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Abstract
American schools have been struggling with improving achievement in science,
technology, engineering, and mathematics for decades. For the last four decades, the
overall mathematics performance of 17 year-olds on the National Assessment of
Educational Progress has not shown any significant improvement. Mathematics teachers
can use metacognitive techniques to make immediate adjustments in instruction that may
assist students in becoming more skillful problem solvers. The purpose of this study was
to provide new knowledge about the potential predictors of mathematics teachers’ use of
the six subfactors of the Metacognitive Awareness Inventory for Teachers. The inventory
was administered to 120 K-12 grade teachers from the membership list of the National
Council of Teachers of Mathematics via an online survey. Multiple regression analysis
indicates that there are significant differences among the participants in the influence of
potential predictor variables for declarative knowledge, procedural knowledge,
conditional knowledge, planning awareness, and monitoring awareness. The positive 3
coefficient indicates that the number of years of teaching experience plays a role in
increasing the mathematics teachers’ awareness of metacognition, =207, p<.05. The
findings may help other researchers further explore the use of metacognition by
mathematics teachers. Training in metacognitive skills may assist mathematics teachers
with developing the expertise to make real time adjustments of instruction. Improvement
in the teaching of mathematics may create positive social change by improving the
numeracy skills of students and may decrease the number of students that need

remediation in mathematics at the college and university level.
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Dedication
To all those that understand that teaching and learning are inseparable, that the
world is our classroom, that the human organism is a social being designed to learn
throughout life’s entirety and that spirituality cannot be overlooked as an essential need

of the human organism.
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Chapter 1: Introduction to the Study
Introduction

In “The Nation’s Report Card: Trends in Academic Progress 2012,” the U.S.
Department of Education found that U.S. students at some age levels had shown
improvement in mathematics while others had demonstrated little or no progress since
1973 (National Center for Education Statistics [NCES], 2013; National Science
Foundation [NSF], 2016). All of the age groups that were tested demonstrated long-term
improvement in their understanding of basic mathematical concepts from 1978-2012
except that of 17 year-olds. Overall since 1978, 9 year-olds have increased in
mathematical performance across all age levels. The lower performing 13 year-olds also
improved in mathematics performance during this period (NCES, 2013). Additionally,
U.S. students average mathematical score on the Program for International Student
Assessment (PISA) in 2012 was lower than the average score for all developed countries
(NSF, 2016).

The overall average of mathematical performance on the National Assessment of
Educational Progress (NAEP) for 17 year-olds did not improve significantly. Lower and
middle performing 17 year-old students improved in mathematics performance over the
long-term, however the overall performance of this age group did not change. This
uneven performance of this age group is surprising because the number of 17 year-old
students who are enrolled in calculus courses has increased (NCES, 2013). In addition,
the number of Grade 12 students performing at the level of proficiency remained at 26%

from 2000 to 20013, while the percentages of Grade 4 and Grade 8 students performing



at a level of proficiency rose to 42% and 36% respectively (NSF, 2016). While the
number of students enrolled in Advanced Placement (AP) course in mathematics and
science courses continued to rise, a decreasing percentage of these students have earned a
passing score of 3 or better on the AP Exam from 2003 to 2013 (College Board, 2014;
NSF, 2016).

According to some experts in mathematics and science (NCES, 2013; NSF,
2016), changes in the racial and ethnic composition of this age group as well as an
increase in the number of students in the lower performance levels may account for the
uneven performance. In 1978, the percentage of 9 year-old, 13 year-old, and 17 year-old
white students that took the NAEP was 79%, 80%, and 83%, respectively. Black
students made up 14%, 13%, and 12% of these same age groups. Asian and Pacific Island
students only made up 1% of the of the students that took the NAEP in 1978. These
numbers changed drastically over the next 34 years. In 2012, the percentage of 9-year-
old, 13 year-old, and 17 year-old white students that took the NAEP was 52%, 56%, and
56% respectively (NCES, 2013). Another factor is that an increasing number of pupils
are now attending lower grades for their age. To illustrate this point, the number of 13-
year-olds in 7" grade or below was 28% in 1978 but increased to 39% in 2012, while the
number of 13-year-olds in the 8" grade decreased from 72% in 1978 to 60% in 2012.
The 17-year-olds and 9-year-olds also revealed a similar pattern (NCES, 2013).

The quality of instruction plays a major role in student achievement in
mathematics (Boonen, Van Damme, and Onghena 2014; Jackson, Rockoff, and Staiger

2014). Teacher qualifications, knowledge of the content, and access to professional



development and professional coaching are among the factors that impact the quality of
instruction. A major finding noted by the National Science Foundation (2016) was that
there are fewer highly qualified mathematics and science teachers at schools with higher
levels of minority students and higher levels of impoverished students. It is difficult to
evaluate the differences in instructional techniques that exist among the teachers of the
students evaluated by the NAEP and the PISA (NSF, 2016). Examples of teacher
attributes that are difficult to evaluate include the ability of a teacher to motivate students
and the ability of a teacher to identify students’ difficulties with learning (NSF, 2016). In
addition, Jackson (2012; 2014) described the complexity of determining the impact of
teacher effectiveness due to confounding variables such as student tracking. Tracking can
impact a student’s ability to access mathematics courses with greater rigor or more
difficult level of content.

Metacognition is the ability of a person to understand, reflect, and control one’s
learning based upon reflection and understanding of one’s thinking (Schraw & Dennison,
1994). Metacognitive techniques can have a great impact upon classroom instruction
(Clark & Peterson, 1986; Doganay & Demir, 2011; Shavelson & Stern, 1981; Wilson &
Bai, 2010). Through the use of metacognitive skills teachers can act as effective
interventionists during classroom instruction (Barton, Freeman, Lewis, & Thompson,
2001; Marzano et al., 2012). The teacher must be aware of the individual needs of each
student and provide scaffolding to assist the students as necessary. By using

metacognitive practices, mathematics teachers can take advantage of classroom



opportunities to adjust instruction that may assist students in becoming more skillful
problem solvers (Veenman, VanHout-Wolters, & Afflerbach, 2006).

Some researchers suggest that learners in classrooms with teachers who are more
metacognitively aware have higher academic achievement that learners in other
classrooms (Schraw & Dennison, 1994; Smith, 2013). Other researchers suggest that
students must also be proficient at applying their knowledge in order to be successful
(Pressley & Ghatala, 1990). The strategies used for problem solving are considered to be
metacognitive because they serve as a guide for the problem solving process (Silver
1982, 1987). These strategies help the student monitor the steps to the problem solving
process. By using metacognitive strategies, the student can monitor whether each step is
moving toward the goal and whether the answer attained during calculations makes sense
within the context of the problem.

Very little research, however, exists regarding the role of the teacher as a
demonstrator of thinking and learning processes in mathematics (Veenman et al., 2006).
Cognitive research on student thinking has encouraged the development of reform
mathematics curricula for secondary and middle school mathematics (Edwards, A. R.,
Esmonde, I., & Wagner, J. F., 2011). Based on research focused on the enhancement of
students’ mathematical thinking, the Cognitively Guided Instruction program for teacher
professional development was created to impact teachers’ principles and understanding
that guide their instructional practices (Fennema et al., 1996; Fennema, Franke,
Carpenter, & Carey, 1993). These changes in teachers’ instructional practices were in

turn reflected in students' learning (Fennema et al. 1993; Fennema et al. 1996). The
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classroom discussions mediated by the teachers acknowledge students’ contributions and
assist the student in aligning their contributions with the mathematical content. These
contributions by the students could then be further refined into more conventional forms
of mathematical thinking and integrated into their learning practices (Cobb et al., 1997;
Edwards, A. R., Esmonde, I., & Wagner, J. F., 2011). Forman, Larreamendy-Joerns,
Stein, and Brown (1998) contributed to the knowledge of how cognitive models of
classroom instructional practices can impact student learning and support student
acquisition of mathematical processes. These methods include the connection of
metacognition and mathematical procedures through instruction and feedback provided
by teachers (Veenman et al., 2006).

The mathematics teacher plays a crucial role in the classroom by acknowledging
the contributions of students through feedback. In addition, the teacher can guide future
or supplemental instruction based on the students’ contributions (Yackel, 2002). The role
of the teacher concerning modeling by example and then providing formative feedback
for guidance has not been highly investigated. Teachers need the tools for implementing
metacognition as a part of their instructional practices and for assisting students in
becoming aware of their metacognitive activities (Veenman et al., 2006). The National
Mathematics Advisory Panel (NMAP, 2008) stated that none of the studies examined by
the panel investigated how elementary and middle school teachers’ mathematics
knowledge impacted their instructional quality or student learning of mathematics.

In this study, I sought to investigate the predictors of metacognitive awareness

among U.S. mathematics teachers. New knowledge and insight could enhance training
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programs for current and preservice teachers to assist with improving the development of
their expertise in the use of metacognition to adjust student instruction. Improvement in
the teaching and learning of mathematics may create positive social change by improving
the quantitative literacy and numeracy skills of students. Stronger numeracy skills will
improve the quality of the workers entering the workforce. In addition, improving the
numeracy skills of students may lead to a decrease in the number of students that need
remediation in mathematics at the post secondary level.

The content of the first chapter provides an overview of this research study. The
background section of this chapter describes how metacognition is related to the teaching
and learning of mathematics is discussed in the first section of the chapter. The problem
statement clearly explains the problem created when students did not attain a level of
mathematics literacy that is necessary to function as a student, problem-solver, and active
member of the community. The purpose statement describes how metacognition can be a
part of the improvement of the teaching and learning of mathematics. In the fourth
section the research questions that are the focus of this quantitative study are presented
with their associated hypotheses. A theoretical framework for the importance of
metacognition in the teaching and learning is provided that emphasizes the importance of
the use of metacognition for the improvement in teaching and learning mathematics.
After the presentation of the framework, the nature of the study is described. Definitions
were provided to assist the reader in attaining the minimum of a basic comprehension of
the study. The assumptions of this quantitative survey research study are discussed in the

eighth section of this chapter. A section on the scope and delimitations of the study is



7

also provided. Following these sections, the limitations of the study are described. In the
scope and delimitations section, the intent of this study and the delimitations of this study
are presented. Then, the limitations of this critical investigation are discussed. The last
section of this chapter discussed the significance and potential application of the results
of this research study. The significance of the study is presented just prior to the summary
of this first chapter.

