purposes of this paper, I use the term 

alignment as I have in Chapters 5 and 6 to refer to the level of consistency between 

teacher beliefs and their practices.  I will use the term congruence to refer to the extent 

to which a school or district policy correspond to teacher’s perspectives or beliefs 

about teaching (Coburn, 2004). Finally, I will use the term coherence to refer to the 

extent to which there is a “common framework for curriculum, instruction and 

assessment over a sustained period” within schools or districts (Newmann, Smith, 

Allensworth, & Bryk, 2001). 

In Chapter 6, I presented the cases of five teachers whose mindset beliefs were 

not aligned with their practices.  I theorized how the context might contribute to this 

lack of alignment.  The case of Ms. Jordan and the case of the four teachers from 

Brookside may help to unpack the importance of context as it relates to alignment, 

congruence and coherence.  Ms. Jordan had more fixed mindset beliefs as reported by 

the survey, but her teaching was more middle/mixed according to the math teaching 

for mindset framework. Ms. Jordan taught in a school district which had recently 

committed to changing their math instruction to align with more multi-dimensional 

views of mathematics.  This district had partnered with a local university to design 

curriculum, train teachers, and implement a new standards based grading system.  

Thus, Ms. Jordan’s context was characterized by a strong instructional program 
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coherence (Newmann et al., 2001) that subscribed to a more multi-dimensional, and 

thus, more growth mindset view of mathematics.  Although Ms. Jordan’s mindset 

beliefs remained relatively fixed during the school year, her impressions of the 

strategies she was learning in the teacher professional development remained positive.  

Ms. Jordan therefore demonstrated that her beliefs about instruction were congruent 

with the direction of the district, which likely played a crucial role in her willingness 

to modify her instruction to align with district policies (Coburn, 2004).  In Ms. 

Jordan’s case, although she did not have alignment between her mindset beliefs and 

practices, she did have congruence with the district policy and direction, and the 

district had a coherent program.  

In the case of the four Brookside teachers, we again see how congruence and 

coherence might help to explain the lack of alignment in their mindset beliefs and 

practices.  These four teachers were also in a school district that had strong coherence.  

However, the focus of the program the district had adopted, Explicit Direct Instruction 

(EDI) (Hollingsworth & Ybarra, 2009), primarily focused on teacher-centered math 

instruction that was very similar to scripted lessons.  Although the four teachers had 

similar levels of alignment, having more growth mindset beliefs and a range of math 

teaching related to mindset, they did not necessarily have the same level of 

congruence with district math programs.  Mr. Reese and Mr. Taylor, the two teachers 

with more fixed mindset use of math tasks, believed in the EDI model because they 

had been primarily exposed to EDI professional development during their teaching 

tenure.  The other two case study teachers at Brookside, Ms. Murphy and Mr. Sydney, 

had less congruence, as they tended to occassionally question the EDI philosophy in 
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their interviews.  They were also the two teachers at Brookside who provided more 

opportunities (though not many) for students to engage in multi-dimensional 

mathematics than their two case study colleagues.  

Consistent with past research that speaks to the importance of congruence 

(Coburn, 2004) and coherence in driving instruction (Newmann et al., 2001; Youngs, 

Holdgreve-Resendez, & Qian, 2011), the various situations of these case teachers 

seem to suggest that congruence and coherence may have shaped teachers math 

instruction to align with either more fixed or more growth mindset teaching.  Although 

this relationship was not examined in great depth in the present study, future research 

can examine more closely issues of alignment, congruence and coherence for the 

various case study teachers.  

In the previous sections, I suggested several ideas for working with math 

teachers to instruct in ways that support growth mindset.  Yet, such work with teachers 

might be challenging if there is a lack of congruence or instructional program 

coherence.  Working with teachers alone may be insufficient to bridge the belief-

practice misalignment.  Hence, I echo the literature (Coburn, 2004; D. K. Cohen, 

Raudenbush, & Ball, 2003; Elmore & McLaughlin, 1988) in recommending working 

with administrators and school districts to identify a coherent instructional program 

that aligns with more multi-dimensional and thus growth mindset math instruction.   

