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ABSTRACT 

TEACHER SELF-PERCEPTIONS AND STUDENT ACADEMIC ENGAGEMENT IN 

ELEMENTARY SCHOOL MATHEMATICS 

Kathleen M. Cash 

June 17, 2016 

 This study examined the relationship between elementary students’ academic 

engagement in mathematics and their teachers’ self-perceptions in mathematics. Early 

success in mathematics is seen as crucial for later success academically and 

professionally. Framed in Social Cognitive Theory this study sought to build on past 

research studies, which have found that student affective characteristics such as academic 

engagement, comprised of both behavioral and emotional engagement, vary across 

genders and ability levels. This study sought to use a number of control and independent 

variables to examine academic engagement in students and the relationship of that 

engagement to teachers’ mathematics self-concept and teaching self-efficacy. Due to the 

nested nature of the data, hierarchical linear modeling was used to analyze the data. 

Key findings indicated that, while classes of students vary on levels of academic 

engagement, in general this variability was not explained by the teacher’s self-

perceptions. However, when it comes to behavioral engagement, one of the two 

components of academic engagement studied here, in mathematics class, arguably a 

characteristic that might be particularly influenced by teachers, girls and boys
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differ significantly not only in their engagement (with girls in this study reporting 

statistically significantly more engagement than boys) but also in the way in which their 

engagement relates to teacher self-perceptions. In fact, teacher self-perceptions account 

for approximately 62% of the difference between girls and boys on their reported levels 

of behavioral engagement. Thus, the results of this study support the theory that, if one is 

interested in helping close the STEM gap for girls, there is a need for more 

mathematically strong teachers of female students even in the early grades. Suggestions 

for future research including looking at what class-level factors might explain the 

between-class variability in academic engagement, and further exploring the finding that 

differences in gender slopes were partially explained by teacher self-perceptions. 
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CHAPTER I 

INTRODUCTION 

 This study examined the relationship between elementary students’ academic 

engagement in mathematics and their teachers’ self-perceptions in mathematics. The 

introduction to this dissertation describes the research problem, the existing literature 

used to frame the study, the purpose of the study, and the research questions. 

Additionally, this introduction includes information about the significance of this study 

and the limitations of this study. 

Problem Statement 

 Early success in mathematics is crucial for students’ future successes in both 

academic and workplace environments (Levpuscek, Zupancic, & Socan, 2012; Singh, 

Granville, & Dika, 2002). Despite the importance of mathematics achievement, many 

American students struggle to keep up with their international peers (Adams et al., 2008). 

In past research studies, much attention has focused on achievement-related factors such 

as cognitive ability; however, more recent research endeavors have explored the effects 

of other student characteristics such as motivation and engagement (Levpuscek et al., 

2012). One such affective characteristic is student academic engagement, a construct that 

is difficult to measure but has shown to coincide with increased achievement (Lange, 

2010). Academic engagement is affected by the teacher’s own abilities to create a 

productive learning environment which is also influenced by a teacher’s self-perceived
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abilities to do so (Goddard, Hoy, & Hoy, 2000). This study sought to explore the 

relationship between student academic engagement and teacher self-perceptions in an 

attempt to further understand the relationship between teacher characteristics and student 

attitudes. The following section of this introduction will provide a brief overview of the 

existence literature on academic engagement and teacher self-perceptions. Chapter 2 of 

this dissertation will offer a more in-depth look at existing literature.  

Existing Literature 

 Academic engagement is a multi-faceted construct used to measure aspects of a 

student’s participation in academic activities (Fredricks et al, 2004; Lee, 2014). Higher 

levels of engagement correlate to higher levels of achievement among many groups of 

students, including elementary students who tend to be most malleable in affective 

characteristics (Glanville & Wildhagen, 2007; Levpuscek, Zupancic, & Socan, 2012). 

Academic engagement is an important construct, especially in elementary students, 

because it is strongly correlated to academic achievement and increasing engagement 

might be one avenue through which schools can increase achievement (Fredricks et al, 

2004). Although some student characteristics (e.g. ethnicity) remain stable over a time, 

schools might have influence on engagement (Fredricks et al, 2004). Because of the 

multidimensionality of engagement, engagement is frequently measured as a combination 

of several constructs (Betts, 2012). For the purpose of this study, engagement will be 

measured using the two-construct approach measuring both emotional and behavioral 

engagement as separate but correlated constructs. Though other aspects of engagement 

exist, the two discussed here are those which can be reliably measured in young children 

and which might correlate to academic success. Emotional engagement is the set of 
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attitudes that a student has toward school (Fredricks, 2004). Emotional engagement might 

be considered the amalgamation of all the student’s feelings around education (Betts, 

2012). Behavioral engagement is the level of participation in academics (Fredricks et al, 

2004). This facet might be further subdivided into categories such as following the rules 

or paying attention in class (Betts, 2012).  

Because of its malleability, teachers have the ability to affect student academic 

engagement, thus, this study next looked at an important teacher characteristic: self-

perceptions. Teachers who have stronger positive self-perceptions in teaching have been 

shown to use more all-encompassing teaching strategies that have been shown to engage 

students (Goddard et al., 2000). Self-perception is a broad category that encompasses 

both self-efficacy and self-concept (Adelson & McCoach, 2011). Bandura (1977) defined 

self-efficacy as “the conviction that one can successfully execute the behavior required to 

produce the outcomes” (p. 287). The second component of self-perceptions for a teacher 

is self-concept. Self-concept is a “composite view of oneself that is presumed to be 

formed through direct experience and evaluations adopted from significant others” 

(Bandura, 1997, p. 10). One research study found that teachers who rank themselves 

higher on measures of teacher self-efficacy, often have more behavioral control of their 

classes and have students who are more actively participating in class– two aspects which 

might lead to increased academic engagement of students (Smith, 2010). 

The above literature is used to frame the study described below. As it has been 

shown that increased academic engagement correlates to increased mathematics 

achievement, this study seeks to better understand what might help to affect the malleable 

construct of academic engagement. Teachers with stronger self-perceptions have been 
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shown to use more skills desired of good teaching and thus might be able to affect change 

in student academic engagement. Guided by the past work, this study sought to test this 

relationship in elementary aged children it is essential to engage most students from an 

early age in order to foster later success in mathematics. 

Current Study 

 The purpose of this study was to examine the relationship between teacher self-

perceptions and student academic engagement. This study looked at teachers and their 

students in grades 3, 4, and 5 mathematics classes. In light of past research studies, which 

have found that student affective characteristics such as academic engagement vary 

across genders and ability levels, this study sought to use a number of control and 

independent variables to examine academic engagement in students. A detailed 

description of these variables is included in Chapter 3. 

Research Questions 

 In order to explore the multiple relationships inherent in the proposed study, three 

research questions were developed. These research questions are: 

1.  What is the relationship between teacher self-efficacy and teacher mathematics 

self-concept and student emotional and behavioral academic engagement? 

2. Does the relationship between teacher self-efficacy and teacher mathematics self-

concept and student academic engagement differ for boys and girls? 

3. Does the relationship between teacher self-efficacy and teacher mathematics self-

concept and student academic engagement differ for students who are identified 

as academically high achieving? 
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Significance of this Study 

 Past studies have shown that high levels of teacher self-perceptions have 

correlated to high levels of student academic engagement. However, many of these 

studies have been conducted only with older students. The current study sought to add to 

the body of existing literature by exploring the relationship between academic 

engagement and teacher self-perceptions with younger students. Additionally, this study 

adds several covariates and moderators including student gender, ethnicity, and academic 

ability and teacher mathematical background. By using many different covariates, I was 

able to add a great level of statistical control to the study, allowing me to make a stronger 

assertion on the relationship between the two variables of interest. Realizing that 

mathematics education in the United States has not yielded student achievement results 

that are up to par with much of the rest of the developed world, understanding of student 

motivation and academic engagement is a possible avenue to early intervention which 

may be implemented to help reverse the modern trend of United States mediocrity in 

mathematics. 

Limitations 

 This study had limitations in two main areas: sample participants and lack of 

variability in the differential between high-achieving and non-high-achieving students. 

Though the sample size was deemed adequate for the type of study being conducted, all 

participants were drawn from the same Midwest area. Though one might generalize 

findings to other students in this geographic region, it is difficult to say if they would 

generalize to the full population. Additionally, the sample only included students in 3
rd

 – 

5
th
 grade. Findings might not hold for younger or older students. The teachers in the 
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sample were overwhelmingly white, female teachers. As both race and gender tend to 

play a role in a person’s self-perceptions, the use of teacher sample that was limited in 

diversity also affects the generalizability of the study. Additionally, though an effort was 

made to include a diverse student population, many of the public school students were 

eventually excluded from the study due to missing demographic data. Thus, many of the 

students more likely to come from ethnic minority groups are not included in the final 

analyses. 

 Second, this study did not capture a wide variety of types of classes; in particular, 

very few classes that participated in the study were ability-grouped. Past research has 

shown that attitudes (of which academic engagement is one) of high-achieving students 

are affected by ability-grouping (e.g., Marsh, 1987; Preckel & Brüll, 2008). Because this 

study sought to examine the relationship between teacher self-perceptions and student 

academic engagement particularly among students who are high achieving, the lack of 

variability in class types suggests that the findings might only generalize to 

heterogeneous mathematics classes and not to ability-grouped classes. 

Organization of the Dissertation 

 The organization of this dissertation is as follows: Chapter II provides a review of 

literature on motivation and academic engagement in the context of how these variables 

relate to mathematics education. Additionally, this chapter explores literature pertaining 

to teacher self-perceptions and their relationship to student engagement. Chapter III 

discusses the methodology used for analyzing the data collected from students and 

teachers. Chapter IV describes the results of the study. Chapter V concludes the study 

with discussion of key findings, limitations, and recommendations for future studies.
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CHAPTER II 

REVIEW OF THE LITERATURE 

Along with reading and writing, education systems world-wide have long 

considered the study of mathematics to be essential to a student’s growth. In early 

educational history in the United States, much of what the ordinary student learned in 

mathematics could be reduced to arithmetic and geometry (Eddy et al, 2015). With the 

beginning of the Industrial Revolution came the dramatic need for increased 

understanding of higher levels of mathematics (National Research Council, 2007). 

Today, many aspects of everyday life rely on advanced technological feats that have been 

made possible through our understanding of mathematical applications (National 

Research Council, 2007). Mathematics achievement is seen as particularly important for 

the workforce (Levpuscek, Zupancic, & Socan, 2012). From the economy to national 

security, we understand that the sciences, including mathematics, are essential in the 

modern world (Adams et al., 2008). A mathematically literate citizenry is necessary to 

continue the current rate of scientific discovery and growth that we have seen in last 

century (National Research Council, 2007). 

In addition to preparing the future workforce, early foundations in mathematics 

are essential for students as they continue their educational studies. Because of its 

sequential nature, understanding and development of mathematical concepts, skills, and 

practices in early years is necessary for access to higher levels of study in the subject 

(Singh, Granville, & Dika, 2002). Mathematics success has been found to be highly 
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correlated to success in other school subjects, particularly in science (Singh et al., 2002). 

Also, measures of mathematics achievement play a large role in admission procedures to 

colleges and other postsecondary institutions (Levpuscek et al., 2012), and mathematics 

is needed for many careers and serves as a gateway for science-related jobs (Nosek & 

Smyth, 2011). Thus, even though most students do not plan to enter a field that is 

explicitly related to mathematics, many will find the study of mathematics as essential to 

their future plans. 

In addition to the notion that mathematics is of great importance to promotion of 

the common good and to one’s future studies, some believe that the study of mathematics 

is useful simply for the sake of study. Dating back for more than 5000 years, mathematics 

has been studied and taught across various civilizations, at times for specific purposes 

(e.g., arithmetic or architecture) but often simply for the intellectual growth that its study 

offers (Debnath, 2011). Others would argue that the study of mathematics is important 

because it helps students to increase problem solving skills in a variety of endeavors and 

also helps to develop critical thinking (Schoenfeld, 1992). Whether we study 

mathematics for its own beauty or for the sake of increasing our own reasoning skills, the 

study of mathematics is an integral part of today’s society. 

For centuries, education in the sciences and mathematics has been touted as 

important to modern life. Although the United States, like many countries throughout the 

world, has recognized and responded to the necessity of the changing times and the ever-

increasing need for strong mathematics programs, students in the United States do not 

perform as well on international measures of mathematics achievement as do students in 

many other similarly-developed nations on average (Adams et al., 2008; National 
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Research Council, 2007; Schoenfeld, 1992). In the most recent reports from 

administration of the triennial survey Programme for International Student Assessment 

(PISA), the United States placed 27
th

 out of 34 developed nations in mathematics, and 

26% of students in the United States did not score at the proficient level as rated by the 

program (OECD, 2013). These standings are not new for students in the United States. 

On the 1995 version of the Trends in International Mathematics and Science Study 

(TIMSS), the most mathematically advanced students in the United States, that is, the 5% 

of students taking AP Calculus, did not score as well on average as their similarly-

advanced foreign counterparts (Adams et al., 2008). Clearly, advanced status does not 

help students in the United States to keep up with their peers. Of the 26 countries that 

score higher than the United States on the mathematics portion of the 2012 PISA, only 

four countries spend more money per student than does the United States (OECD, 2013). 

