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This study investigated the correlation between instructional practices, teacher beliefs, 

and teacher mindset on elementary student growth in mathematics. Growth was considered as the 

Average Growth Index (AGI), a value-added metric derived from the Pennsylvania System of 

School Assessment. The study exclusively focused on Pennsylvania elementary schools 

responsible for teaching mathematics in Grades 3, 4, and 5 only. Publicly available AGI scores 

for the 2014-2015 school year were identified as the measure of student growth in mathematics. 

School district superintendents, elementary school principals, and classroom teachers were 

identified and linked to preexisting AGI scores. Three existing, validated surveys designed to 

quantify school-wide levels of instructional practices, teacher beliefs, and growth mindset were 

administered to elementary teachers who provided permission and agreed to participate in the 

study. Results were correlated to AGI using statistical regression models to ascertain the extent 

each independent and interdependent block of variables was predictive of AGI. 

Although the sample size fell short of the recommended size for the statistics utilized, the 

data set showed little indication of failing to meet assumptions of linearity, homoscedasticity, 

and multicollinearity. Because of the normality of the sample, it can be inferred that a more 

robust sample size may have reached significance for some or all of the regression analyses. 

Pearson correlations revealed several important positive relationships existed among the 6 
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independent variables identified for this study. For all 4 research questions, the null hypothesis 

failed to be rejected, demonstrating that not enough evidence was available to suggest the null 

hypotheses were false at the 95% confidence level.  

Based on analysis of variance adjusted R-squared effect size for each regression, it can be 

gleaned the 6 independent variables studied were positively correlated to student growth in 

mathematics. To varying degrees, instructional practices (Social Constructivist Orientation and 

Transmission Orientation), teacher beliefs (Teacher Allowance for Student Struggle with 

Problems, Teacher Modeling for Incremental Mastery, and Teachers’ Awareness of their 

Students’ Mathematical Dispositions), and teacher mindset (Growth or Fixed Mindset) were 

either interdependently, or independently, positively correlative and predictive of AGI. 
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CHAPTER 1 

THE PROBLEM 

The Every Student Succeeds Act of 2016, the newest reauthorization of the Elementary 

and Secondary Education Act of 1965, succeeded the 13-year-old No Child Left Behind Act of 

2002 (U.S. Department of Education, n.d.). The Every Student Succeeds Act eliminated the 

federal system “that judged U.S. schools based on math and reading test scores and required 

them to raise scores every year or face escalating penalties” (Layton, 2015, p. 1). Although No 

Child Left Behind was increasingly criticized for its federally mandated accountability approach 

to improving education, the resulting successes and failures led to important dialogue for 

improving educational outcomes for all students (U.S. Department of Education, n.d.). Senator 

Lamar Alexander (Rep.) of Tennessee, an architect of the new law, in discussing criticisms of the 

No Child Left Behind Act, said they helped bipartisan lawmakers “to remember that the path to 

higher standards and better teaching and real accountability is community by community, 

classroom by classroom, state by state, and not through the federal government dictating the 

solution” (Davis, 2015, p. 22). Alexander and his colleagues recognized federally mandated 

protocols failed to meet the No Child Left Behind Act goal of 100% students being proficient, a 

word that Andrew Ho at the Harvard Graduate School of Education has called a “weasel word” 

(Kamenetz, 2014, p. 1). Ho established that considering proficiency as a measure of learning 

effectively “inspires consensus where there really is none” (Kamenetz, 2014, p. 1) adding that 

that No Child Left Behind Act policymakers “turned an aspirational goal that inspires support, 

into a target for accountability, meant for consequences” (Kamenetz, 2014, p. 1). Despite its 

practical and philosophical shortcomings and failure to produce 100% student proficiency, 

however it might be considered, the No Child Left Behind Act widely increased examining 
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student achievement in reading and mathematics via standards-based testing results at the state 

and national level. Empowered through efforts to recognize individual student growth, versus 

simply achievement relative to grade-level standards, value-added growth measures were 

developed as an alternative means to determine school and teacher effectiveness. The 

Association for Supervision and Curriculum Development reported that value-added modeling 

“levels the playing field by using statistical procedures that allow direct comparisons between 

schools and teachers—even when those schools are working with quite different populations of 

students” (Doran & Fleischman, 2005, p. 85). The Pennsylvania Value-Added Assessment 

System (PVAAS) provided an alternative approach to measure the efficacy of schools and 

teachers in value-added terms, based on yearly student progress, rather than the percentage of 

students able to meet an absolute standard (Ballou, Sanders, & Wright, 2004).  

Enthusiasm for this approach stems, in large part, from removing the effects of factors 

not under the control of the school, such as prior performance and socioeconomic status, 

and thereby provides a more accurate indicator of school or teacher effectiveness, than is 

possible when these factors are not controlled for. (McCaffrey, Lockwood, Koretz, Louis, 

& Hamilton, 2004, p. 2) 

Realizing that many students may already start school behind their peers, value-added 

models provide schools with information regarding relative student performance to inform, and 

drive, efforts to more rapidly close existing achievement gaps.  

Although standardized test data cannot provide all of the information necessary to 

determine the effectiveness of a teacher or school, they can be invaluable with linking student 

outcomes to specific teachers or schools (Wright, Sanders, & Rivers, 2006). Thus, in the midst of 

yet another reform effort to increase U.S. students’ mathematics performance, teacher educators 
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need to find new and better ways, such as utilizing value-added data, to improve student learning 

outcomes for learning mathematics.  

Statement of the Problem 

For nearly 30 years, U.S. students have underperformed in mathematics relative to their 

international peers. U.S. 15-year-olds ranked 25th in math and 21st in science achievement on 

the most recent international assessment conducted in 2006. “At the same time, the United States 

ranked relatively high in inequity, with the third largest gap in math and science scores between 

students from various socioeconomic groups” (Jerald, 2008, p. 5). Despite decades of reform 

efforts aimed to address these longstanding issues, relatively little has changed either in 

assessment results or in mathematics’ classrooms nationwide. Although the National Council of 

Teachers of Mathematics (NCTM) first introduced its Curriculum and Evaluation Standards for 

School Mathematics in 1989, curriculum development and teaching practices have changed little 

over the past 25 years. “Surveying most unsuccessful expensive attempts at school reform in our 

past, historians Tyack and Cuban (1995) observed the same mistakes, in particular top–down 

remedies and a marked lack of teacher involvement with reform” (Rose, 2014, p. 1). The 

message remained clear; U.S. reform efforts for the teaching and learning of mathematics have 

largely failed, the question that remains is, why? The domestic and international research base 

provided wide-ranging foundational evidence to consider the best methods for helping students 

to learn, understand, and apply mathematics. 

International assessments have provided the United States a broader context within which 

to understand student learning and teaching practices, adding to the knowledge base on how to 

improve curriculum and instruction. Van de Walle (2004) noted long-term efforts to shift the 

direction of mathematics education in U.S. schools towards an increasingly student-centered 
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constructive approach to teaching mathematics. Yet, despite over 25 years of such effort, Van de 

Walle admitted the original 1989 NCTM vision has not been realized. Research showed that 

several considerations beyond curriculum and instruction might have contributed to stalling the 

movement’s progress (Cuban, 1988). Based on the results of the First International Mathematics 

Study, Husen (1967) first declared U.S. mathematics curriculum to be “a mile wide and an inch 

deep.” Davidson and Mitchell (2008) pointed out “that since 1967, as now, one plausible 

explanation of the relatively poor performance of American students in international tests of 

comparison was the large number of curricular topics covered, many of the topics that had been 

previously introduced” (p. 148). Yet, the U.S. 24th out of 29 ranking of developed countries on 

the 2003 Program for International Student Assessment, focused on mathematics literacy and 

problem solving, suggested a deeper pedagogical problem irrespective of the depth or breadth of 

U.S. mathematics curriculum (Slavin, 2008). Although curriculum certainly mattered, 

instructional practices appeared to be more problematic for U.S. classrooms (Ball, Hill, & Bass, 

2005). A look into U.S. classrooms provided evidence of both the pedagogy and mathematics 

being taught. 

In a study of teaching practices in Germany, Japan, and the United States, Stigler and 

Hiebert (1999) found that teachers in the United States continued a tradition to present 

mathematics as a large collection of terms and procedures. This extensive observational research 

found typical U.S. mathematics lessons consisted of a teacher-led presentation, followed by a 

quick-paced question-and-answer session, with the teacher demonstrating solution methods and 

having students work very similar problems, and then closing the class by assigning more similar 

type problems for homework (Roth McDuffie & Mather, 2006). Such traditional didactic 

teaching methodology stands in contrast to the constructivist, student-centered, conceptually 
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based approach to learning mathematics research shows can increase students’ ability to learn, 

understand, and apply, complex mathematics concepts (National Mathematics Advisory Panel, 

2008). Teacher educators must determine why this gap between research and practice continued 

to exist, what the root causes may be, and whatever interventions are appropriate and available to 

remedy these variables. Evidence suggested previous reform attempts for the teaching of 

mathematics failed to produce the systematic changes necessary to do so. 

Ball et al. (2005) established  

That research and experience consistently revealed that although the typical methods of 

improving U.S. instructional quality have been to develop curriculum, and—especially in 

the last 2 decades—to articulate standards for what students learn, little improvement is 

possible without direct attention to the practice of teaching. (p. 14) 

As states and schools implement the Common Core State Standards for Mathematics 

(CCSS-Mathematics), the adoption necessitates that “teachers adapt to a new set of learning 

expectations that are clearer, deeper, and often more rigorous than previously required. Teachers 

are now required to develop students’ conceptual understanding, procedural skills and fluency, 

and application, with equal intensity” (Conley, 2014, p. 5).  

Theoretical Perspective  

As is true when considering demonstrated student learning in all content areas, influences 

from both within and outside of the control of teacher educators impact levels of success with 

doing so. Specific to mathematics and the current shifts in content and pedagogy, a direct focus 

on teachers, situated within the greater context of those factors beyond their control, is 

considered from a theoretical perspective that is introduced here and extended upon through a 

review of the literature in Chapter 2. 
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Ernest (1989) asserted that teachers’ pedagogy in the classroom depends upon their 

philosophical perspective of teaching and learning, which is driven by their beliefs about the 

practices for effective classroom teaching and learning. Beswick (2006) found that teacher 

beliefs are related to teachers’ ability to create classroom environments that can be described as 

constructivist, and that such beliefs, rather than particular teaching methods or materials, shape 

teachers’ instructional practices. Yates (2006) determined significant relationships exist between 

teachers’ beliefs, practices, and reform practices, with related studies showing substantial 

coherence among teachers’ beliefs, and associations between their beliefs and instructional 

practices (Stipek, Givvin, Salmon, & MacGyvers, 2001). It is clear that overcoming previously 

learned or formed beliefs are difficult and challenging for teacher educators.  

Although research found that beliefs influence practice, a research gap exists linking 

productive or unproductive beliefs, practices, and teacher- or school-specific effects on academic 

growth (NCTM, 2014). Further complicating the notion of beliefs in education is that individual 

teacher beliefs naturally are situated within existing school or community cultures or norms, vary 

from student to student and teacher to teacher, can be influenced by school structures and 

leadership decisions, and may also vary with mandated curriculum, instruction, and assessment 

decisions. Gaining an insight into the root causes of such beliefs may provide an understanding 

of how teachers and school leadership may be able to overcome such hindrances, in order to 

enable teachers to improve in these areas. 

For decades, beliefs have been a significant part of the discourse in the mathematics 

education community, as teachers’ instructional decisions are considered to be a product of their 

beliefs (Hudson, Cross Francis, Rapacki, & Lee, 2015). The challenge for more effective 

“preservice and in-service teacher development is not merely to influence what teachers 
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believe—it is to also influence how or why they believe it” (Brousseau, Book, & Byers, 1988, p. 

39). Leatham (2006) added that when it comes to making pedagogical decisions, “there are 

certain desirable beliefs teacher educators want teachers to hold; they also want those beliefs 

strongly to influence practice” (p. 100). Research into students’ achievement in mathematics, at 

all ages, is positively influenced by teachers who exhibit a growth-oriented mindset (Boaler, 

2013).  

Significance of the Study 

Evidence suggested that teachers matter and that instructional change must start from the 

bottom, as opposed to the often-failed top–down approaches of the past (Rose, 2014). Ball et al. 

(2005) established  

That research and experience consistently reveal, that although the typical methods of 

improving U.S. instructional quality have been to develop curriculum, and—especially in 

the last decade—to articulate standards for what students learn, little improvement is 

possible without direct attention to the practice of teaching. (p. 14) 

Ball et al. (2005) also added “that studies over the past 15 years consistently revealed that 

the mathematical knowledge of many elementary level mathematics teachers is dismayingly thin 

(p. 15). Hill, Ball, and Schilling (2004) also originated “that content knowledge refers to more 

than the mathematics knowledge held by any well-educated adult, indicating that effective 

teachers develop specialized pedagogical knowledge for teaching” (p. 12). Specifically, their 

findings suggested the utility of continuing to identify the content, so to speak, of specialized 

knowledge of content and thus expanding notions of the knowledge needed to teach it. Although 

mathematics content and specialized content and pedagogical knowledge for the teaching of 

mathematics has shown to impact teacher behaviors, previous notions and beliefs about 



 

8 
 

mathematics brought to classrooms by teachers are most critical to how teachers will decide to 

teach math (Kajender, 2005). This study sought to determine the patterns of beliefs, and mindsets 

most correlated to research-based instructional practices teachers enact in their classrooms. 

Some critics (Bishop, Clopton, & Milgram, 2012; Kirschner, Sweller, & Clark, 2006; 

Wu, 1997) argued the very philosophical grounding of the reform movement to improve 

mathematics instruction has actually contributed to the issue of U.S. students falling behind in 

mathematics. Terms such as fuzzy math often refer to the aforementioned constructivist approach 

to teaching mathematics emphasized by the Principles and Standards for School Mathematics 

(NCTM, 2000), with its reduced emphasis on explicitly taught procedures and skills. Critics, 

such as Hechinger (2006), ignored the notion that real mathematics required problem solving and 

student decision making, and pointed out the NCTM Curriculum Focal Points release, suggesting 

that the document represented a reversal of previous suggestions for curriculum and instruction 

set forth by the organization. Supporters countered that the focal points were actually a necessary 

step to initiate a national discussion to ultimately bring consistency and coherence to the U.S. 

mathematics curricula (Davidson & Mitchell, 2008). The National Mathematic Advisory Panel 

was appointed in 2006 by President Bush to advise the president and the United States Secretary 

of Education on the best use of scientifically based research to advance the teaching and learning 

of mathematics (NCTM, 2008), whose final report impacted the subsequent development of the 

CCSS-Mathematics.  

Today’s shift to CCSS-Mathematics, specifically Pennsylvania Core State Standards in 

Pennsylvania, “represents an opportunity to reenergize and focus our commitment to significant 

improvement in mathematics education” (Leinwand, Huinker, & Brahier, 2014). Schmidt, 

Houang, and Cogan (2011) contended the nearly universal adoption of CCSS-Mathematics also 
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provided a renewed opportunity to consider more demanding teacher preparation for elementary 

math teachers, because, according their internationally benchmarked research, U.S. preservice 

teachers have not received adequate coursework for both content and pedagogy. 

A coherent national curriculum represents a potential opportunity international colleagues 

have benefited from tremendously (Schmidt & Burroughs, 2013). A nationally adopted 

curriculum can provide teachers an unprecedented opportunity to  

Work together with a shared language and goals; new teachers can receive clear guidance 

on what to teach; professional development may be anchored in the curriculum that 

teachers teach; textbooks may be more focused and go into greater depth with a smaller 

set of topics; and transient students may more easily adapt to new schools. (Schmidt, 

Houang, & Cogan, 2002, p. 16) 

All of these factors can contribute to greater consistency and quality across schools. 

Meeting the differentiated needs of all students requires teachers to implement a balanced, 

comprehensive, and rigorous mathematics curriculum. However, a sound curriculum is just one 

key component for student success in mathematics, as curriculum implementation is significant. 

Hill, Rowan, and Ball (2005) determined effective classroom instruction is even more 

important than curriculum. To improve mathematics achievement for all students, however, 

“teachers must be willing to ask questions about old habits and new trends and to adopt different 

ways to reaching old and new goals” (Hancock, 2005, p. 1). This research facilitated an 

examination of teacher beliefs, practices, and mindsets for effective teaching and learning of 

elementary mathematics.  
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Study Purpose 

The purpose of this nonexperimental correlational relationship study was to determine the 

correlational relationship between teacher beliefs, practices, and growth mindset and the variable 

of value-added student growth. Value-added models “isolate the effects of outside factors—such 

as prior performance or student characteristics—from student achievement in order to determine 

how much value teachers, schools, and programs added to students’ academic growth” (Hull, 

2007, para. 33). Understanding teacher beliefs that may correlate to instructional practices and 

measurable student growth, as measured by PVAAS Average Growth Index (AGI), will establish 

a statewide baseline correlation between the most effective teachers and schools and the most 

widely shared beliefs for the teaching and learning of mathematics. The study results will begin 

to inform both short- and long-term preservice preparation and in-service professional 

development efforts in Pennsylvania, and beyond, at the elementary K–5 level. In sum, the 

purpose of this study is to recognize strengths and weaknesses; and, formatively, to utilize the 

results to identify and investigate potential paths for improvement.  

The goal of this correlational study was to determine if there is a relationship between 

teacher beliefs, practices, and growth mindset to the variable of value-added student growth. 

Teacher beliefs, instructional practices, and growth mindset were derived and quantified from the 

survey instruments. Value-added student growth is operationally defined as the school-level AGI 

score, derived from PVAAS results. With this goal in mind, the following research questions 

were proposed. 
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Research Questions 

1. How does the relationship amongst school-level averages of instructional practices, 

teacher beliefs, and teacher mindset relate to the school value-added Average Growth 

Index (AGI)? 

2. How do school-level average instructional practices relate to school value-added 

Average Growth Index (AGI) when controlling for teacher beliefs and the teacher 

growth mindset? 

3. How do school-level teacher beliefs relate to school value-added Average Growth 

Index (AGI) when controlling for instructional practices and the teacher growth 

mindset? 

4. How does school-level average teacher growth mindset relate to value-added Average 

Growth Index (AGI) when controlling for instructional practices and teacher beliefs? 

Brief Study Introduction 

To address the research questions, the dependent variable of student academic growth 

will be determined by the Average Growth Index (AGI). Survey instruments, deemed to be valid 

and reliable, were administered to determine the independent variables of teacher instructional 

practices for teaching mathematics, teacher beliefs about the teaching of mathematics, and 

teacher growth mindset. Pennsylvania elementary schools were identified as potential participant 

schools in order to correlate with existing AGI values. Schools meeting the parameters necessary 

to correlate to AGI values were reduced through sampling procedures, while maintaining the 

minimum sample size necessary to effectively operate statistical procedures to explore the 

relationships reflected in the research questions. School districts and target schools were 

contacted for site approval and participant agreement. Teacher participant responses were 
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considered in aggregate to determine school levels for the variables represented in the research 

questions. Univariate and multivariate statistical analyses were applied in order to determine the 

relationships reflected in the research questions.  

Literature Review Framework 

The subsequent literature review is grounded in the framework outlined in Figure 1, 

examining the interrelated considerations of the development, and significance, of academic 

content and practice standards for mathematics, the influence of beliefs and mindset on 

instructional practices, best practices for the teaching and learning of mathematics, and 

demonstrated student learning, in terms of academic growth and achievement.  

Limitations 

Although the researcher does hold preconceived notions regarding the design of the 

research study, each research question was objectively examined and efforts were made to 

reduce or eliminate subjectivity when analyzing the results. It is also worth noting self-reported 

affective instruments are inherently subject to response bias. 

First and foremost, this study’s hindering limitation was the limited sample size of school 

participants. Despite significant efforts to secure site approvals and participation from school 

district superintendents, building principals, and classroom teachers, the suggested minimum 

sample size for running hierarchical multiple regressions was unmet. For a regression model with 

six predictor variables, the recommended sample size is a minimum of n = 79, as calculated 

using http://www.danielsoper.com/statcalc/default.aspx. Although initial indications were 

promising, the collected sample size eventually fell short. Ninety-nine building principals 

provided permission to contact teachers for requesting participation in the survey. Of these 

approved schools, at least two teachers responded from 35 unique elementary school buildings. 



 

13 
 

The average teacher response per building was roughly 3, which should also be considered a 

limitation. In an ideal scenario, the number of schools would meet or exceed the minimum 

sample size of n = 79, plus all of the teachers responsible for teaching mathematics would have 

provided survey responses to deliver the most representative data set. 

 

 

Figure 1. Conceptual framework of the review of literature for Chapter 2. 
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Because the researcher remains in the field as an elementary school educator, these 

suppositions for nonparticipation are the best that can be presented. For one, elementary 

classroom teachers are more overwhelmed than ever before with professional responsibilities. 

Today’s teachers are inundated with a wider range of responsibilities for facilitating and meeting 

the needs and expectations of their students, principals, and district administrators. School 

accountability protocols and systems, in particular, have robbed productive planning time for 

teachers and administrators. This common theme was reflected in many e-mail denial replies 

from teachers and administrators alike. All things considered, the major theme for 

nonparticipation was a lack of time to commit to complete the survey. 

Secondly, an important limitation of this study was the reliance on self-reported surveys 

rather than alternatives such as controlled scientific studies, observational studies, or teacher 

interviews. However, as mentioned in Chapter 3, studies involving surveys actually offer 

inherent advantages for data collection for potentially large sample pools. In addition, authors of 

well-designed and vetted surveys have gone to great lengths to validate the instruments. 

Lastly, the timing of the study certainly may have contributed to a marginal level of 

principal and teacher response. Despite best efforts to expeditiously move the study forward at a 

more optimal time, circumstances necessitated otherwise. Once district site and building 

approvals were secured, the teachers first received notification of the study soon before the 

testing window in Pennsylvania. Anecdotally, teachers are often stressed and overwhelmed as 

they make last-ditch efforts to prepare students for the state assessment. Due to preparation for 

teaching duties, available time was quite limited, thus making a request for survey participation 

an easy request to ignore. 
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Summary 

Green’s (2014) New York Times article “Why Do Americans Stink at Math?” symbolized 

the notion that the reform movement for the teaching of mathematics actually never took place. 

Green added that “the trouble always starts when teachers are told to put innovative ideas into 

practice—without much guidance on how to do it. In the hands of unprepared teachers, the 

reforms turn to nonsense, perplexing students more than helping them” (p. 22). The intent of this 

correlational study was to examine teacher beliefs and practices relative to current practices 

situated in the midst of the current reform movement in mathematics, and to provide the dialogue 

and insights necessary to assist teachers, schools, and administrators with avoiding the troubling 

scenario shared by Green. 

The increased academic rigor and depth of the mathematics found in both the revised 

CCSS-Mathematics content standards and Standards for Mathematical Practices is quite 

significant and will not be successfully realized without engaging elementary teachers in timely, 

rigorous, and extensive professional development. “Academically rigorous, developmentally 

appropriate learning environments are those in which teachers provide students with multiple 

learning opportunities to gain the knowledge and skills needed for success in elementary school” 

(Brown, Feger, & Mowry, 2015, p. 64). NCTM (2000, 2006, 2014) asserted that collaboration 

between researchers and teachers is critical if mathematics education research is to be responsive 

to questions regarding pedagogy and student learning. This study sought to identify relationships 

between teachers’ beliefs, mindsets, and practices to reforms in mathematics at the elementary 

level, in order to inform efforts to improve professional development for the teaching of 

elementary mathematics. 



 

16 
 

Green (2014) discussed an interesting parallel, more of disconnect, between U.S. and 

Japanese classrooms. Green’s case study involved an interview with famed Japanese elementary 

teacher and teacher educator, Akihiko Takahashi. As an undergraduate in 1978, Takahashi was 

first exposed to U.S. reform initiatives for the teaching of mathematics, learning from an 

influential mentor, Takeshi Matsuyama. Matsuyama taught his preservice teachers to encourage 

passionate discussions among children to develop a deeper conceptual understanding of common 

procedures and properties for themselves (Green, 2014). Matsuyama and Takahashi were at the 

center of revolutionizing the way students learned mathematics by radically changing the way 

teachers taught it (Green, 2014). The common sentiment is that the highest performing students 

internationally have been provided curricular and instructional approaches developed within the 

boundaries of the highest performing countries. The fact is that success in countries, such as 

Japan, was a result of implementing the research-based practices organizations such as the 

NCTM have promoted since the 1980s.  

