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Abstract

The sample of this study consisted of 1,077 eighth grade students and 442 eighth grade
teachers from nine states—Alabama, California, Connecticut, Colorado, Florida, Indiana,
Massachusetts, Minnesota, and North Carolina during the TIMSS 2011 study. The instrument
used to measure student and teacher self-efficacy, student task value, and teacher preparations
were student and teacher questionnaire. The instrument used to measure mathematics
achievement was TIMSS mathematics assessment for eighth grade. For this study, two scales
were used from the student and teacher questionnaire, which included a total of 46 questions.

The independent variables were student and teacher self-efficacy, student task value, and
teacher preparation. The dependent variable was mathematics achievement. The demographic
data revealed that of the study’s sample of teachers, 311 (70%) were female and 131 (30%) were
male; the age range for teachers was between 40 and 49 years old. The demographic data also
revealed that of the study’s sample of students, 5,180 (49%) were male and 5,297 (51%) were
female; the average age of students was 14 years old.

A hierarchical linear model was conducted to determine if self-efficacy and perceived
task value predict eighth grade student achievement in mathematics. The test revealed that there
was a statistically significant amount of variance in mathematic achievement (outcome variable)
at the teacher level, which supported the use of HLM. Based on the random intercept model, the

researcher concluded that student self-efficacy predicted eighth grade mathematics achievement.



The regression with means as outcomes model assessed student mean achievement as
related to teacher self-efficacy and teacher preparation. The results indicated that student mean
achievement as related to teacher self-efficacy was statistically significant.

Teacher self-efficacy was statistically significant when predicting mathematics
achievement after accounting for student level predictors. Teacher preparation was not
statistically significant when predicting mathematics achievement after accounting for student
level predictors. The result of the chi-square reveals that there is statistical significance residual

variance in the slopes.
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Chapter 1. Introduction

This research study measures the relationships among the United States eighth grade
student mathematics achievement (number, algebra, geometry, and data choice), student and
teacher self-efficacy, student task value, and teacher preparation. This chapter provides the
statement of the problem, the purpose of the study, the significance of the study, the research
questions, the hypotheses, the limitations, the assumptions of the study, and definitions for key
terms.

Statement of the Problem

Skouras (2014) identified teacher preparation, teacher self-efficacy, student motivation,
and student self-efficacy as a few factors that affect student achievement in mathematic.
Research has shown that student academic success begins in a classroom where teachers have
high expectations of their students; in turn, students are positively motivated to actively
participate in their learning process (Jung, Brown, & Karp, 2014; Shi, 2014). Students’ interest
in learning math begins prior to their arrival at school. Pre-school students are “thinking
mathematically” (Greenes, 1999) and have the ability to solve complex problems. In addition,
understanding the social context as to how students learn can assist with improving student
academic achievement (Skouras, 2014).

Stevens, Harris, Aguirre-Munoz, and Cobbs (2009) suggested that middle school teachers
should master elementary mathematics concepts to effectively teach middle school math;
however, teachers should also possess the ability to teach and enhance the self-efficacy of a
culturally and socially diverse middle school student population in the subject of math. In order
to achieve the academic success, pre-service and in-service middle school math teachers should

participate in effective professional development activities to develop and enhance their abilities



to effectively disseminate the required mathematics curriculum. The United States has focused
on funding the development of math teachers within the areas of content knowledge, teaching
strategies, inter-professional skills, and classroom management (Wilson, Floden, & Ferrini-
Mundy, 2002). According to Blackbourn et al. (2008), teacher education researchers are calling
for teachers to be subject-matter experts and possess the critical thinking skills that are necessary
to make moment-to-moment decisions, which are critical to responsive classroom teaching, as
well as individualized student learning.
Conceptual/Theoretical Framework

Urdan and Schoefelder (2006) defined motivation as “a complex part of human
psychology and behavior that influences how individuals choose to invest their time, how much
energy they exert in any given task, how they think and feel about the task, and how long they
persist at the task” (p. 332). Student self-efficacy, task value, teacher self-efficacy, and teacher
preparation are parts of a framework school administrators can use to determine the effect of
motivation on student mathematics achievement. This framework addresses the classroom
environment for mathematics, focusing on how student and teacher motivation constructs predict
mathematics academic achievement (Bandura, 1993; Bong, 2000; Carroll et al., 2009; Pajares &
Urdan, 2006; Schunk, 2003; Zimmerman, Bandura, & Martinez-Pons, 1992). It is based on the
belief that the key to mathematics achievement is the correlation between teacher and student
motivation constructs in the classroom. Researchers (e.g., Ames, 1992; Maehr & Midgley,
1991) have attributed student success or academic achievement to the increased value that is
placed on motivation. Because it was intended to develop a sense of ownership in the classroom,
this framework is appropriate for school administrators to use to gauge student mathematics

achievement. The constructs of motivation (i.e., self-efficacy, task value, and teacher



preparation) are the elements needed to foster students’ achievement (Urdan & Schoefelder,
2006).
Purpose of the Study

The purpose of this study was to measure the relationships among the United States
eighth grade student mathematics achievement (number, algebra, geometry, and data choice),
student and teacher self-efficacy, student task value, and teacher preparation. Both teacher and
student data were analyzed using Trends in International Mathematics and Science Study
(TIMSS) 2011 version for eighth graders. TIMSS (2011) student and teacher questionnaires
were used to collect data. The eighth grade student questionnaire was used to measure student
demographics, home and school environments, self-efficacies, and attitudes toward learning
mathematics.

The eighth grade math teacher questionnaire was used to measure general teaching
experience, experience teaching mathematics, educational background, and professional
development. This research will provide a better understanding of the impact of teacher self-
efficacy and preparation on middle school student achievement in mathematics. In addition, this
study was built on what is currently known about self-efficacy, student achievement, and teacher
preparation.

Research Questions

The following research questions were investigated in this study:

1) Does student self-efficacy predict eighth grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice

domains)?



2) Does student perceived task value predict eighth grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice
domains)?

3) Does teacher self-efficacy predict eighth grade class mean math achievement
(summing across algebra, geometry, numbers, and data choice domains)?

4) Does teacher preparation predict eighth grade class mean math achievement
(summing across algebra, geometry, numbers, and data choice domains)?

5) Does teacher self-efficacy predict within classroom effects of student level
predictors within the classroom?

a) How much variation in intercepts (classroom means) is explained by

teacher self-efficacy?

b) How much variation in the effect of student self-efficacy and perceived
task value slope on math achievement is explained by teacher self-
efficacy?