Additionally, in the case of most countries, the overall economic state of the nation is a 

strong correlate with achievement scores, however this does not hold for the United 

States (OECD, 2013). 

With the recognition that mathematics education is important for the future of the 

country, more must be known about ways in which we can help American students to 

succeed. Some of the past correlational research in the area of mathematics education has 

focused on factors that cannot be controlled. These factors include constructs such as 

socioeconomic status, gender, and ethnicity (Levpuscez et al., 2012). Although this 

information has been helpful in building programs that attempt to reach students in those 

categories that are least likely to reach their full potential (Adams et al., 2008), 

achievement gaps still exist between American students and those in the rest of the world. 
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Some recent research studies have looked at relationships between achievement and 

affective characteristics of students, such as academic engagement, a subcategory of 

motivation (Levpuscek et al., 2012). This affective category of characteristics has been 

chosen because it offers another avenue by which to explore better ways of reaching all 

students (Singh et al., 2008). The construct of academic engagement encompasses a 

variety of attitudes toward scholarly endeavors, including emotional attitudes toward 

classes and the behaviors in which one chooses to engage in class (Fredricks et al., 2004). 

These engagement traits are seen as more malleable characteristics of students than socio-

economic status or ethnicity, and thus schools and educators have more ability to affect 

change in them (Singh et al., 2002). However, research has shown that, by the end of 

high school, most students have developed a stable evaluation of their attitude toward 

mathematics (Middleton & Spanias, 1999). Thus, understanding of elementary students’ 

academic engagement is essential so that early intervention with students in terms of 

academic engagement may be implemented to help reverse the modern trend of United 

States mediocrity in mathematics. 

In addition to the study of student affective characteristics, teachers also have 

important traits that can be affected through training and education. This study will focus 

on one such characteristic: self-perceptions. This category of affective teacher 

characteristics was chosen because it is correlated with productivity (Marsh & Byrne, 

2003) while being easier to measure than teacher actions. Teacher self-perceptions is a 

broad category that is defined as a construct including both self-efficacy and self-concept 

(Adelson & McCoach, 2011). Teacher self-efficacy is considered to be one malleable 

characteristic of teachers (Dellinger, Bobbett, Olivier &Ellet, 2008). A teacher’s sense of 
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self-efficacy has been found to predict both that teacher’s use of innovative teaching 

techniques and student academic achievement (Ross, 1992). As the use of a wide variety 

of creative teaching techniques has been shown to increase student academic engagement 

(Adams et al., 2008), one might find that teachers with high self-efficacy help to raise 

their students’ levels of engagement. Alternately, self-concept refers to an individual’s 

beliefs in their ability to complete a specific set of tasks (Bandura, 1997). Though self-

concept is not as strongly correlated with increased performance as is self-efficacy, there 

is a positive relationship, particularly when a person with high self-concept also 

possesses a high level of self-efficacy (Bandura, 1997). Given this background, it makes 

sense that this study is grounded in Bandura’s Social Cognitive Theory. 

Theoretical Framework: Social Cognitive Theory 

 Social Cognitive Theory (Bandura, 1997) suggests that learning takes place in a 

social context involving personal factors, environment, and behavior. Though earlier 

behavioral researchers had posited that the environmental factors had a one-way causal 

relationship with the behaviors, Bandura’s updated theory suggests that the relationships 

among the three factors (teacher self-efficacy, teacher mathematics self-concept, and 

student academic engagement) are reciprocal, thus each affects the other two in varying 

ways (Bandura, 1997). For Bandura, personal factors include the internal such as 

motivation, self-efficacy, and cognition. Behavior in the Bandura model includes the 

action actually taken in the social system. The environment describes the external factors 

that affect one’s thoughts and actions. Figure 1 shows Bandura’s model. 
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Figure 1. Bandura’s Social Cognitive Theory 

 

In this study, I will use Bandura’s theory to model the relationships among the 

affective characteristics of student academic engagement, teacher self-efficacy, and 

teacher mathematics self-concept described above that are implicit in the classroom 

environment. Figure 2 shows how the three classroom affective characteristics relate to 

the Social Cognitive Theory. 
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Figure 2. Social Cognitive Theory to Frame this Study  

 

When viewing this from the perspective of the teacher as the person, there are 

certain environmental characteristics that affect the teacher. For example, teacher 

mathematics self-concept is a personal factor that is environmentally influenced, because 

self-concept is externally defined by those in the environment. Teacher self-efficacy 

would fall into the place of Bandura’s category of personal factors, because teacher self-

efficacy describes the teacher’s personal internal sense of their ability to teach 

mathematics. Student academic engagement falls under Bandura’s category of behavior, 

because it describes students’ engaged behavior in the classroom.  In the reciprocal nature 

of SCT, the actions or attitudes of students in the classroom influence the classroom 

environment and also the teacher’s self-perceptions. Conversely, the teacher’s self-
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perceptions also influence student behavior (i.e. engagement) and the classroom 

environment. Together the three work together to define the classroom system for these 

students and teachers for this class.Each of these factors will be described in more detail 

in the following sections. 

Thus, this chapter includes a review of research on student characteristics of (1) 

academic engagement, and teacher characteristics of (2) self-efficacy and (3) 

mathematics self-concept in order to develop a framework for the research that was 

conducted. 

Student Characteristics 

 The first affective characteristic to explore is student academic engagement. 

However, in order to fully understand academic engagement, we must first describe the 

broader context from which it has been defined. Student academic engagement derives 

from the larger category of motivation, which will be described first before more fully 

delving into the definition of student academic engagement.  

Motivation. Motivation comes from the Latin word for “to move,” and 

encompasses a person’s desire and willingness to move into action (Eccles & Wigfield, 

2002). Motivation is a multi-faceted construct that has been studied extensively in recent 

years in relationship to success. High levels of motivation have been found to be highly 

correlated with academic achievement (including mathematical achievement), and thus 

motivation is a popular field in modern educational research (Green, Martin, & Marsh, 

2007). In addition to its strong relationship with academic success, studies have shown 

that student motivation is highly correlated with academic self-concept. It is possible that 
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motivation helps to mediate the effect of academic self-concept on student engagement 

and academic achievement (Green et al., 2012). 

Today, most theories of motivation relate to how an individual’s beliefs or goals 

move one to action (Eccles & Wigfield, 2002). Though motivation is sometimes 

measured dually as intrinsic or extrinsic (Ryan & Deci, 2000), motivation is frequently 

subdivided into a variety of smaller categories, (e.g., engagement, future aspirations, and 

persistence) (Fredricks, Blumenfeld, & Paris, 2004; Green et al., 2007). Recent 

motivation theories are focused on expectancy or a person’s perceived ability to complete 

a task while other theories are focused on reasons why a person might be motivated 

(Eccles & Wigfield, 2002). Motivation has been subdivided into a variety of categories, 

making the task of studying motivation quite challenging. In this study, motivation will 

be viewed through the framework of academic engagement, one of its components. 

Studying the many facets of motivation is beyond the scope of this project, but, as 

academic engagement is an important factor, this study will focus solely on engagement. 

Thus, all measurement of motivation will be conducted through the measurement of 

academic engagement as defined below. 

 Student academic engagement. Academic engagement, alternately referred to as 

school engagement or student engagement, is a multi-faceted construct used to measure 

various aspects of a student’s participation, commitment, and involvement in academic or 

school-based activities (Fredricks et al., 2004; Lee, 2014). In many recent studies, 

academic engagement has been found to be highly correlated to academic achievement 

(Fredricks et al., 2004) and, in particular, mathematics achievement (Singh, Granville, & 

Dika, 2002). Although the construct of academic engagement has received increased 
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interest from researchers in the last several years, accurate measurement of the construct 

remains difficult (Fredricks et al., 2011). Because of the multidimensionality of academic 

engagement, it is frequently measured as a combination of several different constructs 

(Betts, 2012).  

One of the most respected approaches to defining and measuring engagement 

stems from the work of Jennifer Fredricks. Based on her work some current instruments 

are using a three-construct approach to measure engagement: behavioral, cognitive, and 

emotional (Lee, 2014). Although some instruments use the three-construct approach, 

other instruments measure only two constructs. In many instruments that measure only 

two aspects of engagement, cognitive and behavioral engagement tend to get 

consolidated into what some researchers call psychological engagement (Betts, 2012). 

Particularly for younger students, that is, students in the kindergarten through 5
th
 grades, 

measurement regarding issues of cognitive engagement is difficult (Fredricks et al., 

2011), thus some scales do not include the cognitive component at all. Because the 

psychological construct of academic engagement is inherently an internally understood 

characteristic of students (Fredricks et al., 2004) and because young children have 

difficulty in recognizing components of cognitive engagement such as perseverance and 

ingenuity (Betts, 20120), it is incredibly difficult to obtain an accurate rating of a young 

child’s cognitive engagement. In this study, I will be using a two-construct approach, 

focusing on behavioral and emotional engagement.  

Measurement of student academic engagement. The first hurdle to adequate 

measurement of academic engagement is to develop appropriate operational definitions 

for those aspects of engagement that are to be measured (Betts, 2012). The reader will 
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recall that for this study, academic engagement will be measured on the two constructs of 

behavioral and emotional engagement.    

Behavioral engagement is frequently measured as the level of participation in 

academic activities (Fredricks et al., 2004). This measure of behavioral engagement 

might be further subdivided into categories such as (a) following the rules, (b) paying 

attention, and (c) arriving at school on time and prepared for class (Betts, 2012). 

Glanville and Wildhagen (2007) measured behavioral engagement by asking students to 

respond to questions related to how often they show up for class with the items that are 

necessary for that class and with questions about how other students or teachers might 

view their behavior during class. Alternatively, other instruments, such as the Academic 

Engagement Scale of the Consortium on Chicago School Research and the School 

Engagement Questionnaire, measure behavioral engagement with items relating to 

attention by asking students to report on how carefully they attend to lessons during class, 

or what types of distractive behaviors they might engage in during school time (Fredricks 

et al., 2011). 

 Emotional engagement is the attitude that a student has toward school (e.g., 

assigned classes or school activities) or towards those people involved in the school (e.g., 

teachers or other students) (Fredricks et al., 2004). In essence, most researchers consider 

emotional engagement to be the combination of all of a student’s feelings toward the 

school setting (Betts, 2012). Additionally, emotional engagement encompasses the sense 

of belonging a student might feel within the educational environment (Appleton, 2006). 

Items that measure emotional engagement might focus on a student’s feelings toward 

school in general with items such as “I feel happy when I am at school” (Fredricks et al., 
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2011). Additionally, emotional engagement items might measure the extent to which a 

student enjoys a particular class or a particular subject, for example, “I enjoy going to 

math class” (Betts, 2012). Finally, emotional engagement has, at times, been measured by 

asking students to rate their sense of belonging in a classroom. For example, a student 

might be asked to respond to the item, “I feel like my thoughts are valued in this class” 

(Fredricks et al., 2011). 

Challenges in measuring academic engagement. Though the study of academic 

engagement offers valuable insight into a student’s actions in and feelings toward school, 

the construct itself is difficult to measure (Fredricks et al., 2011). One major issue in the 

measurement of academic engagement is that the construct is both subject and 

environment specific (Betts, 2012). While measuring academic engagement, researchers 

need to be aware that students might answer differently depending on the subject 

identified in the questions and the manner in which questions are asked (Betts, 2012). 

Also, self-reports of academic engagement vary across different groups of students. For 

example, a student might respond with a very high level of academic engagement when 

asked to report on school-level factors but might respond with very low levels of 

engagement when asked about a specific subject or a class-level factor (Wang, Bergin, & 

Bergin, 2014). An additional issue in the measurement and understanding of academic 

engagement is that the role it plays differs among students in different demographic 

groups. The next two sections of this paper describe these two issues and how they relate 

specifically to mathematics. 

Measurement of academic engagement in mathematics. Because academic 

engagement is subject and environment specific, individual instruments must be used to 
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measure the construct in different (a) subjects and (b) populations. A 2011 study 

conducted by Fredericks searched for measures of engagement aimed at middle-grades 

students (4
th

 through 8
th
 grades) and found no fewer than 156 instruments claiming to 

measure academic engagement. Thirty-one of these 156 were discarded because they did 

not measure engagement as defined by the researcher and others were excluded because 

they did not meet the age ranges of interest (Fredricks et al., 2011). From the 

comprehensive search, Fredricks and colleagues retained only 21 instruments that they 

believed to accurately measure academic engagement for students in this age range. Of 

those 21 instruments, only one measured academic engagement in mathematics 

(Fredricks et al., 2011). Other researchers have found a void in the measurement of 

academic engagement in mathematics in elementary school students (Betts, 2012). More 

recent research has focused attention on developing scales for mathematics in an attempt 

to fill the instrument void for a scale to be used with young children (Cash, 2015).  