Background

A learner’s experiences in elementary and secondary education can provide strong
foundational skills for future lifelong experiences of learning. The purpose of these
educational experiences is to assist students in the development of the skills needed to
acquire, learn, and apply new knowledge and solve problems efficiently (Farrell, 2010;
Zimmerman, 2008). Balcikanli (2011) stated that one goal of education is to help learners
assume responsibility for their learning. He emphasized that students need to be capable
of planning, monitoring and evaluating their learning. Balcikanli specified that
metacognitive awareness is required for students to be able to accomplish this task.
Metacognition is the awareness and regulations of one’s thoughts and actions (Ebdon,
Coakley, & Legnard, 2003).

As noted by Bransford, Brown, and Cocking (2000), metacognition plays a
critical role in successful learning. This success can be accounted for by both the teacher
and the learner. A teacher uses reflection and self evaluation to monitor the effectiveness
of instruction and student learning (Barton, Freeman, Lewis, & Thompson, 2001;

Doganay & Demir, 2011; Marzano, 2012). Through modeling, teachers can assist
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students in learning how to monitoring their learning and understanding (Bransford et al.,
2000). Teachers can assist students with the transfer of new learning into their repertoire
of procedures for learning and problem solving through feedback. According to
Bransford et al. (2000), researchers have found that these practices improve student
learning by increasing the transfer and application of knowledge to other appropriate
situations.

Learners who experience a greater degree of metacognitive awareness show more
significant academic achievement (Schraw & Dennison, 1994; Smith, 2013). Schraw and
Dennison (1994) found that students with a higher degree of knowledge of cognition
answered a greater number of test questions correctly. Smith (2013) noted that many
researchers have demonstrated a positive relationship between metacognition and
academic performance. However, in her research study of students in a differential
equation mathematics course, student metacognitive awareness was not a predictor of the
course grade earned. Smith proposed that the complexity of the higher order concept of
differential equations requires more than just an awareness of one’s cognitive knowledge.
Her conclusion was that metacognition was not an appropriate predictor of student
performance in the context of her research study (Smith, 2013). The majority of these
students began the course with a moderate level of declarative, procedural, and
conditional knowledge of the content. Based on these findings, Bransford et al. (2000)
contend that curricula of teacher training programs and schools of education should
include an integrated focus on the development of metacognitive strategies and how to

instruct using those strategies .



Many students experience challenges to learning mathematics that lead to
experiencing frustration and anxiety while performing mathematical tasks. The fearful or
negative attitudes that they develop interfere with their potential and ability to perform
mathematical tasks (Geist 2010; Hembree, 1990). Geist (2010) noted that many students
struggle to complete mathematics tasks and experience feelings of discouragement and
anxiety as a result. Hembree (1990) demonstrated that cognitive-behavioral interventions
offered promise to improve student performance through the reduction of the anxiety
experienced by the student. Cognitive-behavioral interventions may reduce the frustration
of students who struggle learn mathematics concepts and allow them to improve in math
achievement (Hembree, 1990; Rubinsten & Tannock, 2010).

However, despite a multitude of efforts to improve mathematics performance of
students in the United States, very little improvement has been achieved (NCES, 2013;
NSF; 2016, Stigler, 2009). In comparison to other developed countries, the United States
produces far fewer students with the highest levels of mathematics performance and
achievement (NSF, 2016). On the Trends in International Mathematics and Science Study
tests in 2011, U.S. students were not among the highest performing groups. However,
students in the United States did outperform student from many other countries.

Student performance can be improved through the teachers’ awareness of and
making adjustments to the classroom environment. Teaching involves a process of
thinking and adjusting while instructing. Constant monitoring and evaluation of the
interactions between the teacher and the learner, as well as, the learning environment

within the classroom is continuously performed. Multiple factors of metacognition are a
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part of the thought processes carried out by teachers. Their awareness, monitoring, and
evaluation of these interactions are subfactors of metacognition. These elements of
metacognition are conducted throughout the different stages of a teacher’s instructional
practices (Clark & Peterson, 1986; Shavelson & Stern, 1981). Modification of instruction
based on taking into account the needs and learning style of the student can provide the
opportunity for a greater number of students to demonstrate an increase in academic
perform performance (Tomlinson & Allan, 2000).

Improvement in metacognitive skills can assist teachers and learners with
increasing student performance. Many researchers and practitioners emphasize the vital
role of metacognition in the improvement of teaching and learning practices (Sperling,
Richmond, Ramsay, & Klapp, 2012). Teachers use metacognitive strategies for teaching
metacognition to their students, as well as, for monitoring their thinking and learning
(Doganay & Demir, 2011). Metacognitive skills may play a more significant role than
intellectual capacity during the early stages of the mathematics problem solving process
(Veenman et al., 2006). Sperling et al. (2012) noted that metacognitive learners
recognized when their learning strategies are effective and when the learning strategies
are mismatched resulting in misunderstandings and struggles. These students were able
to select and apply additional strategies to assist with learning or to monitor better and
control their motivation.

In addition to content knowledge and its required procedures, math teachers must
be aware of their cognitive processes. Metacognition is a critical element in the reflective

practices required for the improvement of teaching and learning (Barton, Freeman,
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Lewis, & Thompson, 2001; Marzano et al., 2012). The metacognitive mathematics
teacher monitors the attempts of the student to learn, provide scaffolds, and adapt the
learning environment or methodology when necessary. Through this constant state of
monitoring, evaluating, and adjusting, the mathematics teacher designs or selects learning
activities that are appropriately challenging for students (Lester, 2013; 2010).

Problem Statement

The ability of a person to understand, reflect, and control one’s learning based
upon reflection and understanding of one’s thinking is referred to as metacognition
(Schraw & Dennison, 1994). Metacognition was among five prominent dimensions of
thinking recognized by Marzano et al. (1988) as those that are highly noted in research.
The five dimensions identified by Marzano et al. are (a) Metacognition, (b) Critical and
creative thinking, (c) Thinking processes, (d) Core thinking skills, and (e) The
relationship of content area knowledge to thinking (p. 4). All of these dimensions of
thinking have a place in teaching and learning. The scope of these five dimensions is far
too broad to address within the confines of this study. Thus only the first dimension,
metacognition, will be addressed in the context of its application to the adjustment of
instruction by the mathematics teacher that takes place within the classroom.

Flavell (1976; 1979) described metacognition as one’s knowledge of cognition
and its necessity for comprehension and learning. He emphasized that metacognition
included the monitoring and regulation of one’s thought processes. Wen (2012) described
metacognition as the knowledge and control of one’s cognition. Wilson and Bai (2010)

stated that metacognition is more than a selection of specific strategies but also includes
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the knowledge required for the choice of an appropriate strategy for a particular situation
and conditions.

Teaching involves a process of thinking and adjusting while instructing. Within
the classroom environment, there exists a constant monitoring and evaluation of the
interactions between the teacher and the learner, as well as, the learning environment.
Multiple components of metacognition have an impact on the thought processes of
teachers. The teacher’s awareness, monitoring, and evaluation of these interactions are
components of metacognition. These components of metacognition are conducted
throughout the different stages of a teacher’s instructional practices (Clark & Peterson,
1986; Shavelson & Stern, 1981). Modification of instruction based upon the needs of the
student while taking into account the learning style of the student will provide the
opportunity for a greater number of pupils to demonstrate an increase in academic
performance (Tomlinson & Allan, 2000).

Some researchers have proposed that learners that experience a greater degree of
metacognitive awareness demonstrate more significant academic achievement (Schraw &
Dennison, 1994; Smith, 2013). Veenman et al. (2006) suggested that at the beginning of
the mathematics problem solving process, metacognitive skills may play a more
significant role than intellectual capacity. Magno (2010) noted that when a teacher
provided explicit instruction and guidelines for metacognition to learn materials
effectively, critical thinking was encouraged among the students in the classroom.
Through increased awareness of metacognition and its impact, interventions can be more

readily available and more quickly administered to struggling students. Investigation of
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the influence of metacognitive development in formal academic settings and its
connection with other contexts, such as mathematics, is needed.

Math teachers must be aware of their cognitive processes, as well as, the content
and its required procedures. As emphasized by Doganay and Demir (2011),
metacognition is interconnected with all of the dimensions of the thought process as
demonstrated by the learner’s attentiveness and responsiveness to their thoughts and in
controlling their actions. Using prior experiences and prior knowledge, as well as,
innovation and imagination to acquire new skills also demonstrates the interconnection of
metacognition with the thought process (Doganay & Demir, 2011). The metacognitive
mathematics teacher must monitor the attempts of the student to learn, provide scaffolds,
and adapt the learning environment or methodology when necessary. Metacognition is a
critical element in the reflective practices required for the improvement of teaching and
learning (Barton, Freeman, Lewis, & Thompson, 2001; Marzano et al., 2012). Veenman
et al., (2006) noted that very little research exists regarding the role of the teacher as a
demonstrator of thinking, process, and communicator of the processes of thinking and
learning of mathematics. As previously indicated, the NMAP (2008) stated that no
studies examined by the panel investigated how elementary and middle school teachers’
mathematics knowledge impacted instructional quality, student achievement, and the
students’ opportunities for the learning of mathematics.

Purpose of the Study
The purpose of this survey study was to provide new knowledge and insight about

the relationship and impact of the nine independent variables of: age, gender, type of
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teacher preparation, grade level of mathematics instruction, number of years of education,
degrees earned, age when entered the teaching profession, years of teaching experience,
and any interruptions in teachers’ years of experience six dependent variable subfactors
of metacognition examined. This quantitative survey study critically examined the impact
of the potential predictor variables upon the six subfactors of teacher metacognitive
awareness in a sample of mathematics for the purpose of improving teaching and
learning. The sample of participants included teachers that differed in the number of
years of teaching experience, from preservice to multiple decades, as well as teachers that
that instruct students from kindergarten through grade 12.