6) Does teacher preparation predict within classroom effects of student level
predictors within the classroom?

a) How much variation in intercepts (classroom means) is explained by
teacher preparation?

b) How much variation in the effect of student self-efficacy and perceived
task value slopes on math achievement is explained by teacher
preparation?

Hypotheses

There were six main research hypotheses examined in this study:



1) Student self-efficacy will positively predict eighth-grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice domains).
2) Student perceived task value will positively predict eighth-grade student achievement
in mathematics (summing across algebra, geometry, numbers, and data choice
domains).
3) Teacher self-efficacy will be associated with eighth-grade class mean math
achievement (summing across algebra, geometry, numbers, and data choice domains).
4) Teacher preparation will be associated with eighth-grade class mean math
achievement (summing across algebra, geometry, numbers, and data choice domains).
5) There will be variation in the level-1 slopes and level-1 intercepts based on teacher
self-efficacy within the classroom.
6) There will be variation in the level-1 slopes and level-1 intercepts based on teacher
preparation within the classroom.
Significance of the Study
There remains a paucity of research into the relationships among student and teacher self-
efficacy, teacher preparation, and student task value in mathematics achievement. Numerous
research projects and studies that investigate the relationship between various academic
achievement and motivation constructs, as the review of literature reveals (Pajares & Graham,
1999; Graham & Morales-Chicas, 2015; Urdan & Schoenfelder, 2006; Gutman, 2006; Jung,
Brown, & Karp 2014; Shi, 2014; Stevens et al., 2009; Ames, 1992; Maehr & Midgley, 1991;
Hardré & Sullivan, 2009; Radel, Sarrazin, Legrain, & Wild, 2010; Skinner & Belmont, 1993).

However, to date and to my knowledge, no studies have been conducted to specifically address



the issue of student and teacher self-efficacy, teacher preparation, and student task value in
mathematics achievement for eighth grade students in the United States.

As a result of this study, school administrators and district leaders will be able to examine
eighth grade students’ and teachers’ motivation factors with other students across nine states in
the United States to compare students’ mathematics achievement in the classroom. Additionally,
individuals in the position to effect change can seek to improve the quality of instruction, student
self-efficacy, and student perception of task value to increase student mathematics achievement
in eighth grade. Finally, prior studies on the topic primarily address self-efficacy, task value, and
achievement goals from student or teacher perspectives (Bong, 2000; Bong, Cho, Ahn, & Kim,
2012; Holzberger, Philipp, & Kunter, 2013). Along with teacher preparation, this study
incorporated both teacher and student motivation factors in exploring the gap in mathematics
achievement. Considering all of these elements together is important because understanding the
motivation factors from students and teachers can influence administrators and district leaders to
improve teacher confidence and preparation to ensure success for all students in eighth grade
mathematics.

Limitations of the Study

This research had limitations, which should be taken into consideration by the reader
throughout the review of this study:

e For this study, the data were limited to eighth grade students from nine states across

the United States whose schools were randomly selected to participate in TIMSS
2011 study.
e The TIMSS 2011 public data did not reveal the identity of each school that

participated in the study.



e The teacher and student scales used to collect data for the TIMSS 2011 study were
self-reported.

Delimitations of the Study

The delimitations of this study were:

e This study examined the effects students nested in a classroom as a whole; therefore,
differences between gender and race were not considered.

e Due to the large number of participants in the study population, the population
involved in this study focused only on eighth grade students located within the United
States.

Assumptions of the Study

This study was conducted based on the following assumptions:

e The participants answered the questionnaire independently.

e The students completed the mathematics assessment independently.

e The eighth grade mathematics participants represented the total eighth grade
mathematics student population across the United States.

Definition of Terms
The definitions of key terms used in this study are as follows:

Academic Achievement: In this study, academic achievement was measured using the results

from the TIMSS 2011 mathematic assessment content domain.
Framework: This consists of TIMSS 2011 mathematics assessment and student and teacher
guestionnaires.

Mathematics Content Domain: Refers to algebra, geometry, numbers, and data choice.

Self-efficacy: One’s belief in his or her ability to complete a specific task (Bandura, 1997).



Task value: Refers to the benefit for engaging in a task (Wigfield & Eccles, 1992).

Teacher Preparation: For the purpose of this study, the content knowledge, training, or

professional development to encourage high academic achievement in students.

Trends in International Mathematics and Science Study (TIMSS) 2011: TIMSS is an

international mathematics and science education achievement study used to compare United
States fourth and eighth grade students with their international peers on the basis of mathematics
and science achievement.
Organization of the Study

This study is organized following a five-chapter format. Chapter I, Introduction,
addresses the statement of the problem, the purpose of the study, the significance of the study,
research questions, study limitations, assumptions, and definitions of key terms. Chapter 11
reviews the literature of prior relevant research which was conducted in areas relating to this
study. Chapter Il1 expounds upon the purpose of the study, reiterates the research questions, and
identifies the methods used to conduct this research. Chapter IV presents the findings of this
research. Chapter V provides a summary, the findings and conclusions, the study’s implications,

and recommendations for future research.



Chapter I1. Review of Literature
Introduction

Chapter I introduces the statement of the problem, the purpose of the study, the
significance of the study, the research questions, the hypotheses, the limitations, the assumptions
of the study, and definitions for key terms. Chapter Il reviews pertinent literature, which
considered student and teacher preparation, student and teacher self-efficacy, student and teacher
motivation, student engagement, and middle school student achievement in mathematics.

Purpose of the Study

The purpose of this study was to measure the relationships among the United States
eighth grade student mathematics achievement (number, algebra, geometry, and data choice),
student and teacher self-efficacy, student task value, and teacher preparation. Both teacher and
student data were analyzed using Trends in International Mathematics and Science Study
(TIMSS) 2011 version for eighth graders. TIMSS (2011) student and teacher questionnaires were
used to collect data. The student questionnaire was used to measure student demographics, home
and school environments, self-efficacy, and attitudes toward learning mathematics.

The teacher questionnaire was used to measure general teaching experience, experience
teaching mathematics, educational background, and professional development. This research
provides a better understanding of the impact of teacher preparation and self-efficacy on middle
school student achievement in mathematics. In addition, this study was built on what is currently

known about self-efficacy, student achievement, and teacher preparation.



Research Questions
The following research questions were investigated in this study:

1) Does student self-efficacy predict eighth grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice
domains)?

2) Does student perceived task value predict eighth grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice
domains)?