In addition to measuring academic engagement relative to subject (in this case, 

mathematics), environmental characteristics should be explored. Some of the most 

commonly explored environmental characteristics include gender, socioeconomic status, 

academic ability, and ethnicity. For the focus of this study, I will look specifically at two 

characteristics (gender and ability) and how they affect motivation and academic 

engagement. These two characteristics were chosen because a great deal has been 

hypothesized about the impact of these attributes on both achievement and engagement 

(Nosek & Smyth, 2012), and this study seeks to further explore their relationship to the 

construct of interest. 
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Prior research has demonstrated that levels of motivation are not equal between 

genders. In mathematics in particular, although girls and boys tend to achieve at roughly 

the same levels in mathematics, girls rank themselves as less motivated in the subject 

(Leaper, Farkas, & Brown, 2012). Additionally, a study of peer, school, and parent 

influences on motivation and engagement found that peers have the strongest effect on 

academic engagement, often in the negative direction (Ganotice & King, 2014). For 

adolescent girls, the effect of peer pressure may have an even more detrimental effect on 

motivation and enjoyment in mathematics (Leaper et al., 2012). As so many talented girls 

are seen dropping out of the science-related fields (which includes mathematics) (Rinn et 

al., 2008), more research into enjoyment and motivation is needed to help educators and 

school systems find ways for encouraging young girls to remain interested in the 

mathematics.  

Many researchers offer suggestions as to why girls are less motivated or engaged 

in general. In mathematics, as in many other subjects, girls are more likely to be 

influenced by their own failures than boys. This sense of failure in girls might be 

compounded by the way in which girls see themselves relative to classmates (Rinn et al., 

2008).  Particularly in science and mathematics, girls tend to compare their achievement 

with classmates, and, when they do not do as well as another, are more likely to choose 

not to engage in those subjects (Rinn et al., 2008). This feeling of failure extends to gifted 

girls as well. Preckel and Brüll (2008) found that academically gifted girls placed for the 

first time in an ability-grouped classroom did, in fact, show more significant negative 

changes in their academic self-concept than did boys’ experiences in the same change.  
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 In addition to differences between boys and girls in measures of motivation and 

academic engagement, students of different academic abilities also have differing levels 

of motivation. In general, student motivation increases when students are given tasks that 

they feel they are capable of completing with some level of success (Banda, Matuszy, 

&Therrien, 2009). Thus, academically gifted students tend to have higher levels of 

motivation then do some of their peers (Trautwein, Lüdtke, Marsh, Köller, & Baumert, 

2009). However, this relationship between ability and motivation is mitigated in certain 

situations, particularly depending on whether classes are ability grouped.  

The sections above have demonstrated the importance of measuring students’ 

academic engagement in mathematics. Research has shown that increased academic 

engagement has correlated to increased academic achievement (Green et al., 2007). 

Additionally, an increasing number of instruments have been developed for the purpose 

of measuring academic engagement, which has aided researchers’ ability to study 

academic engagement among students (Fredricks et al., 2011). As academic engagement 

is an affective characteristic that can be influenced by environmental conditions including 

the teacher (Singh et al., 2002), the next focus of this chapter will look at the teacher as 

an influence of academic engagement in mathematics. 

The teacher’s influence on academic engagement in mathematics. Middleton 

and Spanias (1999) contend that much of the reason for students’ lack of motivation, 

engagement, or enthusiasm for mathematics stems from lack of teacher support in 

mathematics. In general, Middleton and Spanias (1999) offered three key guidelines for 

increasing students’ motivation to do mathematics. These guidelines are: 

1. Problems should not be too difficult that the student feels they are unmanageable. 
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2. Activities should be meaningful to the students now or in the future. 

3. Teachers should offer incentives such as praise or concrete rewards. 

This section will explore the ways in which the teacher is key in increasing motivation 

and student engagement in mathematics based on these three guidelines. 

The first suggestion of Middleton and Spanias (1999) is that teachers should know 

their students’ ability well enough to provide problems that are challenging and yet 

manageable for the students. Banda et al. (2009) add to this the idea of using the High-

Preference strategy, in which problems that students are more likely to complete are 

placed first and then followed by more difficult or lower-preference problems. When 

students are faced with problems that they feel they can complete, they are more likely to 

remain engaged and motivated to complete the rest of the task (Middleton & Spanias, 

1999). In order to incorporate these strategies appropriately in the classroom setting, 

teachers must feel confident in their ability to design such work assignments for students 

and also in their ability to evaluate the effectiveness of such a program (Banda et al., 

2009).  

Another strategy that teachers can utilize to make tasks more manageable for 

students is the use of calculators or other technology, which may help achieve the goal of 

reaching all learners by removing some of the tedious calculations which may inhibit 

students. As an example, Kissane (2007) notes that, in the learning of applications of 

matrices, students could spend a great deal of time memorizing methods for reducing a 

matrix to row-echelon form. Kissane asserts teachers may allow students to use 

technology for the reduction, thus allowing more time to understand the meaning of 

particular solutions (2007). In another study, Oates (2009) notes that some students have 
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had difficulty learning calculus and differential equations because the procedural 

mathematics posed too much of a stumbling block. The use of computer algebra system 

software can help remove this obstacle and support students in developing a conceptual 

understanding of the calculus material. However, the use of such technology, even in the 

earliest grades, is sometimes thwarted by a teacher’s lack of understanding or confidence 

in correctly implementing its use (Ellington, 2003).  

The second key to increasing motivation to do mathematics, according to 

Middleton and Spanias (1999), is to ensure that the tasks in which students engage are 

meaningful now or in the future. Thus, another way in which to increase behavioral 

engagement in students is by offering the students a greater capacity to interact with 

meaningful mathematics. Student interaction with mathematics is a vague construct. 

Dede (2000) offers some broad categories of ways through which students may interact 

with mathematics. These include designing lessons through which students are expected 

to perform tasks such as extrapolating rules through modeling; discovering mathematical 

theorems and concepts through inquiry-based learning; using special methods to ensure 

that lessons reach all students; offering students authentic problems to solve; and 

allowing students to partner with teachers or in the learning experience (Dede, 2000). 

Some very simple examples of interaction with mathematics include using manipulatives 

to represent number concepts, modeling an authentic problem using an equation, or 

finding a variety of methods for solving a problem (Schoenfeld, 1992). Students who 

engage in these types of activities are better equipped to find patterns, think, reason, 

conceptualize material, and use available resources to solve problems (Henningsen & 

Stein, 1997). Teachers play a lead role in facilitating the interaction of mathematics in 
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this way, as they must ensure that the tasks are mathematically sound while still being 

within the students’ reach (Henningsen & Stein, 1997). 

 Finally, Middleton and Spanias (1999) suggest that teachers offer incentives or 

rewards for students to remain motivated in the learning of mathematics. Teachers must 

find appropriate strategies for using rewards to keep students meaningfully interested in 

the subject (Rodrigo, 2011). The use of many new technology tools has been shown to 

engage students behaviorally in a variety of different ways with mathematics curriculum. 

Students tend to enjoy using technology in general and thus have a heightened interest in 

using it for educational endeavors (Bebell & O’Dwyer, 2010). Because of its adaptive 

ability, technology can increase attitudes of students and increase motivation to complete 

activities (Halat, 2008). Research indicates that games increase the amount of time that 

students voluntarily spend on task both inside and outside the classroom. The reward of 

winning an electronic game or achieving a new level motivates some students to persist 

in playing games, even when the game consists of work that student might otherwise find 

unpalatable, such as mathematics for some students (Rodrigo, 2011).  

It is clear from the previous paragraphs that teachers can play a key role in 

keeping students motivated in mathematics. Researchers also offer a variety of ways in 

which teachers can influence other aspects of academic engagement in the study of 

mathematics. The reader will recall that this study is focusing on two constructs of 

academic engagement: behavioral and emotional engagement. 

Methods for increasing behavioral engagement might seem more obvious to 

teachers than ways one might increase emotional engagement. One key example of the 

behavioral component of academic engagement that teachers can influence is student 
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time-on-task. Researchers have defined time-on-task differently but, for this study, time-

on-task will mean time spent working on teacher-directed or approved academic 

activities (Mifsud & Mørch†, 2010). These on-task behaviors might include activities 

such as reading, completing paper assignments, reviewing teacher feedback of work, or 

using manipulatives or technology that might aid in discovery of knowledge (Mifsud & 

Mørch†, 2010).  

The second aspect of academic engagement is emotional engagement, which 

encompasses the students’ thoughts and feelings toward and enjoyment of a subject or 

class (Fredricks et al., 2004). One way to increase a student’s emotional engagement is to 

increase the enjoyment of the class. One way that a teacher can do this while still 

maintaining a strong academic environment is through the playing of games which have 

been shown to help all students to better enjoy class, particularly when such games do not 

overdo the “drill and kill” model of procedural mathematics (Rodrigo, 2011). The playing 

of quality games has shown to have some effect in helping students who are visio-

auditory learners (Rapp, 2009). Some games provide a visual depiction, which students 

can use to grow in understanding (Rapp, 2009). Games also offer immediate feedback to 

students, which may aid in confidence-boosting (Rodrigo, 2011). Finally, games provide 

incentive to complete school-based activities, an important aspect particularly for 

students with learning disabilities (Banda et al., 2009). Because of these factors, games 

appear both motivating and educationally effective, particularly for younger learners 

(Rodrigo, 2011).  

Another way in which effective teachers might increase student emotional 

engagement is through the use of problem-based learning (PBL). PBL is student-centered 
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approach to teaching that gives students scenarios in which they can construct knowledge 

in a particular discipline like mathematics (Jerzembek & Murphy, 2013). Scenarios used 

in PBL often do not specify specific algorithms for solving and they often have complex 

solutions. Because PBL is not constrained by the normal requirements of developing a 

problem with a “nice” solution, cases used in PBL tend to be more similar to those 

problems at student might encounter in the real world (Cerezo, 2004). The benefits of this 

are twofold. Firstly, many students find these real world style problems more interesting 

and engaging than those typically encountered in a traditional mathematics textbook 

(Cerezo, 2004). Secondly, the real-world problems in which students are called to engage 

ask them to use skills that are more applicable to a variety of settings. That is, students 

are not always confined to a single technique for solving and thus PBL opens more 

opportunities of entry into the problem solving process. These multiple avenues of entry 

can invite students of all levels and abilities to make attempts at PBL (Trinter, 2015). A 

survey of PBL research noted that these multiple entry points serve as a source of 

increased self-confidence in students, which may then increase the student’s emotional 

engagement (Hung, Jonassen, & Liu, 2008).  

This concludes the first section of the review of the research focused on the 

student characteristics of motivation and academic engagement. Next the review of 

research on the teacher characteristic of self-perception is presented. For this study, this 

construct is subdivided into the constructs of (1) self-efficacy and (2) mathematics self-

concept.  
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Teacher Characteristics: Self-Perceptions 

A teacher’s thoughts about the usefulness of mathematics as well as that teacher’s 

beliefs about the best ways in which mathematics should be taught play a pivotal role in 

the motivation of students within the classroom (Middleton & Spanias, 1999). In general, 

self-perception is considered to encompass how a person views their abilities to teach in 

alignment with their core set of beliefs. According to Adelson and McCoach (2011), self-

perception can be subdivided into self-efficacy and self-concept. The first important 

component of self-perceptions is that teacher’s own self-efficacy (Tschannen-Moran, 

Hoy, & Hoy, 1998). Bandura (1977) defined self-efficacy as “the conviction that one can 

successfully execute the behavior required to produce the outcomes” (p. 287). Increased 

levels of self-efficacy increase the probability that one will attempt to implement new and 

innovative behaviors (Ross, 1992).  

The second component of self-perceptions for a teacher is self-concept. Self-

concept is a “composite view of oneself that is presumed to be formed through direct 

experience and evaluations adopted from significant others” (Bandura, 1997, p. 10). 

Where self-efficacy looks at a teacher’s perceived abilities, in general, to be a good 

teacher, self-concept is domain-specific and relates to a person’s perceptions of his or her 

ability to accomplish a particular task (Pajares & Miller, 1994).  

Past research has suggested it is important to consider the implementation of a 

variety of teaching methods in order to increase student motivation and academic 

engagement and that adequate mathematical knowledge is necessary for this 

implementation (Middleton & Spanias, 1999). Because teachers with higher self-

perceptions are more likely to engage in a variety of teaching methods owing to their 
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increased confidence (Goddard, Hoy, & Hoy, 2000) this section will explore two specific 

types of self-perceptions related to the teaching of mathematics: teacher self-efficacy and 

mathematics self-concept. Teacher self-efficacy here refers to an individual’s beliefs 

about their knowledge of the pedagogical skills necessary teach to students. Mathematics 

self-efficacy here refers to a teacher’s belief that they understand mathematical concepts 

and how to transfer those concepts to their students (McGee & Wang, 2014).  