This study investigated the predictors of teacher metacognitive awareness and
focused on six subfactors of metacognition used by mathematics teachers for the
adjustment of instruction of students and the learning of mathematics. The results of this
study provide insight into the metacognitive processes of mathematics teachers as
identified and as validated by this study using the survey the Metacognitive Awareness
Inventory for Teachers (MAIT). These methods are used by mathematics teachers to
adjust their instruction for the purposes of meeting the learning needs of their students
and for providing the students’ with opportunities for the thinking and learning of
mathematics noted by Veenman et al. (2006). Unlike the study conducted by Balcikanli
(2011) in which the MAIT was administered only to student teachers of English
Language Teaching (ELT) Programs, this study investigated how the metacognitive
knowledge and practices of mathematics teachers of differ. The level of teacher

experience and knowledge impacts instructional quality, student achievement, and the
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students’ opportunities for the learning of mathematics as noted by Veenman et al. (2006)
and National Mathematics Advisory Panel, (2008).

This study will use the MAIT to collect information about the use of
metacognition from the study population of a sample of mathematics teachers with
differences in age (IV- 1), gender (I\VV-2), type of teacher preparation (IV-3), grade level
of mathematics instruction (1\VV-4), number of years of education (1\VV-5), degrees earned
(IVv-6), age when entered the teaching profession (IV-7), years of teaching experience
(IV-8), and any interruptions in teachers’ years of experience (IV-9). This study
examined the predictors of teacher metacognitive awareness and focuses on six
subfactors of metacognition used by mathematics teachers for the adjustment of
instruction of students and the learning of mathematics. The MAIT survey instrument is
well established. The demographic variables were used to provide new knowledge and
insight about the impact of age, gender, type of teacher preparation, grade level of
mathematics instruction, number of years of education, degrees earned, age when entered
the teaching profession, years of teaching experience, and any interruptions in teachers’
years of experience as predictors of the teachers’ awareness and use of the components of
metacognition and the six subfactors examined. The six subfactors of metacognition
examined by the Metacognitive Awareness Inventory for teachers are declarative
knowledge, procedural knowledge, conditional knowledge, planning awareness,
monitoring awareness, and evaluation awareness. Teachers use the components of
metacognition and their subfactors for the planning, monitoring, adjusting, and evaluation

of the instructional methodologies, as well as, student learning.
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Research Questions and Hypotheses

There were six subfactors of metacognition examined in this study. Each of the
six research questions addresses the potential influence of the independent predictor
variables on a single subfactor of metacognition assessed by the MAIT. A null hypothesis
and an alternative hypothesis was formulated for each of the research questions. The
hypotheses examined in this research study are listed below.

RQ1: Do the demographic variables of: age, gender, type of teacher preparation,
grade level of mathematics instruction, number of years of education, all degrees earned,
age when entered the teaching profession, and number of years of teaching experience,
including any interruptions in the teachers’ years of experience predict or impact the
mathematics teachers’ awareness of their use of declarative knowledge in their
mathematical instructional practices?

Hol: There are no significant differences in the influence of age, gender, type of
teacher preparation, grade level of mathematics instruction, number of years of education,
all degrees earned, age when entered the teaching profession, and number of years of
teaching experience, including any interruptions in the teachers’ years of experience upon
the declarative knowledge used by mathematics teachers as a part of their instructional

practices.

H11: There are significant differences in the influence of age, gender, type of
teacher preparation, grade level of mathematics instruction, number of years of education,
all degrees earned, age when entered the teaching profession, and number of years of

teaching experience, including any interruptions in the teachers’ years of experience upon
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the declarative knowledge used by mathematics teachers as a part of their instructional

practices.

RQ2: Do the demographic variables of: age, gender, type of teacher preparation,
grade level of mathematics instruction, number of years of education, all degrees earned,
age when entered the teaching profession, and number of years of teaching experience,
including any interruptions in the teachers’ years of experience predict or impact the
mathematics teachers’ awareness of their use of procedural knowledge in their

mathematical instructional practices?

Ho2: There are no significant differences in the influence of age, gender, type of
teacher preparation, grade level of mathematics instruction, number of years of education,
all degrees earned, age when entered the teaching profession, and number of years of
teaching experience, including any interruptions in the teachers’ years of experience upon
the procedural knowledge used by mathematics teachers as a part of their instructional
practices.

H12: There are significant differences in the influence of age, gender, type of
teacher preparation, grade level of mathematics instruction, number of years of education,
all degrees earned, age when entered the teaching profession, and number of years of
teaching experience, including any interruptions in the teachers’ years of experience upon
the procedural knowledge used by mathematics teachers as a part of their instructional

practices.
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RQ3: Do the demographic variables of: age, gender, type of teacher preparation,
grade level of mathematics instruction, number of years of education, all degrees earned,
age when entered the teaching profession, and number of years of teaching experience,
including any interruptions in the teachers’ years of experience predict or impact the
mathematics teachers’ awareness of their use of conditional knowledge in their
mathematical instructional practices?

Ho3: There are no significant differences in the influence of age, gender, type of
teacher preparation, grade level of mathematics instruction, number of years of education,
all degrees earned, age when entered the teaching profession, and number of years of
teaching experience, including any interruptions in the teachers’ years of experience upon
the conditional knowledge used by mathematics teachers as a part of their instructional
practices.

H13: There are significant differences in the influence of age, gender, type of
teacher preparation, grade level of mathematics instruction, number of years of education,
all degrees earned, age when entered the teaching profession, and number of years of
teaching experience, including any interruptions in the teachers’ years of experience upon
the conditional knowledge used by mathematics teachers as a part of their instructional
practices.

RQ4: Do the demographic variables of age, gender, type of teacher preparation,
grade level of mathematics instruction, number of years of education, all degrees earned,
age when entered the teaching profession, and number of years of teaching experience,

including any interruptions in the teachers’ years of experience predict or impact the
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mathematics teachers’ level of planning awareness used in their mathematical

instructional practices?

Ho4: There are no significant differences in the influence of age, gender, type of
teacher preparation, grade level of mathematics instruction, number of years of education,
all degrees earned, age when entered the teaching profession, and number of years of
teaching experience, including any interruptions in the teachers’ years of experience upon
the planning awareness used by mathematics teachers as a part of their instructional

practices.

H14: There are significant differences in the influence of age, gender, type of
teacher preparation, grade level of mathematics instruction, number of years of education,
all degrees earned, age when entered the teaching profession, and number of years of
teaching experience, including any interruptions in the teachers’ years of experience upon
the planning awareness used by mathematics teachers as a part of their instructional

practices.

RQ5: Do the demographic variables of age, gender, type of teacher preparation,
grade level of mathematics instruction, number of years of education, all degrees earned,
age when entered the teaching profession, and number of years of teaching experience,
including any interruptions in the teachers’ years of experience predict or impact the
mathematics teachers’ level of monitoring awareness used in their mathematical

instructional practices?
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Ho5: There are no significant differences in the influence of age, gender, type of
teacher preparation, grade level of mathematics instruction, number of years of education,
all degrees earned, age when entered the teaching profession, and number of years of
teaching experience, including any interruptions in the teachers’ years of experience upon
the monitoring awareness used by mathematics teachers as a part of their instructional

practices.

H15: There are significant differences in the influence of age, gender, type of
teacher preparation, grade level of mathematics instruction, number of years of education,
all degrees earned, age when entered the teaching profession, and number of years of
teaching experience, including any interruptions in the teachers’ years of experience upon
the monitoring awareness used by mathematics teachers as a part of their instructional
practices.

RQG6: Do the demographic variables of age, gender, type of teacher preparation,
grade level of mathematics instruction, number of years of education, all degrees earned,
age when entered the teaching profession, and number of years of teaching experience,
including any interruptions in the teachers’ years of experience predict or impact the
mathematics teachers’ level of evaluating awareness used in their mathematical
instructional practices?

Ho6: There are no significant differences in the influence of age, gender, type of
teacher preparation, grade level of mathematics instruction, number of years of education,
all degrees earned, age when entered the teaching profession, and number of years of

teaching experience, including any interruptions in the teachers’ years of experience upon
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the evaluating awareness used by mathematics teachers as a part of their instructional

practices.

H16: There are significant differences in the influence of age, gender, type of
teacher preparation, grade level of mathematics instruction, number of years of education,
all degrees earned, age when entered the teaching profession, and number of years of
teaching experience, including any interruptions in the teachers’ years of experience upon
the evaluating awareness used by mathematics teachers as a part of their instructional

practices.

Theoretical Framework

Flavell (1970) initially described metacognition as an awareness of the process of
one’s learning. He expanded this definition to encompass the one’s conscious awareness
of the cognitive processes and associated activities used for learning (Flavell, 1976). The
definition evolved shortly after to emphasize the importance of knowledge about one’s
cognition and the necessity of this knowledge for comprehension and learning (Flavell,
1979). Flavell (1976; 1979) emphasized that metacognition included the monitoring and
regulation of one’s thought processes.

Schraw and Dennison (1994) referred to the ability of a person to understand,
reflect, and control one’s learning based upon reflection and understanding of one’s
thinking as metacognition. Metacognition is more than a selection of specific strategies
but also includes the knowledge required for the selection of the appropriate strategy for a

particular situation and conditions (Wilson & Bai, 2010). While there is no single and
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universal definition of metacognition, many researchers and theorists agree that
metacognition involves the conscious processes of awareness of one’s learning and
regulation of one’s learning (Wilson & Bai, 2010; Wen, 2012).

Learners that experience a greater degree of metacognitive awareness demonstrate
higher academic performance in a pretest-posttest research study that measured both
academic and metacognitive performance conducted by Schraw & Dennison (1994;
Smith, 2013). Metacognitive skills may play a more a greater role in learning than
intellectual capacity at the beginning of the mathematics problem solving process
(Veenman et al., 2006). Veenman et al. determined that metacognition accounted for 17%
of the variance in learning, which is greater than the 10% of the variance in learning
attributed to intellectual ability in their study. In the findings of Magno (2010), it was
noted that when a teacher provided explicit instruction and guidelines for metacognition
to learn materials effectively, critical thinking was encouraged among the students in the
classroom. Additional investigation of the impact of metacognitive development in
formal academic settings and its connection with other contexts is needed.