3) Does teacher self-efficacy predict eighth grade class mean math achievement
(summing across algebra, geometry, numbers, and data choice domains)?

4) Does teacher preparation predict eighth grade class mean math achievement
(summing across algebra, geometry, numbers, and data choice domains)?

5) Does teacher self-efficacy predict within classroom effects of student level
predictors within the classroom?

a) How much variation in intercepts (classroom means) is explained by

teacher self-efficacy?

b) How much variation in the effect of student self-efficacy and perceived
task value slopes on math achievement is explained by teacher self-
efficacy?

6) Does teacher preparation predict within classroom effects of student level
predictors within the classroom?

a) How much variation in intercepts (classroom means) is explained by

teacher preparation?

10



b) How much variation in the effect of student self-efficacy and perceived
task value slopes on math achievement is explained by teacher
preparation?

Hypotheses
There were six main research hypotheses examined in this study:
1) Student self-efficacy will positively predict eighth-grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice domains).
2) Student perceived task value will positively predict eighth-grade student achievement
in mathematics (summing across algebra, geometry, numbers, and data choice
domains).
3) Teacher self-efficacy will be associated with eighth-grade class mean math
achievement (summing across algebra, geometry, numbers, and data choice domains).
4) Teacher preparation will be associated with eighth-grade class mean math
achievement (summing across algebra, geometry, numbers, and data choice domains).
5) There will be variation in the level-1 slopes and level-1 intercepts based on teacher
self-efficacy within the classroom.
6) There will be variation in the level-1 slopes and level-1 intercepts based on teacher
preparation within the classroom.
Statement of the Problem
Skouras (2014) identified teacher preparation, teacher self-efficacy, student motivation,
and student self-efficacy as a few factors that affect student achievement in mathematic.
Research has shown that student academic success begins in a classroom where teachers have

high expectations of their students; in turn, students are positively motivated to actively

11



participate in their learning process (Jung, Brown, & Karp, 2014; Shi, 2014). Students’ interest
in learning math begins prior to their arrival at school. Pre-school students are “thinking
mathematically” (Greenes, 1999) and have the ability to solve complex problems. In addition,
understanding the social context as to how students learn can assist with improving student
academic achievement (Skouras, 2014).

Stevens, Harris, Aguirre-Munoz, and Cobbs (2009) suggested that middle school teachers
should master elementary mathematics concepts to effectively teach middle school math;
however, teachers should also possess the ability to teach and enhance the self-efficacy of a
culturally and socially diverse middle school student population in the subject of math. In order
to achieve the academic success, pre-service and in-service middle school math teachers should
participate in effective professional development activities to develop and enhance their abilities
to effectively disseminate the required mathematics curriculum.

The United States has focused on funding the development of math teachers within the
areas of content knowledge, teaching strategies, inter-professional skills, and classroom
management (Wilson, Floden, & Ferrini-Mundy, 2002). According to Blackbourn et al. (2008),
teacher education researchers are calling for teachers to be subject-matter experts and possess the
critical thinking skills that are necessary to make moment-to-moment decisions, which are
critical to responsive classroom teaching, as well as individualized student learning.

Motivation

Motivation in the classroom is predicated on the influences of both the teacher and of the
student (Hardré and Sullivan, 2009; Radel, Sarrazin, Legrain, & Wild, 2010; Skinner & Belmont,
1993). Urdan and Schoenfelder (2006) described motivation as how much time and energy one

chooses to invest in achieving goals. Research has proven that students achieve goals based on

12



their quality of motivation for success (Ames, 1992; Maehr & Midgley, 1991). For academic
achievement between age groups and domains, Bong, Cho, Ahn, and Kim (2012) conducted a
study to compare the relationships among self-concept, self-efficacy, and self-esteem. They
sought to determine if domain-specific relationships had more of an effect on middle school
students’ academic achievement than on elementary students’ academic achievement.

Bong et al. (2012) tested the hypothesis that academic achievement for middle school
students has more of an effect than academic achievement for elementary students. To measure
self-efficacy and motivation, a questionnaire was developed from Bandura’s Self-Efficacy Scale
and Motivated Strategies for Learning Questionnaire (MSLQ). Mathematics academic
achievement for 234 elementary students was measured through the use of a 3-point Likert-type
scale that was evaluated by teachers. Additionally, 512 middle school students’ math
achievement was measured using the results from their first semester final exam. Using the
results of the confirmatory factor analysis (CFA), this study indicated that motivation in middle
school mathematics predicts mathematic achievement.

Research by Holzberger, Philipp, and Kunter (2013) examined how teachers’ self-
efficacy influenced motivation. The results of this study indicated that the quality of instruction
and teacher self-efficacy was positively correlated, and teachers adjusted their quality of
instruction based on their self-efficacy during the school year. The data were collected using the
Professional Competence of Teachers, Cognitively Activating Instruction, and the Development
of Mathematical Literacy Scale to measure teachers’ self-efficacy and the quality of instruction
in a longitudinal study.

Middleton, Leavy, and Leader (2013) examined the relationship between motivational

variables and student engagement for students in middle grades with a reformed curriculum. The

13



participants of this study included 327 students in Midwestern school districts. The instruments
used to assess students’ motivation were The Children’s Academic Intrinsic Motivation
Inventory (Gottfried, 1985), the Mathematics Attitudes Scales (Fennema & Sherman, 1976;
Middleton, Littlefield, & Lehrer, 1992), and the Mathematical Beliefs (Schoenfeld, 1989). The
lowa Test of Basic Skills and the algebra aptitude exam were used to measure the students’
mathematical performance. Descriptive statistics, repeated measure analysis of variance
(ANOVA), and path analysis were used to analyze the collected data. The results of this study
indicated that student motivation is related to creativity in the math curriculum. Research has
shown that students who are motivated and engaged socially and emotionally are more likely to
succeed in the classroom (Fried & Chapman, 2012).