So, how can U.S. educators make this newest reform era a true success? The irony that 

Japanese teaching and learning were revolutionized through the very reforms that U.S. educators 

were unable to accomplish is striking. Although the U.S. education system was unable to 

embrace and actualize such a revolution, it is certainly encouraging to know positive results are 

possible should a similar shift for teaching mathematics be able to be replicated. 

Definitions 

Average Growth Index (AGI). “A measure of student progress across the tested grade 

levels in a school. This index is a value based on the growth [across] grade levels and its 

relationship to the standard error so that comparison among schools is meaningful. PVAAS 

utilizes this index (based on the standard error) to allow for a view across schools. If the standard 
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error is not accounted for, users might get a skewed picture of the relative effectiveness of 

different schools” (Pennsylvania Department of Education, 2011, p. 6). 

Correlation. A quantitative measure of the degree of correspondence; the degree to which 

two variables are correlated is expressed as a correlation coefficient, which is a value between 

−1.00 and +1.00 (Gay, Mills, & Airasian, 2008). 

Correlational research. Research that involves collecting data to determine to what 

degree a relation exists between two or more quantifiable variables (Gay et al., 2008). 

Common Core State Standards for Mathematics (CCSS-Mathematics). Set of academic 

standards in mathematics developed under the direction of the Council of Chief State School 

Officers (CCSSO) and the National Governors Association (NGA). The math standards include 

both content standards and mathematical practices outlining what each student should know and 

be able to do at the end of each grade. (Common Core State Standards Initiative, 2010). 

Educational Value-Added Assessment System (EVAAS). “The statistical methodology 

used for value-added reporting in Pennsylvania. The EVAAS methodology is based on a mixed 

model multivariate longitudinal analyses of assessment data. In Pennsylvania, it is an analysis of 

the Pennsylvania System of School Assessment (PSSA). Pennsylvania’s implementation of 

EVAAS is called the Pennsylvania Value-Added Assessment System (PVAAS)” (Pennsylvania 

Department of Education, 2011, p. 10). 

Fixed mindset. “In a fixed mindset, people believe their basic qualities, like their 

intelligence or talent, are simply fixed traits” (Dweck, 2006, p.6). 

Growth measure. An estimate of a school’s influence on a group of students’ academic 

progress. The growth measure value is the difference between the students’ actual scores 

(average PSSA score) and their predicted scores (average predicted PSSA score). If students 
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score as expected (i.e., students’ observed scores are equal to their predicted scores), the 

estimated growth measure would be 0. The value of 0 indicates the group met the standard for 

PA academic growth or made their expected growth (Pennsylvania Department of Education, 

2011). 

Growth mindset. In a growth mindset, people believe their basic qualities, like their 

intelligence or talents, are things that one can cultivate through effort (Dweck, 2006). In a growth 

mindset, people believe that their most basic abilities can be developed through dedication and 

hard work—brains and talent are just the starting point. 

Growth model. “Measures student achievement growth from one year to the next by 

tracking the same students. This model addresses the question, How much, on average, did 

students’ performance change from one grade to the next? To permit meaningful interpretation 

of student growth, the model implicitly assumes the measurement scales across grades are 

vertically linked (i.e., that student scores on different tests across grades are directly comparable 

and represent a developmental continuum of knowledge and skill; Betebenner, 2009, pp. 4-5). 

Inferential statistics. “Data analysis techniques for determining how likely it is that 

results based on a sample or samples are similar to results that would have been obtained for an 

entire population” (Fraenkel et al., 1993, p. 518). 

National Assessment of Educational Progress. “Often called the Nation’s Report Card, it 

is the largest continuing and nationally representative assessment of what the nation’s students 

know and can do in core subjects,” including mathematics (National Center for Education 

Statistics, n.d., para. 1) 

Pennsylvania Core Standards. Pennsylvania’s adopted version of the CCSS-

Mathematics. Pennsylvania Core Mathematical Content Standards define what students should 
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understand and be able to do. Pennsylvania Core Mathematical Practice Standards describes the 

level of expertise required to reach a level of mathematical proficiency (Pennsylvania 

Department of Education, 2015). 

Pennsylvania System of School Assessment (PSSA). An annual standards-based, criterion-

referenced assessment that provides students, parents, educators and citizens with an 

understanding of student and school performance related to the attainment of proficiency of the 

academic standards (Pennsylvania Department of Education, 2015). 

Pennsylvania Value-Added Assessment System (PVAAS). “The statistical methodology 

used for value-added reporting in Pennsylvania. The PVAAS methodology is based on a mixed 

model multivariate longitudinal analyses of assessment data. In Pennsylvania, it is an analysis of 

the PSSA. Pennsylvania’s implementation of EVAAS is called the Pennsylvania Value-Added 

Assessment System” (PVAAS; Pennsylvania Department of Education, 2011, p. 13). 

Quantitative research. “A means for testing objective theories by examining the 

relationship among variables. These variables, in turn, can be measured, typically on 

instruments, so that numbered data can be analyzed using statistical procedures. The final written 

report has a set structure consisting of introduction, literature and theory, methods, results, and 

discussion” (Creswell, 2013, p. 5). 

Trends in International Mathematics and Science Study (TIMSS). “Provides reliable and 

timely data on the mathematics and science achievement of U.S. [fourth- and eighth-grade] 

students compared to that of students in other countries. TIMSS data have been collected” 

(National Center for Education Statistics, n.d., para. 1) in 1995, 1999, 2003, and 2007. 
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Value-added growth. Students’ “predicted performance on a current year test given their 

previous year’s test score. This [value] is obtained by regressing the current year test score on the 

prior year test score. In other words, estimating growth addresses the question, “Compared to 

students with the same prior test score, is the current year test score higher or lower than would 

be expected?” (Lomax & Kuenzi, 2012, p. 7). 
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CHAPTER 2 

REVIEW OF RELATED LITERATURE 

Purpose of Study 

The purpose of this nonexperimental correlational relationship study was to determine the 

correlation between teacher beliefs, practices, and growth mindset and the variable of value-

added student growth. As is true with any consideration of academic growth and achievement, 

the influence of teachers’ practice must always be considered. Marzano, Pickering, and Pollack 

(2001) substantiated its importance, establishing that, “although tens of thousands of research 

studies on effective teaching strategies have transformed the art of teaching to the science of 

teaching, teachers’ practice remains unchanged” (p. 1). It is from this perspective that this 

chapter served to investigate the literature base regarding practices identified to most positively 

affect mathematics learning for children.  

Focus of Study 

The focus of this study considered mathematics education through multiple lenses, by 

first examining student achievement from an international perspective, narrowing down to an 

ultimate focus on the academic achievement and growth of third-, fourth, and fifth-grade 

elementary students in Pennsylvania. A brief analysis of domestic, international, and 

Pennsylvania-specific data trends served to introduce and frame the significance of the study, 

which is the demonstrated need to improve the teaching and learning of mathematics in 

Pennsylvania and the United States. A review of the implementation of standards-based 

mathematics education, previous attempts to reform mathematics education, along with the 

development and adoption of the Common Core Standards for Mathematics provided the 

foundation for investigating the current reform implementation in the United States.  
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The National Mathematics Advisory Panel (2008) determined that “use should be made 

of what is clearly known from rigorous research about how children learn, and that effort, not 

just inherent talent, absolutely counts in mathematical achievement” (p. 14), emphasizing the 

importance of considering such research and the need to recognize student growth when 

evaluating effective teaching and measuring student learning. For this reason, value-added 

statistical models of relative student achievement functioned as the primary method to determine 

student learning for this study. 

Mathematics Performance Indicators 

U.S. Domestic and International Trends 

Domestic math performance indicators revealed a positive trend for elementary 

mathematics students, despite a slight decrease of 2 percentage points in 2015, with the 

percentage of fourth-grade students reaching the Trends in International Mathematics and 

Science Study (TIMSS) international benchmark ranking 9th out of 57 countries included in the 

assessment (U.S. Department of Education, 2016). Though U.S. students have recently shown 

increased mathematics achievement relative to international peers (U.S. Department of 

Education, 2015), the fact remains that only 7% of U.S. fourth-graders scored at the advanced 

level on the most recent TIMSS, compared to 38% of fourth-graders in Singapore, a world leader 

in mathematics achievement (U.S. Department of Education, 2016). From 1990 through 2013, 

the average performance of fourth-grade U.S. students has steadily increased with 27% more 

students scoring proficient or advanced from the 1990 baseline scores, while also increasing the 

percentage of students scoring Basic or above (U.S. Department of Education, 2015). Recent 

TIMSS results found that when compared with 1995, the U.S. average mathematics score at 

Grade 4 was 23 score points higher in 2011 (541 v. 518), and when compared with 2007, the 
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U.S. average mathematics score at Grade 4 was 12 score points higher in 2011 (541 v. 529; U.S. 

Department of Education, 2016). These performance indicators certainly showed a positive trend 

for U.S. elementary mathematics students. 

Internationally benchmarked trends are not as promising, finding that  

The percentage of fourth- and eighth-grade students performing at or above the Advanced 

proficiency level international mathematics benchmark in 2011 was higher than in the 

United States in 11 education systems; was not different in 13 education systems; and 

was lower than in the United States in 31 education systems. (U.S. Department of 

Education, 2016) 

As is found in national achievement indicators, Pennsylvania-specific trends include both 

promising and concerning data.  

Pennsylvania-Specific Trends 

From 2000 to 2013 Pennsylvania, on average, has ranked as the 7th highest performing 

state as determined by the National Assessment of Educational Progress mathematics scale score 

of fourth-grade public school students and percentage attaining mathematics achievement levels 

(U.S. Department of Education, 2016). To put Pennsylvania’s ranking in greater perspective, 

Education Week’s Quality Counts indices reported that when looking at composite K–12 

achievement data, Pennsylvania ranked 10th nationwide, but in terms of educational equity 

opportunity Pennsylvania ranked 30th in closing the poverty gap with yearly academic growth 

for less advantaged students (Edwards, 2016). 

Considering Student Growth 

As a result of his comparative review of U.S. math performance to international peers, 

Vigdor (2013) established that “society’s goal should be to improve the status of low-performing 
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students in absolute terms, not just relative to that of their higher performing peers” (p. 48) and 

that “America’s lagging mathematics performance reflects a basic failure to understand the 

benefits of adapting the curriculum to meet the varying instructional needs of students” (p. 48). 

Tomlinson (2001) emphasized the robust interaction between teacher and student, and the deep 

respect for the identity of the individual student a teacher must have in order to design truly 

engaging instructional tasks, further supporting Vigdor’s goals.  

Considering that children develop at different rates, and they reveal different interests, 

strengths, and dispositions at various stages of their development (Boaler, 2005), Tomlinson’s 

(1999) conception of differentiated instruction is key for teachers creating opportunities for 

students to grow mathematically. According to Tomlinson and Javius (2012), the process to 

differentiate instruction is consistent regardless of the range of student readiness to learn and that 

effective instruction is a result of teachers focusing and adapting to student readiness, interest, 

and learning profiles. Today’s curricular and instructional decisions invariably are predicated on 

academic standards that define the content, knowledge, and understandings required by students, 

providing teachers the baseline from which to differentiate curriculum and instruction for 

students. Although the underlying objectives for adopting standards-based mathematics 

education in the United States were well intended, the consequent implementation did not aspire 

to the originally anticipated goals. 

Academic Standards for K–12 Mathematics 

Richard Marzano, a preeminent K–12 educational researcher, believed the primary lesson 

to be learned from U.S. students’ lackluster performance on TIMSS testing, in order to improve 

student performance in mathematics, was to not fear the resultant downsizing of curriculum that 

standards-based education would produce (Schmoker & Marzano, 1999). However, the history 
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of the standards-based movement in education is filled with evidence this 17-year-old prediction 

never did materialize, and, in fact, furthered the mile-wide, inch-deep curricular tendency U.S. 

mathematics educators have battled for the past 30-plus years. As early as 2001, Marzano (as 

cited in Scherer, 2001) reported that the 2000 National Council of Teachers of Mathematics 

(NCTM) Principles and Standards for the Teaching of Mathematics had yet to be efficiently and 

systematically implemented, calling most state level implementation attempts to be “clumsy” (p. 

14) at best. Scherer (2001) added that Marzano’s nationwide analysis of state standards 

documents found that most became so lengthy that nearly two thirds of the standards would need 

eliminated to be adequately implemented within instructional time available during an academic 

school year. Lengthy standards actually proved counterproductive. 

In contrast to the inefficient U.S. standards, international peers’ success is often attributed 

to a tighter and more condensed set of academic standards for mathematics. For example, 

Ginsburg, Cooke, Leinwand, Noell, and Pollock (2005), in an examination of TIMSS and PISA 

results, found the highest scoring countries were correlated with less mathematical content 

coverage, allowing teachers and students increased time for teaching and learning the concepts 

being taught. The Common Core Standards development team applied this knowledge to 

internationally benchmark the new learning standards for U.S. schools. However, the 

development of the new standards was not limited to aligning content to international peers, as 

vertical and horizontal coherence and best practices for teaching mathematics led to standards for 

both mathematical content and practices. 

Common Core State Standards for Mathematics 

Development of the Common Core State Standards was driven largely by a response to 

the new realities of the U.S. economy situated in an increasingly complex global economy 
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(Conley, 2014). Conley added that postsecondary data found that newly enrolled college students 

were inadequately prepared, as indicated by only one fourth of ACT test-takers reaching college 

readiness levels in English, reading, mathematics, and science (Conley, 2014). The newest 

reiteration of U.S. mathematics education reform, the Common Core Standards for Mathematics 

(CCSS-Mathematics), have local and national stakeholders embroiled in arguments and debates 

regarding implementation of the new academic standards, which threaten the most 

comprehensive wide-scale effort to reform to increase student performance in mathematics in the 

United States (Briars, 2014). However, because the CCSS-Mathematics is internationally 

benchmarked and developed utilizing an extensive body of knowledge regarding scientific 

research into the conditions necessary effective for teaching and learning mathematics, the 

debate certainly is confounding.  

Despite major mathematical and science-based organizations’ pronouncing support of the 

new standards, Johnsen, Assouline, and Ryser (2013) stated that “the new standards (CCSS-

Mathematics) were not developed with the mathematically advanced learner as the focus, and as 

such are not sufficiently advanced to accommodate the needs of the highest mathematics 

students” (p. 6), an assessment that most other more influential authorities challenged. For 

example, Donovan and Branford (2005), through the supportive work of the National Academy 

of Sciences, the National Academy of Engineering, and Institute for Medicine, published an 

extensive document, How Students Learn: Mathematics in the Classroom, which simultaneously 

provided the cognitive science behind best practices for the teaching and learning mathematics 

and the demonstrated involvement, and total support, of the fields of science, technology, 

engineering, and mathematics. Donovan and Branford reviewed and substantiated the volumes of 

research regarding the conditions necessary for students to effectively learn mathematics at the 
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highest levels. It is this body of research upon which the CCSS-Mathematics writing team drew 

from when developing the newest standards (Conley, 2011). These revised standards appeared to 

demonstrate an improvement over existing standards illustrated through significant support 

beyond the K–12 educational communities. 

To date, the higher expectations described by the CCSS-Mathematics have now “been 

endorsed by every major mathematical society president, including the American Mathematical 

Society and the American Statistical Association,” and both considered CCSS-Mathematics to be 

an “auspicious advance in mathematics education” (Friedberg, 2014, p. 1). The validation of the 

CCSS-Mathematics by third-party professional mathematics-focused organizations furthered 

American Institutes for Research Principal Researcher Steve Leinwand’s (2014) assessment that 

the CCSS-Mathematics represented an extraordinary opportunity to finally shift the teaching and 

learning of mathematics in the United States. 

The fact that, for the first time, the U.S. has what is essentially a national curriculum, 

equivalent in quality to what is found in the highest scoring countries in the world, means 

the focus of leadership can finally shift from arguing about what math to teach, to how to 

best teach the agreed upon content to all students. (p. 4) 

Although adoption of the CCSS-Mathematics is considered a significant step towards a 

coherent math education for U.S. students, the NCTM (2014) provided K–12 stakeholders a 

reminder that although “the new standards provide guidance and direction and help focus and 

clarify common outcomes, educators and policymakers need to understand that standards do not 

teach; teachers teach” (p. 1). In other words, to be truly realized, the standards must be correctly 

implemented in order to improve student learning of mathematics. 
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With respect to mathematical substance, coherence, and application, Friedberg (2014, p. 

1), chair of the math department at Boston University, considered the new CCSS-Mathematics to 

be “neither ‘fuzzy’ or revolutionary, but a systematic and coherent set of real mathematics topics 

needed for math to make sense, while promoting problem solving, deep understanding, and 

accuracy for students.” Friedberg added that the requirements to simultaneously promote 

conceptual understanding, computational fluency, and problem solving are the abilities necessary 

to utilize, and apply, mathematics in the quantitative disciplines and, in general, to be college and 

career ready for the 21st century.  

Standards for Mathematical Practice 

The Mathematical Practice Standards (National Governors Association Center for Best 

Practices & Council of Chief State School Officers, 2010) are shown in Table 1, created by 

Common Core author Bill McCallum, head of the mathematics department at the University of 

Arizona. The practices are considered a critical component for allowing teachers and students to 

meet the content and assessment expectations of the CCSS-Mathematics, requiring teachers “to 

pursue, with equal intensity, three aspects of rigor: [a] conceptual understanding, [b] procedural 

skill and fluency, and [c] application” (National Governors Association Center for Best Practices 

& Council of Chief State School Officers, 2010). 
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Table 1 

Grouping the Mathematical Practice Standards 

1. Attend to 
precision. 

2. Make sense of 
problems and 
persevere in 
solving them. 

5. Reason abstractly and quantitatively.  

6. Construct viable arguments and critique the 
reasoning of others. 

Reasoning and Explaining 

7. Model with mathematics.  

8. Use appropriate tools strategically. 
Modeling and Using Tools 

9. Look for and make use of structure.  

10. Look for and express regularity in repeated 
reasoning. 

Seeing Structure and 
Generalizing 

Note. From “Grouping the Mathematical Practice Standards,” by B. McCallum, 2011. Retrieved from 
http://commoncoretools.me/2011/03/10/structuring-the-mathematical-practices/ Copyright 2011 by Bill 
McCallum. Reprinted with permission. 

 

With respect to implementing effective mathematical teaching practices, Ball and Bass 

(2009) theorized that teachers must exhibit horizon knowledge, a notion that expert teaching 

requires mathematical peripheral vision, which the authors described as a broad view of the 

larger mathematics education landscape. Horizon knowledge constitutes four elements:  

1. A sense of the mathematical environment surrounding the current location in 

instruction 

2. Major disciplinary ideas and structures  

3. Key mathematical practices  

4. Core mathematical values and sensibilities 

Irrespective of the overwhelming breadth of content standards U.S. teachers have been 

expected to teach, these four elements demonstrated the complexity for teaching mathematics 

necessary to produce high-level student achievement. International teaching peers may have been 

provided a more suitable breadth of content, permitting an increased depth of study for students.  
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Schmidt and Houang’s (2012) study of internationally benchmarked standards for 

mathematics of the 1995 TIMSS determined a high correlation between the CCSS-Mathematics 

and the standards of the highest performing nations. Based on Schmidt, Houang, and Cogan’s 

(2004) previous research linking U.S. poor average achievement to a lack of a common 

curriculum, the CCSS-Mathematics may provide greater consistency and quality across U.S. 

schools. Porter, McMaken, Hwang, and Yang (2011) described the Common Core State 

Standards as explicit in their focus on what students are to learn, describing the standards the 

new “content of the intended curriculum” (p. 103) and that the primary change is a move toward 

a greater emphasis on higher order cognitive demand. Pennsylvania school districts have 

received a similar message regarding the Pennsylvania Core Standards. 

Pennsylvania Core Standards Implementation 

The Pennsylvania Department of Education has provided Pennsylvania school districts 

clear communication regarding the transition to Pennsylvania Core Standards in regards to 

curriculum, instruction, and assessment. The Pennsylvania Core Standards brought with them 

two significant shifts for school leaders and teachers.  

The first shift is that academic rigor is considered the defining element for the new 

standards, according to Williamson and Blackburn (2013), who elaborated on the concept of 

rigor. “Rigor is creating an environment in which each student is expected to learn at high levels, 

each student is supported so he or she can learn at high levels, and each student demonstrates 

learning at high levels” (Blackburn, 2008). McTighe and Wiggins (2012) established five ideas 

to assist schools and teachers with designing a coherent curriculum and assessment system for 

realizing the promise of the rigor inherent to the CCSS-Mathematics. Overall, the message was 

that academic standards reflected student learning outcomes and, as such, must be unpacked and 
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mapped backwards from the desired learning outcomes, and that the standards most importantly 

“refer to the desired qualities of student work, and the degree of rigor that must be assessed and 

achieved” (McTighe & Wiggins, 2012, p. 1). Pennsylvania has heeded this guidance with 

increasing the rigor of state assessments for learning. 

Assessment of the Pennsylvania Core Standards 

The second significant shift regarding students demonstrating learning at high levels is 

the fact that the new Pennsylvania System of School Assessment items reflected new content and 

increased rigor, as determined by Depth of Knowledge level, when assessing the new standards 

(Pennsylvania Department of Education, 2013). Webb’s (2002) Depth of Knowledge provided a 

framework for which to consider the cognitive complexity of assessment tasks. In mathematics, 

Webb (2002) established descriptors for each of the four Depths of Knowledge, providing a 

deeper understanding of the new expectations for students, as the majority of next generation 

assessment items will reflect Levels 3 and 4. 

 Level 1 (Recall and Reproduction) includes the recall of information such as a 

fact, definition, term, or a simple procedure, as well as performing a simple algorithm or 

applying a formula. That is, in mathematics, a one-step, well-defined, and straight 

algorithmic procedure should be included at this lowest level. (p. 3) 

Level 2 (Skills and Concepts) includes the engagement of some mental processing 

beyond a habitual response. A Level 2 assessment item requires students to make some 

decisions as to how to approach the problem or activity, whereas Level 1 requires 

students to demonstrate a rote response, perform a well-known algorithm, follow a set 

procedure (like a recipe), or perform a clearly defined series of steps. (p. 4) 
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Level 3 (Strategic Thinking and Reasoning) requires reasoning, planning, using 

evidence, and reaching a higher level of thinking than the previous two levels. In most 

instances, requiring students to explain their thinking is a Level 3 attribute. Activities that 

require students to make conjectures are also at this level. The cognitive demands at 

Level 3 are complex and abstract. The complexity does not result from the fact that there 

are multiple answers, a possibility for both Levels 1 and 2, but because the task requires 

more demanding reasoning. (p. 4) 

Level 4 (Extended Thinking) requires complex reasoning, planning, developing, 

and thinking most likely over an extended period of time. The extended time period is not 

a distinguishing factor if the required work is only repetitive and does not require 

applying significant conceptual understanding and higher order thinking. (p. 4) 

The Siegler and Lortie-Forgues (2015) research study with preservice teachers, middle 

school students, and math and science university majors provided fascinating insight into the 

conceptual knowledge, and applied understanding of fractions in a diverse subject set. The 

results provided evidence that all subject groups demonstrated a strong understanding of 

fractional magnitudes (i.e., less than or greater than one-half, yet when asked to provide 

reasoning and explanations; a more rigorous Level 3 or 4 depth of knowledge task), regarding 

multiplication and division of fractions, the middle school students and preservice teachers were 

unable to do so. Although it may be concerning the focus of this study was specific to fractions, 

an earlier long-term longitudinal study of U.S. and U.K. students found that knowledge of 

fractions at age 10 is the most significant predictor of future algebraic knowledge and overall 

achievement in high school mathematics, exclusive of the effects of intellect, other mathematical 

knowledge, and socioeconomic background (Siegler et al., 2012).  
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Ball and Cohen (1999) discussed that a constructivist perspective for student learning 

supported cognitive science research findings that students’ prior knowledge and beliefs 

influenced how they make sense of and learn new ideas, clarifying that most studies have 

focused only on students learning, assuming that learning occurred regardless of teaching 

practices. Tapia and Marsh (2004) also found that efforts to improve the teaching and learning of 

mathematics often involved a debate about traditional or constructivist teaching methodologies, 

when in fact affective considerations for students, such as attitudes, beliefs, confidence, and 

motivation have shown to be more relevant variables for student success. Because of the 

increased depth of the mathematics required by the CCSS-Mathematics presents school systems 

and teachers with a daunting task, the NCTM stepped in to fill the gap between the adoption of 

the CCSS-Mathematics, and the significant actions required by teachers and schools for 

successful implementation, to allow students to meet the required rigor of the content and 

practice standards, with its 2014 Principles to Actions document. As Ball and Cohen (1999), as 

well as Tapia and Marsh (2004) found, teacher beliefs indeed impacted instructional practices. 