Doganay and Demir (2011) described metacognition as “the act of learning to
learn, focusing, step by step planning what is going to be done, evaluating every phase of
the learning process, and making the necessary adjustments accordingly” (p. 2036). This
phenomenon is paralleled by the teacher who continuously monitors and adjusts
instruction to meet the needs of the learner. Teachers use processes of thinking and
adjusting while instructing. The teacher’s awareness, monitoring, and evaluation of these

interactive processes are components of metacognition. In addition to Shavelson and
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Stern (1981), Clark and Peterson (1986) also emphasized that these elements included

planning, regulating, and monitoring throughout the different stages of a teacher’s
instructional practices. Within the classroom, there exists a constant monitoring and
evaluation of the interactions between the teacher and the learner, as well as, the learning
environment. Teachers have and use metacognitive strategies for teaching metacognition
to their students, as well as, for monitoring their thinking and learning (Doganay &
Demir, 2011). Little is known about the impact of teachers’ modeling of metacognitive
skills and knowledge while providing feedback to students (Veenman et al., 2006).
Tomlinson and Allan (2000) noted that modification of instruction based upon the needs
of the student while taking into account the learning style of the student will provide the
opportunity for a greater number of pupils to demonstrate an increase in academic
performance.

Math teachers must be aware of their cognitive processes in addition to the
mathematics content and its required procedures. Doganay and Demir (2011) emphasized
the interconnections of metacognition with all of the dimensions of the thought process as
demonstrated by the learner’s attentiveness and responsiveness to their thoughts and in
controlling their actions. Using prior experiences and prior knowledge, as well as,
innovation and imagination to acquire new skills demonstrates the interconnection of
metacognition with the thought process (Dognay & Demir, 2011). Metacognition is a
critical element in the reflective practices required for the improvement of teaching and

learning (Barton, Freeman, Lewis, & Thompson, 2001; Marzano et al., 2012). The
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metacognitive mathematics teacher must monitor the attempts of the student to learn,
provide scaffolds, and adapt the learning environment or methodology when necessary.

This study investigated the predictors of mathematics teachers’ metacognitive
awareness and focuses on six subfactors of metacognition used by mathematics teachers
for the adjustment of instruction of students and the learning of mathematics. This study
was guided by the need to understand the use of metacognition by mathematics teachers.
The teachers’ understanding of what is required for teaching significantly impacts
instructional practices, as well as student learning (Wilson & Bai, 2010). The study
critically examined the influence of the demographic and genetic variables upon the role
of teacher metacognitive awareness for the adjustment of instruction of students.

Nature of the Study

The nature of this study was of quantitative survey design. Initially, the data was
analyzed using stepwise multiple regression procedures. Unlike the previously conducted
research study using the MAIT and factor analysis, a stepwise multiple regression was
performed in order to identify the most influential of the predictor demographic and
genetic variables on the criterion subfactor of metacognition variables. Multiple
regression analysis allows for the measurement of the naturally occurring levels of the
independent predictor variables upon the dependent criterion variables without direct
manipulation of the independent variables. In addition, this statistical analysis was
conducted to establish which of the demographic and genetic variables function as the
best predictors of the metacognitive criterion. The results of this study added to the body

of knowledge about teachers’ use of metacognition and its subfactors.
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Quantitative research is consistent with identifying and numerically describing the
trends, attitudes and experiences of current teachers regarding their metacognitive
awareness of the use of appropriate instructional strategies to meet the needs of students
in a proficiency-based customized learning environment. Multiple regression techniques
require larger sample sizes. Recommended sample sizes for multiple regression lies
between ten and forty cases per for every predictor variable examined (Brace, Kemp, &
Sneglar, 2000). Quantitative survey research was appropriate for the larger sample sizes
than qualitative research. It also served to identify the phenomenon of interest for future
research in quantitative, qualitative, or mixed methods studies.

When examining a highly abstract concept such as metacognition and its multiple
subfactors, stepwise multiple regression analysis assists in the determination of the
impact of multiple predictor variables. Many demographic variables were examined in
relation to their influence upon the two components and six subfactors of metacognition
in this research study. Stepwise multiple regression is an extremely sophisticated form of
multiple regression. The value of the impact of each predictor variable is assessed as it is
entered in sequence. If the addition of the variable contributes to the effect, it is retained,
and all of the other proposed predictor variables are then reassessed to determine whether
they still contribute to the model or hypothesis. Variables found to have no significant
influence were removed. This method was designed to refine the set of predictor
variables to the smallest size possible. The quantitative stepwise multiple regression of
the results of the survey investigated the influence of the demographic and genetic

variables upon the subfactors of metacognitive awareness experienced by teachers served
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to assist in finding the most influential predictors of the use of metacognition including
those among mathematics teachers of different grade spans and different levels of
teaching experiences.

Data collected addressing the research question and hypotheses for this study
were examined using stepwise multiple linear regression analysis. Multiple regression
(MR) was used to examine the significance of the results and determine the R?
coefficient. The variance accounted for by each predictor variable (PV) was then
determined using the R? coefficient and the standardized beta coefficient. The results of
these statistical procedures examined all of the research hypotheses (Green & Salkind,
2008). Some of the demographic variables served as ordered predictors of the use of the
metacognitive subfactors used by mathematics teachers. Other demographic and genetic
variables served as unordered predictors of these subfactors of metacognition. As noted
earlier in this text, no previous research has examined the impact or variation of these
subfactors of mathematics teachers with differences in teaching experience in that can be
attributed to the variety of demographic and genetic variables reviewed in this study.

The chosen instrument, the Metacognitive Awareness Inventory for Teachers
(MAIT), was tested and refined in an initial study conducted by its author Balcikanli
(2011). The MAIT was constructed from the Metacognitive Awareness Inventory of
Schraw and Dennison (1994) and refined by a three-phase study conducted by Balcikanli
(2011) for the purpose of examining the metacognitive awareness of teachers. Due to this
fact, the instrument did not need to be refined in a pilot study prior to its use in the

quantitative portion of this research study. The MAIT has been used and validated by
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Balcikanli (2011) in an investigation of the metacognitive awareness of student teachers
in an English Language Teaching Program. No literature has been located that has
examined the use of the MAIT with samples of teachers of other content areas, such as
mathematics, or with a larger sample size than 323. This study was designed with the
intention of examining a larger sample size and metacognition of teachers in the field of
mathematics.

Sample size is an important aspect of a quantitative research study. Creswell and
Plano Clark (2007) stated that the sample size has a direct impact upon whether a study
may qualify as a rigorous study. The goal is to reduce sampling error and thus making the
findings a more accurate representation of the population. Creswell (2009) stated that the
population of the study should be identified, and the sampling design should be
representative of the overall population. In the academic year of 1999-2000, there were
approximately 182,000 mathematics teachers in the United States. Assuming that there
had been only a small increase in the number of mathematics teachers, the approximate
value of 182,000 was chosen as representative of the population.

Locating a sample of mathematics teachers of appropriate size was an important
consideration for this research study. Creswell (2009) suggested that cluster sampling
would be appropriate when attempting to locate individuals as participants for a study on
a population that it is very difficult or impossible to establish a complete list of members
or elements. Cluster sampling allows for the use of the membership lists of particular
organizations to select participants that are appropriate for the study. In the case of this

research study, the selected group for the cluster sampling was the National Council of
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Teachers of Mathematics. The sample was purposefully stratified, as much as possible, to
examine both genders, male and female, and all grade spans (K-2, 3-5, 6-8, and 9-12) that
were represented. The participants were located from the National Council of Teachers of
Mathematics.

Size is equally important to strategy (Creswell 2007). Creswell emphasized that
the size for a quantitative study should not require that the findings be generalized. A
power analysis, conducted with G*Power 3.1 (Buchner, Erdfelder, Faul, & Lang, 2014),
at the .80 level for the nine potential predictor variables, determined the desired sample
size to be five hundred. In order to accomplish this task, a list of contact information for
5000 members’ National Council of Teachers of Mathematics (NCTM) was purchased
from Marketing General Incorporated. The members were mailed a request to participate
in the study. The questionnaire was administered using Google Surveys (Google Inc.,
2014) via the internet. As each survey was completed, the collected data was directly
entered into a Google Sheet (Google Inc., 2014). This data was then exported to Excel
(Microsoft Excel, 2010) and SPSS (IBM SPSS Statistics, 2012) for further analysis. The
number of teachers teaching mathematics was approximately 182,000 in the academic
year of 1999-2000. NCTM has approximately 80,000 members (NCTM, 2013). The
State Indicators of Science and Mathematics Education: 2007 report contains a
compilation of 2006 data collected from the state departments of education. In this report
written by Blank, Langesen, and Petermann (2007), the authors indicated that there may
be as many as 244, 839 teachers instructing mathematics in grades 7-12. It was difficult

to determine the actual number of teachers of mathematics since most elementary
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teachers instruct mathematics. An additional complication was the possible overlap of
teachers of grades seven and eight. Seventh and eighth grade are at times grouped with
K-8 and at other times considered to be a part of middle school. The membership size of
the NCTM makes the organization the most attractive for the recommended sample size
of 500. At the time of this study, as much as twenty to thirty percent of the mathematics
teachers may be represented by the membership of the NCTM.

Definitions

Components of metacognition: The two divisions of the six subfactors of
metacognition defined below. The first component, metacognitive knowledge, consists of
declarative knowledge, procedural knowledge, and conditional knowledge. The second
component is that of metacognitive regulation and control and consists of planning,
monitoring, and evaluating (Schraw, 2001).

Conditional knowledge: Knowledge of when and why to use a skill. It is the
comprehension of which skill is appropriate for use and at what time it is appropriate to
use the skill. Conditional knowledge includes comprehension why procedures should be
used or used and the limitations of the procedures (Balcikanli, 2011; Pintrich, 2002).

Declarative knowledge: Knowledge about something. It includes an individual’s
conceptions and beliefs about something (Balcikanli, 2011; Desoete, 2007; Schraw &
Moshman, 1995).