Teacher self-efficacy. As it has been found that affective teacher characteristics 

(such as self-efficacy) have one of the largest effects on motivating and engaging 

students, and ultimately, leading students to achievement (Smith, 2010), recent studies 

have turned their attention to individual teacher characteristics. The study of teacher self-

efficacy is of interest in this discussion as it has been shown that more self-efficacious 

teachers tend to be more persistent in efforts at classroom management and utilizing 

innovative teaching techniques (Goddard, Hoy, & Hoy, 2000). Additionally, teachers 

who rank themselves higher on measures of teacher self-efficacy often have more 

behavioral control of their classes and have students who are higher achievers (Smith, 

2010). Teachers with more self-efficacy for teaching mathematics have been found to be 

more persistent in working with students and more open to new ideas and techniques 

(Nurlu, 2015). Because the use of innovative teaching practices and classroom 

management strategies are theorized to increase student academic engagement and 

because the more self-efficacious teacher is most likely to feel confident in incorporating 

these techniques, self-efficacy is an important variable to consider when looking at ways 

to increase student motivation and academic engagement. 
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The definition of teacher self-efficacy has developed over many years of research 

and writing (Goddard, Hoy, & Hoy, 2000). In fact, what often is referred to when 

discussing the efficacy of teachers is really two separate though highly intertwined 

constructs: teacher efficacy and teacher self-efficacy (Goddard et al., 2000). Teacher 

efficacy refers to a construct “purported to reveal the extent to which a teacher believes 

that the consequences of teaching – student motivation and learning – were in the hands 

of the teacher” (Tschannen-Moran et al., 1998, p. 205). Consequently, teacher self-

efficacy refers to the individual’s belief that, not only can the particular outcome be 

controlled, but that the individual teacher has the skills necessary to control it (Goddard 

et al., 2000). Additionally, teacher self-efficacy is subdivided into two constructs. The 

first is personal teacher self-efficacy, which is the individual feeling that he or she can 

bring about change in students. The second is general teacher self-efficacy, which is the 

belief that there are some external or uncontrollable factors that might affect this ability 

(Ross, 1992). As this study is focusing on the individual teacher and his or her self-

perceptions about his or her teaching ability, the focus will remain on personal teacher 

self-efficacy, which I will refer to as simply teacher self-efficacy in this literature review. 

 Because teacher self-efficacy refers to an individual’s personal beliefs about their 

abilities, teacher self-efficacy is subject and environment specific (Dellinger, Bobbett, 

Olivier, & Ellett, 2008). In fact, many have found that the effect of self-efficacy on the 

movement into action must be measured for each environment individually (Kranzler & 

Pajares, 1997). This means that a teacher might feel quite comfortable teaching students 

how to add whole numbers and yet might feel less able to teach the same students how to 

add fractions. However, efficacious beliefs in one area can affect efficacious beliefs in 
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other areas (Dellinger et al., 2008). For example, a teacher who feels confident in 

teaching fractions to a group of high-ability students might find increased confidence in 

teaching the same topic to a group of lower-ability students.  

Measuring teacher self-efficacy. Teacher self-efficacy has been measured 

through a variety of different instruments. Earliest measurements of teacher self-efficacy 

were done through the RAND studies and measured both general and personal teacher 

self-efficacy (Tschannen et al. 1998). Problems existed with this instrument as the two 

self-efficacy measures were generally confused and combined through summation into a 

single measurement item (Dellinger et al., 2008). Recently, researchers have used a 

variety of other compound scales to measure underlying components of teacher self-

efficacy, such as ability to motivate students, ability to impart knowledge, and ability to 

maintain classroom management (Dellinger et al., 2008). One of the most recent such 

instruments is the Self-Efficacy for Teaching Mathematics Instrument (SETMI), which 

measures two constructs of self-efficacy: pedagogy and teaching mathematics (McGee & 

Wang, 2014).  

Teacher mathematics self-concept. The second aspect of self-perceptions that is 

a focus for this study is mathematics self-concept, which is related to a teacher’s 

mathematical knowledge. Mathematics self-concept is the view of one’s own abilities 

that is formed through multiple experiences of competence as well as feedback received 

from others (Bong & Skaalvik, 2003). Mathematical knowledge in teaching tends to be 

divided into two broad areas: mathematical content knowledge and mathematical 

pedagogical knowledge. Content knowledge refers to how well an individual can perform 

the skills required to complete various mathematical tasks (Hill, Rowan, & Ball, 2005). 
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This construct tends to be measured by standardized tests that may not always accurately 

measure a person’s true knowledge in part because of measurement error or biased items 

(Hill et al., 2005). Alternately, mathematical pedagogical knowledge refers to how well a 

teacher knows the skills that are required to teach mathematics to students (Hill et al., 

2005). Both content knowledge and pedagogical content knowledge have relationships 

with teacher self-concept and student academic achievement (Stevens et al. 2013). 

Particularly in mathematics, it has been found that there is a strong correlation between 

self-concept and actual achievement (Bong & Skaalvik, 2003). Thus, I will also be 

exploring a teacher’s mathematics self-concept because teachers who have stronger self-

concepts in mathematics are more likely to pass on those feelings to their students 

(Wood, 1998).  

 Where teacher self-concept refers to an individual’s belief in their ability to teach, 

mathematics self-concept refers to “a teacher’s own belief in his or her ability to perform 

mathematical tasks” (McGee & Wang, 2014). This type of self-concept is influenced by a 

teacher’s background knowledge (Kranzler & Pajares, 1997) as well as the level of 

professional development support that a teacher receives in the classroom (Stevens et al., 

2013).  

Thus, I will be looking at the teacher’s own self-efficacy in relation to 

mathematics. Some teachers feel self-efficacious when it comes to pedagogy, but they do 

not feel particularly effective when it comes to actually understanding mathematics on 

their own. This is problematic when teachers are asked to teach subjects that they do not 

feel comfortable with themselves (McGee & Wang, 2014), which is of particular 

importance for teachers in the younger grades (e.g., elementary school). Many teachers of 
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younger children do not have specialties in mathematics, and they also feel less self-

efficacious in their own ability to do mathematics than do teachers at higher grades 

(Hudson, Henderson, & Hudson, 2015).  

Conclusion 

 This chapter presented a theoretical framework based on existing literature that 

situates the study presented in chapters 3-5. Through the course of the chapter, I have 

shown how students in the United States have fallen behind other students in developed 

nations on measures of mathematics achievement. With the understanding that 

mathematics education is important for our students for their future educational 

prospects, their future job prospects, and the future scientific development of our country, 

the fact that United States students perform at a below-average level is disturbing.  

 One way in which to continue the work to recuperate some of the achievement 

losses that we have seen is to find ways to increase academic engagement, ultimately 

with the goal of increasing student motivation. By helping our young elementary students 

to increase their emotional and behavioral engagement, it is possible that we can begin to 

build strong mathematical programs in this country. 

 In order to increase academic engagement, teachers who are capable of 

understanding both mathematics and pedagogy are needed. Teachers, who are more self-

efficacious, especially in the area of mathematics, tend to be teachers who are also good 

at teaching. This study will look at the relationship between teacher self-efficacy, 

mathematics self-concept, and academic engagement in elementary school mathematics 

students. The study will focus on middle elementary students (grades 3, 4, and 5) because 
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these students are still in a malleable stage of engagement development and yet can offer 

reliable answers to the study surveys. 
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CHAPTER III 

METHODOLOGY 

 The purpose of this quantitative research study was to further explore the 

interrelationships among the variables of teacher self-efficacy, teacher mathematics self-

concept, and student behavioral and emotional engagement as well as potential 

moderators of those relationships. Specific research questions explored in this study 

were: 

1.  What is the relationship between teacher self-efficacy and teacher mathematics 

self-concept and student emotional and behavioral academic engagement? 

2. Does the relationship between teacher self-efficacy and teacher mathematics self-

concept and student academic engagement differ for boys and girls? 

3. Does the relationship between teacher self-efficacy and teacher mathematics self-

concept and student academic engagement differ for students who are identified 

as academically high achieving? 

The remainder of this section describes the participants, measures, and analysis methods 

used in answering these questions. 

Participants 

  Before beginning to recruit participants for the study, I needed to determine the 

number of participants that would be needed for the study. To determine the necessary
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 sample size for this study, I considered several power analyses and rules of thumb. 

Unfortunately, because this study is interested in the relationships of continuous measures

 with the outcome as well as the interaction of continuous measures with level-1 slopes, 

there is no closed-form solution for estimating power.  

I first used power analysis software that is available for multi-level models, 

including both Optimal Design (Raudenbush et al., 2011) and PowerUp! (Dong, 

Maynard, & Hofer, 2011) to estimate the necessary sample size to detect an effect size 

for a binary treatment variable. I used an alpha level of .05 and power level of .80, which 

is common for social sciences research (Cohen, 1990). Though I had not recruited 

specific schools, I was able to use school and district websites to make approximations of 

the number of students per class, thus I used 20 as a reasonable estimate of cluster size. 

Though there is not a great deal of research on the relationship between teacher self-

efficacy and academic engagement, Lange (2010) found that there is a significant 

correlation of .833 between the two variables with elementary school children. I was able 

to use this value to calculate an approximate effect size of Cohen’s d =  3.1. Finally, I 

needed an estimate of the intraclass correlation (ICC) for the outcomes on the student 

measure. Using previously obtained data on the outcome measures from students in 1
st
 

through 5
th
 grades, I calculated ICC’s ranging from .013 for behavioral engagement to 

.13 for emotional engagement. Using the larger of the two ICC’s in the power analysis, 

Optimal Design suggested the use of zero clusters and PowerUp! suggested the use of 5 

clusters. 

Next, I took into account common rules of thumb. Maxwell (2010) recommends 

at least 10 people per predictor for multiple regression. Because my independent 
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variables of primary interest are at the teacher level, I applied this rule of thumb to the 

number of teachers needed in this study. I have two teacher control variables and four 

teacher independent variables, resulting in six total teacher predictors. Therefore, the rule 

of thumb indicates I need a minimum of 60 teachers in this study. 

Based on these results, I chose to attempt to recruit the greatest required sample 

size of 60 clusters. As a final step, I used this information to estimate the power in a 

single-level multiple regression model using G*Power v.3.1.9.2 (Faul & Erdfelder, 

2007). Using a 2-tailed test, total sample size of 60, 5 predictors, observed R
2
 of .69 

(.833
2
), we would have more than adequate power, with power equaling greater than .99.  

I recruited schools from three different Midwest cities by sending invitation 

letters to principals in 20 schools. Principals who responded with interest were then sent 

teacher invitation letters to seek participation from teachers. Many schools responded 

with interest in the study and, ultimately, teachers from 12 schools agreed to participate. 

Of these schools, three were public schools from a large, urban district, one was a public 

school in a rural area, one was a parochial school situated in an urban area, and the final 

seven schools were parochial schools from the same school district but spread across 

rural and suburban areas.  

Within the 12 participating schools, 55 teachers agreed to participate, though 

three of those teachers only gave the surveys to their students and did not complete their 

own surveys. Because some of the participating teachers taught mathematics to more than 

one group of students, my final sample included 63 distinct classes. From these classes, I 

received data from 1,112 students.  
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I collected the following demographic data about students: gender, ethnicity, 

grade level, and high achievement status. These data were collected from teachers to 

increase the validity of the data. For the purpose of this study, “high achieving” students 

are defined as those students who have scored in 90
th

 percentile or above on the Terra 

Nova (given to students in the parochial schools) or similar standardized measure for the 

public school students. Student demographics are shown below in Table 1. 

In looking at the data from the students, I found that several students were 

missing data on their gender, ethnicity, or achievement status. Additionally, three 

teachers did not provide their own demographic information. The analytic sample was 

created by removing those students for whom I did not have complete demographic 

information. Table 1 shows demographic data for all students who returned the survey as 

well as those students who were included in the analyses (i.e., had full student and 

teacher demographic data). 
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Table 1 

Student-level Demographic Data 

Factor  Full sample 

n =  1,112 

 Analytic sample: 

n =  973 

Gender     

  Boy  567(51.0%)  521(53.5%) 

  Girl  512(47.0%)  452(46.5%) 

Ethnicity     

  White  894(80.4%)  817(84.0%) 

  Asian/Pacific Islander  27(2.4%)  25(2.6%) 

  Black  121(10.9%)  100(10.3%) 

  Hispanic  30(2.7%)  25(2.6%) 

  Mixed  3(0.3%)  3(0.3%) 

  Other  4(0.4%)  3(0.3%) 

Grade      

  3
rd

 Grade  437(39.3%)  361(37.1%) 

  4
th
 Grade  348(31.3%)  328(33.7%) 

  5
th
 Grade  327(29.4%)  284(29.2%) 

High Achievement Status     

  High Achieving  75(6.7%)  70(7.2%) 

  Not High Achieving  948(85.3%)  903(92.8%) 

 

From the teachers in this study, I collected demographic information and data on 

teacher self-efficacy and mathematics self-concept. I used a survey to collect the 

following demographic information: gender, number of years teaching, ethnicity, and 

mathematics background (do they have a major, minor, or emphasis in mathematics at the 

undergraduate or graduate level). As noted, three teachers did not complete the teacher 

information, thus I removed them (and their students) from the sample. Teacher and class 

demographics from the remaining teachers are shown below in Table 2. 
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Table 2 

Teacher and Class-level Demographic Data 

Factor 

 

 Teacher 

n =  52 

Teacher Gender   

  Male  4(7.7%) 

  Female  48(92.3%) 

Teacher Ethnicity   

  White  49(94.2%) 

  Black  3(5.8%) 

Teacher Mathematics Background   

  Some mathematics specialization
a 

 12(23.1%) 

  No mathematics specialization  40(76.9%) 

  Class 

n = 58 

Class Ability Grouping   

  Low ability  1(1.9%) 

  Medium ability  3(5.8%) 

  High ability level  4(7.7%) 

  No ability grouping  50(84.6%) 
a
Teacher marked yes to one or more questions regarding mathematics background. 