Perhaps even more importantly, additional research revealed teacher beliefs indeed matter, as 

they directly impacted student beliefs, thus any attempt to change the practice of teachers must, 

of necessity, involve changes in the beliefs of teachers” (Beswick, 2004). Beliefs, although 

significant, are also abstruse. 

Beliefs in Mathematics Education 

Xiaoxia Newton, a postdoctoral scholar in the School of Education at Stanford 

University, was educated in Mainland China and has studied math teaching and learning in the 

United States. Newton provided a unique international perspective on mathematics having been a 

student in China, and studying mathematics education in the United States as an adult scholar, a 
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unique personal and professional perspective reflected by existing research regarding beliefs 

about the nature and teaching of mathematics. Newton (2007) believed that cultural or personal 

beliefs about how mathematics should be taught profoundly influenced current reform efforts as 

much as curriculum or adopted teaching methods do. The NCTM 2014 publication, Principles to 

Actions, confirmed Newton’s assertion by explicitly identifying beliefs as an obstacle to the 

current calls to action for more effective teaching of mathematics through the adoption and 

implementation of the CCSS-Mathematics. 

Principles to Actions 

The Principles to Actions (NCTM, 2014) overarching message is that “effective teaching 

is the nonnegotiable core that ensures that all students learn mathematics at high levels” (p. 1). 

Although many variables impact the teaching and learning that takes place at the classroom 

level, the NCTM’s Principles to Actions considered a significant shift in teacher beliefs and 

mindsets as the first and foremost obstacle to completely realize the required programmatic and 

philosophical shifts for meeting the mathematical content and practice goals of the Common 

Core (Leinwand, 2014). Specifically, in his assessment, Leinwand (2014) and the Principles to 

Action development team considered the following research-based belief statements that fall into 

two categories, Productive Beliefs and Unproductive Beliefs, as the critical theoretical 

dichotomy necessary for appropriately putting the new standards into action. The beliefs 

statements actually reflected distinct dichotomous orientations for the teaching of mathematics; 

Table 2 listed the beliefs that parallel the two major competing pedagogical orientations for the 

teaching of mathematics often characterized by traditional-based versus reform-based practices, 

and inquiry or problem-based instruction versus direct or skill-oriented instruction. Research 
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provided clear supporting evidence regarding the efficacy of the productive beliefs (NCTM, 

2015). 

 

Table 2 

Teaching and Learning Beliefs 

Productive beliefs Unproductive beliefs 

All students need to have a range of strategies and 
approaches from which to choose in solving problems, 
including, but not limited to, general methods, standard 
algorithms, and procedures. 

Mathematics learning should focus on practicing 
procedures and memorizing basic number 
combinations. 

The role of the teacher is to engage students in tasks 
that promote reasoning and problem solving and 
facilitate discourse that moves students toward shared 
understanding of mathematics. 

The role of the teacher is to tell students exactly what 
definitions, formulas, and rules they should know and 
demonstrate how to use this information to solve 
mathematics problems. 

Mathematics learning should focus on developing 
understanding of concepts and procedures through 
problem solving, reasoning, and discourse. 

An effective teacher makes the mathematics easy for 
students by guiding them step-by-step through problem 
solving to ensure that they are not frustrated or 
confused. 

Students can learn mathematics through exploring and 
solving contextual and mathematical problems. 

Students can learn to apply mathematics only after they 
have mastered the basic skills. 

An effective teacher provides students with appropriate 
challenge, encourages perseverance in solving 
problems, and supports productive struggle in learning 
mathematics. 

The role of the student is to memorize information that 
is presented and then use it to solve routine problems 
on homework, quizzes, and tests. 

The role of the student is to be actively involved in the 
making sense of mathematics tasks by using various 
strategies and representations, justifying solutions, 
making connections to prior knowledge or familiar 
contexts and experiences, and considering the 
reasoning of others. 

Students need only learn and use the same standard 
computation algorithms and same prescribed methods 
to solve algebraic problems. 

Note. From Principles to Action: Ensuring Mathematics Success for All (p. 11), by National Council of 
Teachers of Mathematics, 2014, Reston, VA, Author. Copyright 2014 by National Council of Teachers of 
Mathematics. Reprinted with permission. 

 

Reform-Oriented Mathematics 

In an extensive review of existing research on K–12 mathematics education, Ross, 

Hogaboam-Gray, and McDougall (2002) found that implementing reform-oriented approaches 
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for teaching mathematics led to higher achievement than traditional approaches. A synthesis of 

existing research regarding effective elementary mathematics programs found that increased 

student outcomes on standardized tests and state accountability assessments is more a product of 

instructional differences, than of curricular differences, but that reform-oriented curricula did 

indicate an increase over traditional curricula (Slavin, 2008). Furthering this line of research, in 

studying existing research on K–12 mathematics education, Ross et al. (2002) also found 

consistent evidence of barriers to reform, the most significant being the difference between 

teacher beliefs and the research base for how students best learn math. Furthermore, Ediger 

(2009) added an attitudinal dimension in teaching mathematics must be considered. Teachers 

first must accept a philosophy of teaching that accepts research-based practices as a guide to 

improving teaching; this philosophy, however, is not always accepted (Ediger, 2009). 

Hart (2002) asked, “Why are some teachers reluctant to change and hold fast to their 

traditional methods while others are embracing reform practices and changing the environment 

of their mathematics classroom?” (p. 162). Stigler and Hiebert (1999), in an ostensibly direct 

response to Hart, though at an earlier date, surmised that failures to alter accepted teaching 

practices was because  

The widely shared cultural beliefs and expectations that underlie teaching are so fully 

integrated into teachers’ worldviews that they fail to see them as mutable. . . Teachers fail 

to see alternatives to what they are doing in the classroom. (p. 100) 

Thus, true curricular or instructional revision must first consider how teachers’ current 

classroom practices are rooted in, and mediated by, existing pedagogical beliefs (Ertmer, 2005).  
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Math Wars 

Perhaps most challenging to overcome are often referred to in terms of the Math Wars. 

The Math Wars led to dichotomous and competing categories of teaching mathematics: a focus 

on teaching for deep conceptual understanding versus a focus on teaching mathematical 

procedures (Ross & McDougall, 2004). Stipek et al. (2001) found that teachers’ instructional 

practices were often a product of their beliefs about the nature of mathematics. Teachers holding 

more traditional beliefs were associated with more traditional practices, and more progressive 

beliefs were associated with reform practices. However, in practice the established categories 

should represent ends of a continuum, rather than two distinct categories, and that expert teachers 

move through the continuum to meet curricular demand and students as displayed in Table 3 

(McDougall et al., 2000; Ross, McDougall, Hogaboam-Gray, & LeSage, 2003). 

 

Table 3 

The Teacher’s Role by Level 

Level 1 Level 2 Level 3 Level 4 

Sole knowledge 
expert. Student 
roles focus on 
tasks that require 
minimal cognitive 
effort. 

Although teacher is 
knowledge expert, 
some student expertise 
is acknowledged. 
Students are assigned 
roles with the teacher 
being central to the 
activities. 

Teacher shares the 
knowledge expertise 
role with the students. 
More teacher-directed 
tasks are provided for 
students with lower 
abilities, and more 
student-centered 
activities for higher 
ability students. 

The teacher is a colearner with 
students. The teacher and all 
students are responsible for 
building a math community. 
The teacher ensures that each 
student is an integral part of 
the learning process. 

Note. From “A Survey Measuring Elementary Teachers’ Implementation of Standards-Based 
Mathematics Teaching,” by J. A. Ross, D. McDougall, A. Hogaboam-Gray, and A. LeSage, 2003, 
Journal for Research in Mathematics Education, 34(4), p. 353. Copyright 2003 by Douglas McDougall. 
Reprinted with permission.  
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Teacher Considerations 

Wayne and Youngs’s (2003) meta-analytical review of 21 studies considering a 

correlation between teacher characteristics and student achievement gains, found compelling 

evidence that students learn more from teachers who have certain characteristics. Particularly, in 

the case of teachers’ college ratings and test scores, positive relationships existed and should be 

investigated further to learn about the relative importance of specific college characteristics and 

tested skills and knowledge. Regarding “degrees, coursework, and certification, findings have 

been inconclusive except in secondary mathematics, where high school students clearly learned 

more from teachers with certification in mathematics, degrees related to mathematics, and 

coursework related to mathematics” (Wayne & Youngs, 2003, p. 107). Clark et al. (2014) 

cautioned researchers that studies utilizing categorical survey data to attempt to link human 

characteristics, such as age, race or gender, to teacher beliefs, behavior, and performance, failed 

to interpret or explain why certain effects might exist. Clark et al. “contended that teacher 

characteristics, teacher qualifications, and teaching contexts may differ in the degree to which 

teachers possess varying levels of teacher knowledge and hold specific beliefs about 

mathematics teaching and learning” (p. 5) and subsequently studied the influence of professional 

development on teacher beliefs finding that though preservice or in-service professional 

development indeed improved teachers’ mathematical and pedagogical knowledge, teachers’ 

beliefs about best classroom practices were not always changed.  

Even more muddling is that teachers may hold certain progressive beliefs about 

mathematics teaching and learning regarded as positive, yet students perceptions of these same 

teachers indicated learning in teacher-centered traditional classrooms (Beswick, 2006). 

Beswick’s (2012) later qualitative research also discovered that many teachers shared different 
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beliefs about the nature of teaching mathematics and that these beliefs may explain 

inconsistencies among teachers’ decisions regarding the teaching and learning of elementary 

mathematics and their subsequent commitment to contemporary mathematics teaching. Beliefs in 

mathematics education are complicated, particularly with regard to classroom practice. 

Impact of Beliefs on Instructional Practice 

For decades, beliefs have been a significant part of the discourse in the mathematics 

education community, as teachers’ instructional decisions are considered to be a product of their 

beliefs (Hudson et al., 2015; Polly et al., 2013). “Long before they enroll in their first education 

course or math methods course, teachers have developed a web of interconnected ideas about 

mathematics, about teaching and learning mathematics, and about schools” (Ball, 1988, p. 4).  

However, Goldin, Rösken, and Törner (2009) established the fact that there is no 

universal acceptance of a definition of teacher beliefs, and attempts to theoretically frame the 

notion of beliefs have proved difficult. Still, research continued to find that beliefs, however they 

are considered, influenced teacher practices in the classroom. Tatto and Coupland (2003) wrote 

the following regarding understanding the possible influence of teacher beliefs: 

While numerous studies have examined teachers’ beliefs and thinking, studies examining 

beliefs within the teacher education context are less numerous, reviews of research, such 

as those by Nespor (1987) and Pajares (1992) brought awareness to the need to 

understand and address beliefs as necessary for understanding classroom practices. (p. 

43) 

Davidson and Mitchell (2008) discussed Ernest’s description of the philosophical 

consideration of the nature of mathematics, specifically Ernest’s two opposing perspectives as 

“the absolutist view of mathematical knowledge consisting of certain and unchallengeable 
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truths” (p. 7) and “the fallibilist view that mathematical truth is fallible and corrigible, and can 

never be regarded as beyond revision and correction” (p. 18). As Ross, Hogaboam-Gray, and 

McDougall (2001) found, Davidson and Mitchell also believed that Ernest’s classification was 

not dichotomous, as had been generally accepted, but that a continuum actually existed between 

each view. The National Mathematics Advisory Panel’s (2008) extensive review of existing 

research into instructional practices for the teaching of mathematics also did not support that 

instruction should be either entirely student centered or teacher directed, but that evidence 

existed finding a balance of practices can have a positive impact under specified conditions. Yet, 

research does provide clear evidence that certain classroom conditions remain more favorable for 

the effective teaching and learning of mathematics, and “interpretations of beliefs, with 

implications for their role in mathematics teaching and learning, can be understood by exploring 

the psychological and/or epistemological consequences of the metaphors or analogies used to 

describe them” (Maasz & Schlöglmann, 2009, p. 43). Notably, Simon (1995) found that 

constructivism provided a useful framework for thinking about mathematics learning in 

classrooms.  

Developing Student Knowledge of Mathematics 

Teachers who created classroom environments consistent with the beliefs of 

constructivism were more likely to hold beliefs about mathematics that, in Ernest’s (1989) 

schema, would be described as problem solving, along with corresponding student-centered 

views of mathematics teaching and learning (Beswick, 2007). In discussing the importance of 

developmentally appropriate and student-centered instruction, Van de Walle (2004) declared,  

The most widely accepted theory known as constructivism endorses that children must be 

active participants in the development of their own understanding. Constructivism 
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provides us with insights concerning how children learn mathematics and guides us to 

use instructional strategies that begin with children rather with ourselves. (p. 22)  

Constructivism 

Phillips (1995) eloquently summarized the essence of John Dewey and William James’ 

constructivist position: 

Dewey staunchly advocated the use of activity methods in the schoolroom-for students 

are potential knowers, yet traditional schooling forces students into the mold of passive 

receptacles waiting to have information instilled, instead of allowing them to move about, 

discuss, experiment, work on communal projects, pursue research outdoors in the fields 

and indoors in the library and laboratory, and so forth. (p. 11) 

Beswick (2004) extended Van de Walle’s (2004) declaration by providing a more explicit 

description of a student-centered classroom, describing it as follows:  

A constructivist classroom environment is considered to be one in which: students were 

able to act autonomously with respect to their own learning; the linking of new 

knowledge to existing knowledge is encouraged and facilitated; knowledge is negotiated 

by participants in the learning environment; and the classroom is student-centered in that 

students have opportunities to devise and explore problems that are of relevance to them 

personally. (p. 113)  

A constructivist classroom requires that pedagogical practice for the teaching of 

mathematics, mathematical situations, and more mathematically rigorous content standards, are 

grounded in a teaching and learning context (Bednarz & Proulx, 2009). Ball, Lubienski, and 

Mewborn (2001) added that central to the quality of teaching are teachers’ deep understanding of 

what they need to teach and the pedagogical practices that can be used to represent such 
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understanding to students. It is this intersection of mathematics and elementary classroom 

pedagogy that is the essence of the specialized teaching knowledge necessary to meet students 

where they are, to successfully engage with, and demonstrate their understanding, of the 

mathematics (Hill et al., 2005).  

Kirschner et al. (2006) negatively viewed constructivism, establishing it to be an 

instructional or pedagogical approach that merely utilized minimal guidance, rather than a 

construct through which to create meaningful opportunities for students to construct knowledge 

and to develop practices for learning mathematics. Kirschner et al. believed that constructivist, 

discovery, problem-based, experiential, and inquiry-based teaching to be instructional practices 

that promoted minimal guidance for students, and that research for these practices of minimally 

guided instruction are less effective than those with a strong emphasis on guidance of the student 

learning process.  

However, other examples of classroom research provided examples of teachers creating 

guided instruction that shifts the locus of authority from teacher, as the keeper of the knowledge, 

to valuing students’ mathematical ideas to socially construct knowledge within the classroom 

(Simon & Schifter, 1993). And in identifying effective mathematics learning environments and 

effective teacher behaviors, Protheroe (2007) provided an argument substantiating 

constructivism finding that though effective teachers required students to construct knowledge 

through solving challenging problems, the teacher remained largely responsible for orchestrating 

the learning through engaging mathematical tasks, questioning, and opportunities to 

communicate their ideas in an environment of respect and understanding. Kirschner et al. (2006) 

did not consider this level of teacher responsibility. 
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Beliefs and Reform Practices 

Beswick, Watson, and Brown’s (2006) research with elementary and middle school 

mathematics teachers found an interesting phenomenon that many teachers hold beliefs 

considered positive, yet do not necessarily report the appropriate corresponding pedagogies to 

translate their beliefs into practice demonstrating the complexity of beliefs linking to practice. 

Chapman’s (2002) interpretative study of high school mathematics teachers found that attempts 

to reform the teaching of mathematics, also required a corresponding re-forming of teachers 

thinking. In the study, Chapman discovered teachers who were able to change their own 

practices from a predominantly teacher-centered perspective to a more student-centered 

perspective, through the opportunity to engage, as learners, with innovative curriculum materials 

associated with a reform-oriented mathematics curriculum, providing an opportunity to 

experience the learning from a learner’s perspective. Chapman’s research attempt to influence 

the beliefs of the learner is reflected in Beswick’s (2012) categories of teacher beliefs, found in 

Table 4. Beswick’s categories were drawn from Ernest (1989), “who established that a 

mathematics teacher’s belief system has three parts; the teacher’s ideas of mathematics as a 

subject for study, the teacher’s idea of the nature of mathematics teaching, and the teacher’s idea 

of the learning of mathematics” (p. 2). As Beswick acknowledged, individual teachers are 

unlikely to have beliefs that fit neatly in a single category, and it is entirely possible teachers may 

have beliefs that fall into more than one category and teach with one view in one context and 

another view in another context.  
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Table 4 

Categories of Teacher Beliefs 

Beliefs about  
the nature of mathematics 

Beliefs about  
mathematics teaching 

Beliefs about  
mathematics learning 

Instrumentalist Content focused with an emphasis 
on performance 

Skill mastery, passive reception of 
knowledge 

Platonist Content focused with an emphasis 
on understanding 

Active construction of 
understanding 

Problem solving Learner-focused Autonomous exploration of  
own interest 

Note. From “Teachers’ Beliefs About School Mathematics and Mathematicians’ Mathematics and Their 
Relationship to Practice,” by K. Beswick, 2012, Educational Studies in Mathematics, 79(1), p. 130. 
Copyright 2012 by Kim Beswick. Reprinted with permission. 

 

Ernest (1989, p. 1) declared the following regarding the institutional efforts and 

consideration of teacher beliefs required to reform:  

The teaching of mathematics. Such reforms depend, to a large extent, on institutional 

reform; changes in the overall mathematics curriculum. They depend even more 

essentially on individual teachers changing their approaches to the teaching of 

mathematics. However, the required changes are unlike those of a skilled machine 

operative, who can be trained to upgrade to a more advanced lathe, for example. A shift 

to a problem solving approach to teaching requires deeper changes. It depends 

fundamentally on the teacher’s systems of beliefs, and in particular, on the teacher’s 

conception of the nature of mathematics and mental models of teaching and learning 

mathematics. Teaching reforms cannot take place unless teachers’ deeply held beliefs 

about mathematics and its teaching and learning change. (p. 1) 

Walker (2007) established that “despite reformers’ best efforts, classroom practice 

remains largely unchanged” (p. 113). This resistance, according to Ball (1996), is partly because 
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teachers’ personal beliefs and experience for learning mathematics shaped beliefs about math 

teaching that are quite difficult to overcome. In addition to the barrier of teacher beliefs is the 

pedagogical difference between reform-oriented pedagogy, which Ross et al. (2002) determined 

is more difficult for elementary level generalists to learn and to implement, versus traditional 

pedagogy, which often is scripted and easier to teach. Research has shown that the previous ideas 

and understandings about mathematics brought to classrooms by teachers are critical regarding 

how teachers will decide to teach math (Kajander, 2007). Ball (1988) added that, based on their 

individual experiences, “new teachers develop ideas about how to teach mathematics and about 

appropriate roles for students and teachers in mathematics classrooms” (p. 17). Researchers have 

found that despite reformers’ best efforts, instructional practice remained the same due to 

teachers’ holding fast to their own mathematics understandings, attitudes, and experiences 

(Walker, 2007).  

Beswick (2012) found that most research regarding mathematics teaching and student 

achievement has focused on teachers’ content and pedagogical knowledge and those beliefs 

about the nature of mathematics as a student, and as a teacher, warrant additional research. 

However, Beswick (2004) also determined “there is evidence that teachers’ beliefs about 

themselves, their performance and the perceptions thereof of significant others, may be among 

the most crucial determinants of the extent to which teachers can change” (p. 4). Beswick’s 

(2012) further qualitative research found that many teachers shared different beliefs about the 

nature of teaching mathematics and that these beliefs may explain inconsistencies among 

teachers’ decisions regarding the teaching and learning of elementary mathematics and their 

subsequent commitment to contemporary mathematics teaching. Again, the consideration of 

beliefs when considering teacher practices is complicated. 
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Eichler (2008) concurred with Beswick (2004), finding that math educators “must have a 

much greater understanding of teachers’ beliefs and the impact of these beliefs on students’ 

knowledge and students’ beliefs” (p. 6) in order to effectively shift pedagogy. Fives and Buehl’s 

(2011) comprehensive review of the literature on teacher beliefs concluded beliefs are complex, 

multifaceted, and varied, and attempts to relate beliefs to teacher behaviors and instructional 

practice requires clarity in characterizing the specific belief or system being considered. Specific 

to research, application, and intervention, beliefs are found to be a manifestation of the previous 

ideas and understandings about mathematics brought to classrooms by teachers, which then 

become critical for how teachers will decide to teach math (Kajander, 2007). 

Growth Mindset 

Sparks (2013) characterized the challenge for teachers with fostering confidence and 

motivation to learn mathematics in stating, “It’s one thing to say all students can learn, but 

making them believe it—and do it—can require [a] 180-degree shift in students’ and teachers’ 

sense of themselves and of one another” (p. 1). The psychological construct of a growth mindset 

versus a fixed mindset may provide teachers and students ways for allowing students, teachers, 

and schools to enable students to maximize their academic achievement. Mulholland (2014) 

reflected upon how the application of the construct of a growth mindset, in conjunction with the 

increased rigor of the Common Core State Standards, can potentially affect student achievement 

at the organizational level. 

The goal to improve schools through student achievement is inextricable from the 

mindset of the entire school community. The Common Core calls for change in the way 

instruction is delivered. If school leaders can embody the essence of the growth mindset 
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and create learning communities that celebrate the effort and perseverance of one 

another, the sky is the limit! (para. 6) 

Mathematical Mindsets 

Scientific evidence indeed existed that mindset can actually influence student 

performance. Jo Boaler (2016), author of Mathematical Mindsets, has conducted research with 

thousands of students across a wide range of demographics and socioeconomics, in both public 

and private school settings, finding overwhelming evidence that students, and teachers, who hold 

a growth mindset for learning mathematics outperformed those with a fixed mindset. An even 

larger student study sample provided the most compelling evidence, specifically an analysis of 

the Organisation for Economic Co-Operation and Development’s Program for International 

Student Assessment data set of 13 million students worldwide, finding those students with 

productive ideas and beliefs about mathematics and a growth mindset outscored those with 

unproductive ideas and beliefs and a fixed mindset by more than a grade equivalent (Boaler, 

2016). It appeared that mindset matters, for both students and teachers. 

Carol Dweck’s groundbreaking research into mindset provided the foundation for 

Boaler’s extension of considering a growth versus a fixed mindset relative to the teaching and 

learning of mathematics. Other researchers have drawn from Dweck’s introduction of mindset to 

the literature. In their research exploring elementary student beliefs and understanding of 

elementary science and mathematics, Beghetto and Baxter (2012) added the following regarding 

Dweck’s and Boaler’s conception of mindset on student learning. 

A strong sense of confidence in one’s ability to generate new and meaningful ideas seems 

necessary for the development of mathematical and scientific understanding. Indeed, it is 

doubtful that a scientist or mathematician, let alone a student of those disciplines, could 
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persist on the path of scientific inquiry and mathematical problem solving without a 

strong self-efficacy. (pp. 944-945) 

Dockterman and Blackwell (2014) established a student’s ability to self-regulate and 

persist in the face of a challenge as a critical factor for academic and life success, which further 

supported Duckworth and Quinn’s (2009) research findings that students with a growth mindset 

maintained task persistence when facing difficult work, demonstrating what has been defined as 

academic grit. Boaler’s (2013) research in the fields of education and neuroscience provided 

foundational considerations for teachers and schools, including messages that intelligence is 

malleable, and learning leads to physical and functional brain change provided a concrete and 

practical way to understand and practice a growth mindset.  