Demographic variables: Characteristics that define groups within a population.
In this study the type of degree that a teacher has earned and the number of years of

teaching experiences are examples of demographic variables (Creswell, 2009).
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Evaluating awareness: Self-assessment and the regulation of one’s learning upon
completion of the task. It includes the review of the match/mismatch of the intended goal
and the actual outcome as well as the revaluation of one’s goals after the completion and
evaluation of the task (Balcikanli, 2011; Schraw & Moshman, 1995).

Genetic variables: Variables that are demographic variables or characteristics that
an individual cannot control, such as age and gender (Bevilacqua & Goldman, 2009) .
These are inherited traits or characteristics (Rieger, Michaelis, & Green, 1976).

Metacognition: The ability of person to understand, reflect, and control one’s
learning based upon reflection and the understanding of one’s thinking (Schraw &
Dennison, 1994).

Metacognitive knowledge: Knowledge about the self as a learner, knowledge
about learning strategies, and knowledge of when to use the strategies. This knowledge
impacts one’s performance as a learner. The subfactors examined by this study and the
Metacognitive Awareness Inventory for Teachers included: declarative knowledge,
procedural knowledge, and conditional knowledge (Balcikanli, 2011; Schraw, 2001,
Schraw & Moshman, 1995).

Metacognitive regulation: Control of one’s thinking, improved use of strategies,
and an increased awareness of the level of comprehension (Balcikanli, 2011; Schraw,
2001). Metacognitive regulation is the planning, monitoring, and evaluation of learning
and includes these three subfactors of metacognition (Balcikanli, 2011: Schraw &

Moshman, 1995).
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Monitoring awareness: A regulatory skill of the quality of performance and
comprehension. It is a dynamic regulatory and control process that is conducted at
periodic intervals throughout the execution of a task (Balcikanli, 2011; Schraw &
Moshman, 1995).

Planning awareness: A regulatory skill of metacognition. It includes the selection
of the appropriate strategies, the timing of the use of the strategies, and allocation of
resources (Balcikanli, 2011; Schraw & Moshman, 1995).

Procedural knowledge: Knowledge of how skills are to be used and/or applied
(Balcikanli, 2011; Deseote, 2007). It is the knowledge about the “execution of procedural
skills” (Schraw & Moshman, 1995, p. 353).

Assumptions

This quantitative research study was conducted on the assumption that teachers of
mathematics from grade kindergarten through grade twelve have differing degrees of
their awareness of their use of metacognition during instruction to meet the needs of their
students. It was assumed that the large membership of the National Council of Teachers
of Mathematics was representative of the population of mathematics teachers of the
United States in characteristics, beliefs, and practices. In addition, it was assumed that the
mathematics teacher participants of this study completed the survey honestly, accurately,
and to the best of their ability. It was also assumed that the survey was completed on a
voluntary basis. This research study took into account the assumption that the stepwise

multiple regression analysis would identify the most influential predictors of mathematics
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teachers’ metacognitive awareness from the demographic and genetic variable
information that was collected with the MAIT survey.
Scope and Delimitations

The intention of this study was to critically investigate and compare the degree of
the influence of age, gender, type of teacher preparation, grade level of mathematics
instruction, number of years of education, all degrees earned, age when entered the
teaching profession, and number of years of teaching experience, including any
interruptions in the teachers’ years of experience upon the mathematics teachers’
awareness and use of the six subfactors of metacognition. Teachers instructing
mathematics in grades kindergarten through grade twelve from the National Council of
Teachers of Mathematics were asked to participate voluntarily in this research study.
Delimitations of this study included the investigation of the teachers of mathematics
perspectives and responses of how they use metacognition to plan, adjust, and evaluate
their instruction to meet the needs of their students. This study was not intended to
examine the impact of teaching of metacognitive strategies to mathematics students or to
examine the academic performance of pupils whose teachers use metacognitive strategies
to adjust their instruction.

The definition of metacognition, the metacognitive components of knowledge and
regulation, and the subfactors of metacognition were created with a blending of Flavell
(1970; 1976; 1979), Pintrich (2002), and Schraw and Moshman (1995), as well as
Balcikanli (2011). Balcikanli’s Metacognitive Awareness Inventory for Teachers had

been previously designed and validated for reliability and applicability to teachers. The
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examination of the use of metacognition by mathematics teachers expanded the use of the
MAIT to a broader population of teachers and opens the door for future application of
this instrument to larger populations and more diverse content areas. The additional
examination of the impact of the demographic and genetic independent variables opens
the door for comparison of the effects of multiple independent variables on the
metacognitive experiences of teachers and learners.
Limitations

Limitations of this study include the number of voluntary responses collected
from the online administration of the survey. The sampling methodology of cluster
sampling removes any possibility of the use of a random sample for this study. The
cluster sample was selected from the membership of the NCTM. The 5000 potential
participants were randomly selected by an agency that is independent of this researcher
and the NCTM. There also exists the possibility that some teachers completing the survey
may not have fully understood metacognition and its importance in the teaching of
mathematics. These teachers have used these practices to plan, monitor, and adjust their
instruction without being aware of their thinking about this process. The teachers
completing this survey may not have received previous instruction about metacognition
and its application to teaching and learning. Participants will be asked to reflect on their
teaching practices. Thus, their personal bias may impact their beliefs about their practices

and performance.
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Significance

This quantitative survey study critically examined the role of teacher
metacognitive awareness in a sample of mathematics for the purpose of improving
teaching and learning. The sample of participants will include teachers that differ in the
number of years of teaching experience, from preservice to multiple decades, as well as
teachers that that instruct students from kindergarten through grade twelve. The results of
this study may provide insight into the metacognitive processes of mathematics teachers
as identified and as validated by this study using the survey the Metacognitive Awareness
Inventory for Teachers (MAIT). These procedures are used by mathematics teachers to
adjust their instruction for the purposes of meeting the needs of their students’
achievement and the students’ opportunities for the thinking and learning of mathematics
noted by Veenman et al. (2006). Unlike the study conducted by Balcikanli (2011) in
which the MAIT was administered only to student teachers of English Language
Teaching (ELT) Programs, this study investigated how the predictors of metacognitive
knowledge and practices of mathematics teachers of differ. The levels of teacher
experience and knowledge impact instructional quality, student achievement, and the
students’ opportunities for the learning of mathematics as noted by Veenman et al. and
National Mathematics Advisory Panel, (2008).

This study used the MAIT to collect information about the use of metacognition
from the study population of a sample of mathematics teachers with differences in age
(IV-1), gender (IV-2), type of teacher preparation (1V-3), grade level of mathematics

instruction (1\VV-4), number of years of education (IV-5), degrees earned (I1V-6), age when
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entered the teaching profession (IV-7), years of teaching experience (IV-8), and any
interruptions in teachers’ years of experience (IV-9). The MAIT survey instrument was
previously established, the demographic variables were used to provide new knowledge
and insight about the impact of age, gender, type of teacher preparation, grade level of
mathematics instruction, number of years of education, degrees earned, age when entered
the teaching profession, years of teaching experience, and any interruptions in teachers’
years of experience with the components of metacognition and the six subfactors
examined. Teachers use the components of metacognition and their subfactors for the
planning, monitoring, adjusting, and evaluation of the instructional methodologies, as
well as, student learning.

The most influential predictors were selected from the demographic and genetic
variable information collected during the survey using a stepwise multiple regression.
The results of this analysis may have revealed previously unknown and unestablished
evidence of existing bias in the MAIT in that some of the items of the MAIT did not
produce statistically significant results that could be associated with the subfactor of
metacognition that the survey item was intended to address. The multiple regression
analysis examined the proposed research hypotheses. Some of the demographic
components, such as age and number of years of teaching experience, may serve as
ordered predictors of the use of the metacognitive subfactors used by mathematics
teachers. Other demographic components, such as grade level, may serve as unordered
predictors of these subfactors of metacognition (Green & Salkind, 2008). No previous

research had examined the variation of these subfactors of mathematics teachers with
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differences in teaching experience in relation to the demographic information considered
in this study.

Balcikanli (2011) suggested that additional studies should be conducted for
validation of “the structure of the MAIT with larger and varied samples” (p. 1326).
Balciknali’s goal was to provide a tool that would prove useful for educational
researchers for future examination and measure of teachers’ metacognitive awareness.
Since the conception of the MAIT, no other studies had used this instrument in its
original form. One study examining the impact of science teacher metacognition through
professional development used an extraction of the statements contained within the
MAIT. The MAIT was designed through a three-phase study using teachers in an English
Language Teaching Program. No literature was located that had indicated that the MAIT
has been used with any other sample source or size. The results of this study will raise the
awareness of the utility of the instrument, its availability and its purposeful design. Zohar
(1999) emphasized that a great deal of research had been conducted that provides
evidence of metacognition and its role in the success for the learner, but little research
had been conducted that examined teachers’ metacognitive knowledge and pedagogical
comprehension of metacognition.

This study added to the body of knowledge of the use of metacognition for the
teaching and learning of mathematics as well as to improve the metacognitive training
and preparation of preservice and current mathematics teachers of kindergarten through
grade twelve. Students will have a greater opportunity to increase their academic

performance as a result of an increase in the teachers’ understanding of metacognition
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and differentiation develops. The information from this study will serve to improve the
metacognitive training and preparation of preservice and current mathematics teachers
through the demonstration of the influence of teaching experience upon the teacher’s use
of the subfactors of metacognition. Improvement in the training of metacognitive skills
and awareness of preservice mathematics teachers will increase their level of
performance from the onset. Improvement in education and performance of teachers
should have a positive impact upon classroom instruction thus, improving the
mathematics performance of numerous students, both struggling and non-struggling. The
improvement in the teaching and learning of mathematics may create positive social
change through the increase the numeracy skills of individuals, thus potentially impacting
the workforce and level of mathematics competence during participation in civic and
social activities.
Summary

Awareness of the importance of monitoring one’s thinking for the purpose of
helping learners of mathematics is a requirement for every teacher of mathematics. Each
learner has different needs and a different style of learning. Since all student needs must
be met, the mathematics teacher is faced with an enormous challenge. It is important to
find ways and means of assisting aspiring teachers to acquire the necessary skills and
expertise to perform efficiently in order to meet the needs of the learner. Magno (2010)
noted that when a teacher provided explicit instruction and guidelines for metacognition
to learn materials effectively, critical thinking invariably developed among the students in

the classroom. The ‘on the spot’ adjustment of instruction performed by some teachers is
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a critical element in improving the mathematical performance of students. Teacher’s
metacognitive practices during instruction provide an opportunity for ‘real-time’
monitoring of student learning and allow for the immediate adjustment to instruction. The
continuous monitoring and evaluation of student progress and learning goal has a
significant impact on the providing of appropriate instruction and tools. Student
achievement can be significantly improved through the metacognitive practices of the
instructor.