Student Engagement. Student engagement is defined as the time and effort a student
invests in school activities that will result in academic success (Kuh, Kinzie, Buckley, Bridges,
& Hayek, 2007; Krause & Coates, 2008). While obtaining their educational goals, students are
more successful and avoid negative behavior during adolescence when they are engaged in their
academic success (Skinner, Furrer, Marchand, & Kindermann, 2008). Wang, Bergin, C., and
Bergin, D. A. (2014) identified classroom engagement and school engagement as two distinct
things. The authors believed that engagement in the classroom should include the teacher and
the student. In this study, the development of a Classroom Engagement Inventory (CEI) was
used to identify factors that contributed to student engagement in the classroom. The study
included students of different demographics (e.g., low-socioeconomic), courses (e.g., math and
physical education), and grade levels (i.e., grades 4 - 12). The development of the CEI consisted
of 35 questions that measured engagement and disengagement (i.e., behavioral, cognitive, and

affective) in the classroom.
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The first study by Wang et al. (2014) was conducted in April 2010, and the second study
was conducted in Spring 2011. Both studies collected data from students in grades 4-12 among
thirteen elementary schools, three middle schools, one high school, and a career center. Study 1
and Study 2 examined the results using exploratory factor analysis (EFA) and CFA. The EFA
method was used to identify models that best fit the data. The CFA method was used to test the
model that best fit the data (Wang et al., 2014).

The results of study 2 identified factors such as cognitive engagement, affective
engagement, disengagement, behavioral compliance, and behavioral effortful class participation,
which influenced student engagement in the classroom. The findings suggested that students’
socioeconomic statuses and genders were significant factors in determining student engagement.
Affective and behavioral engagement was found more in girls than boys. Disengagement and
free/reduced lunch status were not significant in determining student engagement for boys. The
results of this study supported the theory that teacher behavior influences student engagement.
The author identified that this study was not conducted in a district where students came from
families of high socioeconomic status or districts with racial makeup noted as primarily Black
(Wang et al., 2014).

The authors’ collection of data from a career center was not discussed in detail, but the
data were utilized to measure the effect of student engagement and academic success. Future
research, however, could identify differences for student engagement between traditional school
settings (e.g., middle and high school) and the career center. These results could be compared
using a career-related model. Research has proven that students receiving career-relevant
instruction in middle school valued their education and were more engaged (Orthner, Jones-

Sanpei, Akos, & Rose, 2013).
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Hazel, Vazirabadi, and Gallagher (2013) noted that engagement is stronger when it is
present in both the student and his or her school. Therefore, the authors coined the term “student
school engagement”. The researchers developed a 50-item Student School Engagement Measure
(SSEM) questionnaire to measure student school engagement. They further hypothesized that
aspiration, belonging, and productivity were related to student success. This questionnaire was
administered to 396 eighth graders at three middle schools. The results suggested that the
student school engagement model positively supported the relationship between student
engagement and the course academic achievement on the district-standardized test. As students
transition from middle to high school, an examination of their aspiration, belonging, and
productivity may offer suggestions for support in their new environment (Hazel et al., 2013).

Hirn and Scott (2014) observed students’ and teachers’ behavior in high school settings
for grades 9-12. This study measured teacher responses for students with and without
challenging behavior in the classroom. The authors defined teaching as being “engaged in the
explanation of a concept or topic” and not as a “lack of engagement with any student” (Hirn &
Scott, 2014, p. 594). The data were collected using the Multiple Option Observation System for
Experimental Studies (MOOSES) Version 3. The results of this study showed that teachers
provided more negative feedback to students with challenging behavior than those without
challenging behavior.

Moreover, the authors indicated that students with challenging behavior were less
engaged, both actively and passively. The students noted as having challenging behavior were
off task and more disruptive in class than those without challenging behavior. Other research has

demonstrated the benefit of teacher engagement on academic success. For example, the results
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from Wang et al. (2014) proved that teacher behavioral engagement was correlated with student
academic success.

The research of Gregory, Allen, Mikami, Hafen, and Pianta (2014) was similar to that of
Hirn and Scott (2014). Gregory et al. (2014) investigated the relationship between teacher and
student behavioral engagement; although, in this study teachers, received professional
development in the areas of emotional support, classroom organization, and instructional
guidance. Their sample included 87 teachers and 1,669 students from 12 different schools in
Virginia. Gregory et al. (2014) proposed that behavioral engagement in the classroom would
increase for teachers in the experimental group receiving training from My Teaching Partner-
Secondary (MTP-S). Gregory et al. (2014) found that student socioeconomic status is significant
to students’ behavioral engagement in the classroom, which is congruent with the results from
Wang et al. (2014). The multilevel model indicated that teachers’ behavioral engagement in the
classroom increased slightly from fall to spring. The results from teachers who received training
could have a positive impact on student academic success the following school year (Gregory et
al., 2014).

While previous studies focused on many factors that influenced student engagement for
academic success, current research has shown that behavioral engagement, in particular, impacts
students’ academic success (Gregory et al., 2014; Wang et al., 2014; Hirn & Scott, 2014).
Nonetheless, these studies still do not directly measure factors of student engagement that impact
the academic success of ethnic groups, particularly Black students.

Darensbourg and Blake (2013) performed a longitudinal study and collected data from
167 students from three school districts who were academically at-risk and entering first grade.

The students were administered the Woodstock-Johnson Tests of Achievement, 3rd edition (WJ-
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IIT) to measure their reading and math skills, and the students’ achievement value was measured
using the Competency Beliefs and the Subjective Task Values questionnaire. Using the
Wellborn Scale, the teachers measured the students; behavior engagement. This study examined
the relationship between behavioral engagement and academic achievement. These scales were
analyzed using structural equation modeling (SEM) and the one-way ANOVA.

The one-way ANOVA indicated significant differences between girls’ and boys’ reading
achievement and behavioral engagement; additionally, the math achievement and reading or
math task values indicated no difference. The results supported the hypothesis that behavioral
engagement and academic achievement are correlated. There is a relationship between math
achievement and behavioral engagement for African-American students. The reading
achievement showed some significance, but not enough to reveal a significant difference
(Darensbourg & Blake, 2013). Based on the results the authors suggested, “future studies should
examine whether a relationship exists among concrete values, behavioral engagement, and
achievement” (p. 1056).

Expectancy Value. Student engagement is directly related to the value students place on
their ability to excel in any subject (Eccles, 2008). Expectancy-value theory is known as one of
the most influential theories in motivation (Eccles, 1994; Eccles, 2009). Sun, Ding, and Chen
(2013) conducted a study to examine the difference between U.S. and Chinese middle school
students’ expectancy-value motivation. The sample group included 813 students from 14
schools in the U.S. and 806 students from eight schools in China. Using the Self- and Task-

b1

Perception Questionnaire, Sun et al. (2013) measured the students’ “expectancy belief for
success and perceived task value of physical education” (p. 10). They hypothesized “that U.S.

and Chinese middle school students were likely to differ in the expectancy-value due to different
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cultural value systems in general, and the expectancy-value motivation would fluctuate or
decline at a different rate as a function of cultural influences” (p.10). To test their hypotheses,
the researchers used a CFA and multivariate analysis of variance (MANOVA) to find class
means and factor structure between the American and Chinese students. The results of Sun et al.
(2013) showed those U.S. students’ expectations for success was higher than students in China.
Examining the task value for all participating students indicated that the Chinese students found
more usefulness for physical education than their U.S. peers. It was concluded that Chinese
students held a higher value for education; however, culture does not justify the decline in
expectancy-value motivation as “children grow older or experience more schooling” (p.16).