This is not an easy task as there have been systemic views in relation to 

mathematics that may be particularly difficult to change.  Past research has found that 

district personnel tend to focus on generic reform themes such as “hand on,” “problem 

solving” focus on surface rather than structural features of the mathematics (Spillane, 
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2000).   Mathematics is also a subject that is fraught with fixed mindset beliefs at the 

school and district level.  Teachers tend to think tracking by ability is more important 

in mathematics, and district and schools tend to support these tracking structures in 

math classes (Grossman & Stodolsky, 1995).  Obviously, change will take time 

(Fullan, 2005).  Future work should work with district personnel to engage them in the 

mathematics in the ways that we hope and expect teachers to engage students, so that 

their perceptions and experiences with mathematics might change.  Furthermore, 

future studies can begin to examine this process of working across contexts to create 

greater congruence and coherence in mathematics programs that align with more 

growth mindset mathematics instruction.    

Summary of Implications and Future Research  

The list below summarizes the implications for math teacher education and 

professional development that have been addressed in this chapter: 

• Provide professional development related to teaching mathematics in a way 

that aligns with growth mindset teaching. 

• Make visible – when it occurs - the disconnect between mindset beliefs and 

practices. 

• Emphasize the importance of enacting mindset norms throughout the school 

year. 

• Identify core tenets of teaching that can serve as lenses for teachers to evaluate 

their enactment of particular practices. 

• Work with schools and districts to improve congruence and coherence with 

multi-dimensional and growth mindset math programs. 



Chapter 7: General Discussion & Conclusion 182 

As I have addressed throughout this chapter, for each of these implications for 

teaching, there may be a complementary research study.  

Concluding Remarks 

This dissertation is a story about the nature of mathematics and its relation to 

mindset. Its findings suggest that if teachers have closed (Boaler, 1998) or one-

dimensional views of math and instruct in one-dimensional ways, they are likely to 

communicate fixed messages about math ability to students.  In contrast if teachers 

have more multi-dimensional views of math and instruct in ways that align with this 

perspective, they are more likely to communicate growth mindset messages.  In sum, 

we cannot disentangle having a growth mindset from a multi-dimensional (Boaler, 

2006; E. Cohen et al., 1999) perspective about the nature of mathematics.   

Figure 16 illustrates a diagram that captures this perspective of math teaching 

for growth mindset, which combines our understanding from psychological principles 

and mathematics education.  

 

Figure 16. Growth Mindset Math Instruction 
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At the base of this math teaching for growth mindset triangle is a multi-dimensional 

view of mathematics, which is connected to both explicit mindset messages and 

mindset related norms. As evidenced by the various continuums in the math teaching 

for mindset framework (MTMF) presented in this dissertation, both the messages 

about the brain’s ability to grow and the various norms associated with mindset must 

be explicitly connected to student engagement in multi-dimensional mathematics.   

Developing knowledge of the ways teachers influence student mindset is 

crucial for leveraging the many benefits of growth mindset for students.  The present 

study enhanced our understanding of classroom practices that serve as potential 

mediators between teacher and student mindset related to mathematics.  By 

empirically identifying opportunities for teachers to convey mindset messages in their 

math lessons, this study provided authentic examples of growth mindset math 

instruction.  This study can inform best practices for how teachers can help students 

develop more of a growth mindset related to the learning of mathematics.   
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Appendix B: Teacher Surveys 

Pre-Survey: Teacher Perspectives on Math 
 
Q1 Teacher Perspectives on Math Survey   Thank you for taking this survey.  There 
are no right or wrong answers.  Please provide your honest reactions and opinions.  All 
responses will be confidential. 
 
Q2 1a. Select the lowest level course you are teaching this year. 

1) Math 6 Intervention/Remediation (1) 
2) Math 6 Regular (2) 
3) Math 6 Advanced (3) 
4) Math 7 Intervention/Remediation (4) 
5) Math 7 Regular (5) 
6) Math 7 Advanced (6) 
7) Math 8 Intervention/Remediation (7) 
8) Math 8 Regular (8) 
9) Math 8 Algebra 1 (9) 
10) Geometry (10) 

 
Q3 1b. Select the highest level course you are teaching this year. 
 