• The plasticity of the brain: Ability and intelligence grow with effort and practice. 

• The importance of students’ mindsets for learning: When students believe that 

everybody’s ability can grow, their achievement improves significantly. 

• The importance of teachers’ mindsets for teaching: When teachers believe that 

everybody’s ability can grow and they give all students opportunities to achieve at 

high levels, students achieve at high levels. 

• The effects of ability grouping in all its different forms: These grouping practices 

communicate damaging fixed mindset beliefs to students. (p. 150) 

As Boaler’s (2013) list of considerations revealed, mindset is not entirely an individual 

matter. Peers, teachers, parents, and the wider school culture all can influence one’s mindset; 

thus, teachers and schools must be cognizant of its potential impact for students (Dockterman & 

Blackwell, 2014). An example is Boaler’s research findings that fixed mindset beliefs can 

“negatively contribute to inequalities in education, as they particularly harm minority students 
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and girls; fixed mindsets also were found to contribute to overall low achievement and 

participation across all student demographics” (p. 150). Blad (2015) reported that Sun surveyed 

3,400 students to gauge their mindset for learning mathematics and 40 teachers to gauge their 

mindsets for learning mathematics and to assess their instructional approaches. Through analysis 

of Sun’s survey data and classroom observations, it was determined that teachers with a reform 

orientation for teaching mathematics were more likely to have a growth mindset for learning, 

providing additional support for Common Core shifts for mathematics (Blad, 2015). Ball and 

Forzani’s (2009) qualitative study of prospective elementary math teachers observing primary 

students learning complicated mathematics were often surprised by their sophisticated ability to 

think, reason, and make sense while learning mathematics, changing their initial beliefs about 

young children’s ability to learn—and their abilities to teach in more thoughtful ways.  

Boaler’s (2013) research continued to buck the notion that certain individuals have a 

math brain and others do not, finding that all students are able to learn mathematics when 

provided appropriate classroom learning norms. Certainly, however, mathematics is the 

academic area in which a mindset makeover is needed for both teachers and students (Boaler, 

2016), as student effort is an important variable regarding the learning of mathematics (National 

Mathematics Advisory Panel, 2008). 

Value-Added Student Growth 

There appeared to exist a correlation between value-added growth indices and the 

development of student understanding of mathematics. Teachers with high value-added scores, 

as determined through state assessment scores, also promoted deeper conceptual understanding 

with their students. Additional testing utilizing the Balanced Assessment in Mathematics in 

Grades 4 through 8, found a significant correlation between teacher effects on the two 
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assessment measures (Kane & Staiger, 2012). The Balanced Assessment in Mathematics is 

considered cognitively demanding and measures higher order reasoning skills and assesses 

understanding of core mathematical ideas that are tied to grade-level standards (Kane & Staiger, 

2012), with additional evidence the instrument is more sensitive to reform-oriented instruction 

than a more objective formatted test.  

The Pennsylvania Department of Education (2011) has differentiated between student 

achievement and growth, explaining that achievement data determined if students have reached 

proficiency levels determined by Pennsylvania’s academic standards on the Pennsylvania System 

of School Assessment, whereas the Pennsylvania Value-Added Assessment System (PVAAS) 

offers insights about individual, or cohorts of students, making an academic year’s worth of 

progress. “[PVAAS] provides an alternative approach to measure the efficacy of schools and 

teachers in value-added terms, based on student progress rather than the percentage of students 

able to meet an absolute standard” (Ballou et al., 2004, pp. 37-38). Annual student testing allows 

for “growth trajectory” tracking of students, with individual students and teachers serving as 

their own “control group” (Harris, 2008, p. 7). Sanders (2000) described the following regarding 

the advantages to considering value-added scores: 

Modeling student progress over time, via value-added analyses, provides accurate and 

trustworthy quantitative measures of student learning. These measures, then, are 

attributed to the professional efforts of individual educators and schools, thereby 

mitigating “many problems in assessment and measurement.” (p. 331) 

In a synthesis of current models of measuring school and teacher effectiveness, Fletcher 

(n.d.) established that student progress, not student achievement is most relevant for determining 
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teaching effectiveness. Fletcher (n.d., p. 6) differentiated student learning considerations into 

three categories—status, growth, and relative growth, which are expanded upon in Table 5. 

 

Table 5 

Facts Regarding Achievement, Growth, and Pennsylvania Value-Added Assessment System Data 

Achievement Growth 
Educator benefits of Pennsylvania 
Value-Added Assessment System 

Measures students’ 
performance at one 
single point in time. 

Measures students’ growth across time (i.e., 
across years). 

Measures student achievement as a 
result of the impact of educational 
practices, classroom curricula, 
instructional methods, and professional 
development. 

Highly correlated with 
students’ 
demographics. 

Little to no relationship to students’ 
demographics. 

Monitors the growth of all groups of 
students from low-achieving to high-
achieving, ensuring growth 
opportunities for all students. 

Compares student 
performance to a 
standard. 

Compares students’ performance to their 
own prior performance. 

Educators can make informed, data-
driven decisions about where to focus 
resources to help students make greater 
growth and perform at higher levels. 

By measuring students’ academic 
achievement and growth, schools and 
districts have a more comprehensive picture 
of their own effectiveness in raising student 
achievement. 

Educators can modify and differentiate 
instruction to address the needs of all 
students. 

Note. From PVAAS Key Communication Messages (p. 1), by Pennsylvania Department of Education, 
2015, Harrisburg, Author. Copyright 2015 by Pennsylvania Department of Education. Reprinted with 
permission. 

 

Rubin, Stuart, and Zanutto (2004) identified that the goal of value-added is  

To estimate the “causal effects” or teachers or schools; that is, to determine how much a 

particular teacher (or school) has “added value” to their students’ test scores. It is implied 

that the effects being estimated are causal effects: the effect on students of being in 

school ‘A’ (or with teacher ‘T’) on their test scores. (p. 104) 
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Although some statisticians argued against the assumption that teachers or schools are 

responsible for increases in student test scores in the most widely implemented value-added 

statistical models (Raudenbush, 2004; Rubin et al., 2004), Fletcher (n.d.) found that policy 

makers and school administrators generally disagreed and contended that “if quality instruction 

is essential for student learning, then student learning should tell us about the quality of 

instruction” (p. 20). 

Value-Added Models 

Figure 2 depicted in simple terms the statistical model utilized by the Pennsylvania 

Value-Added Assessment System (PVAAS), which measures student growth by modeling a 

series of gains in performance demonstrated by each student as well as the teachers who 

instructed them and the schools that provided the context for their instruction (Goldschmidt et 

al., 2005, p. 5). In the depictive Figure 2, the starting point for student growth is established as 

the variable YearX, with YearX+1 representing the point at time in which students are expected to 

have grown 1 instructional year. Based on previous student performance data on standardized 

testing scores, the value-added statistical model estimates and predicts the expected value, or 

growth expectation, for future student achievement. The expected value is determined relative to 

0, which statistically indicates the projected value representing students’ growth expectation, 

factoring in a standard error of measurement. Any score value greater than 0 represents that 

students have exceeded their growth expectation, and any score value less than 0 represents that 

students have missed their growth expectation. As mentioned, the figure provided a simple 

representation and does not include the underlying statistical formulas utilized in the actual 

value-added model. A more detailed description of value-added statistics can be found in 

Chapter 3. 
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Figure 2. Value-added model (simplified generic example). From Policymakers’ Guide to 
Growth Models for School Accountability: How Do Accountability Models Differ? (p. 5), by P. 
Goldschmidt, P. Roschewski, K. Choi, W. Auty, S. Hebbler, R. Blank, and A. Williams, 2005, 
Washington, DC: Council of Chief State School Officers. Copyright 2005 by Council of Chief 
State School Officers. Reprinted with permission. 

 

Kupermintz (2003) described the Educational Value-Added Assessment System 

(EVAAS) statistical model as one that represented teacher effects as independent, additive, and 

linear variables, and considers student readiness for new learning by treating the previous years’ 

test scores as a blocking variable to statistically adjust for preparedness for receiving teacher 

instruction so that each student serves as their own statistical control to avoid effects of external 

factors, “most notably race, SES, general ability, and prior achievement in the tested subjects” 

(Kupermintz, Shepard, & Linn, 2001, p. 3), which Kupermintz et al. (2001) challenged as 

statistically valid. In response to this criticism, Ballou et al. (2004) responded with explicit 

evidence of the strength and validity of the EVAAS model. Although the definition of statistical 

validity has been implicitly defined as the relationship between the teacher quality measure and 
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teachers’ contribution to student achievement, individual teacher value-added growth indices 

have indeed demonstrated statistical validity (Harris, 2008).  

Enthusiasm for this approach stems in large part from the belief that it can remove the 

effects of factors not under the control of the school, such as prior performance and 

socioeconomic status, and thereby provides a more accurate indicator of school or teacher 

effectiveness than is possible when these factors are not controlled. (McCaffrey et al., 

2004, p. 68)  

Gap in the Literature 

Professor of public policy and economics at Duke University, Jacob Vigdor (2013), 

through his research of historical U.S. student math performance, provided a unique perspective 

on student achievement in mathematics, finding that U.S. education policies to increase math 

performance for average students—and to close achievement gaps through making the 

curriculum more accessible—has backfired, with fewer students reaching advanced levels of 

performance.  

Pajares (1992) cited Fenstermacher’s (1979) prediction that “the study of teacher beliefs 

would become the focus for teacher effectiveness research” (p. 307) and Pintrich’s (1990) 

suggestion “that beliefs ultimately will prove the most valuable psychological construct to 

teacher education” (p. 308), adding that research literature for teacher beliefs was scarce at the 

time. Moving forward, Fives and Buehl (2011) found the published empirical research on 

teachers’ beliefs included more than 700 articles, yet the lack of cohesion and clear definitions 

has limited the explanatory and predictive potential of teachers’ beliefs. Nevertheless, 

convincing evidence in the literature, schools, and teacher education programs found that teacher 

beliefs matter. Ultimately, the gaps in the literature, in the case of teacher beliefs, are the 
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overwhelmingly broad and diverse considerations for teacher beliefs, and for the purposes of this 

study, the resultant lack of explanatory and predictive studies regarding teacher practice or 

student learning (Fives & Buehl, 2011). 

Fives and Buehl’s (2011) comprehensive review of the literature on teacher beliefs 

concluded beliefs are complex, multifaceted, and varied, and attempts to relate beliefs to teacher 

behaviors and instructional practice required clarity in characterizing the specific belief or 

system being considered. Specific to research, application, and intervention, Fives and Buehl 

stressed the need for researchers to clarify the belief or belief system to be researched, and for 

educators to recognize the complexities when considering for professional development and 

growth. Table 6 (Fives & Buehl, 2011) synthesized the conclusions to include specific 

recommendation considerations for researchers, teacher educators, school leaders, and preservice 

and practicing teachers. These recommendations served to frame the context, methods, and 

survey adoption for Chapter 3. As well, these recommendations were utilized to consider an 

examination of the study results in Chapter 4 and the conclusions and recommendations in 

Chapter 5. 
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Table 6 

Conclusions and Recommendations Regarding Teacher Beliefs 

Conclusions 

Teachers’ beliefs are related to their practices and 
student outcomes but enactment of beliefs may be 
hindered by individual and contextual restraints. 

Different belief systems may function in different 
ways, as filters, frames, or guides. 

Recommendations for 

Researchers Examine the larger context in which research activities are situated to 
consider the multiple influences on teachers’ beliefs enactment. 

Explore the mechanisms by which beliefs are related to practice (e.g., filter, 
frame, and guide). 

Teacher educators To affect change in beliefs and 
practices, a variety of beliefs 
must be addressed and teachers 
need extensive knowledge of the 
practice to be enacted. 

Beliefs influence how reform efforts 
are interpreted (filtered) and 
implemented (guide). Effective 
implementation of reforms may require 
changes related to beliefs systems.  

School leaders Recognize the specific 
constraints that may hinder the 
implementation of beliefs and 
work to alleviate them. 

Preservice and practicing teachers Identify ways beliefs and practices are or are not congruent. Recognize the 
need for additional knowledge and professional development to effectively 
implement new practices. 

Actively consider the influence of belief functions in the examination of 
new reforms, teaching approaches, and students. 

Note. From “Spring Cleaning for the ‘Messy’ Construct of Teachers’ Beliefs: What Are They? Which 
Have Been Examined? What Can They Tell Us?” (p. 487) by H. Fives and M. M. Buehl, 2011. In K. R. 
Harris, S. Graham, T. Urdan, S. Graham, J. M. Royer, & M. Zeidner (Eds.), APA Educational Psychology 
Handbook, Vol. 2: Individual Differences and Cultural and Contextual Factors, doi:10.1037/13274-019. 
Copyright 2011 by American Psychological Association. Adapted with permission.  
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CHAPTER 3 

STUDY DESIGN AND METHODOLOGY  

Study Purpose and Goal 

The purpose of this nonexperimental correlational relationship study was to determine the 

correlation between the variables of instructional practices, teacher beliefs, and intelligence 

mindset and the variable of value-added student growth. Value-added student growth models 

“isolate the effects of outside factors—such as prior performance or student characteristics—

from student achievement in order to determine how much value teachers, schools, and/or 

programs added to students’ academic growth” (Hull, 2007, p. 47). The goal of the study was to 

better understand how instructional practices, beliefs, and mindsets correlated to measurable 

student growth, in order to expand the literature on the topic of strengthening instructional 

practices for mathematics. This large-scale study investigated the multifaceted and complicated 

relationship amongst the significant variables of teacher practices, beliefs, and mindsets and 

academic growth for elementary students in mathematics. This chapter addressed the research 

methodology and procedures that framed the study.  

Value-Added Student Growth 

Though some researchers have identified complications with value-added modeling, 

particularly with regard to direct attribution of teacher effects to individual student growth 

(Amrein-Beardsley, 2008; Gabriel & Lester, 2013), the statistical construct of value-added 

analysis offers stakeholders and researchers an innovative approach to examine school and 

teacher effectiveness. Raudenbush (2004), who similarly cautioned against estimating school and 

teacher effects, nevertheless acknowledged that aggregate value-added estimates, in conjunction 

with other relevant data, provided an opportunity for researching the effectiveness of school and 
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teacher practices. Jacob and Lefgren (2008) determined that previous value-added indices better 

predicted student achievement than did subjectively driven principal observations and 

evaluations, providing a more objective analysis of the everyday classroom instruction taking 

place. The significance of value-added is that the statistical model provides a measure of the 

direct effect of the effectiveness of schools, irrespective of the influence of mitigating 

demographic factors, such as socioeconomic status (Fallon, n.d.).  

Sass (2008), in a study of quintile rankings of teacher effects in several large school 

systems, found that value-added measures are generally steady over a several-year period. This 

increase in value-added measures supported the utilization of the Average Growth Index (AGI) 

to isolate student growth as a dependent, or outcome, variable for exploring the relationship 

amongst the independent, or predictor, variables (Creswell, 2013). In studies based on the 

statistically sophisticated Tennessee Value-Added Assessment System (TVAAS), teacher effects 

were highly correlated to student performance, more so than factors such as class size (Sanders 

& Horn, 1998; Wright et al., 1996). Based on the research of Rowan, Correnti, and Miller 

(2002), it is recommended “if one really wants to assess the size of teacher effects on changes in 

student achievement, models of annual gains in achievement are preferable” (p. 5), solidifying 

the decision to consider value-added growth modeling as the criterion variable representing 

student learning. Pennsylvania’s value-added growth model is one such model. 

The Pennsylvania Value-Added Assessment System (PVAAS) contracts through SAS 

Institute to implement the EVAAS that built upon the Tennessee Value-Added Assessment 

System (TVAAS) methodology developed by Dr. William L. Sanders and his colleagues at the 

University of Tennessee at Knoxville (SAS Institute, 2015). Wright et al. (2006) described the 

EVAAS value-added methodology as “to simply use a student’s past scores to predict (‘project’) 



 

59 
 

some future score” (p. 4). The statistical model used to obtain the projections is no more complex 

than ordinary multiple regression, with the basic formula being, “Projected_Score = MY + b1(X1 

− M1) + b2(X2 − M2) + . . . = MY + x1Tb, where MY, M1, etc., are estimated mean scores for the 

response variable (Y) and the predictor variables (Xs)” (Wright et al., 2006, p. 4).  

Average Growth Index 

The Average Growth Index [AGI] is a measure of student progress across the tested 

grade levels in a school. This index is value based on the growth [measure] over grade 

levels, and its relationship to the standard error, so that comparison among schools is 

meaningful. PVAAS utilizes this index (based on the standard error) to allow for a 

[comparative] view across schools. If the standard error is not accounted for, users might 

get a skewed picture of the relative effectiveness of different schools. (Pennsylvania 

Department of Education, 2011, p. 2) 

Table 7 further described AGI score values. 

Research Variables and Procedures 

Pajares (1992) conveyed that when the appropriate methodology and instrumentation are 

chosen and the research design is thoughtfully constructed, studies examining beliefs can 

become viable and effective. For this study, a quantitative approach utilizing surveys was 

utilized to determine the relationship between six independent variables (Social-Constructivist 

Orientation [SC], Transmission Orientation [T], Teacher Allowance for Student Struggle with 

Problems [TASSP], Teacher Modeling for Incremental Mastery [TMIM], Teachers’ Awareness 

of their Students’ Mathematical Dispositions [TASMD], and Growth Mindset [M]) and PVAAS 

Average Growth Index (AGI). Rowan et al.’s (2002) position is that survey researchers should be 

to “clarify the basis for claims about effect sizes, develop better measures of teachers’ 
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knowledge, skill, and classroom activities; and take care in making causal inferences from 

nonexperimental data” (p. 1526).  

 

Table 7 

Average Growth Index (AGI)  

School-level  
Average Growth Index value Score description 

= 0 On average, the students in this school met the standard for Pennsylvania 
academic growth. 

> 0 On average, the students exceeded the standard for Pennsylvania academic 
growth. The farther the Average Growth Index is above 0, the more evidence 
there is that, on average, students in this school exceeded the standard for 
Pennsylvania academic growth. 

< 0 On average, the students did not meet the standard for Pennsylvania academic 
growth. The farther the Average Growth Index is below 0, the more evidence 
there is that, on average, students in this school did not meet the standard for 
Pennsylvania academic growth. 

Note. From PVAAS Key Communication Messages by Pennsylvania Department of Education, 2015, 
Harrisburg, Author. Copyright 2015 by Pennsylvania Department of Education. Reprinted with 
permission. 

 

Surveys were administered to a statistically significant aggregate group of teachers to 

establish the mean for each of the six aforementioned variables. “Survey research provides a 

quantitative or numeric description of trends, attitudes, or opinions of a population by studying a 

sample of that population” (Creswell, 2013, p. 12). The aggregate values of each predictor 

variable were correlated to the composite school Average Growth Index (AGI) to determine if a 

statistically significant relationship existed; the researcher hypothesized that a positive 

correlation existed. Hale (2011), in reviewing the importance of correlational studies, established 

that once a correlation coefficient score is known on one measure, more accurate predictions of 

other related measures can be made, with the stronger the relationship between or among 
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variables, the more accurate the predictions. It is from this perspective the researcher proposed to 

correlate each variable to student growth, while investigating the relationships amongst the 

variables that potentially predicted student growth. 

Research Questions and Null Hypotheses 

This study focused on four primary research questions.  

• RQ1: How does the relationship amongst school-level averages of instructional 

practices, teacher beliefs, and teacher mindset relate to the school value-added 

Average Growth Index (AGI)? 

• H10: There will be no significant prediction of Average Growth Index (AGI) by 

average school levels of instructional practice, teacher beliefs, and growth 

mindset. 

• RQ2: How do school-level average instructional practices relate to school value-

added Average Growth Index (AGI) when controlling for teacher beliefs and the 

teacher growth mindset? 

• H20: There will be no significant prediction of Average Growth Index (AGI) by 

average school levels of instructional practice, when controlling for teacher 

beliefs, and the teacher mindset. 

• RQ3: How does school-level teacher beliefs relate to school value-added Average 

Growth Index (AGI) when controlling for instructional practices and the teacher 

growth mindset? 

• H30: There will be no significant prediction of Average Growth Index (AGI) by 

average school levels of teacher beliefs, when controlling for instructional 

practices and the teacher growth mindset. 
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• RQ4: How does school-level average teacher growth mindset relate to value-added 

Average Growth Index (AGI) when controlling for instructional practices and teacher 

beliefs? 

• H40: There will be no significant prediction of Average Growth Index (AGI) by 

school-level average teacher growth mindset when controlling for instructional 

practices and the teacher growth mindset.	

Table 8 provided a matrix presenting the relationship between Research Questions 2–4, 

variables, survey items, and survey scale, all of which are explained in further detail in this 

chapter. 

Study Survey Instruments 

Three existing surveys are utilized to answer validity and reliability standards. Content or 

construct validity can be considered the most important form of validity as it determines in fact 

that a test measures its intended measure (Gay et al., 2008). Reliability, on the other hand, 

demonstrates consistency within item responses across constructs and score stability across 

administrations (Creswell, 2013). All three instruments have demonstrated validity and 

reliability, as evidence existed the instruments effectively measure what they intended, and that 

they did so consistently. 
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Table 8 

Matrix of Research Questions 2–4, Variables, Survey Items, and Scales 

Research Question Variable Survey items Scale 

2. How do school-level average 
instructional practices relate to 
school value-added Average 
Growth Index (AGI) when 
controlling for teacher beliefs 
and the teacher growth 
mindset? 

Social-constructivist 
orientation 

Mathematics 
Instructional Practice 
Survey Items 1, 2, 3, 
5, 9, 12, 13, and 14 

5-point frequency rating 
scale: Always (5), Often 
(4), Sometimes (3), Rarely 
(2), Never (1), Not 
Applicable (0) 

Transmission 
orientation 

Mathematics 
Instructional Practice 
Survey Items 4, 6, 7, 
8, 10, and 11 

3. How do school-level teacher 
beliefs relate to school value-
added Average Growth Index 
(AGI) when controlling for 
instructional practices and the 
teacher growth mindset? 

Teacher allowance 
for student struggle 
with problems 

Beliefs and 
Awareness Survey 
Items 1, 5, 9, 12, 16, 
and 19 

6-point Likert scale: 
Strongly agree (6), Agree 
(5), Mostly agree (4), 
Mostly disagree (3), 
Disagree (2), Strongly 
disagree (1) Teacher modeling 

for incremental 
mastery 

Beliefs and 
Awareness Survey 
Items 2, 6, 10, 13, 
17, 20, and 22 

Teachers’ 
awareness of their 
students’ 
mathematical 
dispositions  

Beliefs and 
Awareness Survey 
Items 3, 7, 11, 14, 
18, 21, 23, and 25 

4. How does school-level average 
teacher growth mindset relate 
to value-added Average Growth 
Index (AGI) when controlling 
for instructional practices and 
teacher beliefs? 

Intelligence mindset Theories of 
Intelligence Scale—
Self Form for Adults 
Items 4, 8, 15, and 24 

6-point Likert scale: 
Strongly agree (6), Agree 
(5), Mostly agree (4), 
Mostly disagree (3), 
Disagree (2), Strongly 
disagree (1) 

 

As other researchers (Beswick, 2012; Davidson & Mitchell, 2008; Ross et al., 2001) 

uncovered during a review of the literature, Clark et al. (2014) found mathematics teachers’ 

beliefs about teaching and learning often fall into two categories: behaviorist transmission–

oriented theories of learning and the teaching practices; and social-constructivist 

conceptualizations for mathematical learning and knowing, emphasizing conceptual 
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understanding, and problem solving. Clark et al. (2014) articulated their own interpretation for 

each category as follows: 

Teachers who strongly hold beliefs aligned with behaviorist transmission theories of 

learning, therefore, may focus on mathematical facts and procedures during instruction 

and dedicate less time to developing students’ conceptual understanding. And, teachers 

who hold beliefs aligned with, therefore, may engage in teaching practices that promote 

students’ active engagement with challenging mathematical problems and tasks that lead 

to deepening students’ conceptual understanding. (pp. 249-250) 

Mathematics Instructional Practice Survey 

Mathematics Instructional Practice Survey authors Carney, Brendefur, Hughes, and 

Thiede (2015) sought “to create a survey instrument to conceptualize and operationalize 

mathematics instruction for large-scale examination” (p. 14). This survey utilized a frequency 

rating scale, which can be used to measure a respondent’s degree to which they utilize a 

particular practice or performance, similar to a Likert scale (Creswell, 2013; Gay et al., 2008). 