In another study seeking to identify mathematical outcomes for middle school students,
Woolley, Strutchens, Gilbert, and Martin (2010) sought to determine if teachers’ expectations
impact students’ motivation. The authors hypothesized as follows:

a) That teacher beliefs and practices would directly influence students’ motivational
factors, and that in turn those student motivational factors would directly influence
student outcomes in mathematics, and

b) The influence of teacher beliefs and practices on mathematical outcomes would be
mediated through effects on student motivation (Woolley et al., 2010, p. 46).

The participants included a sub-sample of 933 Black middle school students from 13
schools in 7 school districts. The survey was administered to measure motivation, teacher beliefs
and practices, and mathematical outcomes. Woolley et al. (2010) analyzed the survey data using
structural equation modeling (SEM) to determine if motivational factors and teachers’ beliefs
and practices predict mathematical outcome. The analyses revealed that math students’ increase

in motivation was defined by their teachers’ high expectations for student learning. The findings
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of Woolley et al. (2010) suggested that students’ motivation and reformed-oriented practices
were highly significant with mathematical outcomes.

Examining expectancy-value as a contributing factor for middle school students’
motivation and desire to learn mathematics has been increasing area for research in secondary
education. Friedrich, Flunger, Nagengast, Jonkmann, and Trautwein (2015) contributed to this
body of research by seeking to examine teacher expectancy and its possible relationship to
student mathematical achievement as measured by teacher reports, student self-reports, and
student achievement. Friedrich et al. (2015) analyzed data for three relationships; they were as
follows:

a) Would teachers’ expectancy regarding students’ competency predict students’
achievement? Further, would the results be significant for both academic
achievement outcomes?

b) Would teachers’ expectancy effects be mediated by students’ expectancy beliefs?

c) Would teachers’ average expectancy of the students in their class be associated with
students’ achievement (p. 4)?

Data for the study were collected three times during the school year, and the reports were
administered to 73 math teachers and 1,289 fifth-grade students in February, April, and June.
Subsequent data were analyzed using an item response theory to scale the results of the math
assessment. Multilevel and regression analyses were used to examine the effects on the
individual student coupled with class achievement as a result of the teachers’ expectations of the
students’ success. Results of the study supported the beliefs of Woolley et al. (2010) that
teachers’ high expectations in the classroom produce great mathematical outcomes from the

students (Friedrich et al., 2015).
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Friedrich et al. (2015) reported that teachers’ expectations of students strongly correlated
with the mathematics achievement outcomes. For example, the correlation from the math test
and the math grades were “26% and 62%, respectively” (Friedrich et al., 2015, p. 7). The fifth-
grade students’ self-efficacy of their math achievement slightly correlated with teachers’
expectations of their achievement and competence; however, there was no relationship between
the students’ achievement and the teachers’ expectations of the class as a whole.

Self-efficacy

Although published studies provided motivational factors that predict student academic
achievement, additional researchers have identified other factors from which to examine student
academic success. Betz and Hackett (1986) and Lent, Brown, and Hackett (1994) surmised that
the more confidence students have in their ability to achieve academic success, greater becomes
the students’ opportunities of pursuing their career goals. Bandura, Barbaranelli, Caprara, and
Pastorelli (1996) focused on the social cognitive theory’s effect on academic achievement. The
purpose of their study was to analyze socio-structural, familial, peer, personal class, and social
cognitive theory’s influence on academic achievement.

Using a principal component factor analysis, Bandura et al. (1996) analyzed the results
from a 5-point Likert-type self-efficacy scale. The scales assessed 279 sixth and seventh grade
students’ academic achievement, self-regulated learning, peer pressure, leisure, and
extracurricular activities. The results of this study showed that student academic achievement in
social well-being were influenced by socioeconomic status, parental beliefs, student self-
efficacy, and pro-social orientation.

Ozturk and Sahin (2014) examined the effects of alternative assessments (e.g., self-

reporting and learner journals) on mathematical academic achievement. The researchers found
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that alternative self-assessment had an effect on fifth-grade students” mathematical achievement,
persistence of learning, self-efficacy perception, and attitude. The authors concluded that when
students were in control of their learning and evaluated themselves, these ingredients promoted
confidence levels and improved the students’ attitudes toward learning; thereby, students became
highly encouraged to achieve academic success.

Friedel, Cortina, Turner, and Midgley’s (2007) study examined students’ ability to
identify differences between parents’ and teachers’ achievement goals, associations between the
students’ goals, self-efficacy, and coping skills. Friedel et al. (2007) surveyed 1,021 seventh
graders. The survey was developed using Patterns of Adaptive Learning Survey (PALS;
Midgley et al., 1996), Hruda and Midgley (1997) scale, and Academic Coping Inventory (ACI;
Tero & Connell, 1984) to measure self-efficacy in mathematics, coping strategies, and goals.
The results of the factor analysis for the students supported the hypothesis that student personal
goals were strongly related to the performance goals perceived by parents than performance
goals perceived by teachers.

The results of the correlation identified a slight difference between the teachers’ and
parents’ goals compared to mastery for the students. The contribution of this study was similar
to the findings of other research correlations (e.g., Bandura et al., 1996; Woolley, 2010; Friedrich
et al., 2015), which suggested that teachers’ and parents’ high expectations and perception of
students’ achievement had a strong positive correlation with students’ mathematical achievement
(Friedel et al., 2007).

Ozgen (2013) focused on learning styles and mathematical literacy (ML) self-efficacy
beliefs. Students who are not taught according to their learning styles tend to have less success

with mathematical literacy self-efficacy beliefs. Ozgen (2013) examined the following:
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a) Is there a significant relationship between high school students’ ML self-efficacy

beliefs and their learning styles?

b) Do high school students’ ML self-efficacy beliefs significantly differ in relation to

their learning styles?

C) Are learning style dimensions a significant predictor of high school students’ ML

self-efficacy beliefs (p. 93)?