Q4 2. How many years of teaching experience do you have? 

11) 0 years (1) 
12) 1 - 2 years (2) 
13) 3 - 5 years (3) 
14) 6 - 10 years (4) 
15) 11 - 15 years (5) 
16) 16+ years (6) 

 
Q5 3. Gender 

17) Male (1) 
18) Female (2) 
19) Non traditional (3) 

 
Q6 4. Would you describe yourself as: (Check all that apply) 

1. American Indian/Native American (1) 
2. Asian (2) 
3. Black/African American (3) 
4. Hispanic/Latino (4) 
5. White/Caucasian (5) 
6. Pacific Islander (6) 
7. Other (7) 
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Q7 5. What type of teaching credential do you have? 
20) Single Subject Mathematics (1) 
21) Multiple Subject WITH Mathematics Authorization (2) 
22) Multiple Subject WITHOUT Mathematics authorizations (3) 
23) Other (4) ____________________ 

 
Q8 6. Write two words that come to mind when you   hear the word "math". 
 
Q9 7. In your lowest level course(s), how often do students do each of the 
following: 

 Never (1) Once a 
month or 
less (3) 

2 or 3 
times a 
month 

(4) 

Once a 
week (5) 

2-4 
times a 

week (6) 

Daily (7) 

Work in groups (2) 24)  25)  26)  27)  28)  29)  
Engage in math 

exploration/discovery 
(4) 

30)  31)  32)  33)  34)  35)  

Engage in discussion 
with peers (6) 36)  37)  38)  39)  40)  41)  

Work on projects that 
take several days to 

complete (7) 
42)  43)  44)  45)  46)  47)  

Explain their 
reasoning in written 
or verbal form (8) 

48)  49)  50)  51)  52)  53)  

Do math 
worksheets/textbook 

work (9) 
54)  55)  56)  57)  58)  59)  
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Q10 7b. In your highest level course(s), how often do students do each of the 
following: 

 Never (1) Once a 
month or 
less (2) 

2 or 3 
times a 
month 

(3) 

Once a 
week (4) 

2-4 
times a 

week (5) 

Daily (6) 

Work in groups (1) 60)  61)  62)  63)  64)  65)  
Engage in math 

exploration/discovery 
(2) 

66)  67)  68)  69)  70)  71)  

Engage in discussion 
with peers (3) 72)  73)  74)  75)  76)  77)  

Work on projects that 
take several days to 

complete (4) 
78)  79)  80)  81)  82)  83)  

Explain their 
reasoning in written 
or verbal form (5) 

84)  85)  86)  87)  88)  89)  

Do math 
worksheets/textbook 

work (6) 
90)  91)  92)  93)  94)  95)  

 
Q11 7. In your class(es), when grouping students how often do you group 
students by math skill or ability level?   

96) Never (1) 
97) Rarely (less 20% of the time) (2) 
98) Occasionally (around 50% of the time) (3) 
99) Regularly (around 80% of the time) (4) 
100) All the time (100% of the time) (5) 

 
Q12 8. How often do you allow students to resubmit tests for a regrade? 

101) Never (1) 
102) Rarely ( (2) 
103) Occasionally (around 50% of tests) (3) 
104) Regularly (around 80% of tests) (4) 
105) All the time (100% of tests) (5) 
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Q13 9. How often do you allow students to resubmit assignments (e.g., classwork, 
homework) for a regrade? 

106) Never (1) 
107) Rarely ( (2) 
108) Occasionally (around 50% of assignments) (3) 
109) Regularly (around 80% of assignments) (4) 
110) All the time (100% of assignments) (5) 
111) N/A (I generally don't grade assignments) (6) 

 
Q14 10. How often do you publicly discuss an individual student’s mistakes in 
front of the whole class? 

112) Never (1) 
113) Rarely (2) 
114) Occasionally (3) 
115) Regularly (4) 

 
Q15 11. How often do you give different assignments to different students based 
on achievement or ability? 