See Appendix A for this survey. 

The original rating scale was specific to teacher considerations, as it required respondents 

to indicate frequency in terms of days, weeks, and months; daily, two to three times per week, 

two to three times per month, once per month, two to three times per year, never, and not 

applicable. But because traditional self-contained elementary classrooms may no longer match 

current scheduling configurations, the researcher chose to modify the frequency scale in an effort 

to seek more consistent responses. Recognizing that Carney et al. (2015, p. 28) expressed 

“welcome careful use, modification, and further study of this instrument and hope it serves to 

spark further discussion around ideas of measuring practice on a large scale,” an alternative 5-
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point frequency scale was utilized instead. Participants were asked to indicate the frequency with 

which they engage in each instructional practice in this alternative manner: Always (5), Often (4), 

Sometimes (3), Rarely (2), Never (1), Not Applicable (0). 

In terms of utility, the instrument was developed to operationalize two major learning 

theory perspectives for the teaching of mathematics, with survey items written to accurately 

address transmission-based and social-constructivist learning theory perspectives. In describing 

the intensive survey construction process, Carney et al. (2015) wrote,  

Once the initial development and review process was completed, the process took on a 

cyclical nature of survey item administration, analysis of the data in relation to variables 

of interest and psychometric properties, and finally revision and review. This process 

occurred three times leading to the refinement of the initial set of 74 items to 30 items. (p. 

16)  

During final refinement of the instrument, Carney et al. (2015, p. 19) executed  

exploratory factor analysis to determine which survey items did the best job of 

measuring, or were most highly correlated with, the constructs of social-constructivist 

and transmission-based practice, leading to eight questions that cleanly measured 

constructivist practices and 6 questions that cleanly measured transmission-based 

practices. (p. 19) 

This analysis established both content and construct validity for the survey items. Carney 

et al. (2015) also found “internal consistency for each scale to be good to excellent for all scales 

across two administrations; social-constructivist (prior α = .91; after α = .90) and transmission-

based (prior α = .84; after α = .86), providing strong evidence of reliability” (p. 20). 
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Mathematics Beliefs and Awareness Survey 

Beswick’s (2008) extensive study of teacher beliefs and mathematics education has 

determined teacher practice is closely aligned to teachers’ beliefs about the nature of 

mathematics, mathematics teaching, and mathematics learning are recognized as relevant to their 

practice. It is from this perspective that the second instrument, the Mathematics Beliefs and 

Awareness Survey (see Appendix B), was selected to investigate the variable of teacher beliefs. 

Ross et al. (2003) disclosed the internal process to establish the reliability of their original self-

report survey Elementary Teacher’s Commitment to Mathematics Education Reform; two 

independent large-scale studies produced similar statistics. To create an updated beliefs 

instrument, to better reflect present day academic standards and assessment expectations for the 

teaching of mathematics, Clark et al. (2014) completely redeveloped all but four of Ross et al.’s 

originally constructed items. As the intent of the newly developed Beliefs and Awareness Survey 

was not solely to isolate beliefs aligned to certain existing theoretical paradigms, the developed 

items cross multiple constructs and a variety of instructional perspectives (Clark et al., 2014). An 

exploratory factor analysis of 459 teacher responses to the 40 improved items yielded clusters of 

items that loaded on three statistically interpretable variables, satisfying initial validity concerns. 

1. Teacher Allowance for Student Struggle with Problems (TASSP)—“Six items that 

reflect the belief that mathematics teaching and learning should include periods of 

time when students struggle, grapple, and solve problems on their own, making sense 

of mathematics without relying on direct teacher intervention” (Clark et al., 2014, p. 

258). 

2. Teacher Modeling for Incremental Mastery (TMIM)—“Seven items that reflect the 

belief that memorization is critical, and instruction should emphasize the incremental 
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mastery of procedural skills prior to solving application problems” (Clark et al., 2014, 

p. 258). 

3. Teachers’ Awareness of their Students’ Mathematical Dispositions (TASMD)—

“Eight items that reflect the extent to which teachers are responsive to their students’ 

mathematical dispositions, including the degree to which teachers claimed to 

highlight multiple approaches to solving a problem and to include problems that have 

multiple solutions in their instruction” (Clark et al., 2014, pp. 258-259). 

Each of the three factors were determined to have acceptable, although not robust, 

internal reliability as determined by Cronbach’s alpha measure of internal consistency: TASSP, 

.662; TMIM, .653; and TASMD, .657 (Clark et al., 2014). Participants were asked to indicate the 

extent to which they agree with statements associated with each of the factors. A 6-point Likert 

scale was utilized, with the following point values applied to each choice: Strongly agree (6), 

Agree (5), Mostly agree (4), Mostly disagree (3), Disagree (2), Strongly disagree (1). 

Theories of Intelligence Scale 

The third instrument to be administered is Dweck’s (1995) original Theories of 

Intelligence Scale—Self Form for Adults (see Appendix C). This instrument is designed to 

ascertain one’s personal theory of intelligence. Theories of intelligence refers to entity theorists 

as those who believed that intelligence attributes are nonmalleable and incremental theorists as 

those who believed intelligence to be malleable; these terminologies and constructs evolved into 

the widely accepted notions of embodying a “fixed or growth mindset” (Dweck, 2006, pp. 6-7). 

Early research using these scales found that educational efforts aimed at guaranteeing success 

and boosting confidence for students actually were counterintuitive and subsisted within the 

entity–theory (fixed mindset) framework (Dweck, 2000). Dweck’s (2008) subsequent research 
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linked student success to growth-minded teachers, maintaining that great teaching “starts with 

the growth mindset—about yourself and children, not just lip service to the idea that all children 

can learn, but a deep desire to reach in and ignite the mind of every child” (p. 202). For this 

reason, the researcher administered the instrument to determine a teacher’s personal growth 

mindset. 

Over six studies the theories of intelligence measures had high internal reliability, α 

ranged from α = .94 to α = .98, with test–retest reliability over a 2-week interval being .80 

(Dweck, Chiu, & Hong, 1995). Because endorsement of one implicit theory is dependent upon 

the other, according to Dweck et al. (1995, p. 272), factor analysis was performed on several 

implicit theory measures, establishing theories of intelligence to be statistically independent and 

attributable to clearly separate factors, establishing construct validity. Tables 2, 3, and 4 in 

Dweck et al. (1995, pp. 271-272) provide detailed summary statistics regarding validity 

considerations. Participants were asked to indicate the extent to which they agree with statements 

associated with each of the factors. A 6-point Likert scale was utilized, with the following point 

values applied to each choice: Strongly agree (6), Agree (5), Mostly agree (4), Mostly disagree 

(3), Disagree (2), Strongly disagree (1). 

Methods and Procedures 

Lissitz (2012), in a presentation to the American Educational Research Association 

(AERA), offered a mostly skeptical analysis of value-added models for determining school and 

teacher effectiveness. Yet in his concluding remarks, as an alternative for using value-added 

models to determine effectiveness, Lissitz specifically recommended that researchers begin to 

relate value-added models to what teachers are actually doing in the classroom. Rowan et al. 

(2002) argued that  
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Large-scale, survey research has an important role to play in contemporary educational 

research, especially in research domains where education policy debates are framed by 

questions about “what works” and “how big” the effects of specific educational practices 

are on student achievement. (p. 1) 

Creswell (2013) considered the primary benefits of survey instruments to be the 

“economy of design and the rapid turnaround in data collection” (p. 146). Babbie (2010) 

affirmed that surveys employing Likert-type items are considered an acceptable means for 

testing quantitative hypotheses. All considered, a large-scale investigation of the proposed 

research questions utilizing well-designed survey instruments could provide a baseline of 

evidence for future studies that more closely examine the relationships amongst the study 

variables. For this study, the statistical methods employed are descriptive statistics. 

Survey Administration 

Surveys were administered to groups of teachers (identified per school) to establish the 

aggregate mean for each of the six aforementioned variables. The aggregate value was correlated 

to the school Average Growth Index (AGI) to determine if a statistically significant relationship 

existed; this researcher hypothesized that a positive correlation would exist. Teacher survey 

results were combined to determine school-specific average values for each of the sets of 

independent variables. Statistical procedures, including multiple regressions, were executed to 

explore the correlative and predicative relationship amongst the considered predictor or 

independent variables and each school’s Average Growth Index (AGI), the criterion or 

dependent variable, for the 2014-2015 academic school year. 
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Data Analysis 

Both univariate and multivariate analyses of correlation and regression were conducted in 

order to establish relationships amongst the independent and dependent variables. It is also 

important to note that if relationships indeed existed, it does not indicate cause and effect, 

although it may have suggested so. Because each data set is interval data, in quantity form, the 

researcher analyzed the data using primarily hierarchical multiple regression to determine the 

multiple correlation coefficient, R, amongst the dependent variable Y and a set of independent 

predictor variables X1, X2, X3, X4, X5, and X6 (Howell, 2016). Gay et al. (2008, p. 204) 

provided the form for a single variable prediction as, Y = a + bX, with the multiple regression (or 

multiple predictor) equation form simply extending to include two or more predictor variables 

that individually predict a criterion, producing a more precise prediction (Gay et al., 2008; 

Howell, 2016). 

Statistics 

Descriptive statistics, including measures of central tendencies, analyzed scores on the 

survey instruments quantifying teacher beliefs, instructional practices, and growth mindset. 

Responses were averaged for each survey category establishing the mean score for each. School-

specific Average Growth Index (AGI) scores were accessed through an existing publicly 

available source at https://pvaas.sas.com/. A quantitative approach was utilized to determine if a 

significant relationship existed between the six independent variables: Social-Constructivist 

Orientation (SC), Transmission Orientation (T), Teacher Allowance for Student Struggle with 

Problems (TASSP), Teacher Modeling for Incremental Mastery (TMIM), Teachers’ Awareness 

of their Students Mathematical Dispositions (TASMD), and the school-specific AGI. 
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Data Privacy and Confidentiality 

Qualtrics® and SPSS were utilized for the purposes of data collection and data analysis. 

Explicit efforts were made to ensure the confidentiality of all identifying information obtained in 

connection with this study. Individual teacher data were not individually considered, or 

correlated, to the studied variables. The data file used for analysis was stripped of all identifying 

information and replaced with a random code number. The survey data was secured and 

collected and stored on a password-protected, encrypted website (Qualtrics.com). Qualtrics.com 

uses the same encryption type (Secure Sockets Layer) that online banking sites use to transmit 

secure information. IP addresses were not collected. 

Method of Subject Selection 

Third-, fourth-, and fifth-grade teachers responsible for teaching mathematics in 

Pennsylvania’s 499 school districts within schools that specifically house students in the tested 

span of Grade 3 through 5 were considered to participate in this study. Six hundred fifty-seven 

specific schools among 196 school districts or public charters met these parameters, which 

matched with the tested grades considered inside this study. Through reduction sampling 

(Creswell, 2013), the list of potential invitees was reduced to 322 schools in 153 school districts. 

Superintendent site approval and consent letters were sent via e-mail to all 153 superintendents. 

As this study was tied directly to existing Pennsylvania System of School Assessment and 

PVAAS data, Pennsylvania System of School Assessment, there was no recruitment outside of 

Pennsylvania. 

Study Site 

Participants remotely participated through web-based technology systems. E-mail was 

utilized to initiate district level permissions and subsequent building principal and mathematics 
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teachers’ informed consent and participation. E-mail and Qualtrics® were utilized to remotely, 

and electronically, administer the aforementioned study instruments. Those who chose to 

participate could withdraw at any time. Upon their request to withdraw, all information 

pertaining to such participants was eradicated and destroyed. Also, participant responses were 

only considered in combination with those from other participants, as the variables each 

represented an aggregate total and mean for a particular school. 

Procedures 

The superintendent e-mail letter (see Appendix D) requested school district consent and 

site approval, providing detailed information regarding the study, including express 

considerations for coercion, confidentiality, and the ability to opt out, or to withdraw, from the 

study at any time, and for any reason. Upon receiving site approval, each identified school 

building principal was contacted via e-mail letter (see Appendix E) to disseminate study details, 

and to request assistance with determining teachers responsible for teaching mathematics during 

the 2014-2015 academic school year. Upon obtaining permission, a participant request letter and 

the survey questionnaire were distributed from official Indiana University of Pennsylvania e-

mail to their official school district e-mail address. Teacher participants who agreed to participate 

received the secure survey link delivered to their official school district provided e-mail. Before 

proceeding with the survey, teacher participants were required to provide clear consent to be 

surveyed (see Appendix F). Those who indicated their consent at the initial Qualtrics® consent 

question continued to respond to the survey. For those who did not provide consent, the survey 

ended immediately and the teacher participant was deemed and recorded as a nonparticipant. At 

5-day intervals, up to three additional reminder e-mails were sent to teacher participants.  
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Study results reported and discussed the relationships determined amongst the variables 

in aggregate only. Participating school districts, schools, and individual teachers remained 

completely anonymous, and were never identified in any published results of this study now, or 

at any time in the future. All gathered data remained confidential to avoid putting any party at 

risk and so that no identifying information or characteristics were revealed. The survey data was 

collected and stored on a password-protected, encrypted website (Qualtrics.com). Qualtrics.com 

uses the same encryption type (Secure Sockets Layer) that online banking sites use to transmit 

secure information. IP addresses were not collected. Statistical data analysis employed IBM 

SPSS software; all data will be destroyed at the end of a 3-year period, as per federal guidelines. 

Participation in this study was absolutely voluntary; teacher participants were free to 

decline to participate and also were free to withdraw at any time by notifying the project director, 

James W. Jones, via either phone or e-mail. If teachers decided to withdraw while taking the 

survey, they were able to simply close the browser. Identifying information and numerical data 

points pertaining to a withdrawn participant were eradicated.  
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CHAPTER 4 

RESULTS AND ANALYSIS 

The purpose of this study was to determine the correlational relationship between teacher 

beliefs, practices, and growth mindset and the variable of value-added student growth. 

Operationally, the six independent variables were defined as Social Constructivist Orientation, 

Transmission Orientation, Teacher Allowance for Student Struggle with Problems, Teacher 

Modeling for Incremental Mastery, Teachers’ Awareness of their Students’ Mathematical 

Dispositions, and Growth Mindset The dependent variable was defined as Average Growth 

Index (AGI), a measure of academic growth derived from the Pennsylvania Value Added 

Assessment System. Further definitions situated in the context of the study and literature base are 

provided throughout Chapter 5. 

Chapter 4 includes a presentation and interpretation the results of the statistical analyses 

conducted for this study. Initial statistical tests included measures of central tendency, Pearson 

correlation, as well as tests for assumptions of multiple regressions—particularly, linearity, 

homoscedasticity, and multicollinearity. Following this, a series of four regression analyses were 

conducted, with the latter three models using hierarchical linear regression to control for 

predetermined blocks of variables. In explaining this approach, Howell (2008) stated that “when 

we have multiple predictor variables, we are adjusting, or controlling for, each predictor for all 

other predictors in the equation” (p. 280). Each exclusive set of regression analyses served to 

explore this study’s four research questions, along with testing their associated null hypotheses. 

A one-way analysis of variance (ANOVA) was also conducted to determine if there was a 

significant difference on the dependent variable by independent variable. One-way ANOVA is 

an appropriate statistical analysis when the purpose of research is to assess if mean differences 
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exist on one continuous dependent variable by an independent variable with two or more discrete 

groups. The dependent variable is Average Growth Index (AGI), and the discrete groups of 

independent variables are instructional practices (Social Constructivist Orientation and 

Transmission Orientation), teacher beliefs (Teacher Allowance for Student Struggle with 

Problems, Teacher Modeling for Incremental Mastery, and Teachers’ Awareness of their 

Students’ Mathematical Dispositions), and teacher mindset (Growth Mindset). Three validated 

surveys associated with each separate block of variables were administered to quantify each 

variable. 

The final data set consisted of 35 records, obtained via Qualtrics® web-based survey and 

data collection platform. Raw data sets were exported into a spreadsheet to be prepared for 

upload into SPSS. Publicly available school-level Average Growth Index (AGI) values were also 

exported into a spreadsheet to be prepared for upload into SPSS. The SPSS Statistics Syntax 

Editor was first employed to merge the Qualtrics® and survey files and to properly prepare the 

data set for the syntax required to run the four regression models. The command syntax for each 

of the four unique regressions models and related statistical analyses, tables, and graphs required 

to explore each research question were then written. Once final edits and revisions were 

confirmed, the syntax was run to produce the output file with the regressions, statistical tests, 

tables, and graphs. These results were reviewed and examined to produce the analyses found in 

this chapter. 

Survey Instruments 

Rowan et al.’s (2002) position was that survey researchers should be able to “clarify the 

basis for claims about effect sizes, develop better measures of teachers’ knowledge, skill, and 

classroom activities; and take care in making causal inferences from nonexperimental data” (p. 
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1256). To capture the selected study variables, three existing validated surveys were identified in 

order to conduct this study. All elementary teachers responsible for teaching mathematics 

completed each survey to establish the mean for each of the six aforementioned variables. The 

aggregate values for the predictor variables were correlated to the composite school Average 

Growth Index (AGI), within the hierarchical regression model. Individual teacher responses for 

each unique school were averaged for each independent variable, which were then transposed 

into SPSS and merged with existing AGI values per associated school. A process of confirming 

the accuracy of all associated values was administered several times over. 

Selection Method and Participants 

Participants were invited to partake in the study, based on parameters determined by the 

schools in which they served as teachers of mathematics. Third-, fourth, and fifth-grade teachers 

responsible for teaching mathematics in Pennsylvania’s 499 school districts within schools that 

service students in the tested span of Grades 3 through 5 were considered. Six hundred fifty-

seven schools among 196 school districts or public charters met the parameters. Through 

reduction sampling (Creswell, 2013), the list of potential participant schools was reduced to 322 

within 153 school districts. Site approval request and consent letters (see Appendices D–F) were 

sent via e-mail to all 153 superintendents.  

Survey participation approval was initiated in 99 elementary schools in Pennsylvania, 

representing a total of 36 unique participating school districts. The survey instrument was 

distributed through Qualtrics® to 394 third-, fourth-, or fifth-grade teachers of elementary 

mathematics. Of the recruited population, at least two teachers from 35 unique schools 

eventually accepted and completed the survey instrument. As the study was directly linked 

exclusively to Pennsylvania System of School Assessment (PSSA) and Pennsylvania Value 
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Added Assessment System (PVAAS) data, no recruitment took place outside of the 

Commonwealth of Pennsylvania. 

Response Rate 

E-mail letters (Appendix D) were sent to all 153 identified superintendents. Thirty-six 

superintendents granted site approval and permissions to request building principal participation. 

These 36 school districts represented 99 schools fitting the expressed parameters for the study. 

E-mail letters (Appendix E) were sent to all 99 identified building principals. Forty principals 

granted site approval and express permission to contact teachers to request their participation. 

Survey invitations and consent letters (Appendix F) were e-mailed to 394 teachers. One hundred 

and thirteen teachers, representing 35 schools, responded and completed the composite survey 

instrument via Qualtrics®. As this was a statewide study attempt, a myriad of conceivable 

reasons may have precluded nonparticipation.  

Data Results 

Measures of Central Tendency 

To illustrate the data collection and sample to be analyzed for this study, a series of 

descriptive statistics were first conducted. A sample size of 35 schools was considered with 

respect to all study variables. As all variables were continuous, the mean was calculated as a 

measure of central tendency, with the standard deviation being calculated as a measure of 

variability. The standard deviation can be considered the distance away from the mean to 

demonstrate the response range. Both measures were presented in Table 9. 
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Table 9 

Descriptive Statistics 

Study variable Mean SD N 

Average Growth Index 0.315 3.610 35 

Social Constructivist Teaching Orientation 4.205 0.291 35 

Transmission Teaching Orientation 3.587 0.488 35 

Teacher Allowance for Student Struggle with Problems 4.146 0.462 35 

Teacher Modeling for Incremental Mastery  3.424 1.536 35 

Teacher Awareness of their Mathematical Dispositions  4.871 0.372 35 

Teacher Mindset (Growth or Fixed) 3.320 0.324 35 

 

Pearson Correlation 

A Pearson product-moment r correlation measured the relationship amongst all six 

independent predictor variables. Correlation coefficients, r, vary from 0 (no relationship) to 1 

(perfect linear relationship) or −1 (perfect negative linear relationship). Cohen’s standard was 

used to evaluate the correlation coefficient, where 0.10 to 0.29 represented a weak association 

between the two variables, 0.30 to 0.49 represented moderate association, and 0.50 or larger 

represented a strong association. 

Table 10 presented the results of the Pearson’s correlations conducted between these 

variables. These analyses served to determine the bivariate associations between this set of 

measures, as well as to help determine the extent to which multicollinearity existed prior to 

conducting the set of regression analyses used for this study. As shown and described as follows, 

a total of five statistically significant correlations were indicated. Although a number of strong 

correlations were indicated amongst the six independent predictor variables, all fell between  

r < −0.7 and r > 0.7, indicating no major concerns of multicollinearity between the variables. 



 

79 
 

Table 10 

Pearson Correlations Between Measures 

Measure 1 2 3 4 5 6 

Average Growth Index1       

Social Constructivist Teaching Orientation2 −0.297      

Transmission Teaching Orientation3 −0.264 −0.077     

Teacher Allowance for Student Struggle with Problems4 −0.222 0.596 −0.119    

Teacher Modeling for Incremental Mastery5 0.104 −0.064 0.213 −0.000   

Teacher Awareness of their Mathematical Dispositions6 −0.334 0.564 −0.125 0.534 0.239  

Teacher Mindset (Growth or Fixed) −0.297 0.208 0.244 0.442 0.171 0.349 

 

First, Social Constructivist Teaching Orientation was found to have statistically 

significant, positive, and strong correlations with both Teacher Allowance for Student Struggle 

with Problems and Teacher Awareness of their Mathematical Dispositions. Next, Teacher 

Allowance for Student Struggle with Problems was found to have statistically significant, 

positive, and strong correlation with Teacher Awareness of their Mathematical Dispositions and 

positive, and moderate correlation with Teacher Mindset. Lastly, Teacher Awareness of their 

Mathematical Dispositions was found to have a statistically significant, positive, and moderate 

correlation with Teacher Mindset. 

Regression Models 

Multiple regression models were utilized to measure the contribution of the six 

independent variables, Social Constructivist Orientation, Transmission Orientation, Teacher 

Allowance for Student Struggle with Problems, Teacher Modeling for Incremental Mastery, 

Teachers’ Awareness of their Students’ Mathematical Dispositions, and Growth Mindset, to the 
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criterion or dependent variable, Average Growth Index (AGI). More simply, the goal was to 

determine how the independent variables collectively or interdependently influenced AGI scores.  

For the initial multiple regression, all independent variables (predictors) simultaneously 

were entered into the model. Variables were evaluated for what they contributed to the prediction 

of the dependent variable. R-squared—the multiple correlation coefficient of determination—is 

reported and used to determine how much variance in the dependent variable can be accounted 

for by each disparate set of independent variables. Adjusted R-squared, which is used in exactly 

the same manner, is statistically adjusted for analyzing sample sizes smaller than are 

recommended (C. Maier, personal communication, June 27, 2016). 

First Regression Model Analyses 

Table 11 presented the results of the initial linear regression analysis conducted on these 

data. In this analysis, all independent variables were entered into the regression model in a single 

block. No predictor variables individually achieved statistical significance at the .05 alpha, or α, 

level. Variance inflation factor is an additional test of multicollinearity. Values greater than 10 

would be of concern, but all six independent variables were far less and quite satisfactory values, 

at 2.021 or less. 