This study investigated potential predictors of mathematics teachers’ use of
metacognition to adjust their instructional practices to meet the needs of learners. Some
schools focus learning on student needs through requiring and empowering teachers to
plan continuously, check, and adjust their teaching to align with the students learning and
the learning goals. Metacognitive awareness is required by both teacher and learner in
order to help learners assume responsibility through the planning, monitoring and
evaluating student learning.

The literature reviewed in Chapter 2 of this study examines the importance of
metacognition in the teaching and learning of mathematics, as well as, the importance of
metacognition in teaching and the monitoring and adjustment of instruction. This
literature describes the complexity of the involvement of metacognition with the
processes of the teaching and learning of mathematics. The theoretical foundation and
conceptual framework for this study are presented as a foundation for the presentation of
this literature. The resources reviewed focuses on metacognition, how the brain learns,

how the brain learns mathematics, how teachers use metacognition, and how
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metacognition can impact the learning of mathematics. The resources reviewed in
Chapter 2 present the support for the investigation and methodology of this research
study as discussed in Chapter 3. The results of this quantitative survey study are
discussed in Chapter 4. Chapter 5 provides a discussion and interpretation of the findings
of the multiple regression analysis. Within the final chapter recommendations for further

research, and the implications for positive social change are discussed.

Chapter 2: Literature Review
Introduction

Underachievement in mathematics among children in the United States remains a
significant problem (Dowker, 2009; Posner, Rothbart, & Tang, 2013), in spite of a
multitude of efforts to improve mathematics instruction and student learning (NSF,
2016). Little research exists regarding the role of the teacher as a demonstrator and
communicator of the processes of thinking and learning of mathematics (Veenman et al.,
2006). None of the studies reviewed by the National Mathematics Advisory Panel (2008)
examined how elementary and middle school teachers’ mathematics knowledge impacted
instructional quality and student achievement and learning. Metacognition is known to
improve student achievement through the planning, monitoring and execution of problem
solving (Doganay & Demir, 2011; Ebdon et al., 2003; Kazemi, Fadaee, and Bayat, 2010;
Veenman et al., 2006). It also plays a role in collaborative learning, awareness of the
situation and strategy selections, and internalization of new skills and knowledge
(Dogany & Demir, 2011; Ebdon et al., 2003; Schoenfield, 1987). The purpose of this

study was to provide new knowledge and insight about the relationship and impact of



40

demographic and genetic variables as potential predictors of mathematics teachers’ use
and awareness of metacognition in their instructional practices.

A literature review was conducted of electronic and print resources in order to
locate information from current research and foundational research related to this study.
Studies and articles that were published in journals, dissertations, national databases, and
publications of government and professional organizations were critically examined for
the appropriateness and application to this study. Key terms were entered in combinations
to search for relevant information. The theoretical foundation of this study emphasizes
the critical importance of metacognition to the improvement of teaching and learning
practices. These skills are essential to assist students in the acquisition and application of
knowledge in this rapidly changing world. The literature reviewed in this chapter is
divided into seven focus areas. Each focus area discusses a particular aspect of the
conceptual foundation for this research study. In the first section, metacognition is
defined and described in general terms. The second section addressed metacognition and
its relation to learning. In the third section, I discussed computational fluency, problem
solving, number sense, and making connections to real life applications of mathematics.
A brief overview of neuroscience research, neural imaging, and executive functions is
provided in the fourth section. The fifth focus area of this literature review discusses the
importance and influence of metacognition in the learning of mathematics. I then discuss
how the variables of age, gender, teaching experience, and grade level may relate to
metacognition. The chapter summary discusses the potential possibilities for

improvement to teaching and learning should neuroscientists, educational researchers,
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and teacher find a more efficient way to collaborate and share resources. This discussion
is centered on the potential impact of metacognition as one of the focus areas for this
collaborative relationship and unification of theories. The potential impact on the
teaching and learning of mathematics is central to this discussion.
Literature Search Strategy

An extensive literature review was conducted of electronic and print resources. In
order to synthesize information from current research and foundational research related to
this study, | searched for studies and articles that were published in journals, national
databases, and dissertations. The publications of government and professional
organizations were also reviewed. Key terms were entered in combinations to search for
relevant information. Electronic databases that | used to conduct the search for resources
included GoogleScholar, ProQuests, Springer, Eric, Education Research Complete,
Education from Sage, Science Direct, and Academic Search Complete as well as
Dissertation and Theses at Walden University. Keywords applied to the searches included
metacognition, teaching, learning, learning mathematics, and neuroscience. The
emerging sources focused on the neuroscience of learning, the neuroscience of learning
mathematics, executive functions, the metacognition of teaching and learning, the
regulation of learning, using metacognition for the improvement of learning, and using
metacognition for the improvement of teaching. Related literature revealed the numerous
terms and definitions applicable to metacognition, the regulation of cognition, and the

regulation of teaching and learning.
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Initially, I focused on the location of resources regarding metacognition,
metacognition and the learning of mathematics, how teachers use metacognition, how the
brain learns, how the brain learns mathematics, and how metacognition impacts the
learning of mathematics. Journal articles and texts were critically examined and included
when appropriate to the topic of consideration. The scope of the literature examined
ranged from books, and journal articles published from that of Dewey in 1933 through
the date of the writing of this proposal in the year of 2014. The majority of the literature
was published in 1970 and later. While the primary goal of this literature search was to
locate research from 2010 or newer, foundational literature cited by these more recent
publications was also examined. Organizational publications from the North Central
Regional Educational Laboratory, the National Council of the Teachers of Mathematics,
Association for Supervision and Curriculum Development, and the U.S. Department of
Education were examined for background information and for contributing evidence to
the significance of this study.

Theoretical Foundation

The current demands of rapid progress and change in a highly scientific and
technological environment have created an immediate necessity for the modification of
the current educational system in the United States and other countries around the world.
The goals and methods of education must be adapted to meet the continuously changing
needs of the economy, science, and technology. To meet these demands, learning and
instruction must transition from the acquisition of information and basic skills to one that

is focused on the development of critical thinking skills that will assist students with the
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acquisition and processing of new knowledge (Zohar & David, 2008). The current
changes in academic curricula place a greater emphasis on developing reasoning skills
and deep comprehension in young people at all levels of academic ability (Zohar &
David, 2008). Learners are no longer viewed as passive absorbers. Rather, they are
considered active participants in the learning process (Perels, Dignath, & Schmitz, 2009).
Students must be able to adapt existing knowledge to new and different requirements, as
well as, to acquire new knowledge in this rapidly changing world that necessitates
lifelong learning by all (Perels, Dignath, & Schmitz, 2009).

Most researchers and practitioners emphasize the critical role of metacognition in
the improvement of teaching and learning practices (Sperling, Richmond, Ramsay, &
Klapp, 2012). Sperling et al. noted that metacognitive learners recognized when their
learning strategies are efficient and when the learning strategies are mismatched resulting
in misunderstandings and struggles. These students were able to select and apply
additional strategies to assist with learning or to monitor better and control their
motivation. Subramaniam (2009) reported that teachers monitoring, planning, and
evaluation of the effectiveness of their instructional strategies had positive effects on
student achievement. Thinking about their thinking caused the teachers to analyze their
strengths, weaknesses, and opportunities. The results indicated that teachers exhibited a
prominence of specific strategies and showed a shift toward research-based practices
through authentic learning experiences (Subramaniam, 2009). Teachers implemented
critical and creative teaching techniques that replicated the critical thinking processes that

they used in planning and implementing their instruction. Subramaniam emphasized that
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the use of metacognitive practices in teaching is significant in enculturating inherent
lifelong learning for teachers.
Conceptual Framework

Flavell (1970, 1976), Hacker (1998), and other researchers have established a
connection of metacognition to successful learning. Hacker stated that, “metacognition
includes both knowledge of one’s knowledge, processes, cognitive and affective states,
and the ability to consciously and deliberately monitor and regulate one’s knowledge,
process, and cognitive and affective states” (p. 11). Rahman, Jumani, Sattti, and Malik
(2010) emphasized that metacognitive learners perform better than learners that are
unaware. The authors stressed that this phenomenon is true for both the teacher and the
student.