116) Never (1) 
117) Rarely (2) 
118) Occasionally (3) 
119) Regularly (4) 

 
Q16 For each of the statements in question 12-27, indicate your level of 
agreement.  
 
Q17 12. Most of my students are ready for the kind and level of math instruction 
I am expected to teach. 

120) Strongly Disagree (1) 
121) Disagree (2) 
122) Somewhat Disagree (3) 
123) Somewhat Agree (4) 
124) Agree (5) 
125) Strongly Agree (6) 

 
Q18 13. When grading student work, students' reasoning and process should be 
given more value (e.g., points) than whether they get the right answer. 

126) Strongly Disagree (1) 
127) Disagree (2) 
128) Somewhat Disagree (3) 
129) Somewhat Agree (4) 
130) Agree (5) 
131) Strongly Agree (6) 
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Q19 14. In math class there will always be some students who simply won't "get 
it." 

132) Strongly Disagree (1) 
133) Disagree (2) 
134) Somewhat Disagree (3) 
135) Somewhat Agree (4) 
136) Agree (5) 
137) Strongly Agree (6) 

 
Q20 15. For my students, making mistakes in front of the class is humiliating. 

138) Strongly Disagree (1) 
139) Disagree (2) 
140) Somewhat Disagree (3) 
141) Somewhat Agree (4) 
142) Agree (5) 
143) Strongly Agree (6) 

 
Q21 16. Mathematics involves mostly facts and procedures that have to be 
learned. 

144) Strongly Disagree (1) 
145) Disagree (2) 
146) Somewhat Disagree (3) 
147) Somewhat Agree (4) 
148) Agree (5) 
149) Strongly Agree (6) 

 
Q22 17. All of my students would be good at math if they worked hard at it. 

150) Strongly Disagree (1) 
151) Disagree (2) 
152) Somewhat Disagree (3) 
153) Somewhat Agree (4) 
154) Agree (5) 
155) Strongly Agree (6) 

 
Q23 18. There is usually only one way to solve a math problem. 

156) Strongly Disagree (1) 
157) Disagree (2) 
158) Somewhat Disagree (3) 
159) Somewhat Agree (4) 
160) Agree (5) 
161) Strongly Agree (6) 
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Q24 19. There are limits to how much people can improve their basic math 
ability. 

162) Strongly Disagree (1) 
163) Disagree (2) 
164) Somewhat Disagree (3) 
165) Somewhat Agree (4) 
166) Agree (5) 
167) Strongly Agree (6) 

Q25 20. Some students are not going to make a lot of progress this year, no 
matter what I do. 

168) Strongly Disagree (1) 
169) Disagree (2) 
170) Somewhat Disagree (3) 
171) Somewhat Agree (4) 
172) Agree (5) 
173) Strongly Agree (6) 

 
Q26 21. In mathematics, answers are either right or wrong. 

174) Strongly Disagree (1) 
175) Disagree (2) 
176) Somewhat Disagree (3) 
177) Somewhat Agree (4) 
178) Agree (5) 
179) Strongly Agree (6) 

 
Q27 22. Discussing students' errors with the class is a good strategy for 
enhancing students' understanding. 

180) Strongly Disagree (1) 
181) Disagree (2) 
182) Somewhat Disagree (3) 
183) Somewhat Agree (4) 
184) Agree (5) 
185) Strongly Agree (6) 

 
Q28 23. In my class(es), students who start the year low performing tend to stay 
relatively low performing at the end of the year. 

186) Strongly Disagree (1) 
187) Disagree (2) 
188) Somewhat Disagree (3) 
189) Somewhat Agree (4) 
190) Agree (5) 
191) Strongly Agree (6) 
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Q29 24. Students who really understand math will have a solution quickly. 
192) Strongly Disagree (1) 
193) Disagree (2) 
194) Somewhat Disagree (3) 
195) Somewhat Agree (4) 
196) Agree (5) 
197) Strongly Agree (6) 

 
Q30 25.  You have a certain amount of math intelligence, and you can’t really do 
much to change it. 