The data were collected using ML self-efficacy scale (Ozgen & Bindak, 2008), Learning Style
Inventory Version 3.1 (Kolb, 2005), and a personal information questionnaire (Ozgen, 2013).
The statistical analyses that were used are chi-square (x?), one-way analysis variance (ANOVA),
and multiple linear regression to identify relationships and predictors of ML self-efficacy beliefs.

The four learning styles identified and studied by Ogzen (2013) were: diverger,
assimilator, converger, and accommodator. Diverger and converger scored equally among
students with high level of ML self-efficacy scale and were considered active learners (e.g.,
hands-on learning). The results indicated ML self-efficacy beliefs and learning styles were
statistically significantly different (Ozgen, 2013). On the other hand, the learning styles were not
significantly different; therefore the author concluded that learning styles predict student’s self-
efficacy belief in ML.

Teacher Efficacy. Pre-service teachers’ beliefs in their abilites to teach math would
greatly affect their classroom performance (Beswick, 2006; Cakiroglue, 2008; & Cooper &
Robinson, 1991). Bates, Latham, and Kim (2011) conducted a qualitative study on 89 early
childhood pre-service teachers to examine their self-efficacy of teaching mathematics to their
students. A survey was developed to measure math ability and math teaching efficacy. The

collected data were analyzed by using a Pearson correlation and independent t-test determine the
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teachers’ mathematics self-efficacy and teachers’ self-efficacy with mathematical performance.
The results indicated that teachers with higher self-efficacy were more confident in teaching
math than their ability to improve math achievement in the classroom. The authors concluded
that pre-service teachers’ anxiety could negatively impact students’ classroom learning; these
results were similar to previously cited research.

For creativity in mathematics, another qualitative study reviewed pre-service teachers in
their third year of their undergraduate programs. Panaoura and Panaoura (2014) examined ten
students’ definitions of and ideas about creativity in mathematics. The results indicated that the
students were not able to provide ‘originality’ (Panaoura & Panaoura, 2014, p. 5) without
guidance. What they suggested was the definition of creativity in mathematics and their
expectations of an experienced teacher. While Panaoura and Panaoura (2014) sought to
understand why pre-service teachers could not incorporate creativity in the planning of their
lessons, the students replied that “they did not have the necessary self-efficacy to propose their
own activities for investigation and especially exploration” (p.7). Researchers have suggested
that teacher-education programs should include ways for pre-service teachers to receive more
hands-on experience to build self-confidence in mathematical content (Panaoura & Panaoura,
2014; Hosseini & Watt, 2010; Bates et al., 2011).

Muijs and Reynolds (2002) investigated student achievement as it was impacted by
teacher’s behaviors, beliefs, self-efficacy, and knowledge. The Gatsby Mathematics
Enhancement Project Primary was used to evaluate teacher constructs and student achievement.
Means and standard deviations for each item were calculated and used to construct a predictive
model for student achievement. Structural equation modeling was used to examine the

relationships between variables (Muijs & Reynolds, 2002).
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Muijs and Reynolds (2002) results indicated teacher behavior, belief, self-efficacy, and
knowledge predicted student achievement. Teacher self-efficacy directly impacted teacher
behavior and personality, and this was repeated for the other variables. However, teacher self-
efficacy indirectly impacted student achievement through teacher behaviors. The authors
concluded that teacher behaviors and professional development should be offered prior to the
teacher entering the classroom (Muijis & Reynolds, 2002).

Shi (2014) examined the relationship between teacher self-efficacy and instructional
practices. As shown in Table 1, Singaporean teachers’ efficacy to “answer students’ question”
(Shi, 2014, p. 593) was statistically significant. Korean teachers’ efficacy was statistically
significant for showing “students a variety of problem solving strategies” (Shi, 2014, p. 593).
“[Providing] challenging tasks for capable students” (Shi, 2014, p.593) was not statistically
significant for any country. Korea, Hong Kong, and Japan teacher efficacy in “adapt[ing] [...]
teaching to engage students’ interest” (Shi, 2014, p. 593) was statistically significant. In Korea,
Singapore, and Hong Kong, teacher efficacy was statistically significant for “help[ing] students
appreciate the value of learning mathematics” (Shi, 2014, p.593). When teacher efficacy
variables were controlled statistically, four factors made a unique contribution to instructional
practices: (a) answering students’ questions; (b) showing students a variety of problem solving
strategies; (c) adapting teaching to engage students’ interest; and (d) helping students appreciate

the value of learning mathematics (Shi, 2014). The author noted teacher efficacy and

instructional practices in Asian countries were not consistent.
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Table 1

T-value for Teacher Efficacy Scale by Countries

Scale Korea Singapore Hong Kong Chinese Taipei Japan
Answer students’ -1.53 2.32 -0.48 0.51 0.46
questions

Show students a variety 3.18"  1.48 0.21 1.23 -0.43
of problem solving

strategies

Provide challenging 0.54 0.74 0.23 0.32 1.68
tasks for capable

students

Adapt my teachingto ~ 2.64~  1.83 2.27 1.76 2.21"
engage students’

interest

Help students 2.35 3.627 2.03 1.04 1.30

appreciate the value of
learning mathematics

Note. p<.05, p<.01

Student Efficacy. Several studies reviewed thus far have considered teacher efficacy
and how teachers’ confidence in students’ abilities may affect teachers’ and student’s classroom
performances. In addition, many studies have focused on student efficacy and motivation, as
well as how the students’ belief in their mathematical abilities may have an effect on their
academic success in the mathematic classroom.

Usher and Pajares (2009) reviewed sources of mathematics self-efficacy (Bandura, 1997)
for middle school students. The sources of mathematics self-efficacy were mastery experience,
vicarious experience, social persuasion, and physiological and affective state. These sources
were evaluated in three phases using the Sources of Middle School Mathematics Self-Efficacy

Scale (Bandura, 1997). The students rated themselves on the six-point Likert-type scale, ranging
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from one (not at all confident) to six (completely confident). Phase 1 began with a focus group
of 1,111 students in grades six, seven, and eight to develop the scale.