The effective teacher must play the roles of teacher and student simultaneously.
Metacognitive teaching is more than teaching with metacognition. It includes the explicit
instruction of metacognitive skills and processes (Rahman et al., 2010). Teachers must
think about how to develop their students’ metacognitive skills (Hartman, 2001; Rahman
et al., 2010). Teachers must adjust their instruction to meet the needs of the pupils, the
situation, and the goals of the learning activity. Metacognition assists with planning,
monitoring, and evaluating the learners’ progress and the effectiveness of the
instructional activity (Rahman et al., 2010). It allows for the provision of immediate
scaffolding when necessary (Duffy, Miller, Parsons, and Meloth, 2009). Hartman
emphasized that metacognition assists teachers with strategic use of instructional

techniques.
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The impact of metacognition and the use of metacognition are not well researched
despite the increase in interest in this topic over the last three decades (Rahman, et al.,
2010). The critical state of the information available is described by Rahman et al. in the
statement below:

In spite of its importance, the issue of teacher’s metacognition is often not

addressed openly in literature. Most of the research conducted about

metacognition focuses on students thinking and learning processes. It seems
obvious that teaches need to be in touch with their knowledge control and

awareness of their own thinking and learning process. (p. 220)

The teacher is the mediator of the classroom interactions that also includes the
social culture of the classroom, the available tools and learning supports, and the
student’s individual needs, as well as the nature of the mathematical task at hand (Lester,
2013). Strategically designed and executed incorporation of metacognition instruction
into the mathematics curricula across age levels and courses will improve the academic
performance and independence of students. Donavan et al. (1999) emphasized that the
development and application of strong metacognitive strategies and learning to teach
metacognitive strategies in the mathematics classroom should be an integral part of the
curriculum of schools of education. It is upon this framework that the study of the impact
of age, gender, type of teacher preparation, grade level of mathematics instruction,
number of years of education, degrees earned, age when entered the teaching profession,

years of teaching experience, and any interruptions in teachers’ years of experience the
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upon the use of the components of metacognition and the six subfactors by mathematics
teachers will be conducted.
Literature Review Related to Key Variables

The scholarly and research literature reviewed for this study focused on the role
of metacognition in teaching and learning. The goal and emphasis of the literature search
were to locate and critically analyze scholarly writing that investigated the use of
metacognition for the teaching and learning of mathematics. The confines of this paper
and research were limited to those articles addressing the variables and the application of
metacognition in the teaching mathematics that were identifiable. Every theory or opinion
could not be included, due to the vast differences in terminology and definitions
regarding metacognition and self regulation for teaching and learning. The literature was
discussed in the seven sections previously described in this chapter of this research paper.
Metacognition: A definition and description

Metacognition is frequently described as thinking about one’s thinking (Ebdon,
Coakley, & Legnard, 2003). Flavell (1970) initially described metacognition as one’s
awareness of the process of thinking. He further refined the definition to the conscious
knowledge of one’s processes of cognition and the products related to these processes
(Flavell, 1976). Schraw and Dennison (1994) defined metacognition as, “the ability to
reflect upon, understand, and control one’s learning” (p. 460). Hacker (1998) stated that,
“metacognition includes both knowledge of one’s knowledge, processes, cognitive and
affective states, and the ability to consciously and deliberately monitor and regulate one’s

knowledge, process, and cognitive and affective states” (p. 11). The development of



47

expertise through reflection, evaluation, and deliberate practice requires metacognition
(Marzano et al., 2012). Feltovich, Prietula, and Ericsson (2006) described this aspect of
metacognition as “knowledge about one’s knowledge and knowledge about one’s
performance” (p. 55). The definition of metacognition, its breadth, and all of the aspects
of metacognition are not universally defined. It is, therefore, beyond the scope of this
study to discuss all of its aspects. This research will address only the components and
aspects of metacognition that are related to teaching and learning.

Metacognition is most often divided into the two components of “metacognitive
knowledge” and “metacognitive skills” (Bromme, Pieschl, & Stahl, 2010). In their
research Broome, Pieschl, and Stahl defined metacognitive skills as the factors and
processes used to monitor actively and control one’s cognition. These authors explained
metacognitive knowledge as what one knows about their cognition (Bromme, Pieschl, &
Stahl, 2010). Flavell (1976, 1979) described metacognitive knowledge as the active
thoughts about what one knows. In other words, metacognitive knowledge is the active
thoughts that one has about one’s current actions. It includes the reflective thoughts of
monitoring and evaluating, and other metacognitive thoughts focused on the evaluation of
performance.

Flavell et al. (2002) described two aspects of metacognition: metacognitive
knowledge and metacognitive monitoring and self regulation. He further divided
metacognitive knowledge into three sub-categories: knowledge about persons, tasks and
strategies. Within Flavell’s (1979) framework the components of metacognitive

knowledge, goals, and strategies are highly influenced by person, task, and strategy.
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Metacognitive knowledge denotes one’s beliefs and knowledge about one’s cognitive
skills. The cognitive strategies include knowledge one possesses about what skills to
perform and in which situations they would be appropriate to perform.

The framework initially created by Brown (1978) places emphasis on knowledge
and regulation of cognition (Sperling et al., 2012). Building on this framework, Schraw
(1998) described the differences between regulation of cognition and knowledge of
cognition. He further divided knowledge of cognition into the sub-processes of
declarative, procedural and conditional knowledge. Procedural knowledge applies to the
effective use of strategies, such as acquiring a great number of strategies and how they
might be used (Schraw & Dennison, 1994; Sperling et al., 2012). Conditional knowledge
refers to the knowing of when and why to use strategies (Schraw & Dennison, 1994;
Sperling et al. 2012; Young and Fry, 2008). Declarative knowledge is knowledge about
one’s self and strategies (Schraw & Dennison, 1994). Planning, monitoring, and
evaluating are three regulatory skills that are considered to be important for students to be
able to regulate their learning (Balcikanli, 2011; Kluwe, 1987). Metacognition requires
both the knowledge of thought and skill, as well as the effective use of the knowledge,
termed metacognitive control (Ozsoy, Memis &Temur, 2009).

The current interest in metacognition for teaching and learning is based on the
concept that all students need to be lifelong learners and problem solvers. It is believed
that students should acquire problem solving skills in school that will be useful and
applicable to everyday life. Exposure to problems that resemble real life situations

provides the best environment for the acquisition and refinement of these skills. Realistic
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situations help students make connections to prior experiences and to envision future
applications of problem solving skills. Through the comprehension of the thinking,
learning, and strategic approaches to problem solving attained at school, the student
should be able to extrapolate these processes into life as necessary to function as an
active participant in society (Prytula, 2012). Reflection and awareness of one’s thinking
aids in the processes of learning and the monitoring of the appropriateness and success of
one’s actions, as well as in strategic problem solving.

Metacognition refers to knowing how to reflect and analyze one’s thoughts, as
well as how make use of these ideas and analyses through action (Prytula, 2012;
Downing, Kwong, Chan, Lam, & Downing, 2009). The emphasis in this definition is
more of a social construct in that the learner can potentially regulate and direct the
problems solving process, as well as knowing his or her thought processes and others’
(Prytula, 2012). This definition supports the earlier definition provided in this study and
allows for the consideration of social influences upon metacognition. The teaching and
learning of mathematical problem solving and the metacognitive activities to perform
these activities requires the development of metacognitive skills. Kazemi, Fadaee, and
Bayat (2010) described mathematical problem solving as a series of complex interactions
between cognition and metacognition.

Metacognition and self regulation have overlapping components and similar
principles. Self regulation theories such as Zimmerman’s (2000) cyclical model of self
regulation provide a framework analogous to that of some of the metacognitive theories.

Zimmerman’s model contains a forethought phase (prior to performing the task), a
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performance phase (monitoring during the execution), and a self-reflection phase (post-
performance evaluation). These phases contain elements of metacognitive planning,
monitoring, and evaluating of performance. Self regulation is a critical component of a
one’s metacognitive awareness of one’s learning processes or engagement in a learning
activity (Labuhn et al., 2010; Pieschl, 2009). Labuhn et al. emphasized the objective of
improving academic performance and achievement might be attained through the
enhancing of learner self regulation. Successful students have the knowledge and
awareness of their learning processes, as well as the suitable strategies to effectively
manage their learning (Balcikanli, 2011).

Students can overcome personal shortcomings when they are encouraged to work
collaboratively (Kim, Park, Moore, & Varma (2013). Kim et al. described the impact of
metacognition on three different levels that take place within the classroom. The first
level described was the most familiar and individual level of metacognition. On an
individual level, the student has only the resources available to monitor and control one’s
thinking and learning that are known to the individual. When collaborating with the
group, shared thinking and discussion increases the metacognitive resources available to
the learner. On the environmental level in the classroom, stimulants, classroom supports
and resources, and other activities may become accessible to the student. Metacognitive
resources exist on multiple levels for all learners in the classroom (Kim et al., 2013).
Metacognition and Learning

In the current paradigm of education there is a greater emphasis on teaching and

learning for deeper comprehension and the development of critical reasoning skills that
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empower students to obtain and develop new knowledge and skills (Zohar & David,
2008). Learning is a process of thinking and interacting with the environment. An
increase in the thinking processes involved results in an increased permanence of the
learning (Doganay & Demir, 2011). In other words, when one reflects upon and monitors
interactions within the learning environment one is more capable of making associations
and connections to prior experiences and previous learning that allows the new
knowledge to be retained with other knowledge stored in long-term memory.
Metacognition is thinking that is at a deeper than regular cognition (Zohar &
David, 2009). It is a critical skill for independent learning since it assists the student with
control and regulating thoughts about learning and behaviors involved with learning
(Balcikanli, 2011). Metacognition is a system of thinking that enhances the active
participation of learners on multiple levels (Doganay & Demir, 2011). What and how one
learns can be controlled through the use of the deeper thinking processes of
metacognition (Balcikanli, 2011). Learning is complex and involves a number of
processes including reflection, knowledge activation, planning, and metacognitive
monitoring and regulation (Azevedo, 2009). Doganay and Demir (2011) indicated that
learners need to obtain specific skills, such as effective planning, listening, writing,
reading, and active participation, in order to plan, monitor, and evaluate their learning. A
self regulated learner scrutinizes the learning conditions and required tasks, sets goals,
and determines which strategies to use given the conditions, prior experiences, and the
required tasks (Azevedo, 2009). Zohar and David (2009) provided additional support for

theories incorporating multiple levels of metacognition through their description of a
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higher order type of metacognition that they termed meta-strategic knowledge. Within
meta-strategic knowledge, the learner is aware of the thinking and the kind of thinking
strategies that are used in particular environments for the purposes of problem solving.
The level of motivation and beliefs of the student are based on prior experiences and
prior knowledge. While participating in the learning experience, the student may evaluate
the effectiveness of the selected strategies in helping the student achieve the desired goal.
The student can also make adjustments in strategies or other aspects of the learning
context based upon the reflective evaluation process executed (Azevedo, 2009).