Table 12 presented the results of the zero-order, partial, and part correlations associated 

with this linear regression model. As shown, none of these correlations were found to be strong, 

suggesting the absence of any substantial multicollinearity with respect to this linear regression 

model. These correlation values further supported that although the data set is moderately 

correlated, it was not enough to be concerned about.  
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Table 11 

Summary of Regression Analyses for Independent Variables 

Measure B SE Beta t Tolerance 
Variance inflation 

factor 

(Constant) 32.988 10.617  3.107   

Social Constructivist Teaching 
Orientation  

−1.270 2.712 −0.103 −0.469 0.521 1.918 

Transmission Teaching Orientation −2.496 1.298 −0.337 −1.923 0.813 1.230 

Teacher Allowance for Student Struggle 
with Problems 

0.437 1.755 0.056 0.249 0.495 2.021 

Teacher Modeling for Incremental 
Mastery  

0.660 0.410 0.281 1.611 0.822 1.216 

Teacher Awareness of their 
Mathematical Dispositions 

−3.558 2.136 −0.367 −1.666 0.515 1.941 

Teacher Mindset (Growth or Fixed) −1.542 2.150 −0.138 −0.717 0.672            1.489 

 

Table 12 

Linear Regression Analysis: First Regression Model: Correlations 

Measure Zero-order Partial Part 

Social Constructivist Teaching Orientation  −0.088 −0.088 (0.77%) −0.074 (0.55%) 

Transmission Teaching Orientation −0.342 −0.342 (11.70%) −0.304 (9.24%) 

Teacher Allowance for Student Struggle with Problems 0.047 0.047 (0.22%) 0.039 (0.15%) 

Teacher Modeling for Incremental Mastery 0.291 0.291 (8.47%) 0.255 (6.50%) 

Teacher Awareness of their Mathematical Dispositions  −0.300 −0.300 (9.00%) −0.263 (6.92%) 

Teacher Mindset (Growth or Fixed) −0.134 −0.134 (1.80%) −0.113 (1.28%) 

 

Figure 3 presented the histogram conducted on the regression standardized residuals 

resulting from the linear regression analysis. Linear regression assumes normality of these 

residuals, and the histogram indicated no gross violations of normality. Whereas marginally high 
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kurtosis was also suggested on the basis of this figure, two conditions related to the study likely 

are exemplified. One, the limited sample size of 35 school AGI values, relative to the population 

size of 471 such schools, is extremely small. Two, is the that an AGI of 0.0 represented the 

expected growth value for students and schools, which is what one would expect to be 

considered normal or the center of the possible data points. The histogram for the entire 

population would most likely tend to appear closer to a model normal distribution. 

 

 
Figure 3. First regression analysis: Histogram of regression standardized residuals. 

 

Next, Figure 4 presented the normal probability-probability plot of the regression 

standardized residuals, which also helped to ascertain the extent of normality. As shown, the 
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deviation of the plotted data from the superimposed 45-degree line is relatively minimal, 

suggesting normality with respect to the regression standardized residual values. 

 

 
Figure 4. First regression analysis: Normal P-P plot of regression standardized residuals. 

 

Additionally, Figure 5 presented a scatterplot which incorporated the regression 

standardized predicted values alongside the regression standardized residuals, with the purpose 

of this plot being to determine whether substantial heteroscedasticity existed with respect to 

these data. Along with the assumption of normality of the residuals associated with regression 

analysis, the linear regression model also assumed the lack of heteroscedasticity. As shown in 

Figure 5, the plotted data initially appeared clustered slightly to the right, but the predicted value 
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axis is actually centered at 0. The scatterplot generally suggested heteroscedasticity, with only an 

outlier value beyond −3 that may have contributed to an imperfect model. 

 

 
Figure 5. First regression analysis: Scatterplot of regression standardized predicted values and 
regression standardized residuals. 

 

Regression Model Summaries 

Table 13 provided the four regression model summaries. It is from this data set that each 

research question is analyzed as per each research question design. 
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Table 13 

Regression Model Summaries 

Model R 
R 

squared 
Adjusted R 

squared 
Std error of the 

estimate 

Change statistics 

R squared 
change 

F 
change df1 df2 

Sig. F 
change 

1 .548 .300 .150 3.33 .300 2.00 6 28 .099 

2 .442 .195 .088 3.45 .195 1.82 4 30 .151 

3 .447 .200 .123 3.38 .200 2.59 3 31 .071 

4 .536 .287 .164 3.30 .287 2.34 5 29 .067 

 

First, a regression was conducted to predict the dependent variable, AGI, by all six 

independent predictor variables. The model was not a significant unique predictor of AGI: F 

(6,28) = 2.00, p = 0.99, which may be due to overlap with other variables in the model. 

Second, a hierarchical regression was conducted to predict the dependent variable, AGI, 

by instructional practices (Social Constructivist Orientation and Transmission Orientation), when 

controlling for teacher beliefs and teacher mindset. The model was not a significant unique 

predictor of AGI: F (4,30) = 1.82, p = .151, which may be due to overlap with other variables in 

the model. 

Third, a hierarchical regression was conducted to predict the dependent variable, AGI, by 

teacher beliefs (Teacher Allowance for Student Struggle with Problems, Teacher Modeling for 

Incremental Mastery, and Teachers’ Awareness of their Students’ Mathematical Dispositions, 

when controlling for instructional practices and teacher mindset. The model was not a significant 

unique predictor of AGI: F (3,31) = 2.56, p = 0.71, which may be due to overlap with other 

variables in the model. 
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Fourth, a hierarchical regression was conducted to predict the dependent variable, AGI, 

by teacher mindset (Growth Mindset), when controlling for instructional practices and teacher 

beliefs. The model was not a significant unique predictor of AGI: F (5,29) = 2.34, p = 0.67, 

which, again, may be due to overlap with other variables in the model. 

None of these independent variables were found to achieve statistical significance within 

either of the regression models.  

Research Questions and Analyses 

Research Question 1 

The first research question, along with its associated null hypothesis, consisted of the 

following: 

• How does the relationship amongst school-level averages of instructional practices, 

teacher beliefs, and teacher mindset relate to the school value-added Average Growth 

Index (AGI)? 

• H0: There will be no significant prediction of AGI by average school-levels of 

instructional practice, teacher beliefs, and growth mindset. 

With p > .05, the H0 failed to be rejected, demonstrating that not enough evidence is 

available to suggest the null is false at the 95% confidence level. 

A multiple regression was conducted to determine to what extent school-level averages 

of instructional practices, teacher beliefs, and teacher mindset predicted AGI. Social 

Constructivist Orientation, Transmission Orientation, Teacher Allowance for Student Struggle 

with Problems, Teacher Modeling for Incremental Mastery, Teachers’ Awareness of their 

Students’ Mathematical Dispositions, and Growth Mindset were all included. The dependent 

variable was defined as Average Growth Index (AGI).  
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The regression model failed to achieve statistical significance on the basis of the 

ANOVA conducted, Model 1: F (6, 28) = 2.00, p = 0.99, determining no unique statistically 

significant differences between group means. The adjusted R-squared value of .150 indicated that 

the first regression model predicted 15% of the AGI.  

Research Question 2 

Next, the second research question and its associated null hypothesis consisted of the 

following: 

• How do school-level average instructional practices relate to school value-added 

Average Growth Index (AGI) when controlling for teacher beliefs and the teacher 

growth mindset? 

• H0: There will be no significant prediction of AGI by average school levels of 

instructional practice, when controlling for teacher beliefs and teacher mindset. 

With p > .05, the H0 failed to be rejected, demonstrating that not enough evidence is 

available to suggest the null is false at the 95% confidence level. 

A hierarchical multiple regression was conducted to determine to what extent school-

level instructional practices predicted the AGI. When controlling for teacher beliefs and mindset, 

the regression model found Social Constructivist Orientation and Transmission Orientation 

resulted in an adjusted R-squared effect size of .088, which means that the second regression 

model predicted 8.8% of the AGI.  

The regression model failed to achieve statistical significance on the basis of the 

ANOVA conducted, Model 2: F (4, 30) = 1.82, p = .15, determining no unique statistically 

significant differences between group means. The adjusted R-squared value of .088 indicated that 

the first regression model predicted 8.8% of the AGI.  
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Research Question 3 

The third research question included in this study along with its associated null 

hypothesis consisted of the following: 

• How do school-level teacher beliefs relate to school value-added Average Growth 

Index (AGI) when controlling for instructional practice and growth mindset? 

• H0: There will be no significant prediction of AGI by average school levels of 

teacher beliefs, when controlling for instructional practices and the teacher growth 

mindset. 

With p > .05, the H0 failed to be rejected, demonstrating that not enough evidence is 

available to suggest the null is false at the 95% confidence level. 

A hierarchical regression was conducted to determine to what extent school-level teacher 

beliefs predicted the AGI. When controlling for instructional practices and mindset, the 

regression model found Teacher Allowance for Student Struggle with Problems, Teacher 

Modeling for Incremental Mastery, and Teachers’ Awareness of their Students’ Mathematical 

Dispositions resulted in an adjusted R-squared effect size of .123, which means these variables 

predicted 12.3% of the AGI. The regression model failed to achieve statistical significance on the 

basis of the ANOVA conducted, Model 3: F (3, 31) = 2.59, p = .071, determining no unique 

statistically significant differences between group means. 

Research Question 4 

Next, the fourth and final research question included within this study consisted of the 

following: 

• How does school-level average teacher growth mindset relate to value-added Average 

Growth Index (AGI) when controlling for instructional practices and teacher beliefs? 
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• H0: There will be no significant prediction of AGI by school-level average teacher 

growth mindset, when controlling for instructional practices and the teacher 

growth mindset. 

With p > .05, the H0 failed to be rejected, demonstrating that not enough evidence is 

available to suggest the null is false at the 95% confidence level. 

A hierarchical multiple regression was conducted to determine to what extent school-

level teacher growth mindset predicted the AGI. When controlling for instructional practices and 

teacher beliefs, the regression model found Teacher Mindset resulted in an adjusted R-squared 

effect size of .164, which means this variable predicted 16.4% of the AGI.  

The regression model failed to achieve statistical significance on the basis of the 

ANOVA conducted, Model 4: F (5, 29) = 2.34, p = .07, determining no unique statistically 

significant differences between group means. 

Chapter Summary 

This chapter reported data results and analyses for each of the aforementioned research 

questions. Multiple regression techniques were applied and analyzed to determine the variance in 

the Average Growth Index (AGI) that could be explained by the six independent predictor 

variables, independently and interdependently grouped as instructional practices, teacher beliefs, 

and growth mindset. Initial diagnostics indicated no substantial issues regarding the assumptions 

of linear regression. Because the same variables were entered for each regression model, the 

diagnostics were only applied once.  

Chapter 5 discussed the findings and conclusions. Study considerations and discussion 

were focused by the context of the current influences in the K–12 educational arenas. The current 

research base regarding the teaching and learning of mathematics framed the discussion and 
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practical recommendations for teachers and students. Study limitations and recommendations for 

future research are also presented. 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

Khaliqi (2016) poignantly described the beginning of the transition to Common Core 

State Standards for Mathematics in 2010, declaring that “a wave began to sweep across the 

United States that heretofore had been unseen” (p. 212), due to its unprecedented initial adoption 

level nationwide. As of 2015, 43 states have adopted Common Core State Standards for 

Mathematics (CCCS-Mathematics), intended to provide more rigor and depth of mathematics for 

students (Swars & Chestnett, 2016). Jason Zimba (2014), lead author of CCCS-Mathematics, 

embraced the fact that the new standards “more accurately portray rigor and excellence in math 

as a combination of three things: mastery of procedures, understanding of math concepts, and the 

ability to apply math to solve problems” (p. 5). Because of increased rigor and expectations for 

mathematics, students, teachers and administrators are faced with the great challenge of 

modifying curriculum, instruction, and assessment to meet both the new content and practice 

standards. 

This study explored several key considerations for providing elementary educators with 

knowledge and understandings to overcome these timely challenges. In addition, the study 

exclusively explored alternative growth-oriented value-added measures for recognizing student 

achievement, which have gained traction and acceptance in recent years. As discussed in Chapter 

2, research existed that teachers with higher value-added scores also promote deeper conceptual 

understanding of mathematics with their students (Kane & Staiger, 2012). Boaler (2016) 

challenged long-held notions that certain mathematical concepts or skill sets cannot be learned 

unless students have reached a certain developmental or age-readiness level, finding rather that 

readiness to learn is simply a product of needing to learn certain foundational or prerequisite 
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mathematics. With respect to the classroom, it is clearly important for teachers to identify their 

students’ strengths and weakness, and to react accordingly. To a seasoned educator, this could be 

considered common sense; however, this concept is far more complicated in practice. 

Despite these evident insights into student learning, little is known regarding the beliefs, 

mindsets and practices that correlate exclusively to value-added student growth (not relative 

achievement), and few studies have attempted to explore correlation or prediction of such 

variable sets. Though the variables can be operationalized in various ways, this study focused on 

instructional practices, teacher beliefs, and growth mindset for elementary mathematics teachers. 

It was recognized that beliefs and mindsets may play interdependent or independent effects on 

student learning; thus, the study was constructed to explore the considerable complexities and 

relationships amongst the variables. An emphasis on promoting expected yearly student growth 

(and consequently, achievement) was the principal consideration for this study, so as to celebrate 

student growth, rather than achievement relative only to arbitrary grade level standards. Moving 

students along their personal learning continuums is far more important of a consideration for 

evaluating the impact of teacher variables on student learning. Otherwise, students who are 

learning a year, or more, of curricula can effectively be deemed to be underachieving in 

mathematics. Subsequently, teachers are likewise identified as ineffective, despite making 

significant growth with students who were already below grade-level expectations the previous 

year. Recognizing and valuing student growth must be considered, for the sake of schools, 

teachers, and students alike. 

The purpose of this study was to determine the extent that instructional practices, teacher 

beliefs, and teacher growth mindset contributed to the variable of value-added student growth. 

Instructional practices, teacher beliefs, and teacher growth mindset were derived and quantified 
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from three preexisting survey instruments. The goal was to identify and measure potential 

predictors of students’ growth; and, formatively, to utilize the results to understand the 

relationships and to identify and investigate plausible paths for improvement, or further research. 

Because, determining what is most impactful for teachers and students has often been so elusive 

in school mathematics.  

This chapter summarized and discussed the study findings within the context of the 

existing literature and educational landscape. Practical recommendations and suggestions 

grounded by the study results and existing research base are presented. Study limitations and 

recommendations for future research are discussed as well.  

Discussion 

The goal of this study was to better understand how instructional practices, beliefs, and 

mindsets were attributable to measurable student growth in mathematics. The study expressly 

investigated the relationship amongst the variables of teacher practices, beliefs, and mindsets and 

academic growth for elementary students in mathematics. Although the statistical measures did 

not demonstrate the required significance levels required to reject the null hypotheses, the 

resultant data sets were able to be interpreted using alternative measures of effect size. The 

results of this study were largely limited by a sample size that fell short of the recommended 

minimum suggested for the statistical tests proposed in Chapter 3. Despite this limitation, the 

statistical results nearly approached significance for each regression model, and consequently, 

interpretable measures were considered in the context of the study. The results for all four 

regressions provided evidence that each predictor variable may be positively influencing student 

growth as measured by the Average Growth Index (AGI) scores. Considering the small sample 
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size and subsequent lack of meeting the desired levels of significance, the disparities between the 

values could actually have been nominal if the data set were more robust statistically. 

Research Question 1 

Research Question 1 was, How does the relationship amongst school-level averages 

of instructional practices, teacher beliefs, and teacher mindset relate to the school value-added 

Average Growth Index (AGI)?  

The hierarchical regression involving all six predictor variables together predicted a 

moderately significant percentage of impact on the AGI, resulting in an adjusted R-squared effect 

size of .15, which means these variables collectively predicted 15% of the AGI.  

Ottmar, Rimm-Kaufman, Larsen, and Berry (2015) established that effective teachers 

bring a range of skills and attributes to the classroom that need further exploration: 

Teachers and classroom conditions vary; thus, there is a need to explore what occurs 

inside of the classroom during mathematics instruction and understand how certain 

teacher strengths and classroom contextual factors can improve teacher practice and 

produce mathematical learning in students. (p. 2) 

Ottmar et al.’s (2015) words do an uncanny job of expressing the notions and ideas 

considered when conceptualizing this study—particularly, that teacher beliefs and mindsets 

potentially influence behaviors and practices that ultimately impact students, either positively or 

negatively. Because what individuals believe professionally or philosophically influences the 

curricular, instructional, and assessment strategies they choose for their classroom and how they 

are implemented with their students in the classroom. These very notions are exemplified by this 

study’s results. 
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These initial regression results showed that teaching matters, just not perhaps exactly 

what matters, although it can be gleaned that teacher beliefs, practices, and mindset are certainly 

influential predictors of value-added academic growth. The results also certainly provided 

evidence that beliefs, practices, and mindsets are interrelated and predictive of value-added 

student growth. Teaching and learning is complicated, with a multitude of variables existing that 

impact and predict student learning. Because of this, a value-added measure of student learning 

was chosen to represent student learning, in order to factor out these outside influences. With this 

in mind, it is apparent that the predictor variables of teacher beliefs, instructional practices, and 

teacher mindset indeed influenced, or predicted, student growth within this study. 

Each successive regression allowed for inferential consideration of the impact upon 

value-added student growth revealed by each adjusted R-squared value. It is certainly imperative 

to consider the results in the context of the myriad complexities of variables inside and outside of 

the classroom that surely impact student learning. Of course, outside of a controlled laboratory 

setting, controlling for all of the influences on student growth and achievement is an 

impossibility. But such is the reality for educational research. For this study, quantitative 

research and inferential statistics were leveraged to explore these potential influences on student 

growth as best possible.  

Research Question 2 

Research Question 2 was, How do school-level average instructional practices relate to 

school value-added Average Growth Index (AGI) when controlling for teacher beliefs and the 

teacher growth mindset? 
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When controlling for teacher beliefs and mindset, the regression model found levels of 

Social Constructivist and Transmission Orientation resulted in an adjusted R-squared effect size 

of .088, which means these variables predicted 8.8% of the Average Growth Index (AGI).  

Of the three blocks of independent variables considered for this study, instructional 

practices were determined to be the least influential predictor of AGI. That is not to indicate 

insignificant, however, as the block indeed contributed to the AGI. Nonetheless, it was notable 

that teachers reported classroom practices were less predicative than either teacher beliefs or 

teacher mindset. This result, however, may be explained by the disconnect between the 

simplicity of the traditional instructional practices for the teaching of mathematics considered in 

this study, versus the complexities of the instructional practices now required by the CCCS-

Mathematics. Although existing research has shown that perhaps social-constructivist 

instructional practices are more desirable than transmission-oriented practices, it has become 

increasingly clear that beliefs and mindsets are more important than ever before realized, as was 

also supported by this study’s results. Beliefs matter as they allow teachers to fully embrace and 

implement more focused and effective mathematical practices in the classroom. 

Boaler (2016) asserted that an often-overlooked contribution of the CCCS-Mathematics 

is their inclusion of mathematical practices—“the actions that are important to mathematics, in 

which students need to engage as they learn mathematics knowledge” (p. 195). These practices, 

of course, will never come to fruition without teachers explicitly planning for and incorporating 

into their pedagogical practice. Classroom teachers must provide students the stage, and learning 

tasks, necessary for incorporating the practices in the context of the content standards for 

mathematics. Which, brings into question the manner in which student learning is being assessed 

with respect to CCSS-Mathematics and Pennsylvania Core Standards for Mathematics. On this 
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assessment front, encouraging progress is being made as Pennsylvania continues to revamp the 

Pennsylvania State System of Assessment, as detailed in Chapter 2. 

Improved assessments are attempting to integrate, and assess, the practices within the 

newest assessment items. Of course, the fact that the majority of PSSA test items are selected 

response makes incorporating all of the practices difficult, if not impossible. However, to this 

end, the newly designed items offer a vast improvement upon previously published items. “By 

definition, high-quality instructional interactions include how teachers provide feedback and use 

language to promote learning, higher-order thinking and understanding of concepts” (Ottmar, 

Decker, Cameron, Curby, & Rimm-Kaufman, 2014, p. 244). These improved pedagogical 

practices, combined with more rigorous assessment expectations, are a welcomed and long-

overdue transformation.  

Though increasingly obvious, educators are more likely than ever to embrace the notion 

of providing individualized and tailored learning opportunities for students. Doing so require 

teachers to adeptly reconcile curriculum and instruction with student needs, which can be a 

daunting task for classrooms with a wide-range of mixed readiness level students. In terms of 

getting to know students, Tomlinson (2003) encouraged responsive teaching through the practice 

of differentiated instruction for many years. Differentiated instruction required that teachers get 

to know students’ readiness, interests, and learning profiles, with an end goal of adjusting 

content, process, and products to meet the student needs (Tomlinson, 2001).  

Research Question 3 

Research Question 3 was, How do school-level teacher beliefs relate to school value-

added Average Growth Index (AGI) when controlling for instructional practices and the teacher 

growth mindset? 
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When controlling for instructional practices and the teacher growth mindset, the 

regression model found teacher beliefs measured by Teacher Allowance for Student Struggle 

with Problems, Teacher Modeling for Incremental Mastery, and Teacher Awareness of Their 

Mathematical Dispositions resulted in an adjusted R-squared effect size of .123, which means 

these variables predicted 12.3% of the Average Growth Index (AGI).  

These results revealed that teacher beliefs matter, particularly beliefs reflective of 

practices that are known to positively impact student learning of mathematics. Overcoming 

previously learned or formed beliefs is both difficult and challenging for teacher educators. 

Teachers are inherently creatures of habit and bring strong convictions and philosophies 

regarding how students best learn mathematics. Unfortunately, these personal notions do not 

always coincide with research on how students best learn math. The old adage, If it isn’t broken, 

why fix it? is often exemplified through comments such as I have always done it this way—and 

my kids learn! emphatically dismissing suggestions for new and improved ways of teaching and 

learning mathematics. Failure of previous standards-based initiatives can be linked with this 

abstentious belief. 

Of course, many students were indeed able to learn math in this manner. However, this 

approach often is ineffective for many students, actually increasing perceptions that certain 

students are math minded whereas others are not. It would make far more sense to explore 

multiple methods and paths for learning, to reach as many students as possible, which is the 

essence of accessibility and equity recommendations first espoused by the National Council of 

Teachers of Mathematics over 35 years ago. It can be inferred that changing deeply rooted 

beliefs may be critical for fully realizing this vision. 
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These results revealed that teacher beliefs predicted 12.3% of value-added student 

growth, supporting that teacher beliefs aligned with behaviors and practices associated with 

notions of equity and accessibility for learning mathematics impacted student learning. Each of 

the variables considered, Teacher Allowance for Student Struggle with Problems, Teacher 

Modeling for Incremental Mastery, and Teacher Awareness of their Mathematical Dispositions, 

are directly associated with notions of instilling grit, meeting students exactly where they are, 

and getting to know students as learners. Ultimately, it was validated that teachers who believe 

that it is important for students to struggle through solving difficult problems, that students 

should incrementally master difficult concepts, and that getting to know how students learn best, 

positively influenced student learning of mathematics. 

Research Question 4 

Research Question 4 was, How does school-level average teacher growth mindset relate 

to value-added Average Growth Index (AGI) when controlling for instructional practices and 

teacher beliefs? 

When controlling for instructional practices and teacher beliefs, the regression model 

found Teacher Mindset resulted in an adjusted R-squared effect size of .164, which means this 

variable predicted 16.4% of the Average Growth Index (AGI).  

Of the three hierarchical regressions, this effect size associated with growth mindset 

revealed the most significant prediction of AGI. This conclusion is certainly significant, as it 

revealed that the learning of mathematics was predicted more so by teacher mindset, rather than 

by highly regarded research-based teaching practices and refined models of teaching beliefs for 

the teaching of mathematics. This result is validated by others exploring the impact of a growth 

mindset for teachers and students. 
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Evidence existed to support that growth mindset for teachers is directly correlated to 

student mindsets and levels of achievement (Dweck, 2006). Of the correlations explored in this 

study, Teacher Mindset (T) was found to independently predict AGI at the highest level. More 

importantly, then, perhaps, is for educators to not only consider approaches for developing a 

growth mindset with students but also to explore ways for developing a growth mindset for 

teachers. Dweck (2008) found an inextricable and positive correlation between students with a 

growth mindset and student achievement in mathematics and science. Additionally, Dweck 

(2008) and Boaler (2016) both found teacher professional development to promote a growth 

mindset and growth-oriented teaching methodologies increased student achievement in 

mathematics. Of all the specialized mathematics beliefs and practices operationalized within the 

two beliefs-oriented survey instruments, a simple yet robust four-question survey instrument to 

measure teacher mindset best predicted value-added student growth. Existing and ongoing 

research on the power and influence of a growth mindset versus a fixed mindset corroborated 

this study’s findings. Evidently teacher mindset matters in much the same way student mindset 

does. 