Phase 2 was administered to 824 students in grades six, seven, and eight, and two sources
(i.e., vicarious experience and social persuasion) were modified based on the items’ poor
correlation in phase | while new items were created. In Phase 3, 803 students in grades six,
seven, and eight were administered the scales. In this phase, motivation constructs were
included to measure convergent and discriminant validity. The motivation variables were added
and included engagement from efficacy beliefs (Miller, Greene, Montalvo, Ravindran & Nichols,
1996), mathematics self-concept from Self-Description Questionnaire Il (Marsh, 1992),
invitational messages from Inviting/Disinviting Index-Revised (Valiante & Pajares, 1999; Usher
& Pajares 2006), achievement goals and self-handicapping from the Pattern of Adaptive
Learning Survey (PALS; Midgley et al., 2000), and optimism from the Life Orientation Test-
Revised (LOT-R; Scheier & Carver, 1985; Pajares, 2001). The authors hypothesized that
students in this phase would have “higher ratings in their mathematics competence” and would
therefore “tend to report more mastery experience and social persuasions and lower negative
arousal than those with lower mathematics competence” (Usher and Pajares, 2009, p. 94).

An exploratory factor analysis was used to examine the results for 24 of 86 items from
the Sources of Middle School Mathematics Self-Efficacy Scale to show “evidence for strong
content validity, internal consistency, and criterion validity” (Usher and Pajares, 2009, p. 99). In
addition, the authors proved a positive correlation between the sources, motivation variables,
achievement, and self-efficacy; however, they suggested that qualitative research should be
included in future research to gain better insights that are not seen through the lens of

quantitative research.
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The data collected from the survey and state SAT-10, Gilbert, et al. (2014), were used to
explore the relationships between classroom environment and student motivation, student
motivation and standardized test performance, and classroom environment and standardized test
performance. Gilbert et al. (2014) found that reform practices and performance-avoidance goals
were statistically significantly different.

Usher and Pajares (2006) examined self-efficacy beliefs for first-time middle school
students. The sample included 468 sixth grade students entering middle school. Hierarchical
regression analysis was used to analyze the data collected from self-efficacy scales and semester
averages in math, reading, and language arts. The results indicated that self-efficacy correlated
with mastery experience, vicarious experience, social persuasion, and physiological state.
Another factor that predicted academic self-efficacy was invitation; therefore, the authors noted
that girls were more inviting than boys when social persuasion was a predictor of self-efficacy.

Middleton (2013) sought to determine motivation in high school students when entering
ninth grade. The data collected in this longitudinal study were from the High School
Longitudinal Study of 2009 (HSLS: 09). The sample included students from 944 high schools
and 25 ninth graders, with a total sample of 24,000 students. The results revealed self-efficacy
significantly influenced mathematics identity and achievement. The author suggested that future
research should determine if course selection predicts student interest and achievement.

Zarfin and Lavy (2012) focused on students’ responsibility for their own level of learning
math, which is known as “autonomy.” This process provided students with a sense of self-
regulation for goal-setting and motivation in their learning processes (Zarfin & Lavy, 2012). For
example, students were able to choose if they wanted to take a low-, medium-, or high-level

math exam for placement in the following year’s math classroom. The authors selected fifty
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students from grades 9 and 10 to participate in this study. The students were given three exams
and a questionnaire. Categories on the questionnaire included: goals, self-perception of
mathematical ability, external factors, performance experience, and motivation (Zarfin & Lavy,
2012). The results of this study indicated that students’ confidence improved during the third
administration. Students’ mathematics behavior was influenced by their perception when
students were responsible for their academic success. The outcome of this study was supported
by many authors who believed mathematical behavior influenced student self-efficacy (Pajares,
2002; Middleton, 2013; Gilbert et al., 2014; & Usher & Pajares, 2006).
Cognitive Learning

The most commonly-used cognitive learning process in K-12 and higher education
environment is Bloom’s Taxonomy (Armstrong, n.d.). Table 2 displays the original and revised
Bloom’s Taxonomy cognitive learning process, beginning with the highest order of thinking to
the lowest order of thinking. Bloom, Engelhart, Furst, Hill, and Krathwohl (1956) developed the
original Bloom’s Taxonomy. A group of cognitive psychologists (Anderson et al., 2001) revised
the original Bloom’s Taxonomy and now describe the hierarchy of learning with verbs. Bloom’s
Taxonomy was intended to provide teachers with measurable goals to demonstrate student

achievement in the classroom (Krathwohl, 2002).

29



Table 2

Bloom’s Taxonomy

Original Revised
Evaluation Create
Synthesis Evaluate
Analysis Analyze
Applications Apply
Comprehension Understand
Knowledge Remember

In addition, there were several ways of measuring the breadth and depth of knowledge.

Krathwohl (2002) identified the four categories of knowledge as: factual (e.g., math symbols,

math terms), conceptual (e.g., math formulas), procedural (e.g., steps used in order of

operations), and metacognitive (e.g., ability to identify steps needed to solve a math problem).

Dabae and Yeol (2014) examined teachers’ instructional strategies and students’ mathematical

learning outcome. This study used data collected from TIMSS 2007 eighth grade mathematics

survey. There were 7,377 students and 532 teachers who participated in this study.

Multilevel modeling, exploratory analyses, and modeling fitting was completed to

explain instructional strategies’ influence on student learning outcome and to determine the

relationship between instructional strategies and the student learning outcome (Dabae & Yeol,

2014). The result of this study indicated that teachers’ instructional strategies explained 29% of
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variance for student learning mathematics outcome; therefore, teachers’ instructional strategies
were useful in student academic achievement. Writing, practicing, and relating were significant
and correlated with student math achievement. Writing and relating were negatively correlated
with student math achievement (Dabae & Yeol, 2014). In other words, students achieved higher
math outcomes when they practiced writing equations.

Roegner (2013) evaluated student mathematics achievement in Linear Algebra—a course
for engineers. The author interviewed students who failed the written exam twice. During the
interviews, students admitted to spending a lot of time studying for the exam. The exam was
scored applying Bloom’s hierarchy (i.e., knowledge, comprehension, application of knowledge,
analysis, synthesis, and evaluation). The results suggested that students were failing because
they were unable to explain “how or why the algorithm works” (Roegner, 2013, p. 84). The
author explained that students were only able to apply lower order thinking to the exams, and the
university does not offer a course at a lower level to prepare students according to their skill
level.

In a mixed method study of elementary students (i.e., grades 3-6), Budak and Kaygin
(2015) linked students’ cognitive abilities with learning environments. From a sample of 306
selected (noted as gifted) and unselected students (not noted as gifted) from 17 classrooms,
Budak and Kaygin (2015) examined the connection between engagement in a classroom and
academic achievement. The classroom engagement noted between selected and unselected
students was statistically different. The selected students participated in classroom discussions
more than unselected students. The selected students answered more questions that required

high order thinking and were more attentive to discussions (Budak and Kaygin, 2015).
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Budak and Kaygin (2015) also measured differences in cognitive levels between selected
and unselected students. The authors found that the cognitive levels between the two groups
were statistically different and supported the teacher's comments related to selected students’
higher levels of creativity with their math solutions. Moreover, the classroom environment for
selected students was not a benefit for these students. In fact, the authors identified that these
students were easily bored with the curriculum and lost respect for the course. Budak and
Kaygin (2015) suggested that differentiated classrooms should be offered in the curriculum to
provide all students with an opportunity to gain a level of higher order thinking.