Additionally, teachers in this study have taught from one to 41 years with an average 

number of years taught being 14.74(SD = 11.43). 

 After the removal of the three teachers who did not have adequate data for 

analysis, I was left with 58 classes, taught by 52 teachers (some schools had one teacher 

teach multiple mathematics classes). Remaining classes ranged in size from one to 27 

students. On average classes contained 16.78 students with a standard deviation of 5.53.  

Instrumentation 

Students 

For the students, there was one outcome of interest: student academic engagement 

in mathematics. In order to measure this variable, students completed one instrument, the 

STEM Engagement Scale – Mathematics (SES-M).   
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STEM Engagement Scale – Mathematics (SES-M). The SES (Cash & Adelson, 

2015) measures two components of academic engagement (behavioral and emotional) in 

science, engineering, and mathematics. For this study, only the mathematics scale was 

used. The SES-M presents students with 15 items measured on a five-point Likert-scale. 

Of those 15 items, six measure emotional engagement through statements like “I wish my 

math class lasted longer,” and nine measure behavioral engagement with items like “I 

volunteer to participate during math class.” Items for each construct are averaged to 

obtain a subscale score. The SES-M has undergone content validation from experts in the 

field of engagement and motivation research, and Cash, Adelson, and Robinson (2016) 

conducted exploratory and confirmatory factor analyses on data from students in first 

through fifth grades to test the factor structure of the scales. Scores from this study’s 

sample yielded the following internal consistency reliabilities: behavioral  =  .77 

emotional  =  .89. 

Teachers 

Each teacher also completed two established instruments, the Self-Efficacy for 

Teaching Mathematics Instrument and the Self-Description Q. 

Self-Efficacy for Teaching Mathematics Instrument (SETMI). Teacher self-

efficacy was measured using the SETMI (McGee & Wang, 2014). This instrument 

measures two components of teacher self-efficacy: pedagogy in mathematics (EPM) and 

teaching mathematics content (ETMC). The seven pedagogy items focus on the teacher’s 

self-efficacy in teaching skills. Some items used to measure pedagogy of mathematics 

include “How well can you teach students to find area and perimeter?” and “How well 

can you implement alternative teaching strategies for mathematics in your classroom?” 
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Alternately, the 15-item teaching mathematics subscale focuses on mathematics-specific 

items like “How well can you teach students to convert a fraction to a decimal?” All 22 

items are measured on a 5-point Likert scale, and items are averaged to obtain subscale 

scores. Internal consistency for these two scales in this particular sample was calculated 

using Cronbach’s alpha. For the pedagogy scale, α =  .86 and for the teaching 

mathematics content scale α =  .93, both indicators of good reliability in this sample. 

 The Self Description Questionnaire III – Mathematics (SDQ III-M). The SDQ 

III-M (Marsh & O’Niell, 1984) was used to measure teachers’ mathematics self-concept. 

The SDQ III-M has 10 items rated on an 8-point Likert scale, and the items are averaged 

to obtain a scale score. Items include statements like “I am quite good at mathematics” 

and “I have hesitated to take courses that involve mathematics.” The SDQ III-M was 

designed for use with late adolescents (Marsh & O’Neill, 1984) but has been used for 

study with high-ability college students (Rinn & Cunningham, 2008), thus use with other 

adults does not seem to be inappropriate. On calculating the reliability of the SDQ III-M 

for the sample of teachers in this study, Cronbach’s alpha was .93, indicating good 

internal consistency for this scale in this sample. 

Data Collection Procedures 

 Data collection instruments were sent to the school principals for administration. 

Each principal received packets for individual teachers containing the necessary 

instruments. Teachers were asked to administer the SES-M to their students, reading the 

items aloud when necessary, based on student ability. Teachers were asked to complete 

the teacher instruments on their own. Principals then collected the scales from the 

teachers and made them available for my collection. 
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 Data on high achievement status were collected from the teacher. Each class was 

assigned a unique series of numbers. The teacher then assigned each student one number 

from that series. Using only the number as identification, the teacher completed a roster 

that gave the achievement status as well as demographic information (i.e., gender and 

ethnicity) of students in his/her class. Students then completed the survey linked to their 

assigned number. In this way, achievement status could be collected in a way that 

allowed all students to remain anonymous. 

Missing Data 

 Of the 1,112 students completing the SES-M, 335 of them (30%) were missing 

data on one or more of the instrument’s indicators. Of those with missing data, 225 of 

them attended one of the two schools that were given an incomplete version of the SES-

M. This version was copied such that the final question was not visible to students. In 

total, 2.2% of the student outcome data were missing (this equates to 373 missing data 

points out of 16,680 data points requested). Of the other students who had one or more 

pieces of missing data, a look at the frequency of missingness revealed that boys and girls 

were equally likely to be missing data. In looking at the ethnicities, grades, and 

achievement status of students with missing data, these were roughly equivalent to the 

ethnicity, grade, and achievement status proportions in the total sample. These data 

appear to be missing at random and their missingness does not appear to be related to any 

of the variables of interest. For teachers, less than 1% of the requested outcome data were 

missing. 

Missing data of non-demographic data were handled through the use of multiple 

imputation. Multiple imputation is preferred over listwise deletion or single imputation 
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for handling missing data (McKnight, McKnight, Sidani, & Figueredo, 2007). This 

method uses the observed data – both those from the individual with a missing data point 

and from other individuals – to create multiple imputed values for the missing data. 

These imputations are then stored in separate datasets that can be used for the statistical 

analyses (McKnight et al., 2007). For this study, 10 multiple imputation data sets were 

created using Mplus (Muthén & Muthén , 1998-2010).  

Data Analysis 

 Because the data violated the independence assumption inherent in most statistical 

techniques (i.e., students nested in classrooms), I used a two-level hierarchical linear 

model (HLM). When dealing with clustered data, HLM offers many advantages over 

other statistical techniques. HLM analyses produce standard errors that can account for 

the clustering of data, and HLM also presents researchers the ability to look at 

relationships and interactions across multiple levels of the hierarchical arrangement of the 

data (McCoach & Adelson, 2010). I conducted independent but parallel analyses for each 

outcome, behavioral engagement and emotional engagement. Models were analyzed 

using the full version of HLM 7 (Raudenbush, Bryk, & Congdon, 2013).  

HLM Model Building 

 I used a model-building sequence recommended by Raudenbush & Bryk (2002) 

for building the HLM models, conducting separate analyses for each of the two 

engagement outcomes. For each outcome, I began by creating the null model. This 

allowed me to calculate the intraclass correlation (ICC), which indicates the proportion of 

variability in engagement that existed between classes. Next, I built the control models, 

beginning with the student level and then the teacher level. Table 3 shows a list of all 
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variables included in the analyses. After adding the student control variables (i.e., gender, 

ethnicity, and grade level), I checked the random variance for the slopes of the variables. 

Any slopes that did not have a significant level of random variance were fixed to be equal 

across students. After finalizing the level-1 model, I added the control variables at level 2 

(the teacher level), predicting only the intercept. These variables were number of years 

teaching, mathematics background, gender, and ethnicity. As this study included a gifted 

education component, the standard coding for underrepresented minorities in gifted 

programs was used to create the code for ethnicity. Students who were black or Hispanic, 

those groups that tend to be underrepresented in programming, were grouped together 

and other students (i.e. whites and Asians) were placed in the other group. The base 

equations that were used for all subsequent analyses were as follows:  

Level-1 Model 

Math Engagementij =  β0 + β1(Student Gender) + β2 (High Achieving 

Status) + β3 (Student Ethnicity) + rij 

Level-2 Model 

β0 =  γ00 + γ01 (Years)+ γ02 (Math Background) + γ03 (Grade)+ u0 

β1 =  γ10 + u1 

β2 =  γ20 + u2 

β3 =  γ30 + u3 

β4 =  γ40+ u4 
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Table 3 

Variables for Analysis 

Level Variable Coding Type of variable 

Student    

 Ethnicity 0 =  White/Asian 

1 = Underrepresented 

Minority
1 

Control 

 

 

 High Achievement 

Status 

0 =  Non-high 

achieving 

1 =  High achieving 

 

Independent 

variable 

 Gender 0 =  Male 

1 =  Female 

Independent 

variable 

 

 Emotional Engagement 

 

Grand-mean centered Outcome variable 

 Behavioral Engagement 

 

Grand-mean centered Outcome Variable 

Teacher/Class    

 Math Background 0 =  No math 

specialization 

1 =  Some math 

specialization 

 

Control 

 

 Grade Centered at 3
rd

 grade Control 

 

 Years Grand-mean centered Control 

 

 Self-efficacy: Pedagogy 

of Mathematics 

(Pedagogy) 

Grand-mean centered Independent 

variable 

 

 Self-efficacy: Teaching 

Mathematics (Concepts) 

Grand-mean centered Independent 

variable 

 

 Mathematics self-

concept (Self-Concept) 

Grand-mean centered Independent 

variable 
1
 This group includes students who are black, Hispanic, or of mixed descent 
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Research Question 1 

To answer research the first question, “What is the relationship between two 

aspects of teacher self-efficacy and student emotional and behavioral academic 

engagement?”, I added three variables as predictors of the intercept: teacher self-efficacy 

in pedagogy of mathematics (Pedagogy), teacher self-efficacy in teaching mathematics 

concepts (Content), and teacher self-concept in mathematics (Self-Concept). All 

equations remain the same as the control equations shown above with the exception of 

the equation for the intercept, which is shown below: 

β0 =  γ00 + γ01 (Experience) + γ02 (Math_Background) + γ03 (Grade) + γ04 

(Self-Concept) + γ05 (Pedagogy) + γ06 (Content) + u0 

 I examined the significance levels of the fixed effects for Self-Concept, 

Pedagogy, and Content. Finally, I calculated the proportion of between-group variance 

explained by self-concept, pedagogy, and concepts above and beyond the control 

variables by comparing this model between-group variability in the intercept between this 

model and the control model. 

Research Question 2 

To answer the second question, “Does the relationship between teacher self-

efficacy and teacher mathematics self-concept and student academic engagement differ 

for boys and girls?” I added the teacher-level independent variables as predictors of the 

student gender slope and then calculated the proportion of variance explained in the 

gender slope by the addition of these variables. For this model, all equations remained the 

same as stated in the control model except for the equation modeling the gender slope, 

which now was as follows: 
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Β2 =  γ20 + γ23 (SELF-CONCEPT) + γ24 (PEDAGOGY) + γ25 

(CONCEPTS) + u2 

As in research question 1, I examined the significance of the fixed effects for self-

concept, pedagogy, and concepts. Finally, I calculated the proportion of variance 

explained in the gender slope by comparing the between-group variability in that slope in 

the control model and in this model. 

Research Question 3 

To answer the third question, “Does the relationship between teacher self-efficacy 

and teacher mathematics self-concept and student academic engagement differ for 

students who are identified as academically high achieving?,” I added the three teacher-

level variables of interest as predictors to the ability slope. For this model, all equations 

remained the same as stated in the control model except for the equation modeling the 

ability slope shown below: 

Β3 =  γ30 + γ33 (SELF-CONCEPT) + γ34 (PEDAGOGY) + γ35 

(CONCEPTS) + u4 

As above, I looked at the significance of the fixed effect to examine whether these 

variables had different effects for high-achieving and non-high-achieving students. I then 

calculated the proportion of variance explained in the ability slope after adding the 

teacher variables of interested. This analysis allowed me to explore the differing 

relationship among the independent variables on student engagement for students of 

different academic achievement levels. 



 

48 
 

Conclusion 

 Through the use of carefully constructed hierarchical linear models, I was 

able to explore the relationships between teacher self-efficacy and self-concept 

and student academic engagement while controlling for a number of both teacher 

and student characteristics. Additionally, I was able to identify whether significant 

differences in these relationships exist between key groups of students, most 

notably, those of different genders, and different abilities. The HLM process 

allowed me to look at the proportion of variance explained by the variables added 

into my models to provide a better understanding of how teacher characteristics 

relate to the engagement of students in classrooms.
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CHAPTER IV 

RESULTS 

 This chapter will detail the analysis and results of this study. Data were analyzed 

using HLM version 7.01 using full maximum likelihood estimation. HLM uses each of 

the 10 imputed datasets and creates a pooled result for analysis. Because each research 

questions involves two outcomes (behavioral engagement and emotional engagement), 

analyses were run separately on each outcome. Each section of this chapter will report 

first on the behavioral engagement outcome and then on the emotional engagement 

outcome. 

Initial Analyses 

 Before answering the research questions, I checked for normality and looked at 

the descriptive statistics for each of my outcome variables. I also looked at the reliability 

of the scores for each of the instruments to ensure that they were measuring well for the 

students in my sample. 

Normality 

 Prior to conducting HLM analyses on the collected data, I examined the normality 

of the data. I did this through visual examination of the histogram and P-P plots for the 

two outcome variables because the two traditional tests for nonnormality (the Shapiro-

Wilk test and the Kolmogorov-Smirnov test) are known to be unreliable with sample 

sizes over 300 (Kim, 2013) and my sample size was 973. The histograms appeared to be
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slightly peaked and showed some negative skew, which was indicative of some slight 

violation of the normality assumption. Figures 3 and 4 shows the histograms for the two 

outcome variables (behavioral and emotional engagement).  