Consider the following: “Growth mindset teachers tell students the truth and then give 

them the tools to close the gap” (Dweck, 2006, p. 199). Though some may consider the 

following snippet to be harsh, the fact is that the teacher and student recognized the opportunity 

and that work is the required action to do so. Dweck (2006) shared the following exchange that 

inner-city teacher Marva Collins had with a boy who was clowning around in class:  

You are in sixth grade and your reading level is 1.1. I don’t hide your scores in a folder. I 

tell them to you so you know what you have to do. Now your clowning days are over. 

Then they got to work. (p. 200) 
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Collins (Dweck, 2016) certainly was to the point and exemplified the notion of instilling 

grit, or perseverance to tasks, with students. Although this example is one involving a developing 

reader, the goal of developing students’ perseverance, or grit, actually applies to Common Core 

State Standards for both English Language Arts and Mathematics. Within reason, hard work, 

effort, and a growth mindset lead to academic gains for students. 

Implications 

With respect to honoring and implementing previous reforms for the teaching and 

learning of mathematics, teachers arbitrarily and unceremoniously declared themselves experts 

in elementary mathematics teaching and learning, continuing to teach mathematics in the very 

same way they were taught, replicating the practices in their classrooms, thus perpetuating the 

status quo. The advent of CCSS-Mathematics and its corresponding assessments, and increased 

acceptance of value-added growth measures, will soon make this an impossibility for teachers to 

continue to ignore. Also, the notion that students bring a special aptitude or ability for learning 

mathematics to the classroom can no longer be accepted, as all students are capable of learning 

mathematics under the right conditions. Teachers with a growth mindset, who believe this to be 

true, positively impacted student learning of mathematics. 

Gardner and Smith (2016) found when investigating the teaching and learning 

expectations for CCCS-Mathematics and CCSS-English Language Arts, that certain expectations 

are directly transferrable between the two sets of standards. With respect to developing grit, 

Kraft and Grace (2016, p. 9) defined such behavior as social–emotional competencies and stated 

that emerging research suggested that teachers can indeed influence and develop these skills, 

attitudes, and mindsets for children. Teachers who instill these attributes provide children tools 

and skills for successes in academics, career, and life. 
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In providing an overview of Every Student Succeeds Act shifts classroom educators need 

to know, Fennell (2016) reported that evidence of student achievement can now include student 

growth, rather than only static achievement relative to grade-level academic standards. This in 

itself is an important step toward acknowledging that valuing student growth is important and 

needs to be recognized. Over nearly the same period of time, educators came to realize that 

student achievement relative to meeting arbitrary academic standards, alone, fell short in terms 

of determining the efficacy of schools and determining if teachers, schools, and students met 

academic standards. Seeking alternative means to measure, and to evaluate, student learning 

introduced the idea of value-added student growth. Student growth and accountability are two 

key considerations that must be reconciled. 

The implications of this study are firmly rooted in today’s ever changing educational 

landscape, which presently is shifting to the Every Student Succeeds Act. Darling-Hammond et 

al. (2016) summarized the significance of the Every Student Succeeds Act authorization. One 

implication is regarding expectations for the teaching and learning of school mathematics, 

specifically for expectations with respect to college and career readiness. The CCSS-

Mathematics are designed to help students reach academic standards that prepare them for 

college and careers, and that require teachers to rethink current practices (Osborne, 2015, p. 23), 

a similar shift that the National Council of Teachers of Mathematics first proposed in 1989. 

Another implication is regarding school accountability, with the pending movement away from 

testing for mostly evaluative, or Race to the Top purposes, to a focus on gathering and utilizing 

student data for the reasons of gathering formative data to demonstrate and inform student 

instruction. In this respect, a renewed emphasis is for growing students academically. A third 

implication, and perhaps the utmost consideration, is for educators to never, ever lose sight of 
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developing the whole child. Children are inherently inquisitive and bring a natural curiosity for 

learning to the mathematics classroom. Educators certainly wish to harness these attributes while 

also developing the skills, attitudes, and mindsets to allow students to become self-driven and 

independent learners. Of course, this requires a balancing act, more so than ever before, with 

deference to more rigorous academic standards, requiring students to reach higher levels of 

understanding and application.  

Hamilton et al. (2016) found that CCSS-Mathematics have raised student objectives and 

rigor in terms of both curriculum and instruction, requiring many teachers to shift their 

instructional strategies incorporate and meet the expectations. Also, Schoenfield (2015) 

contended that successful implementation of CCSS-Mathematics and Standards for 

Mathematical Practices will hinge upon the quality of the assessments used to assess student 

achievement. These high-stakes state assessments now drive classroom teaching and learning 

more than ever, “shaping how the curriculum comes to life in America classrooms” 

(Schoenfield, 2015, p. 192). With respect the Standards for Mathematical Practice, a certain 

dynamic must be brought to life with respect to classroom actions of teachers and students alike. 

Calkins, Ehrenworth, and Lehman (2012) warned that long-term success with implementing 

Common Core Standards would require not only “ratcheting up the level of instruction” (p. 15) 

but also teachers and administrators working together to establish better systems for teaching to 

higher expectations than ever before. 

With little support whatsoever for pervasive, flawed notions that certain individuals are 

math minded while others are not, it is fair to concede that mathematics can be quite challenging 

for some children. This also can be substantiated through the researcher’s own trials and 
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tribulations with school mathematics from kindergarten to postgraduate school, and also as a 

mathematics coach or intervention specialist for the past 10 plus years.  

Recommendations for Future Research 

First and foremost, the most obvious recommendation is to replicate this exact study with 

the required sample size of n = 79 schools. Because the data analysis provided evidence that 

approached significance, it would be worthy of replication to more conclusively consider the 

relationship amongst the six predictor variables and Average Growth Index (AGI). Of course, 

this would be an ambitious task, as was discovered through this study. However, if it were 

approached applying the lessons learned since conducting this study, it could be replicated and 

expanded to provide a more robust and substantial data set. The study results, successes, and 

failures, do speak to other conceivable recommendations as well. 

Secondly, conceptualizing and modifying the study to correlate individual teacher 

responses may warrant additional considerations. Alternative analyses applying similar 

methodological approaches suggested statistically significant predictions of the AGI. 

Specifically, correlating the independent variables individually, or cogitating alternate sets of 

variables, to the AGI using multiple regressions would be a practical alternative worthy of 

consideration. 

Lastly, it would be educative to conceptualize the study to quantify the independent 

variables for instructional practices by means of observational instruments, rather than self-

reported ones. Adding a teacher interview instrument to gather qualitative data regarding teacher 

beliefs and mindset would provide a rich data set to closely explore the nuances of teacher 

beliefs and mindsets, and the interactions at play, with instructional practices and their 
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correlation to student growth. A mixed-methods study of this design would be difficult to 

undertake, but would certainly be a valuable recommendation for future research.  

Summary of Findings 

As a disclaimer regarding the study findings, the magnitude of uncertainty associated 

with the deficient statistical significance for all four regression models cannot be precisely 

quantified. With respect to all reported alternative effects and correlations, the researcher 

conceded this constraining statistical weakness for all reported analyses. 

This study investigated the correlation between elementary math teacher beliefs, 

practices, and mindset on elementary student growth in mathematics. Student growth was 

considered as the Average Growth Index (AGI), a value-added metric derived from the 

Pennsylvania System of School Assessment (PSSA). The study exclusively focused on 

Pennsylvania elementary schools responsible for teaching mathematics in Grades 3, 4, and 5 

only. Publicly available AGI scores for the 2014-2015 school year were identified as the measure 

of student growth in mathematics. School district superintendents, elementary school principals, 

and classroom teachers were identified and linked to preexisting AGI scores. Three existing, 

validated surveys, designed to quantify school-wide levels of instructional practices, teacher 

beliefs, and growth mindset were administered to elementary teachers who provided permission 

and agreed to participate in the study. Results were correlated to AGI using statistical regression 

models to ascertain the extent each independent, and interdependent block of variables, was 

predictive of AGI. 

Data were collected during the spring of 2016 from teachers who were identified as those 

who taught Grade 3, 4, and 5 elementary mathematics during the 2014-2015 academic school 

year. Verification of teaching assignments were provided exclusively from building principals. 
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Assigned building principals confirmed and validated teaching assignments, and also served as 

site liaison by directly providing teacher names, teaching assignments, and official district 

approved e-mail addresses. To further assure proper attribution of teacher and Pennsylvania 

Value Added Assessment System scores, teaching assignments were confirmed via an 

identifying question at the onset of the Qualtrics® survey instrument. These results were 

associated and verified with principal provided information. 

Quantitative methodologies were employed to collect and analyze the existing and 

collected data sets. Regression models were chosen to establish the relationship between and 

amongst the independent and dependent variables being studied. The goal of the study was to 

better understand how instructional practices, teacher beliefs, and growth mindset correlated to 

measurable student growth, in order to expand the literature on the topic of strengthening 

instructional practices and students’ achievement in mathematics. This study investigated the 

relationships amongst the independent predictor variables of teacher practices, beliefs, and 

mindsets and academic growth for elementary students in mathematics. Observational and 

statistical findings from this study indicated the following: 

• Although the sample size fell short of the recommended size for the statistics utilized, 

the data set showed little indication of failing to meet assumptions of linearity, 

homoscedasticity, and multicollinearity.  

• Because of the normality of the sample, it can be inferred that a more robust sample 

size may have reached significance for some or all of the regression analyses. 

• Pearson’s correlations revealed several important positive relationships existed 

among the six independent variables identified for this study. 
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• For all four research questions, the null hypothesis failed to be rejected, 

demonstrating that not enough evidence was available to suggest the null were false 

at the 95% confidence level.  

• Despite establishing unsatisfactory statistical significance and failing to reject the null 

hypothesis, all four regressions approached a discernable level of significance (RQ1 = 

.099, RQ2 = .151, RQ3 = .071, RQ4 = .067, respectively for each regression model).  

• Analysis of variance (ANOVA) results determined an adjusted R-squared effect size 

of .15, finding that teacher beliefs, instructional practice, and teacher mindset, in 

aggregate, predicted 15% of the AGI. 

• ANOVA results determined an adjusted R-squared effect size of .088, finding that 

when controlling for teacher beliefs and teacher mindset, instructional practices 

predicted 8.8% of the AGI. 

• ANOVA results determined an adjusted R-squared effect size of .123, finding that 

when controlling for instructional practices and teacher mindset, teacher beliefs 

predicted 12.3% of the AGI. 

• ANOVA results determined an adjusted R-squared effect size of .164, finding that 

when controlling for instructional practices and teacher beliefs, teacher mindset 

predicted 16.4% of the AGI.  

From the reported adjusted R-squared effect size for each research question ANOVA, it 

can be gleaned the six independent variables studied were positively correlated to student growth 

in mathematics. To varying degrees, instructional practices (Social Constructivist Orientation 

and Transmission Orientation), teacher beliefs (Teacher Allowance for Student Struggle with 

Problems, Teacher Modeling for Incremental Mastery, and Teachers’ Awareness of their 
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Students’ Mathematical Dispositions), and teacher mindset (Growth or Fixed Mindset) were 

either interdependently, or independently, positively correlative and predictive of AGI.  

In predictive rank order, a growth mindset individually was most predictive of AGI at 

16.4%, followed aggregately by teacher mindset at 15%, teacher beliefs at 12.3%, and 

instructional practices at 8.8%. Based on the results, it can be inferred that all of the variables 

positively correlated to student growth, albeit to varying degrees of influence. Together, each 

discrete set of variables showed to predict student growth. Noteworthy is that teacher beliefs and 

mindset were more predictive of student growth than teacher reported instructional practices. 

These results implied that teacher beliefs and mindset bear more influence upon learning than 

self-reported instructional practices, which supported research showing that students who hold a 

growth mindset are also more likely to grow academically. It can be conjectured that perhaps 

teacher beliefs and mindsets are also transmitted to students independent of the instructional 

practices considered for this study.  

Final Thoughts: A Personal Note 

Admittedly the subject of mathematics has personally been perplexing and challenging at 

various times. Math was difficult, to be honest. In retrospect, as a professional in the field, it was 

eventually understood that things did not need to be this way. Because of this unique experience, 

investment in this study was driven with personal and professional hopes of contributing to 

literature base for improved student access to the learning of mathematics. Personally, failures 

and challenges with school mathematics were able to be overcome, due in large part to 

eventually developing conceptual understandings and an ability to see mathematics in novel 

contexts. Rather than seeing lots of numbers out of context and being required to do procedures 

that made little sense, understanding mathematical concepts and opportunities to think 
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mathematically increased aptitude for the subject. This connected perspective increased 

confidence and ability to eventually learn more difficult and rigorous concepts. As an elementary 

and middle school math teacher, content-focused mathematics coach, and most recently as an 

elementary mathematics specialist and interventionist, seeing math taught in context, with a 

focus on reasoning, was both radical and momentous for the professional work that was ahead. 

Intimately knowing and understanding the feelings of frustration, struggle, and failure have also 

allowed for empathetically approaching work with students and teachers alike. This is not to 

suggest such experience is a requisite for more effective math teaching, but merely to illustrate it 

has further substantiated advocating for research-based practices and instilling positive mindsets 

and productive beliefs for the teaching of elementary mathematics. For teachers, students, and 

parents alike. 

Professionally, working with struggling learners, parents, and teachers to intervene and to 

provide academic support in various ways over the years has largely defined the researcher’s 

career. Unquestionably, if asked what is the most impactful and important approach, stance, or 

method, to improve student-learning outcomes for mathematics, it would be an instructional 

approach that develops deep conceptual understandings of major mathematical concepts, and 

opportunities to think naturally and intuitively, to communicate mathematically, and to solve 

problems. These practices lead to increased confidence, which eventually leads to students 

actualizing their academic and intellectual potential for learning mathematics. Meeting students 

where they are, providing accessible learning opportunities, and building from successes is a 

recipe for student learning and growth. All of these mentioned practices, along with being 

respectful of students’ individual pace of learning, are indeed effective; develop confidence, 

positive beliefs, and mindsets; and warrant serious consideration for classroom implementation.  
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Students first deserve a mathematics classroom grounded in current research, supporting 

conceptual understanding, and that is differentiated to meet diverse readiness levels. Through fair 

and equitable learning opportunities that foster depth of understanding and application, 

elementary students can feel valued and respected for their current level of understanding so that 

they might be able to develop confidence, perseverance, and the ability to continue to grow 

mathematically, while also meeting the depth and rigor of current math standards. Most 

important is that students are met where they are so that they may develop the prerequisite 

knowledge, skills, and understandings necessary for learning more advanced concepts.  
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Appendix A 

Mathematics Instructional Practice Survey 

 
Carney, M. B., Brendefur, J. L., Hughes, G. R., & Thiede, K. (2015). Developing a mathematical 

instructional practice survey: Considerations and evidence. Mathematics Teacher 
Educator, 4(1), 93–118. doi:10.5951/mathteaceduc.4.1.0093 

 
 

Please indicate for each statement the frequency you engage in the particular instructional practice.  
A 5-point frequency scale will determine participant responses. 

 
As the classroom teacher, I: 
 

1. Emphasize the use of multiple models for recording and communicating student thinking. (SC) 
 

2. Encourage discussion of the connections between various models and strategies. (SC) 
 

3. Facilitate discussion about the underlying mathematical concepts (e.g. composing or 
decomposing number. (SC) 

 
4. Present one standard method of solving a task or performing an algorithm. (T) 

 
5. Facilitate small group or whole class discussion on student thinking. (SC) 

 
6. Explain the steps to a procedure or algorithm when I introduce new topics. (T) 

 
7. Demonstrate for the class the correct way to use a particular procedure or model before they start 

solving problems. (T) 
 

8. Avoid student errors and misconceptions when a topic is first introduced by explaining how to 
solve a problem before they start (T) 

 
Students: 
 

9. Analyze the connections between various models and procedures. (SC) 
 

10. Take notes on how to perform each step in a procedure or algorithm. (T) 
 

11. Learn by copying down examples from a teacher demonstration. (T) 
 

12. Solve problems that allow for different approaches. (SC) 
 
Classroom tasks and activities: 
 

13. Are based on their potential to encourage discussions of students’ mathematical ideas. (SC) 
 

14. Are selected because the provide opportunities for students to explain the mathematics behind an 
answer. (SC) 
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Subject: Re: Survey Instrument Inquiry ­ Doctoral Dissertation

From: Michele Carney <michelecarney@boisestate.edu>

Date: 11/15/15 03:11 PM

To: James W Jones <j.w.jones@iup.edu>

Cc: Jonathan Brendefur <jbrendef@boisestate.edu>

Attached Files
Appendix C.JPG (103 KB)

Hi Jim,
It is good to hear our work may be of some use in your study and you definitely have our permission to use it. The two instrument scales are
provided in Appendix C of the article (and attached). 

One  concern  that  was  expressed  in  the  paper  was  whether  the  survey  scale  from  1=Never  to  7=Daily  was  appropriate  given  the  skew
following our professional development (Appendix F). I only mention this in case you have some reason to suspect your sample may contain
teachers  who  are  more  or  less  pedagogical  oriented  towards  mathematics  reform  practices.  If  not,  the  scale  will  probably  be  fine  but
something to consider. I would anticipate that you would be using our two scales in conjunction with other survey scales to examine multiple
factors. Given the lack of validation work that has been done on these scales outside of our group, I would recommend its use as a component
but not the only component.

I would be very interested in hearing the results if you decide to use the scales and am happy to converse further by email or phone if you
have additional questions or thoughts.

Thanks.
Michele

On Sat, Nov 14, 2015 at 8:32 PM, James W Jones <j.w.jones@iup.edu> wrote:

Dear Dr. Carney and Dr. Brendefur,

I hope my e­mail finds both of you well ­ If I could have a moment of your time to discuss my doctoral dissertation study, I would be most
grateful. 

My research goal  is  to study  the relationship,  if any, between Pennsylvania’s K­5 elementary school academic growth,  to  teacher beliefs,
dispositions and standards­based reform instructional practices for teaching mathematics.  My proposed study is very large scale, as I hope
to administer the instrument to a large sample of K­5 elementary schools, to correlate with Pennsylvania’s value­added growth model data. 
PVAAS factors out demographics, other extraneous variables, etc., to allow me to address equity considerations as well.

Realizing much existing research is focused on preparation, professional development, knowledge of content and pedagogy, etc., I want to
refocus on beliefs, dispositions and instructional practices for teaching mathematics.  Big picture I see a research gap and the results could
be significant to informing pre­service teacher preparation and in­service teacher professional development for our state's schools. 

I  had  first  considered many  older  instruments,  many  discussed  in  your  article.    Specifically,  my methodology  included  Ross/McDougall
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Appendix B 

Mathematics Beliefs and Awareness Survey 

Clark, L. M., DePiper, J. N., Frank, T. J., Nishio, M., Campbell, P. F., Smith, T. M., & Choi, Y. 
(2014). Teacher characteristics associated with mathematics teachers’ beliefs and 
awareness of their students’ mathematical dispositions. Journal for Research in 
Mathematics Education, 45(2), 246–284. doi:10.5951/jresematheduc.45.2.0246 

 
 

Please indicate the extent to which you agree or disagree with each of the following statements.  
A 5-point Likert scale will determine participant responses. 

 
1. During mathematics class, students should be asked to solve problems and complete activities by 

relying on their own thinking without teachers modeling an approach. (TASSP) 
 
2. Students learn mathematics best by paying attention when their teacher demonstrates what to do, 

by asking questions if they do not understand, and then by practicing. (TMIM) 
 
3. I learn about my students’ perceptions of what “doing mathematics” means through explicitly 

asking them (e.g., students write about it, one-on-one discussions, group discussions). (TASMD) 
 
4. You have a certain amount of intelligence, and you really can’t do much to change it. [Reverse-

scored] (M) 
 
5. Students can figure out how to solve many mathematics problems without being told what to do. 

(TASSP) 
 
6. Mathematics skills are mastered incrementally, so instruction should only focus on one skill at a 

time, ordered by difficulty, and not move on until most students have mastered that skill. (TMIM) 
 
7. I learn about my students’ perceptions of connections between mathematics and their everyday 

lives through explicitly asking them (e.g., students write about it, one-on-one discussions, group 
discussions). (TASMD) 

 
8. You can always substantially change how intelligent you are. (M) 
 
9. During mathematics class, I do not necessarily answer students’ questions immediately but rather 

let them struggle and puzzle things out for themselves. (TASSP) 
 
10. I like my students to master basic mathematical operations before they tackle complex problems. 

(TMIM) 
 
11. I learn about my students’ perceptions of their mathematical ability through explicitly asking 

them (e.g., students write about it, one-on-one discussions, group discussions). (TASMD) 
 
12. Students learn mathematics best by working to solve accessible problems that entail a solution 

process that has not been demonstrated to them. (TASSP) 
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13. Learning mathematics requires a good memory because you must remember how to carry out 
procedures and, when solving an application problem, you have to remember which procedure to 
use. (TMIM) 

 
14. For the majority of my students, I have a good sense of their motivations for wanting to succeed 

in mathematics. (TASMD) 
 
15. You can learn new things, but you can't really change your basic intelligence. [Reverse-scored] 

(M) 
 
16. To teach mathematics, first model the activity, then provide some practice and immediate 

feedback, and, finally, clarify what the assignment is and how it is to be completed. [Reverse-
scored] (TASSP) 

 
17. A lot of things in mathematics must simply be accepted as true and remembered. (TMIM) 
 
18. For the majority of my students, I have a good sense of whether or not they see how the 

mathematics we do in class connects to their everyday lives. (TASMD) 
 
19. During mathematics class, discussion should focus on students’ ideas and approaches, no matter 

whether their answers are correct or incorrect. (TASSP) 
 
20. When planning mathematics lessons, teachers need to focus explicitly on rules and procedures. 

(TMIM) 
 
21. In order to prepare students for assessments, when students are working on a problem in 

mathematics, I highlight more than one approach to solving that problem. (TASMD) 
 
22. Students should be homogeneously grouped for instruction and assigned to a curriculum on the 

basis of their prior mathematical performance. (TMIM) 
 
23. I like to use mathematics problems that can be solved in many different ways. (TASMD) 
 
24. You can change even your basic intelligence level considerably. (M) 
 
25. I have a good sense of what my unsuccessful students perceive as challenges to their 

mathematical performance. (TASMD) 
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Subject: Re: Survey Instrument Inquiry ­ Doctoral Dissertation

From: Patricia Campbell <patc@umd.edu>

Date: 12/21/15 03:43 PM

To: James W Jones <j.w.jones@iup.edu>

Cc: lmclark@umd.edu

Attached Files
Belief 3-12-09 LCPC.doc (136 KB)

Dear Jim,

Okay it has been over a month since you wrote, so I must apologize.  I have no good excuse  for my tardiness­­ just too much work to do (as
is the case with everyone) and emails scrolling up where I don't see them anymore.

In any case, I am attaching the complete beliefs and awareness survey that we administered in the MAC­MTL study.   While this survey has 40
items, all 40 items did not "make it through" a factor analysis.  In the article below, you can read about the factor analysis and the resulting
interpretation, as well as see which factors the items loaded on by examining the items in the appendix to this article.

Clark, L. M., DePiper, J. N., Frank, T. J., Nishio, M., Campbell, P. F., Smith, T. M., Griffin, M. J., Rust, A. H., Conant, D. L., & Choi, Y.  (2014).  Teacher characteristics

associated with mathematics teachers’ beliefs and awareness of their students’ mathematical dispositions. Journal for Research in Mathematics Education, 45, 246­284.

At this time, the survey is not available through an electronic link, but that is something that we may be pursuing in the future.  If you do use
this survey, or items from it, please do cite the reference above.

Again, I do apologize for being tardy in replying to your original message.

Pat Campbell

_____________________________
Patricia F. Campbell, Ph.D. 
Professor, Center for Mathematics Education 
Department of Teaching and Learning, Policy and Leadership 
Room 2226 Benjamin Building 
University of Maryland 
3942 Campus Drive 
College Park, MD  20742 

On 11/10/15 6:43 PM, James W Jones wrote:

Dear Dr. Campbell & Dr. Clark: 

Thank you for your time, in advance.  I certainly appreciate your time to review my inquiry. 