198) Strongly Disagree (1) 
199) Disagree (2) 
200) Somewhat Disagree (3) 
201) Somewhat Agree (4) 
202) Agree (5) 
203) Strongly Agree (6) 

 
Q31 26. Mistakes are important when learning math. 

204) Strongly Disagree (1) 
205) Disagree (2) 
206) Somewhat Disagree (3) 
207) Somewhat Agree (4) 
208) Agree (5) 
209) Strongly Agree (6) 

 
Q32 27. Some students have a knack for mathematics and some just don't. 

210) Strongly Disagree (1) 
211) Disagree (2) 
212) Somewhat Disagree (3) 
213) Somewhat Agree (4) 
214) Agree (5) 
215) Strongly Agree (6) 
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Q33 For each question 28-34, please indicate your perceived level of importance.  
 
Q34 28. How important is it for students to acquire basic math skills before 
engaging in complex conceptual math problems? 

216) Not at all Important (1) 
217) Very Little importance (2) 
218) Somewhat important (3) 
219) Very Important (4) 
220) Extremely Important (5) 

 
Q35 29. How important is it for students to avoid making mistakes in math class? 

221) Not at all Important (1) 
222) Very Little Importantance (2) 
223) Somewhat Important (3) 
224) Very Important (4) 
225) Extremely Important (5) 

 
Q36 30. How important is it for teachers to use technology when teaching math? 

226) Not at all Important (1) 
227) Very Little importance (2) 
228) Somewhat Important (3) 
229) Very Important (4) 
230) Extremely Important (5) 

 
Q37 31. When learning math, how important is it that students are placed into 
math classes according to their math achievement (ability grouping)? 

231) Not at all Important (1) 
232) Very Little Importance (2) 
233) Somewhat Important (3) 
234) Very Important (4) 
235) Extremely Important (5) 

 
Q38 32. In math class, how important is it to get the right answer. 

236) Not at all Important (1) 
237) Very Little Importance (2) 
238) Somewhat Important (3) 
239) Very Important (4) 
240) Extremely Important (5) 
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Q39 33. When motivating students in your math class, how important is it to 
publicly recognize the highest performing student(s)? 

241) Not at all Important (1) 
242) Very Little Importance (2) 
243) Somewhat Important (3) 
244) Very Important (4) 
245) Extremely Important (5) 

 
Q40 34. Please sort how important each of the following qualities and behaviors 
are for students to succeed in math class. Rate each item in terms of its 
importance relative to the other items. Drag each item on the left into the 
appropriate importance level.  You can have at most THREE items per level. 

Most Important Medium Importance Least Important 
______ Proficiency in 

English (1) 
______ Proficiency in 

English (1) 
______ Proficiency in 

English (1) 
______ Basic math ability (2) ______ Basic math ability (2) ______ Basic math ability (2) 
______ Ability to work well 

with others (3) 
______ Ability to work well 

with others (3) 
______ Ability to work well 

with others (3) 
______ Supportive home 

environments (e.g., 
parental/guardian support) 

(4) 

______ Supportive home 
environments (e.g., 

parental/guardian support) 
(4) 

______ Supportive home 
environments (e.g., 

parental/guardian support) 
(4) 

______ Self-confidence (5) ______ Self-confidence (5) ______ Self-confidence (5) 
______ Work habits 

(completing tasks, paying 
attention, effort) (6) 

______ Work habits 
(completing tasks, paying 

attention, effort) (6) 

______ Work habits 
(completing tasks, paying 

attention, effort) (6) 
______ Math skills at start of 

year (7) 
______ Math skills at start of 

year (7) 
______ Math skills at start of 

year (7) 
______ Motivation to do well 

(8) 
______ Motivation to do well 

(8) 
______ Motivation to do well 

(8) 
 
 
  



Appendix  B: Teacher Survey  219 

Post-Survey: Teacher Willingness to Experiment 
 
The teacher post survey was the same as the pre-survey with the addition of these four 
items. 
 
I like trying out new ideas in my teaching. 

1) Strongly Disagree (1) 
2) Disagree (2) 
3) Somewhat Disagree (3) 
4) Somewhat Agree (4) 
5) Agree (5) 
6) Strongly Agree (6) 

 
 
I often hesitate before trying out a new idea in my classroom. 