Figure 3. Histogram for Behavioral Engagement Outcome 

 

Figure 4. Histogram for Emotional Engagement Outcome 
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I also examined the P-P plots, which followed general 45-degree trajectories. Figures 5 

and 6 show the P-P plots.  

Figure 5. P-P Plot for Behavioral Engagement 

 

Figure 6. P-P Plot for Emotional Engagement 
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Finally, I compared the robust standard errors to the standard errors (both provided by the 

HLM software) and saw that the two sets of errors were very close. Thus, I chose to 

proceed with the data as they were and did not attempt a transformation. 

Descriptive Statistics 

Students. Using the SES-M item scores, I created mean scores for the two 

subscales of the instrument (behavioral and emotional engagement), separately for each 

of the 10 imputed datasets. To calculate the descriptive statistics for the two outcome 

variables, behavioral and emotional engagement (see Table 4), I found the mean and 

standard deviation for the mean scores for each of my ten imputed samples. I then found 

the mean and mean standard deviation for all ten samples.  

Table 4 

 

Descriptive Statistics for Student Outcomes [Mean(SD)] 

 Full sample Boys Girls Not high 

achieving 

High achieving 

Behavioral 

Engagement 

4.13(0.56) 4.08(.59) 4.19(0.53) 4.13(0.56) 4.27(0.43) 

Emotional 

Engagement 

3.72(0.91) 3.72(0.92) 3.72(0.90) 3.71(0.90) 4.07(0.77) 

Note. These statistics are based on averages of the 10 multiple imputation datasets. 

Next, I examined the internal consistency of the scale scores for the students in 

this sample. According to McCoach, Gable, and Madura (2013), reliability of at least .80 

is preferred to indicate good internal consistency. For this sample, the pooled reliability 

for the behavioral engagement scale was .79, CI95 =  [.78, .81] which is not statistically 

significantly below the level generally accepted as good reliability and is consistent with 

prior reliability estimates for this scale (Cash & Adelson, 2015). Reliability for the 

emotional engagement was found to be .88, CI95 =  [.87, .89]. 
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Teachers. I followed a similar procedure for calculating the descriptive statistics 

for the teacher data. I collected data to produce three teacher variables from two different 

instruments. I averaged the 10 items from the SDQ-III to calculate a scale score for 

teacher self-concept in mathematics (CM), seven items from the SETMI to calculate a 

scale score for efficacy for pedagogy in mathematics (EPM), and 15 items from the 

SETMI to determine a scale score for efficacy for teaching mathematics content (ETMC). 

Table 5 shows the descriptive for each teacher variable of interested. 

Table 5 

Descriptive Statistics for Teacher Outcomes  

Outcome  Mean SD 

Self-concept in Mathematics (CM)
a 

 6.00 1.28 

Efficacy for Pedagogy in Mathematics (EPM)
b 

 4.03 0.56 

Efficacy for Teaching Mathematics Content (ETMC)
b
  4.10 0.64 

Note. These statistics are based on averages of the ten multiple imputation datasets. 
a
The SDQ-III measures on a scale from 1 – 8 

b
The SETMI measures on a scale from 1 – 5 

 

I also calculated the reliability of these instruments with the sample for this study. This 

step was especially important given that much of the research on both instruments had 

been on students or pre-service teachers rather than in-service teachers. The pooled 

reliability for CM was.93, CI95 =  [90, .95], for EPM was.85, CI95 = [.78, .90], and for 

ETMC was.93, CI95 =  [.90, .94]. All of these indicate good internal consistency of 

measurement for this sample. 

Model Building 

 In order to answer the three research questions, I built a series of models. Below, I 

describe the model-building process: identifying first the null model to which the others 

are compared, then the control model that contains all of the control variables, and next 

the final models for each of the questions. 
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Unconditional Model 

 I first estimated the models with an engagement score as the outcome and no 

predictors. These models allowed for the calculation of the intraclass correlation (ICC). 

The ICC for behavioral engagement was .0852. Thus, 8.52% of variability in behavioral 

engagement was between classes while 91.48% of the variability is between students 

within each class. For emotional engagement, the ICC was.1926, indicating that 19.26% 

of variability in emotional engagement lies between classes. 

Control Model 

 Next, I built models using the student and teacher control variables. At the student 

level, gender, high achievement status, and ethnicity served as control variables. At the 

teacher level, there were three control variables: grade level of the class, teacher 

experience (measured by years of teaching), and teacher mathematics background. 

Though data on teacher gender and ethnicity were collected, they were not used in the 

final analysis as the sample of teachers was overwhelmingly female and white. Coding 

decisions for all variables can be found in Table 3 in Chapter 3. 

 The control models were estimated by entering all level-one variables while at 

first allowing all variances for those variables to randomly vary across classes and then 

by fixing nonsignificant variances, one at a time. For behavioral engagement, only the 

gender slope randomly varied across groups. For emotional engagement, only the 

intercept slope varied across groups. Final estimates for the two control models are 

shown in Tables 6 and 7. For all models, a predetermined alpha-level of .05 was used for 

all decisions on statistical significance. 
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Table 6 

Control Model for Behavioral Engagement 

Fixed effects Coefficient(SE) t(df) p 

Model for mean behavioral engagement (β0)   

  Intercept (γ00) 4.10(.05) 79.22(54) <.001 

  Experience (γ01) -0.002(.03) -0.69(54) .494 

  MathBackground (γ02) -0.08(.003) -1.24(54) .221 

  Grade(γ03) -0.002(.07) -0.08(54) .939 

Model for Gender slope (β1)   

  Intercept (γ10) 0.13(.04) 3.26(57) .002 

Model for Achievement slope (β2)   

  Intercept (γ20) 0.21(.07) 3.823(855) .003 

Model for Ethnicity slope (β3)   

  Intercept (γ30) -0.12(.06) -2.10(855) .036 

Random Effects Variance df χ
2 

p 

Var. in class means (τ00) 0.038 52 121.72 <0.001 

Var. in Gender slope (τ11) 0.026 55 75.26 .036 

Var. within classes (σ
2
) 0.265    

 

 Of the variables that were added to the model for behavioral engagement, none of 

the class-level predictors were statistically significant predictors of the intercept (average 

behavioral engagement). Despite their nonsignificance, they remained in the model as 

control variables. In this control model, all of the student-level predictors (gender, 

achievement status, ethnicity, and underrepresented minority status), were significant 

predictors of the intercept. Girls, high-achieving students, and nonminority students all 

indicated significantly higher levels of behavioral engagement than did boys, average- 

and low-achieving students, and those in underrepresented ethnic minority groups. 

In this model, it can be seen that, after controlling for class- and student-level 

predictors, the intercept, average behavioral engagement, was 4.10 (γ00) and was 

statistically significant (t[54] = 79.22, p <.001), indicating that the mean behavioral 

engagement is not equal to zero. Additionally, the intercept variance component is 



 

56 
 

statistically significant (χ
2
 [52] = 121.72, p <.001), indicating that classes vary 

significantly on average behavioral engagement, with some classes having students 

indicating higher levels of behavioral engagement and some classrooms having students 

indicating lower levels of behavioral engagement. The only significant predictors of 

behavioral engagement are gender and high achievement status. The differential in mean 

behavioral engagement for girls is 0.13 (γ10), indicating that girls’ behavioral engagement 

scores are 0.13 points higher than boys after controlling for all other variables. Similarly, 

students of high ability score 0.21 points (γ20) above their counterparts on behavioral 

engagement when all other variables are held constant. 

Table 7 

Control Model for Emotional Engagement 

Fixed effects Coefficient(SE) t(df) p 

Model for mean behavioral engagement (β0)   

  Intercept (γ00) 3.70(.10) 38.634(54) <.001 

  Experience (γ01) -0.01(.01) -1.85(54) .070 

  MathBackground (γ02) -0.03(.13) -0.201(54) .841 

  Grade(γ03) 0.01(.07) 0.095(54) .924 

Model for Gender slope (β1)   

   Intercept (γ10) 0.04(.05) 0.612(912) .496 

Model for Achievement slope (β2)   

   Intercept (γ20) 0.25(.11) 2.141(912) .033 

Model for Ethnicity slope (β3)   

   Intercept (γ30) 0.05(.09) 0.515(912) .607 

Random Effects Variance df χ
2
 p 

Var. in class means (τ00) 0.149 54 252.45 <.001 

Var. within classes (σ
2
) 0.658    

 

  Unlike with behavioral engagement, for emotional engagement only high-

achievement status is a statistically significant predictor of the intercept (average 

emotional engagement). Those students who are identified as high achieving indicate that 

they are more emotionally engaged than their non-high-achieving counterparts.  
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As with behavioral engagement, both the intercept of 3.67 (t[54] =  38.63, p 

<.001) and the intercept variance (χ
2
 [54] = 252.45, p <.001) component were statistically 

significant. Thus, emotional engagement is statistically significantly different from zero, 

and it does vary across classes. After accounting for all other variables, mean emotional 

engagement for students in this study was 3.67 points. After controlling for all other 

variables, high achievement status remains a significant predictor of emotional 

engagement, as it did in the control model. Those students identified as high achieving 

score, on average, 0.25 points (γ20) higher on the measure of emotional engagement.  

Using these control models as base models to which other models might be 

compared, I next estimated models to answer each of the three research questions.  

Research Question 1 

The first research question is about the relationship between teacher self-

perceptions and student academic engagement. To answer this question, I added the three 

measures of teacher self-perceptions (mathematics self-concept, self-efficacy for 

pedagogy in mathematics, and self-efficacy for teaching mathematics content) as 

predictors of the intercept (average engagement). 

Behavioral engagement. To answer Research Question 1 in relation to 

behavioral engagement (see Table 8), I examined the fixed effects for the three added 

teacher variables. Mathematics self-concept (γ04 =  .02, t[51]=  .746, p =  .459), self-

efficacy for mathematics pedagogy(γ05 =  .02, t[51]=  .350, p =  .727), and self-efficacy 

for teaching mathematics content (γ07 =  .04, t[51]=  .735, p =  .466) were not statistically 

significantly related to the intercept. Thus, it would seem that these variables are not 

related to students’ mean behavioral engagement scores. To determine the extent to 
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which the addition of the three teacher self-efficacy variables explains variability in 

behavioral engagement scores, I calculated the proportion of variance explained (PVE) in 

the intercept. This value is computed by subtracting the variability in the intercept for this 

model from the variability in the intercept from the control model and then dividing by 

the total original variability (i.e., the variability in the control). However, in this model, 

the variance in the intercept actually rose after the addition of the three teacher self-

efficacy variables, meaning that the PVE could not be calculated and indicating that these 

three variables do not explain any of the remaining variance in the intercept after 

controlling for teacher and student characteristics. 

Table 8 

Contextual Model for Behavioral Engagement, Answering Research Question 1 

Fixed effects Coefficient(SE) t(df) p 

Model for mean behavioral engagement (β0)   

  Intercept (γ00) 4.13(.05) 76.16(51) <.001 

  Experience (γ01) -0.001(.003) -0.434(51) .666 

  MathBackground (γ02) -0.14(.08) -1.786(51) .080 

  Grade (γ03) -0.01(.04) -0.322(51) .749 

  Self-concept (γ04) 0.02(.03) 0.746(51) .459 

  Pedagogy (γ05) 0.02(.06) 0.350(51) .727 

  Content (γ06) 0.04(.06) 0.735(51) .466 

Model for Gender slope (β1)   

   Intercept (γ10) 0.13(.04) 3.206(57) .002 

Model for Achievement slope (β2)   

   Intercept (γ20) 0.23(.07) 3.13(57) .002 

Model for Ethnicity slope (β3)   

   Intercept (γ30) -0.11(.06) -1.933(855) .054 

Random Effects Variance df χ
2 

p 

Var. in class means (τ00) 0.045 49 130.17 <.001 

Var. in Gender slope (τ11) 0.026 55 75.39 .035 

Var. within classes (σ
2
) 0.265    

 

Emotional engagement. As I did in the behavioral engagement model above, I 

examined the fixed effects for the three variables that were added to the equation (see 
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Table 9). Mathematics self-concept (γ04 =  -.10, t[51] =  -1.62, p =  .112), self-efficacy for 

mathematics pedagogy (γ05 =  .12, t[51] =  .99 p =  .327), and self-efficacy for teaching 

mathematics content (γ07 =  .15, t[51] =  1.38, p =  .175) were not statistically 

significantly related to the intercept. As before, none of the teacher self-perceptions 

variables were statistically significantly related to emotional engagement scores. 

However, unlike for behavioral engagement, emotional engagement variability did drop 

as a result of the addition of the three teacher self-efficacy variables. The PVE in the 

intercept was 0.034. Thus, about 3.4% of the variability in class means is explained by 

teacher mathematics self-concept, self-efficacy for pedagogy of mathematics, and self-

efficacy for teaching mathematics concepts above and beyond the control variables. 