My doctoral research interest lies in attempting to quantitatively study the relationship, if any, between PA's highest "growing" K­5
elementary  schools,  as  measured  by  Pennsylvania's  value­added  growth  model  data  (PVAAS  factors  out  demographics,  other
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Appendix C 

Theories of Intelligence Scale (Embedded in Mathematics Beliefs and Awareness Survey) 

  
Dweck, C. S., Chiu, C. Y., & Hong, Y. Y. (1995). Implicit theories and their role in judgments 

and reactions: A word from two perspectives. Psychological Inquiry, 6(4), 267–285. 
doi:10.1207/s15327965pli0604_1 

 
 

Please indicate the extent to which you agree or disagree with each of the following statements.  
A 5-point Likert scale will determine participant responses. 

 
4. You have a certain amount of intelligence, and you really can’t do much to change it. [Reverse-

scored] (M-Fixed) 
 
8. You can always substantially change how intelligent you are. (M-Growth) 
 
15. You can learn new things, but you can’t really change your basic intelligence. [Reverse-scored] 

(M-Fixed) 
 
24. You can change even your basic intelligence level considerably. (M-Growth) 
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Appendix D 

Superintendent Contact Letter 

Indiana University of Pennsylvania 

 
     Department of Professional Studies                         724-357-2400 
      in     Education Internet:   http://www.iup.edu 
     Davis Hall, Room 303     
     570 S. Eleventh Street 
     Indiana, Pennsylvania 15705-1087 
 

March 17, 2016 
 
«Superintendent_Name» 
«District_Name» 
«Address»  
«City», «State» «Zip» 
 
Dear «First_Name» «Last_Name»: 
 
I am writing to seek approval from the «District_Name» to conduct research for my dissertation study at 
Indiana University of Pennsylvania titled, Relating School-Wide Instructional Practices, Teacher Beliefs, 
and Intelligence Mindset to Value-Added Student Growth for Elementary Mathematics in Grades 3-5. 
The purpose of this non-experimental correlational relationship study is to relate teacher beliefs, practices, 
and growth mindset and the variable of value-added student growth. A summary of the data and my 
findings will be provided to you upon your request. 
 
As a current elementary mathematics specialist, and former K–8 mathematics coach, I recognize that 
curriculum, instruction, and assessment shifts involved with adopting Common Core Standards for 
Mathematics are significant. This study’s findings will provide timely and relevant evidence to better 
understand the variables that best relate to value-added student growth in mathematics. Through an 
improved understanding, school leaders will be better able to provide relevant, research-based 
professional development to address the most impactful considerations for student growth. 
 
To conduct my study, I propose to survey via email 3rd, 4th, and 5th grade teachers responsible for 
teaching mathematics in the following school buildings:  
 
«Schools» 
   
If provided site approval, each identified building principal will be contacted via email to disseminate 
study details, and to determine teachers responsible for teaching mathematics during the 2014-2015 
academic school year. Identified teachers will then be contacted via email inviting them to participate in 
this study by being surveyed; teacher participants who agree to participate will receive the secure survey 
link via email. At 5-day intervals, up to 3 additional reminder emails will be sent to teacher participants.  
 
Three existing survey instruments, determined to be valid and reliable, will be combined and constructed 
into one unique online survey instrument, which will take approximately 30 minutes to complete. Survey 
items describe teacher instructional practices for teaching mathematics, teacher beliefs about the teaching 
of mathematics, and teacher growth mindset. The survey is attached for your consideration. 
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Teacher survey results will be combined to determine school-specific average values for each of the 
independent variables. Statistical procedures, including multiple regressions, will be executed to explore 
the relationship amongst the considered variables and each school’s Average Growth Index (AGI) for the 
2014-2015 academic school year. 
  
Study results will report and discuss the relationships determined amongst the variables in aggregate only. 
Participating school districts, schools, and individual teachers will remain completely anonymous, and 
will never be identified in any published results of this study now, or at any time in the future. All 
gathered data will remain confidential to avoid putting any party at risk and so that no identifying 
information or characteristics are revealed. The survey data will be collected and stored on a password-
protected, encrypted website (Qualtrics.com). Qualtrics® uses the same encryption type (SSL) that on-line 
banking sites use to transmit secure information. IP addresses will not be collected. Statistical data 
analysis will employ IBM SPSS software; all data will be destroyed at the end of a 3-year period, as per 
federal guidelines. 
 
Participation in this study is absolutely voluntary; teacher participants are free to decline to participate, 
and also are free to withdraw at any time by notifying the Project Director, Mr. James W. Jones via either 
phone or email. If a teacher decides to withdraw while taking the survey, he or she may simply closer the 
browser. Identifying information and numerical data points pertaining to a withdrawn participant will be 
eradicated. Also, the information obtained in the study may be published in educational research journals 
or presented at professional meetings in the future, but identifying characteristics will always remain 
strictly confidential.  
 
Your time and thoughtful consideration is appreciated. In short, through selected principals, I would like 
to contact certain teachers via email to ask them to voluntarily participate in this study. Should you 
provide permission to conduct the described research study in «District_Name» please provide written 
permission on official district letterhead to satisfy Institutional Review Board (IRB) approval. If you 
prefer, an attached PDF of your letter sent via an email reply will suffice. Outside of providing your 
permission, no additional contribution on your part is required. 
 
Should you have any questions or concerns regarding my request, please contact me at your convenience. 
I sincerely believe that the participation of «District_Name» will contribute significantly to my study.  
 
Thank you, «First_Name» «Last_Name». 
 
Respectfully, 
 
Project Director:       Dissertation Advisor:   
Mr. James W. Jones      Dr. Valeri R. Helterbran 
Doctoral Student, Indiana University of Pennsylvania  Professor and Dissertation Advisor 
Department of Professional Studies in Education  Department of Professional Studies in Education 
Davis Hall        323 Davis Hall 
Indiana, PA  15705      Indiana, PA 15705 
Phone:  412-855-8285     Phone: 724-357-3285 
E-mail: gpzplya@iup.edu     E-mail: vhelter@iup.edu 
 

This project has been approved by the Indiana University of Pennsylvania Institutional 
Review Board for the Protection of Human Subjects (Phone: 724/357-7730). 
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Appendix E 

Principal Contact Letter 

Indiana University of Pennsylvania 

 
     Department of Professional Studies                         724-357-2400 
      in     Education Internet:   http://www.iup.edu 
     Davis Hall, Room 303     
     570 S. Eleventh Street 
     Indiana, Pennsylvania 15705-1087 
 
 

April 28, 2016 
 
«Principal_Name» 
«School Building_Name» 
«District_Name» 
«Address» 
«City», «State» «Zip» 
 
Dear «Principal_Name»: 
 
Recently, your district superintendent, «Superintendent_Name», granted permission to conduct 
my dissertation research, A Quantitative Study: The Relationship Between School-Wide 
Instructional Practices, Teacher Beliefs, and Intelligence Mindset to Value-Added Student 
Growth in Elementary Mathematics for Grades 3-5, in your building.  
 
The purpose of this non-experimental correlational relationship study is to relate teacher beliefs, 
practices, and intelligence mindset to the variable of value-added student growth. To conduct my 
study, I propose to survey via email 3rd, 4th, and 5th grade teachers responsible for teaching 
mathematics in your building. Survey items describe teacher instructional practices for teaching 
mathematics, teacher beliefs about the teaching of mathematics, and teacher growth mindset.  
  
To proceed, I respectfully request your cooperation to determine teachers responsible for 
teaching mathematics in 2014-2015, and to also inform those identified of the pending study and 
to expect my email communication. Specifically, I will require a list of all teachers with 
instructional responsibility for teaching mathematics during the 2014-2015 academic year, along 
with their official district email addresses. Identified teachers will then be invited to participate 
in this voluntary study via email. Those who agree to participate will receive a secure survey link 
via their official district email address. At 5-day intervals, up to 3 additional reminder emails will 
be sent to teacher participants in order to encourage survey completion. To facilitate your 
cooperation, I have attached a form letter text for your convenience to contact teachers. 
 
Teacher survey results will be combined to determine school-specific average values for each of 
the independent variables. Statistical procedures, including hierarchical multiple regression, will 
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be executed to explore the relationship amongst the considered variables and each school’s 
Average Growth Index (AGI) for the 2014-2015 academic school year. Statistical results will 
report and discuss the relationships determined amongst the variables in aggregate only. Survey 
responses and associated data sets for participating school districts, schools, and individual 
teachers will remain completely confidential and anonymous. 
 
Participation in this study is absolutely voluntary; teacher participants are free to decline to 
participate, and also are free to withdraw at any time by notifying the Project Director, Mr. 
James W. Jones, via either phone or email.  
 
I sincerely believe that the participation of «School_Name» will contribute significantly to my 
study. Should you have any questions or concerns regarding my request, please contact me at 
your convenience. 
 
Thank you. 
 
 
Yours in education, 
 
Project Director:      Dissertation Advisor:   
Mr. James W. Jones       Dr. Valeri R. Helterbran 
Doctoral Student, Indiana University of Pennsylvania Professor and Dissertation Advisor 
Department of Professional Studies in Education  Department of Professional Studies in  
          Education 
Davis Hall        323 Davis Hall 
Indiana, PA  15705      Indiana, PA 15705 
Phone:  412-855-8285      Phone: 724-357-3285 
E-mail: gpzplya@iup.edu     E-mail: vhelter@iup.edu 
 
 

This project has been approved by the Indiana University of Pennsylvania Institutional 
Review Board for the Protection of Human Subjects (Phone: 724/357-7730). 
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Appendix F 

Teacher Consent Letter 

Indiana University of Pennsylvania 

 
     Department of Professional Studies                         724-357-2400 
      in     Education Internet:   http://www.iup.edu 
     Davis Hall, Room 303     
     570 S. Eleventh Street 
     Indiana, Pennsylvania 15705-1087 
 

Dear Esteemed Grade 3-5 Pennsylvania Educator: 
 
You are invited to participate in this research study: 
 
A Quantitative Study: The Relationship Between School-Wide Instructional Practices, Teacher 
Beliefs, and Intelligence Mindset to Value-Added Student Growth in Elementary Mathematics for 
Grades 3-5 
 
You are eligible to participate because your principal identified you as a 3rd, 4th, or 5th-grade 
mathematics teacher in Pennsylvania. The purpose of this study is to relate instructional practices 
for teaching elementary mathematics, teacher beliefs, and intelligence mindset and value-added 
student growth (PVAAS). 
 
Your participation will require that you thoughtfully complete an online survey regarding your 
instructional practices, beliefs, and mindsets regarding elementary mathematics, mathematics 
instruction, and student learning. The researcher believes that your participation will contribute 
significantly to this study.  
 
It is the researcher’s hope that you consider giving of your time to partake in this timely and 
worthwhile academic endeavor. The survey will require approximately 20 minutes of your time. 
There are no known risks or discomfort associated with this research study. This study does not 
involve any more than minimal risks encountered in everyday life.  
 
Participants who consent to, and complete, the survey will be eligible to be entered into a 
drawing for the chance to win a $50 gift card. A total of 10 winners will be chosen from the pool 
of participants. Choices of gift cards will include Walmart, Target, Amazon, Sheetz, or GetGo. 
To participate, you will be required to indicate your intent within the actual survey. Should you 
choose to participate, this requested personal information will be completely disassociated from 
your actual survey responses. 
 
Additional details and Informed Consent will be provided in advance of the actual survey.  
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To participate, please follow this secured, anonymous link to the survey.  
 
 www.iamasecuredsurveylink.com 
 
Or copy and paste the URL below into your Internet browser: 
 
 www.iamasecuredsurveylink.com 
 
Project Director:      Dissertation Advisor:   
Mr. James W. Jones      Dr. Valeri R. Helterbran 
Doctoral Student, Indiana University of Pennsylvania Professor and Dissertation Advisor 
Department of Professional Studies in Education  Department of Professional Studies in Education 
Davis Hall        323 Davis Hall 
Indiana, PA  15705     Indiana, PA 15705 
Phone:  412-855-8285     Phone: 724-357-3285 
E-mail: gpzplya@iup.edu    E-mail: vhelter@iup.edu 
  

This project has been approved by the Indiana University of Pennsylvania Institutional 
Review Board for the Protection of Human Subjects (Phone: 724/357-7730). 
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Appendix G 

Table 1 Copyright Permission 

 

  

10/4/2016 Re: Grouping Math Practice Standards Inquiry

https://imail.iup.edu/Session/22454478-UpX5NJwGQe03Bk1cO32L-kmbczav/message.wssp?messageText=NewWindow&mailbox=INBOX&MSG=6552 1/1

Subject: Re: Grouping Math Practice Standards Inquiry

From: William McCallum <wmc@math.arizona.edu>

Date: 09/11/16 07:26 PM

To: James W Jones <j.w.jones@iup.edu>

Dear James,

You have my permission to reformat this document as a table.

Regards,

Bill McCallum

On Sun, Sep 11, 2016 at 10:19 AM, James W Jones <j.w.jones@iup.edu> wrote:
Dear Dr. McCallum,

In my dissertation, I have referenced your "Grouping the Mathematical Practice Standards" and would like to also include them in a table
format. 

In order to meet university and ProQuest requirements, I require your express written permission to do so.

If you would be so inclined to grant this permission for my dissertation use only, it would be sincerely appreciated.

Thank you kindly for your time and consideration.

Respectfully,

James Jones
Doctor of Education Candidate
Indiana University of Pennsylvania
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Appendix H 

Table 2 Copyright Permission 

	

  

10/4/2016 RE: NCTM PTA Productive/Unproductive Beliefs

https://imail.iup.edu/Session/22454478-UpX5NJwGQe03Bk1cO32L-kmbczav/message.wssp?messageText=NewWindow&mailbox=INBOX&MSG=6551 1/1

Subject: RE: NCTM PTA Productive/Unproductive Beliefs

From: Leinwand, Steve <SLeinwand@air.org>

Date: 09/11/16 02:19 PM

To: James W Jones <j.w.jones@iup.edu>

Hi James, 

As chair of NCTM's Principles to Actions Writing Team, I am pleased to grant you permission to present the productive/unproductive

beliefs in the table format.  The APA citation is accurate.

Hope this is helpful.

Steve Leinwand 

________________________________________

From: James W Jones [j.w.jones@iup.edu]

Sent: Sunday, September 11, 2016 1:59 PM

To: Leinwand, Steve

Subject: NCTM PTA Productive/Unproductive Beliefs

Dear Dr. Leinwald,

In my dissertation, I have referenced the PTA Productive &

Unproductive Beliefs and would like to also include them in a table

format.

In order to meet university and ProQuest requirements, I require your

express written permission to do so.  Attached is the table that I am

requesting to include.

If you would be so inclined to grant this permission for my

dissertation use only, it would be sincerely appreciated.  And if my

APA citation and/or copyright is in error, please let me know.

Thank you kindly for your time and consideration.

Respectfully,

James Jones

Doctor of Education Candidate

Indiana University of Pennsylvania
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Appendix I 

Table 3 Copyright Permission 

 

  

10/4/2016 RE: APA &amp; ProQuest Table Inquiry &amp; Permissions

https://imail.iup.edu/Session/22454478-UpX5NJwGQe03Bk1cO32L-kmbczav/message.wssp?messageText=NewWindow&mailbox=INBOX&MSG=6566 1/1

Subject: RE: APA & ProQuest Table Inquiry & Permissions

From: Doug McDougall <doug.mcdougall@utoronto.ca>

Date: 09/12/16 11:07 PM

To: James W Jones <j.w.jones@iup.edu>, ja.ross@utoronto.ca <ja.ross@utoronto.ca>

Hi James

You have my permission to use the table in your dissertation.

Doug

Dr. Douglas McDougall, OCT, B. Math (Hons), B.Ed., M.Ed., Ed.D.

Professor and Associate Dean, Programs

Ontario Institute for Studies in Education

University of Toronto

252 Bloor Street West

Toronto, Ontario

M5S 1V6

Room 12­106 

416­978­0056

________________________________________

From: James W Jones [j.w.jones@iup.edu]

Sent: Sunday, September 11, 2016 3:28 PM

To: ja.ross@utoronto.ca; Doug McDougall

Subject: APA & ProQuest Table Inquiry & Permissions

Dear Dr. McDougall & Dr. Ross:

In my dissertation draft, I have referenced the attached table.

In order to meet university and ProQuest requirements, I require your

express written permission to do so.  Attached is the table that I am

requesting to include.

If you would be so inclined to grant this permission for my

dissertation use only, it would be sincerely appreciated.

And if my APA citation and/or copyright is in error, please let me

know.  I believe this table to perhaps be an evolution of the

original, yet I have lost track of the specific reference.  Any

guidance would be appreciated.

Thank you kindly for your time and consideration.

Respectfully,

James Jones

Doctor of Education Candidate

Indiana University of Pennsylvania
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Appendix J 

Table 4 Copyright Permission 

 

  

10/4/2016 RE: &quot;Categories of Teacher Beliefs&quot; Inquiry

https://imail.iup.edu/Session/22454478-UpX5NJwGQe03Bk1cO32L-kmbczav/message.wssp?messageText=NewWindow&mailbox=INBOX&MSG=6553 1/1

Subject: RE: "Categories of Teacher Beliefs" Inquiry

From: Kim Beswick <kim.beswick@utas.edu.au>

Date: 09/11/16 07:40 PM

To: 'James W Jones' <j.w.jones@iup.edu>

Dear James

I'm happy for you to use the table as attached. I'm assuming that this is OK with the journal?

All the best with your thesis.

Kim

­­­­­Original Message­­­­­

From: James W Jones [mailto:j.w.jones@iup.edu]

Sent: Monday, 12 September 2016 5:46 AM

To: Kim Beswick <kim.beswick@utas.edu.au>

Subject: "Categories of Teacher Beliefs" Inquiry

Dear Dr. Beswick,

In  my  dissertation,  I  have  referenced  the  attached  table,  "Categories  of  Teacher  Beliefs"  and  would  like  to  also  include  in  my

dissertation in this form.

In order to meet university and ProQuest requirements, I require your express written permission to do so.  Attached is the table that

I am requesting to include.

If you would be so inclined to grant this permission for my dissertation use only, it would be sincerely appreciated.  And if my APA

citation and/or copyright is in error, please let me know.

Thank you kindly for your time and consideration.

Respectfully,

James Jones

Doctor of Education Candidate

Indiana University of Pennsylvania

University of Tasmania Electronic Communications Policy (December, 2014).

This email is confidential, and is for the intended recipient only. Access, disclosure, copying, distribution, or reliance on any of

it by anyone outside the intended recipient organisation is prohibited and may be a criminal offence. Please delete if obtained in

error and email confirmation to the sender. The views expressed in this email are not necessarily the views of the University of

Tasmania, unless clearly intended otherwise.
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Appendix K 

Table 5 Copyright Permission 

 

  

10/4/2016 FW: PVAAS Table Dissertation Permission Request

https://imail.iup.edu/Session/22454478-UpX5NJwGQe03Bk1cO32L-kmbczav/message.wssp?messageText=NewWindow&mailbox=INBOX&MSG=6583 1/2

Subject: FW: PVAAS Table Dissertation Permission Request

From: Reigelman, Nicole <nreigelman@pa.gov>

Date: 09/19/16 05:53 PM

To: 'j.w.jones@iup.edu' <j.w.jones@iup.edu>

Attached Files
Growth Table.docx (75 KB)

James, 

You have permission to use the attached table in your dissertation. As long as the Pennsylvania Department of Education is cited as

the source, that is fine. 

Nicole Reigelman | Press Secretary & Communications Director

Pennsylvania Department of Education | Press & Communications Office

333 Market Street | Harrisburg, PA 17126

717­705­8642 | www.education.pa.gov

@PADeptofEd | www.facebook.com/PADepartmentofEducation

­­­­­Original Message­­­­­

From: Kristen Lewald [mailto:kristen_lewald@IU13.org] 

Sent: Monday, September 12, 2016 8:27 AM

To: Reigelman, Nicole

Subject: FW: PVAAS Table Dissertation Permission Request

­­­­­Original Message­­­­­

From: James W Jones [mailto:j.w.jones@iup.edu] 

Sent: Sunday, September 11, 2016 4:18 PM

To: Kristen Lewald <kristen_lewald@IU13.org>

Subject: PVAAS Table Dissertation Permission Request

Dear Kristen,

In my dissertation, I have referenced the attached table and would like to include in my dissertation in this form.

In order to meet university and ProQuest requirements, I require express written permission to do so.  Attached is the table that I am

requesting to include.

If you would be so inclined to grant this permission for my dissertation use only, it would be sincerely appreciated.  And if my APA

citation and/or copyright is in error, please let me know.

Thank you kindly for your time and consideration.

Respectfully,

James Jones

Doctor of Education Candidate
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Appendix L 

Figure 2 Copyright Permission 

 

  

10/4/2016 RE: Value-Added Model Image Permission

https://imail.iup.edu/Session/22454478-UpX5NJwGQe03Bk1cO32L-kmbczav/message.wssp?messageText=NewWindow&mailbox=INBOX&MSG=6554 1/1

Subject: RE: Value­Added Model Image Permission

From: Goldschmidt, Pete G <pete.goldschmidt@csun.edu>

Date: 09/11/16 11:01 PM

To: James W Jones <j.w.jones@iup.edu>

Hi James,

Yes, You have permission to use the chart you indicated in your email.

Thanks,

­ Pete

Pete Goldschmidt, Ph.D.

Professor

Michael D. Eisner College of Education

California State University Northridge

­­­­­Original Message­­­­­

From: James W Jones [mailto:j.w.jones@iup.edu] 

Sent: Sunday, September 11, 2016 4:42 PM

To: Goldschmidt, Pete G

Subject: Value­Added Model Image Permission

Dear Dr. Goldschmidt,

In my dissertation, I have referenced the attached figure from the following document:

Policymakers' guide to growth models for school accountability: How do accountability models differ?

In order to meet university and ProQuest requirements, I require your express written permission to do so.  Attached is the figure in

the exact manner I intend to include.

If you would be so inclined to grant this permission for my dissertation use only, it would be sincerely appreciated.  And if my APA

citation and/or copyright is in error, please let me know.

Thank you kindly for your time and consideration.

Respectfully,

James Jones

Doctor of Education Candidate

Indiana University of Pennsylvania
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Appendix M 

Table 6 Copyright Permission 

From http://www.apa.org/about/contact/copyright/index.aspx: 
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Appendix N 

 Table 7 Copyright Permission  

	

10/4/2016 FW: AGI Table Permission

https://imail.iup.edu/Session/22454478-UpX5NJwGQe03Bk1cO32L-kmbczav/message.wssp?messageText=NewWindow&mailbox=INBOX&MSG=6584 1/1

Subject: FW: AGI Table Permission

From: Reigelman, Nicole <nreigelman@pa.gov>

Date: 09/19/16 05:54 PM

To: 'j.w.jones@iup.edu' <j.w.jones@iup.edu>

Attached Files
Average Growth Index Table.docx (57 KB)

This one is ok too. 

Nicole Reigelman | Press Secretary & Communications Director

Pennsylvania Department of Education | Press & Communications Office

333 Market Street | Harrisburg, PA 17126

717­705­8642 | www.education.pa.gov

@PADeptofEd | www.facebook.com/PADepartmentofEducation 

­­­­­Original Message­­­­­

From: PDE PVAAS [mailto:pdepvaas@iu13.org] 

Sent: Monday, September 12, 2016 4:04 PM

To: Reigelman, Nicole

Subject: FW: AGI Table Permission

­­­­­Original Message­­­­­

From: James W Jones [mailto:j.w.jones@iup.edu] 

Sent: Sunday, September 11, 2016 5:53 PM

To: PDE PVAAS <pdepvaas@iu13.org>

Subject: AGI Table Permission

Dear Staff:

In my dissertation, I have referenced the attached table and would like to include in my dissertation in this form.

In order to meet university and ProQuest requirements, I require express written permission to do so.  Attached is the table that I am

requesting to include.

If you would be so inclined to grant this permission for my dissertation use only, it would be sincerely appreciated.  And if my APA

citation and/or copyright is in error, please let me know.

Thank you kindly for your time and consideration.

Respectfully,

James Jones

Doctor of Education Candidate

Indiana University of Pennsylvania
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