1) Strongly Disagree (1) 
2) Disagree (2) 
3) Somewhat Disagree (3) 
4) Somewhat Agree (4) 
5) Agree (5) 
6) Strongly Agree (6) 

 
 
I enjoy experimenting with my teaching. 

1) Strongly Disagree (1) 
2) Disagree (2) 
3) Somewhat Disagree (3) 
4) Somewhat Agree (4) 
5) Agree (5) 
6) Strongly Agree (6) 

 
In my teaching I prefer sticking with what I already know over / trying 
something new. 

1) Strongly Disagree (1) 
2) Disagree (2) 
3) Somewhat Disagree (3) 
4) Somewhat Agree (4) 
5) Agree (5) 
6) Strongly Agree (6) 
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Appendix C: Student Survey Data Reliability 

Student Mindset:  

Item No. 

Q5 You have a certain amount of math intelligence, and you can’t really do 
much to change it. (Reverse) 

Q9 There are limits to how much people can improve their basic math ability. 
(Reverse) 

Q11 Some kids can never do well in math, even if they try hard. (Reverse) 
 
Cronbach’s alpha pre/post = 0.621/0.677 
 

Item Pre Post 
Q5 0.493 0.55 
Q9 0.468 0.542 
Q11 0.595 0.648 

Reliability alphas for student mindset if item is deleted. 

 

Student Beliefs about the Nature of Math: 

Item No.  
Q4 Mathematics involves mostly facts and procedures that have to be learned. 

(Reverse) 
Q6 People who really understand math will have a solution quickly. (Reverse) 
Q8 In math, answers are either right or wrong (Reverse) 

 
Cronbach’s alpha pre/post = 0.430/0.438 
 

Item Pre Post 
Q4 0.493 0.55 
Q6 0.468 0.542 
Q8 0.595 0.648 

Reliability alphas for student beliefs about math if item is deleted. 

Student Performance Oriented Beliefs 

Item No.  
Q15 In math, how important is it to avoid making mistakes?  
Q16 How important is it that you to do better than other students in your math 

class?  
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Q17 In math class, how important is it to get the right answer?  
Q18 How important is it that you do well in math?  

 
Cronbach’s alpha pre/post = 0.595/0.627 
 

Item Pre Post 
Q15 0.520 0545 
Q16 0.566 0.611 
Q17 0.432 0.452 
Q18 0.569 0.610 

Reliability alphas for student performance orientation if item is deleted. 

Student Identification with Math Beliefs 

Item No. 
Q10 I see myself as a "math person". 
Q12 How much do you like math? 
Q13 Math is ___________ (easy to hard) for me.  
Q14 I am ___________ (bad to good) at math.  

 
Cronbach’s alpha pre/post = 0.837/0.808 
 

Item Pre Post 
Q10 0.812 0.807 
Q12 0.773 0.743 
Q13 0.811 0.767 
Q14 0.781 0.735 

Reliability alphas for student identification with math if item is deleted. 
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Appendix D: Teacher Survey Data Reliability 

Teacher Mindset  

Item No. 
Q24 There are limits to how much people can improve their basic math ability. 

(Reverse) 
Q30 You have a certain amount of math intelligence, and you can’t really do 

much to change it. (Reverse) 
Q32 Some students have a knack for mathematics and some just don't. 

(Reverse) 
 
Cronbach’s alpha pre/post = 0.688/0.465 
 

Item Pre Post 
Q24 0.586 0.387 
Q30 0.488 0.354 
Q32 0.742 0.355 

Reliability alphas for teacher mindset if item is deleted. 

If item Q32 is removed from Mindset Factor One than the new alphas will yield a pre-

survey alpha of 0.742.  These two items are the items taken from Dweck (2006). 

 

Teacher Expectations 

Item No.  
Q19 In math class there will always be some students who simply won't "get 

it." (Reverse) 
Q25 Some students are not going to make a lot of progress this year, no matter 

what I do. (Reverse) 
Q28 In my class(es), students who start the year low performing tend to stay 

relatively low performing at the end of the year. (Reverse) 
 

Cronbach’s alpha pre/post = 0.726/0.472 
 

Item Pre Post 
Q19 0.508 0.260 
Q25 0.718 0.405 
Q28 0.658 0.427 
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Reliability alphas for teacher expectations if item is deleted. 