Interestingly, teacher experience did became a statistically significant predictor of 

students’ emotional engagement (γ01 =  -.01, t[51] =  -2.09, p =  .041) when teacher self-

perceptions were controlled for. For each one year of experience that a teacher has above 

the mean experience (14.41 years), students in that class are expected to score 0.01 points 

less on emotional engagement. 
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Table 9 

Contextual Model for Emotional Engagement, Answering Research Question 1 

Fixed Effects Coefficient(SE) t(df) p 

Model for mean emotional engagement (β0)   

  Intercept (γ00) 3.67(.10) 36.70(51) <.001 

  Years (γ01) -0.01(.01) -2.09(51) .041 

  MathBackground (γ02) 0.002(.15) 0.02(51) .987 

  Grade(γ03) -0.01(.07) 0.38(51) .703 

  Self-Concept (γ04) -0.10(.06) -1.62(51) .112 

  Pedagogy (γ05) 0.12(.12)) 0.99(51) .327 

  Content (γ06) 0.15(.11) 1.38(51) .175 

Model for Gender slope (β1)   

  Intercept (γ10) 0.04(.05) 0.72(912) .472 

Model for Achievement slope (β2)   

  Intercept (γ20) 0.24(.12) 2.023(912) .043 

Model for Ethnicity slope (β4)   

  Intercept (γ30) 0.06(.09) 0.680(912) .497 

Random Effects Variance df χ
2 

p  

Var. in class means (τ00) 0.144 51 228.98 <.001 

Var. within classes (σ
2
) 0.658    

 

Summary of Research Question 1 results. Research Question1 asked about the 

relationship between teacher mathematics self-perceptions (specifically, teacher 

mathematics self-concept, self-efficacy in pedagogy of mathematics, and self-efficacy in 

teaching mathematics content) and student academic engagement. As described in the 

results above, there was no relationship between the three teacher self-perceptions 

measures and student academic engagement. The teacher self-perceptions did not explain 

any of the variability between classes in behavioral engagement, although it did explain 

3.4% of the variability between classes in emotional engagement. 
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Research Question 2  

 Next, the three teacher variables of mathematics self-concept, self-efficacy in 

mathematics pedagogy, and self-efficacy for teaching mathematics content were added to 

the gender slope to see if they moderated the differences between boys and girls.  

Behavioral engagement. In this model (see Table 10), teacher mathematics self-

concept (γ11 =  -.07, t[54] =  -2.14, p =  .037) and self-efficacy for teaching mathematics 

content (γ13 =  .22, t[54] =  3.24, p =  .002) were both statistically significant predictors of 

the differences between males and females in behavioral engagement, though self-

efficacy for mathematics pedagogy (γ12 =  .07, t[54] =  0.95, p =  <.349) was not. Girls, 

who are already predicted to score high on the measure of behavioral engagement (γ10 =  

.13, t[54] =  3.60, p < .001), in a class with a teacher who scored one point above the 

mean on self-efficacy for teaching mathematics content were expected to score an 

additional 0.22 points higher (γ13, t[54] =  3.24, p =  .002) on the measure of behavioral 

engagement. Inversely, girls in a class with a teacher who scored a point higher on the 

measure of mathematics self-concept were expected to have their differential from boys 

in behavioral engagement decrease by 0.07 points (γ13, t[54] =  -2.14, p =  .037). Figure 3 

shows predicted values for girls and boys in classes with different teacher characteristics 

to illustrate this relationship. These predicted values represented what would be expected 

from a third-grade student who is neither a minority nor high achieving and whose 

teacher was at the average for all control variables. 
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Table 10 

Contextual Model for Behavioral Engagement by Gender, Answering Research Question 

2 

Fixed effects Coefficient(SE) t(df) p 

Model for mean behavioral engagement (β0)   

  Intercept (γ00) 4.13(.05) 77.81(51) <.001 

  Years (γ01) -0.001(.003) -0.38(51) .705 

  MathBackground (γ02)  -0.13(.08) -1.73(51) .090 

  Grade (γ03) -0.01(.04) -0.38(51) .716 

  Self-Concept (γ04) 0.06(.04) 1.76(51) .084 

  Pedagogy (γ05) 0.07(.07) 0.945(51) .349 

  Content (γ06) -0.09(.07) -1.294(51) .201 

Model for Gender slope (β1)   

  Intercept (γ10) 0.13(.04) 3.60(54) <.001 

  Self-Concept(γ11) -0.07(.04) -2.14(54) .037 

  Pedagogy(γ12) 0.07(.07) 0.95(54) .349 

  Content(γ13) 0.22(.07) 3.24(54) .002 

Model for Achievement slope (β2)   

  Intercept (γ20) 0.23(.06) 3.116(855) .002 

Model for Ethnicity slope (β3)   

  Intercept (γ30) -0.12(.06) -2.108(855) .035 

Random Effects Variance df χ
2 

p  

Var. in class means (τ00) 0.039 49 116.94 <.001 

Var. in Gender slope (τ11) 0.010 52 57.62 .275 

Var. within classes (σ
2
) 0.265    

 

Figure 7 

Predicted Values for Behavioral Engagement 
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After examining the fixed effects for the teacher self-perceptions variables added 

as predictors to the gender slope, I calculated the proportion of variance in this slope 

explained by these variables. Without the three teacher variables of interest, variance in 

the gender slope was 0.026. After accounting for all three measures of teacher self-

perceptions, the variance in the gender slope dropped to 0.010. Thus, 61.5% of the 

variance in the gender slope can be explained by the linear combination of teacher 

mathematics self-concept, self-efficacy for mathematics pedagogy, and self-efficacy for 

teaching mathematics content. 

Emotional engagement. Unlike for behavioral engagement, none of the measures 

of teacher self-perceptions significantly moderated the gender slope or emotional 

engagement (see Table 11). Mathematics self-concept (γ11 =  -.06, t[909] =  -1.16, p =  

.051), self-efficacy for mathematics pedagogy (γ12 =  22, t[909] =  1.96, p =  .051), and 

self-efficacy for teaching mathematics content (γ13 =  .19, t[909] =  1.91, p =  .057) do not 

significantly relate to the gender differential in emotional engagement. This was expected 

as the gender slope did not statistically significantly vary between classes.  
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Table 11 

Contextual Model for Emotional Engagement by Gender, Answering Research Question 

2 

Fixed effects Coefficient(SE) t(df) p 

Model for mean emotional engagement (β0)   

  Intercept (γ00) 3.67(.10) 36.86(51) <.001 

  Years (γ01) -0.01(.07) -2.02(51) .049 

  MathBackground (γ02) 0.01(.15) 0.04(51) .967 

  Grade (γ03) 0.03(.07) 0.339(51) .736 

  Self-Concept (γ04)  -0.07(.05) -1.11(51) .274 

  Pedagogy (γ05) 0.02(.11) 0.147(51) .884 

  Content (γ06) 0.06(.10) 0.468(51) .642 

Model for Gender slope (β1)   

  Intercept (γ10) 0.04(.05) 0.719(909) .472 

  Self-Concept(γ11) -0.06(.05) -1.16(909) .247 

  Pedagogy(γ12) 0.22(.11) 1.96(909) .051 

  Content(γ13) 0.19(.10) 1.91(909) .057 

Model for Achievement slope (β2)   

  Intercept (γ20) 0.25(.12) 2.12(909) .034 

Model for Ethnicity slope (β3)   

  Intercept (γ30) 0.04(.09) 0.48(909) .635 

Random Effects Variance df χ
2 

p  

Var. in class means (τ00) 0.143 51 229.25 <.001 

Var. within classes (σ
2
) 0.652    

 

Summary of Research Question 2 results. Research Question 2 asked whether 

there were differences between girls and boys in the relationship of their academic 

engagement and teacher self-perceptions. The results shown above indicate that there is, 

in fact, a significantly different relationship between teacher self-perceptions and 

behavioral engagement for boys and girls. Teacher mathematics self-concept (γ11 =  -.07, 

t[54] =  -2.14, p =  .037) and self-efficacy for teaching mathematics content (γ13 =  .22, 

t[54] =  3.24, p =  .002) both significantly predicted the differential between boys and 

girls in their behavioral engagement scores, explaining, 61.5% of the variability between 

classes in the gender differential in behavioral engagement. For emotional engagement, 
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although there are significant differences in reported engagement between boys and girls, 

these differences are not explained by teacher self-perceptions. 

Research Question 3  

 Finally, I examined models to explore whether the measures of teacher self-

perceptions were significant moderators of the high-achievement status slope. To answer 

this question, the three teacher self-perceptions predictors were added to the achievement 

slope. 

Behavioral engagement. The results for this model are in Table 12. The fixed 

effects for the teacher self-perception variables predicting the high-achievement status 

slope indicated the mathematics self-concept (γ21 =  -.001, t[852] =  -.01, p =  .989), self-

efficacy for pedagogy in mathematics (γ22 =  -.10, t[852] =  -.76, p =  .449), and self-

efficacy for teaching mathematics content (γ23 =  .02, t[852] =  .13, p =  .899) that none of 

the teacher self-perceptions measures were significant predictors of the high achievement 

slope. Because I had already predicted that the achievement slope did not vary between 

groups, this result was expected.  
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Table 12 

Contextual Model for Behavioral Engagement by Achievement Status, Answering 

Research Question 3 

Fixed effects Coefficient(SE) t(df) p 

Model for mean behavioral engagement (β0)   

  Intercept (γ00)  4.12(.05) 76.07(51) <.001 

  Years (γ01) -0.001(.003) -0.38(51) .796 

  MathBackground (γ02) -0.14(.08) -1.81(51) .702 

  Grade (γ03) -0.01(.04) -0.25(51) .796 

  Self-Concept (γ04) 0.02(.03) 0.73(51) .467 

  Pedagogy (γ05) 0.03(.06) 0.51(51) .616 

  Content (γ06) 0.04(.06) 0.70(51) .487 

Model for Gender slope (β1)   

  Intercept (γ10) 0.13(.04) 3.18(57) .002 

Model for Achievement slope (β2)   

  Intercept (γ20) 0.23(.08) 2.78(852) .006 

  Self-Concept(γ21) -0.001(.07) -0.01(852) .989 

  Pedagogy(γ22) -0.10(.13) -0.76(852) .449 

  Content(γ23) 0.02(.14) 0.13(852) .899 

Model for Ethnicity slope (β3)   

  Intercept (γ30) -0.11(.06) -1.93(852) .054 

Random Effects Variance df χ
2 

p 

Var. in class means (τ00) 0.045 49 130.02 <.001 

Var. in gender slope (τ11) 0.026 55 75.17 .036 

Var. within classes (σ
2
) 0.266    

 

Emotional engagement. Once again, I examined the fixed effects for each of the 

three predictors on the high ability slope (see Table 13). These results indicated that none 

of the teacher self-perceptions measures were significant predictors of the high ability 

slope: mathematics self-concept (γ21 =  .0001, t[909] =  .001, p =  .999), self-efficacy for 

pedagogy in mathematics (γ22 =  -.03, t[852] =  -.15, p =  .884), self-efficacy for teaching 

mathematics content (γ23 =  .04, t[852] =  .18, p =  .857). As with behavioral engagement, 

I had already hypothesized that the effect of achievement on engagement did not vary 

across groups and thus should not expect the addition of the teacher self-perceptions 

variables to add any new information. 
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Table 13 

Contextual Model for Emotional Engagement by Achievement Status, Answering 

Research Question 3 

Fixed effects Coefficient(SE) t(df) p 

Model for mean emotional engagement (β0)   

  Intercept (γ00) 3.67(.10) 36.68(51) <.001 

  Years (γ01) -0.01(.01) -2.08(51) .043 

  MathBackground (γ02) -0.002(.15) -0.01(51) .990 

  Grade (γ03) 0.03(.07) 0.39(51) .695 

  Self-Concept (γ04) -0.10(.06) -1.59(51) .118 

  Pedagogy (γ05) 0.12(.12) 1.00(51) .322 

  Content (γ06) 0.15(.11) 1.34(51) .187 

Model for Gender slope (β1)   

  Intercept (γ10) 0.04(.05) 0.713(909) .476 

Model for Achievement slope (β2)   

  Intercept (γ20) 0.25(.14) 1.84(909) .066 

  Self-Concept(γ21) 0.0001(.10) 0.001(909) .999 

  Pedagogy(γ22) -0.03(.21) -0.15(909) .884 

  Content(γ23) 0.04(.23) 0.18(909) .857 

Model for Ethnicity slope (β3)   

  Intercept (γ30) 0.06(.09) 0.69(909) .492 

Random Effects Variance df χ
2 

p 

Var. in class means (τ00) 0.144 51 227.53 <0.001 

Var. within classes (σ
2
) 0.660    

 

Summary of Research Question 3 results. Research Question 3 asked whether 

teacher self-perceptions explained the difference in academic engagement between 

students of differing achievement status. The tables and results discussed above indicate 

that there is no significant relationship with any of the teacher self-perceptions variables 

and the high-achievement status slope for either emotional or behavioral engagement. 

Although there is a difference in reported engagement between students identified as high 

achieving and those who are not, this difference does not vary between classes and, 

therefore, teacher self-perceptions do not moderate this difference.  
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CHAPTER V 

DISCUSSION 

 The purpose of this quantitative dissertation was to examine the relationship 

between teacher self-perceptions and student academic engagement in mathematics. In 

this study, I examined that relationship in general and further studied how that 

relationship differed between boys and girls as well as between high-achieving students 

and those students who are not high-achieving. Through the use of HLM, I developed and 

tested a series of models to explore these relationships. These analyses highlighted some 

key findings of interest and also showed where some of the knowledge gaps in the study 

of student academic engagement remain. This section discusses the key findings of this 

research project and then explains the limitations and recommendations for future 

research. 