Despite the differences in the existing definitions and descriptions of
metacognition, there exists a general agreement and recognition among most researchers
and practitioners that metacognition plays a crucial role in the memory, learning, and
achievement of students (Sperling, Richmond, Ramsay, & Klapp, 2012). Regarding the
monitoring and regulation of metacognition, Posner, Rothbart, and Tang (2013)
emphasized that there exists ample evidence that demonstrates that self regulation is of
great importance for learning in school and life. Facilitation of the decisions for what,
how, and when to regulate and control, impact the student’s choice of adaptations and
adjustments. These decisions and adjustments are based on the constant monitoring and
comparison of the desired outcome. Balcikanli (2011) cautioned that many researchers
believe that learners cannot become autonomous without metacognitive and self
regulatory skills. He also noted that very little research exists that directly links academic

success with metacognition.
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In order to insure academic success, it is critically important that teachers
understand the complexity and of the nature of the underlying processes that impact
learning and influence academic achievement (Azevedo, 2009). Metacognitive
monitoring and regulation are intricate processes. In order to improve our understanding
of metacognition and self regulated learning, additional research should be conducted that
examines the underlying processes of metacognition, as well as, the role and function of
these processes (Azevedo, 2009). Within this future research, the impact of these
processes upon problem solving, learning, and transfer be critically examined. Beneficial
information for the improvement of teaching and learning could be discovered through
the detailed investigation of the role of the metacognitive processes and self regulatory
processes under different learning conditions (Azevedo, 2009).

Research should also be conducted on the development of metacognitive and self
regulatory skills. Information about the development of these processes could provide a
deeper comprehension of the processes. It could also be used to improve academic
achievement and learning environments. The information that is gained would help
current and future educators to provide the necessary instructional supports to
accommodate skills that teachers have not yet developed, are in the process of
developing, or are in the process of becoming automatic through additional practice. This
information is also relevant for the improvement of training of preservice teachers who
have an active role in supporting and fostering student learning (Azevedo, 2009).
Metacognition plays a significant role in the learner’s self regulatory processes (Abar &

Loken, 2010; Lee, Lim, & Grabowski, 2009, Sperling et al., 2012; Winne & Nesbit,
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2010). Learners use metacognition to monitor and adjust their learning through feedback
loops that adequately evaluate their progress toward their goals. Preservice teachers are
students of teaching strategies and methodologies. Inservice teachers are learners of these
same skills, as well as learners with the needs of students. All teachers, preservice and
inservice, must monitor the effectiveness of instruction, thus placing additional
importance upon metacognition as a tool for the teacher as both an educator and a learner.

Learning is a goal-oriented process making discriminatory use of accessible
information in the setting or memory and processing the information in a way that is
guided by the desired outcome (Efklides, 2009). Learning is specific to condition and
situation. It takes place in a particular context and may be limited by it. Learning is not
automatically applied to new circumstances, and it does not result in a successful
outcome every time. The resulting outcome of the learning process is dependent on the
accessibility of declarative and procedural knowledge. It is also dependent on the proper
ordering and use of the procedures to be applied for reaching the goal. The methods
include the monitoring and control of one’s thoughts and on the reflective evaluation of
the resulting outcome (Efklides, 2009).

Self regulated learning is based on the assumption that the self is an integral part
of the learning process and serves as a guide in this process (Efklides, 2009). It is also
based on the assumption that learning is a dynamic and on-going process. Self regulated
learning involves both the cognition and motivation associated with the setting of goals
and engagement with the learning activity. Metacognition is an important facet of self

regulated learning. It does not have direct access to the learning behaviors. It functions
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through thought and reflection. Metacognition is the monitoring and control of one’s
thoughts as well as an evaluation and reflection of the learning outcome and on oneself as
a learner (Efklides, 2009). Self regulated learning has phases of planning, monitoring,
and evaluation. Within these continuous phases, the learning goal is set, and the task and
learning situation are examined with respect to an individual’s perception of competency.

Emotions, feeling, attitudes, and motivation impact learning. This affective
feedback loop, in conjunction with motivation, is responsible for the drive of self
regulation. Metacognition uses a cognitive loop and an affective loop to regulate
cognition (Efklides, 2009). This approach interprets learning from a more holistic point
of view that allows educators to assist students in adapting and progressing as self
regulated learners. One’s self-concept and self-perception of competence are impacted by
self regulated learning as well as influencing the learning outcome. The perception of our
performance, our feelings during the execution of the task, and the strategies chosen for
execution of the task are stored in memory. These opinions are critical to the assessment
of the thinking of reasoning for our thoughts and actions as well as the thoughts and
actions of others. Individuals often construct knowledge at this social level of thinking.
Metacognitive experiences impact an individual’s motivation through their impact on
contributory attributions, on self-concept, and possibly on the perception of the
achievement goal (Efklides, 2009).

Metacognition has multiple facets, each one of them contributing to self regulated
learning in a different way. Metacognition often fails to control behavior and cannot be

reduced to the mere lack of strategic knowledge or avoidance of metacognitive strategies.
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The interaction of all the facets of metacognition, in particular the motivation prompted
by metacognitive experiences, activates metacognitive knowledge and metacognitive
strategies (Efklides, 2009).

Metacognitive learners can recognize when they are learning efficiently and when
they are struggling and therefore must employ the use of additional strategies or control
and monitor their motivation (Alexander, 2008). The use of metacognitive knowledge
and skills has a positive impact on upon academic performance. Young and Fry (2008)
determined that a correlation exists between student performance on the Metacognitive
Awareness Inventory and the cumulative Grade Point Average of the pupil. Further
evidence of the positive impact of metacognition upon learning and academic success
was provided by Dognay & Demir (2011). The results of their study demonstrated that
permanent learning and academic achievement can be enhanced through the development
of metacognitive skills (Doganay & Demir, 2011).

Nietfeld and Schraw (2002) provided evidence to support the concept that high-
knowledge learners outperformed low-knowledge learners on assessments due in part to
their ability to monitor their learning with greater accuracy as proposed by Glasser and
Chi (1988). Students that have attained appropriate strategies also apply and monitor
those strategies more accurately than less strategic learners (Nietfeld & Schraw, 2002).
High academic performers use metacognitive and regulatory strategies to set goals, as
well as to monitor and evaluate their learning (Lee et al., 2010). Mathematical skills are
applicable to life experiences outside of the classroom and school. Learning is a lifelong

process that is not limited to the confines of the school building. When one is aware of
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one’s own thoughts and learning processes of learning, one’s daily life reflects the
application of these knowledge and skills through success in multiple activities and
dimensions of life (Doganay & Demir, 2011).

The use of awareness for the monitoring of appropriate strategy use in problem
solving both in the classroom and life applications can be applied to specific skills and
their appropriate situations of use. One such example is that of the learning of
mathematics and its particular sub-skills. For example, computational fluency is a
paramount skill for mathematical literacy. In order for an individual to be able to use
mathematic skills appropriately, a person must understand the skill and its appropriate
applications, as well as be able to competently perform the skills. In the next section, the
improvement of the learning and execution of mathematical skills through the use of
metacognition is discussed.

Learning Mathematics

Computational fluency as described by the National Council of Teachers of
Mathematics (NCTM) is more than knowing basic number facts. Computational fluency
includes the understanding of these facts (NCTM, 2000). The learning of mathematics
involves more than an individual’s mental processes of knowledge and skill acquisition.
Students are expected to develop mathematical reasoning skills and think mathematically.
Good number sense allows students to move between the world of numbers and
mathematical expressions and real-world applications of mathematics almost effortlessly.
The understanding of the numerical properties, such as magnitude and cardinality, is the

foundation upon which mathematical skill and ability is built (Menon, 2010). The
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learning of mathematics is not individualized rote memorization of concepts and step-by-
step algorithms (Ebdon et al., 2003). Students should be encouraged to reflect on the
meaning of the numbers and how the numbers connect to their lives as an integrated part
of the performance of numerical computations. Communication of thinking and
reasoning through illustrations, graphical representations, and with words are also a part
of the demonstration of competency (Ebdon et al., 2003).

The learning of mathematics also includes the socio-cultural processes that impact
mathematics and mathematics learning. These values, belief, and practices include
interactions between groups and individuals regarding learning, mathematics, and the
learning of mathematics. The socio-cultural influences are situation dependent and
difficult to study out of context (De Smedt & Verschaffel, 2010). Some methods of
determining a mathematic solution are more cognitively demanding than others (De
Smedt & Verschaffel; Thomas et al., 2010). Transfer of acquired knowledge to new
situations is critical to improving mathematics achievement. Simply learning steps to an
algorithmic solving process or solving a multitude of simple calculations does not in
itself lead to improvement in mathematics. Understanding of the mathematical skill and
its appropriate applications is crucial to transfer performance (Lee et al., 2014).

Metacognition may have a great impact on how students learn mathematics.
Lester and Kehle (2003) stated that “Successful problem solving involves coordinating
previous experiences, knowledge, familiar representations and patterns of inference, and
intuition in an effort to generate new images and related models of inferences that resolve

some tension or ambiguity” (p. 510). The researchers noted that the resolution should
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solve or satisfy some condition the provoked the original problem solving activity.
Previous studies on metacognition and problem solving have demonstrated that
metacognition has a substantial impact on problem solving ability. Success in problem
solving was strongly correlated with higher levels of metacognitive skills (Ozsoy &
Ataman, 2009, Schoenfeld, 1992). When learners undertake a learning that is new or not
routine, a different perspective is required. The student must create new meanings
through inferences, making connections, and the construction of new representations
(Lester, 2013). Students that have difficulty with monitoring their thought processes
through metacognitive processes will face additional challenges in mathematical problem
solving (Ozsoy & Ataman, 2009). Ozsoy and Ataman stated that these difficulties could
manifest in how student plan, monitor, and regulate the steps and processes they choose
and use in the problem solving process.

Understanding examples provided for the learning of mathematics is more
important in the problem solving activities than the inclusion of verbal directions (Lee et
al., 2014). Transfer of mathematical knowledge was more highly influenced by the level
of mastery and understanding than by whether direct instruction was provided. For
successful learning and transfer to take place, it is necessary for the learner to identify the
hidden structure and nature of the problem. Lee et al. determined that the verbal
instruction had little impact on transfer of mathematical knowledge. The authors
emphasized that what students learned was of greater importance than how they learned.
Comprehension