 
Teacher Beliefs about the Nature of Math 

Item No.  
Q21 Mathematics involves mostly facts and procedures that have to be learned. 

(Reverse) 
Q23 There is usually only one way to solve a math problem. (Reverse) 
Q26 In mathematics, answers are either right or wrong. (Reverse) 
Q27 Discussing students' errors with the class is a good strategy for enhancing 

students' understanding. 
 
Cronbach’s alpha pre/post = 0.650/0.657 
 

Item Pre Post 
Q21 0.555 0.489 
Q23 0.641 0.698 
Q26 0.543 0.532 
Q27 0.557 0.559 

Reliability alphas for teacher beliefs about the nature of math if item is deleted. 

Teacher Access Views of Math 

Item No.  
Q34 How important is it for students to acquire basic math skills before 

engaging in complex conceptual math problems? (Reverse) 
Q37 When learning math, how important is it that students are placed into math 

classes according to their math achievement (ability grouping)? (Reverse) 
 
Cronbach’s alpha pre/post = 0.836/0.702 
 
 
Teacher Willingness to Try 

Item No.  
Q56 I like trying out new ideas in my teaching. 
Q58 I often hesitate before trying out a new idea in my classroom. (Reverse) 
Q59 I enjoy experimenting with my teaching. 
Q60 In my teaching I prefer sticking with what I already know over / trying 

something new. (Reverse) 
 
Cronbach’s alpha post = 0.725 
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Item Pre Post 
Q56 - 0.654 
Q58 - 0.729 
Q59 - 0.608 
Q60 - 0.671 

Reliability alphas for willingness to take risk if item is deleted. 
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Appendix E: Interview Protocols 

Teacher Interview Questions 
 
1. Tell me about the classes that you teach. 

a. Do you notice differences between the classes? 
b. What are your students like? 

 
2. If I walk into your class, how would I see students arranged? 

a. How do you arrange the students? 
b. When do you decide to change the seating?  (Note observed changes) 

 
3. What do you think it takes to be good at math? 

a. How do you support ____ in your class? 
b. OR - What types of things do you do in your class to help students become 

______? 
c. How do you select tasks that help students develop__________? 

 
4. All teachers have struggling students, tell me about your struggling students? 

a. What strategies do you use with these students?   
b. What about for advanced students? 

 
5. What are some strategies that you use to motivate students? 
 
6. How are students typically graded in your class? 
 
7. What are your thoughts about the Common Core? 

a. How prepared do you think your students are? Do you think Common Core 
is appropriate for your students? 

b. How prepared do you feel? 
c. How is this different this different or similar to what you have done before? 

 
8. What are some areas where you would like more support in your math 

instruction? 
 

9. Do you have any other thoughts how to better improve math education? 
 

10. Do you give all students the same work? 
 
11. Do all students get to the same place? 
 
12. What happens when a student makes a mistake in your class? 
 
13. Why do kids fail in math?  
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Student Interview Questions 
 
Introductions: 

• Thank you. 
• Every thing you say will be confidential 
• What type of pseudonym would you like to use for your identification? 

 
 
Characteristics of being good at math 

1) What do you think it takes to be good at math? 
2) Tell me about a student in your math class that you think is “good at math.”   

a. What does this student do to make him/her good at math?   
 
 
Teacher Practices/Beliefs 

3) Do you think anyone can be good at math? 
4) Some people believe that ability is fixed and others thing you can grow it. 

What do you think your teacher believes?  Why do you say that? 
5) Do you think your teacher treats everyone the same?   
6) How does your teacher respond when you make a mistake in math class?  
 

 
View of Math 

7) Do you like or dislike math?  Why? 
a. Think of a time that you liked/disliked math and describe it.  

8) Is there anything you would to change about math and the way it is taught (to 
make you like it more or make the subject better)?  

 
 

 

 