Key Findings and Implications 

 In large part and with one notable exception that will be discussed, in this study I 

found that teacher self-perceptions are not significantly related to student academic 

engagement in mathematics. This might be seen as a positive result in many ways. 

Particularly for emotional engagement in mathematics, although reported levels of 

engagement did vary across classes, that variance was not directly related to the teachers’ 

self-perceptions. Though some teachers do not have a high level of self-concept in their 

own mathematics ability, this does not appear to relate to how much their students report 

being emotionally engaged in class. 
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 However, there was one key finding that poses additional implications. When it 

comes to behavioral engagement in mathematics class, arguably a characteristic that 

might be particularly influenced by teachers, girls and boys differ significantly not only 

in their engagement (with girls reporting statistically significantly more engagement than 

boys) but also in the way in which their engagement relates to teacher self-perceptions. In 

fact, teacher self-perceptions account for approximately 62% of the difference between 

girls and boys on their reported levels of behavioral engagement. This finding is of 

particular interest for teachers and teacher educators alike and might yield some valuable 

information to those who are working with students. This key finding is explored more 

fully in the following paragraphs. 

 In looking back at the existing literature cited in Chapter II, it was hypothesized 

that teachers who report higher levels of self-perceptions might be more inclined to 

incorporate a variety of teaching strategies or class activities that could serve to better 

involve students in their mathematics class. It is interesting, and somewhat unexpected, 

that this relationship (i.e., the one between teacher self-perceptions and student 

behavioral engagement) was only related to the differential for girls rather than relating to 

engagement for the sample as a whole. However, this relationship does offer some 

thought-provoking information for those tasked with educating students in mathematics. 

Given that fewer girls persist in mathematics education beyond what is required, which 

may be due to a lack of behavioral engagement, it appears that one thing that might 

account for the difference in girls who do persist is the self-perception level of teachers of 

those girls.  
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 Additionally, in Chapter II I noted that, although girls and boys tend to have 

similar mathematics perceptions early in their education, girls tend to be less engaged in 

the sciences (including mathematics) than boys by the time that they reach middle school 

(Rinn et al., 2008). In this study of younger students, girls actually reported significantly 

higher behavioral engagement than boys did when placed in a classroom with a teacher 

who had a high level of self-efficacy for teaching mathematics content. This suggests 

there might be something worth exploring in the teacher/student relationship. Other 

researchers have suggested that girls respond more positively to STEM subjects when 

they see strong female role models (Teo, 2014). Given that the majority of teachers in 

this study were women, this idea might account for some of the differential between boys 

and girls when the teacher is more self-efficacious about their ability to teach 

mathematics concepts. Despite many efforts to decrease the size of the difference 

between boys and girls who enter STEM fields (i.e. there are far more males than females 

studying and working in mathematics and science), there is still a large gap in the STEM 

subjects (Teo, 2014). Thus, the results of this study support the theory that, if one is 

interested in helping close the STEM gap for girls, there is a need for more 

mathematically strong female teachers, even in the early grades.  

Also, this suggests a need for teacher educators not to focus solely on elementary 

school mathematics teachers’ mathematics self-concept but on their self-efficacy for 

teaching mathematics content. With the recognition that content knowledge is critical for 

teachers, this study also suggests that there might be benefit for teacher educators to work 

with teachers on their own self-efficacy in pedagogical content knowledge. In teacher 

education programs and professional development for elementary school teachers, 
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professionals might consider focusing on mathematics pedagogical content knowledge, 

that is, teacher’s knowledge in how to teach mathematics, rather than focusing as heavily 

on their mathematics knowledge itself. Knowing mathematics and knowing how to teach 

mathematics are two different knowledge bases (Tschannen-Moran, Hoy, & Hoy, 2015), 

and this study suggests that when teachers have a stronger self-efficacy in their ability to 

teach mathematics, their female students report being more engaged in mathematics 

class.   

 There was also a small but significant negative relationship between teacher 

mathematics self-concept and the gender differential in behavioral engagement. That is, 

when girls were in a class with a teacher with higher mathematics self-concept, they 

tended to score slightly lower than boys in the same class. Lower levels of mathematics 

self-concept in teachers have been shown to be strongly correlated to higher levels of 

mathematics anxiety (Briley, 2015) and also correlated to more negative feelings toward 

mathematics (Austin, Wadlington, & Bitner, 1992). These teacher beliefs have effects on 

student academic engagement (Ganotice & King 2014). Moreover, girls are more likely 

than boys to take on the attitudes of teachers or peers (Leaper, Farkas, & Brown, 2012). 

This might account for some of the differential in behavioral engagement for girls who 

are in a class with a teacher of lower self-concept in mathematics.  

Limitations 

 Although attempts were made to control a number of different aspects so as to 

create a study that could be widely generalized, there are still some limitations. Two main 

limitations affect the generalizability of this study: the lack of ethnic diversity of students, 
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the small number of high-achieving students, and lack of variation in how students were 

grouped (i.e., homogeneously or heterogeneously grouped). 

The first major limitation of the study was the general homogeneity of students in 

relation to their ethnicity. Students in this study were chosen by convenience sampling. 

Although a variety of schools in several districts were used for participation, the overall 

sample remained overwhelmingly white. Of the student participants included in the 

study, roughly 80% of them were white. This percentage increased in the analytic sample 

to 84%, largely due to the fact that teachers in the most ethnically-diverse schools were 

also the ones who did not complete the teacher questionnaires and, thus, teachers and 

students were removed from the sample. The small number of underrepresented minority 

students (i.e., blacks and Hispanics) limits the overall generalizability of the study. 

Additionally, although the study is strengthened by the use of multiple imputation for 

some data, because of the use of listwise deletion to remove some students from analysis 

(those whose teacher did not report either the student or the teacher demographics), 

obtaining a representative sample was not possible. 

 The second main limitation of the study relates to the question of measuring 

differences in reported academic engagement for students who are high achievers. The 

difficulties here are of two types. First, a relatively small number (only 70 students of the 

analytic sample) were identified as high achieving. This small number of students might 

have limited the power available to identify differences among them. In addition to the 

problem of the somewhat small sample size for this group, a second limitation regarding 

high-achieving students relates to the fact that the differential in engagement for those 

students surveyed did not significantly vary across different classes. The high-achieving 
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students in this sample were largely from classes that were of mixed ability. This fact 

might account for lack of variability between classes in that differential, and the small 

sample size (n = 4) of high-ability grouped classes might contribute even further. The 

big-fish-little-pond effect (BFLPE; Marsh, 1987) is the phenomena by which it has been 

shown that student self-concept in high ability students is affected when students are 

placed in ability-grouped settings. In general, when students of high ability are placed 

with other students of high ability, their reported academic self-concept decreases 

(Marsh, 1987). This effect exists across other student affective characteristics (e.g., 

boredom) as well (Preckel, Götz, & Frenzel, 2010). As there are high correlations 

between boredom and academic engagement, it is possible that that BFLPE also occurs in 

relation to student engagement. Thus, this study could have benefited from more 

variability in the grouping of high-ability students. 

Future Research 

 The conclusion of this study does not indicate the conclusion of research needed 

in this area of study; it only suggests some areas that might be interesting in the future. 

There are two main types of questions that might follow directly from this study. The first 

vein of questioning arises from the findings on where variability does or does not exist 

between classes and what might be some of the factors that can explain that variability. 

The second source of future research stems from the conclusion that teacher self-

perceptions do, in fact, correlate with the gender differential in student academic 

engagement. This section will describe some possible research threads that could follow 

from this study. 



 

74 
 

 In looking at the variability between classes, there are two areas that are of 

particular interest: those instances where variability exists and those instances where it 

does not. First, student-reported levels of academic engagement do, in fact, vary across 

classes, although this study shows that teacher self-perceptions do not explain very much 

of this variability for either type of engagement. This then leaves the question of what 

class-level characteristics might account for this significant variation. In particular, future 

research should focus on those malleable class characteristics, in other words, those 

characteristics that might be affected by teachers or schools (e.g., ability-grouping, 

classroom structure, or teaching styles). 

Second, high-achieving students did show a significant differential from non-

high-achieving students in their reported level of academic engagement, but that 

differential in engagement did not vary across classes. That indicates that future research 

on student academic engagement among high-achieving students might benefit from 

focusing on student-level characteristics, such as mathematics interest, perceived 

usefulness, or self-concept. Also, as mentioned above in the limitations section, this lack 

of variability between classes might be due to the fact that the majority of the high-

achieving students in this study were in classes of mixed ability. A future study might 

focus on comparing students who are ability-grouped to those who are not in an attempt 

to explore if this lack of variance exists between those groups as well. Thus, subsequent 

studies on student academic engagement need to further explore sources of variability 

between classes. 

 The second area of future research stems directly from the fixed effects of this 

study (the relationships between the variables). Results of this study indicated that 
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teacher self-perceptions are significantly related to the difference between girls and boys 

on reported behavioral engagement. Future studies are needed to explore the differences 

between what teachers of high self-perceptions and those with low self-perceptions are 

doing differently in their classrooms that might affect this relationship. As this was a 

regression analysis, causation is not possible to ascertain and the direction of the 

relationship is not identified. Furthermore, quantitative research offers little in the way of 

actually exploring what is going on in classrooms that might help to explain the gender 

differential in teachers with differing levels of self-perceptions. Possibly mixed 

methodology could be employed for the analysis of observational data in classrooms that 

might help understand the differences in these classrooms. Additionally, further research 

on girls and boys is needed to examine other perceptions of students, through interviews 

or other measures, which might help to explain why girls and boys are engaged 

differently with different types of teachers. Consequently, viewing this study through the 

dynamic lens of social cognitive theory, one might also question how the level of student 

engagement in a class might affect the teacher’s self-perceptions. 

 More can be learned about the way in which student academic engagement is 

experienced outwardly in the classrooms. In this dissertation, I focused on the 

psychological construct of engagement, which is inherently a self-report measure of how 

a student experiences the class and themselves in the classroom environment. Because 

behavioral engagement (the one area where significant results were found) is actually 

intended to be a measure of how they participate in class, measuring observable 

indicators of engagement (e.g., asking relevant questions, participating in activities, 

answering questions posed by the teacher and peers) as opposed to student-reported 
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engagement might be of interest. Future research might employ observations or 

secondary reporters (e.g., teachers) to see if students who indicate that they are more 

engaged are outwardly engaged in class in productive ways. This might help teachers and 

administrators better understand ways in which students might be better engaged, in 

particular, given the differences in the engagement levels of girls and boys. 

 A final, yet not unexpected finding of this study pertains to gifted students. This 

study found that gifted students in each class reported higher levels of both behavioral 

and emotional engagement. This leads one to question whether teachers are gearing 

instruction toward those students who are high achievers or whether the status as high 

achievers has in some way affected their classroom engagement. The fact that this occurs 

across all classes and is not moderated by the any of classroom or teacher characteristics, 

suggests that this is implicit in the school systems and not unique to particular teachers. 

More needs to be done to help engage the other students (i.e. the non high achieving 

students) in the mathematics classrooms. 

This study has shown that students do vary on their levels of academic 

engagement. As student academic engagement is shown to be correlated to achievement 

(Fredricks et al., 2004), continued studies need to explore both class-/teacher- and 

student-level factors that might moderate the level of engagement to support the creation 

of classroom environments most conducive to student participation and, ultimately, 

increased achievement. Clearly this shows a need for teachers who are confident in their 

mathematical ability, and who also possess strong mathematics pedagogy and content 

knowledge. 
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Conclusion 

 In conclusion, student academic engagement in mathematics, both behavioral and 

emotional, does differ across classes. This means that there are things at the class-level 

that are related to student academic engagement. Given that engagement is understood to 

be malleable and affected by environment, this study gives strong evidence that there is 

more to learn about the ways in which teachers or classroom environments can help to 

increase academic engagement. Additionally, behavioral engagement shows significant 

differential between boys and girls and that a great deal of this variability can be 

explained by the teacher self-perceptions. This suggests that, in an effort to retain more 

girls in the STEM fields (mathematics, in particular, as shown in this study) there may be 

a need for teachers who are highly self-efficacious in teaching mathematics. This might 

help to engage female students in the subject and then retain them in the STEM pipeline. 

As pointed out in the introduction to this dissertation, developing and refining 

mathematics education is of critical import for students, and there is still a great deal that 

can be learned about how best to educate students in mathematics (National Research 

Council, 2007) and retain students in mathematical fields (Teo, 2014).  
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Appendix A 

Teacher Demographic Survey 

 

1. Gender: Male_____ Female_____ 

 

2. Which of the following best describes you? (You may check more than 

one.) 

White_____   

Black_____   

Asian/Pacific Islander_____  

 Hispanic_____ 

 Native American / Alaskan Native_____ 

 Other_____ 

 

3. Including this year, how many years have you taught?     

 

4. In your undergraduate program did you have 
 

a. a major or minor in mathematics?  

Yes_____ No_____ 
 

b. an emphasis or endorsement in mathematics education? Yes_____

 No_____ 

 

5. In your graduate program did you earn a degree in mathematics or 

mathematics education?  

Yes_____ No_____  I have not earned a graduate degree _____ 
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