Mathematics Academic Achievement

An academic achievement initiative began in 1965 when President Lyndon B. Johnson
signed the Elementary and Secondary Education Act (ESEA), which is now known as Every
Student Succeeds Act (ESSA), which was signed on December 10, 2015, by President Barack
Obama (Every Student Succeeds Act, n.d.). The ESSA (n.d.) mandated that students be held to
high academic achievement standards, which would prepare them for higher education
opportunities. This mandate held teachers and districts accountable for low-income community
students where graduation rates were low. According to Shores and Shannon (2007), academic
achievement has impacted cognitive learning strategies, motivation, and self-regulated learning
in students.

Voight, Shinn, and Nation (2012) explored student academic achievement based on
residential mobility. Residential mobility was not necessary deemed negative if parents were
moving to take on a new job with higher wages. Although moving could be stressful for the
child (Voight, Shinn, & Nation, 2012), it would potentially have a great impact on the student's

academic and social skills (Swanson & Schneider, 1999). The data collected for this longitudinal
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study were collected from a sample of 8,337 students from 11 schools. A latent-growth
modeling curve showed that students who moved between grades 3 to 8 experienced a decline in
mathematics achievement (Voight et al., 2012). The authors suggested providing a more stable
environment in a child’s early years could reduce the negative impact of academic achievement
for urban students in eighth grade.

Studies have shown that students’ transition from middle school to high school leads to
greater challenges with academics and social skills (Gutman, 2006; Eccles & Midgley, 1989).
Gutman (2006) completed a longitudinal study on 901 students during their last year in
elementary school until the beginning of their first year in high school. This study investigated
how mastery and performance goals of the student and parent influenced the student’s
mathematics achievement (Gutman, 2006). The author used PALS (Midgley et al., 1996) to
measure student mastery, performance, perceived classroom performance and mastery, and
mathematics self-efficacy. The students’ mathematics grade point average at the end of their
eighth and ninth grade years was used to measure their academic achievement. Open-ended
interviews were used to collect parents’ mastery and performance goals (Gutman, 2006). The
results of this study indicated that students’ self-efficacy and mathematic achievement were
positive for those who embraced mastery goals, which were similar to the results of Friedel et al.
(2007). In contrast, students’ performance was not correlated to students’ academic
achievement. Similarly, parents with high expectations of student mastery goals achieved higher
math grades. Gutman (2006) suggested that mastery goals play an important part in high school
students’ mathematical achievement and recommend that future research investigate student

performance goals later in high school.
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Romero, Master, Paunesku, Dweck, and Gross (2014) contributed a review article
demonstrating the ways in which the “malleability of traits predict [a student’s] ability to cope
with these academic and emotional challenges” (p. 227). The authors clearly documented the
importance of emotion and intelligence theories of middle school students by showing that these
theories were related to students’ academic success in school. Intelligence theories influenced
students’ grades and their decisions to take more advanced level math courses (Romero, Master,
Paunesku, Dweck, & Gross, 2014). Similarly, emotional theories influenced students’ mastery
oriented in academic achievement. However, the authors suggested that future studies examine
the relationship between emotion theories and academic results.

Some researchers have looked at the influences of self-efficacy, task value, and
achievement goals in mathematics. For example, Skaalvik, Federici, and Klassen (2015)
examined the impact of teacher support and mathematics self-efficacy on student motivation and
mathematics achievement. A diverse sample of 823 middle school students in Norway
participated in this study. The instrument used in this study measured students’ perception,
mathematics self-efficacy, intrinsic motivation, effort, attention, and help-seeking behavior. The
researchers noted that student self-efficacy is a common predictor of motivation. Their study
reviewed the following three predictor models: (a) model 1 included grades and gender, (b)
model 2 included model 1 and teacher emotional support, and (c) model 3 included model 2 and
self-efficacy.

Zero mean correlations, regression analysis, and SEM yielded results that supported the
relationship between mathematics self-efficacy, effort, intrinsic motivation, help-seeking
behavior, and persistence. In addition, teacher emotional support was strongly correlated with

help-seeking behavior. Self-efficacy; however, did not appear to influence the relationships
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among grades in mathematics, effort, help-seeking behavior, intrinsic motivation, and
persistence. After entering emotional support into the equation, the relationship between grades
in mathematics and motivation constructs declined. Therefore, students” motivation strongly
determined performance, given that the student-teacher relationship is positive.
Gaps in the Literature

A systematic review summarizes the extant literature about the influence of mathematics
achievement on middle school students’ self-efficacy, task value, teacher efficacy, and teacher
preparation. This is an emerging area of research, and, as a result, | found that few published
analyses exist on this topic. Although my ability to make definitive conclusions with regard to
mathematics achievement on middle school students and causal relationships was limited,
existing research suggests that certain aspects of the self-efficacy and motivation constructs may
shape behavior among achievement in mathematics. Early evidence suggested that self-efficacy,
motivation, parental expectation, and teacher preparation may be related to increased
mathematics achievement, although further studies of this association are needed in different
geographic contexts. The correlation between mathematics achievement on middle school
students’ self-efficacy, task value, teacher efficacy, and teacher preparation is less clear, given
the lack of extant results. However, reasonably consistent support linked self-efficacy and
motivation to increased mathematics achievement. The existence of successful predictions of
mathematics achievement on middle school students using self-efficacy, task value, teacher

efficacy, and teacher preparation remains unclear.
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Summary
This chapter provides background information on motivation, student engagement,
expectancy value, teacher and student self-efficacy, and cognitive learning while showing how
these factors influence student academic achievement in middle school. From the information
provided in this literature review, a study on student and teacher self-efficacy and perceived task
value will predict student academic achievement in mathematics for students in the eighth grade.
Chapter 111 provides an in-depth look in the methodology of this study and describes the

participants in this study.
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Chapter I11. Methods
Introduction

Chapter 2 reviews the literature, which considered the self-efficacy of student and teacher
preparation, motivation, student engagement, and middle school student achievement in
mathematics. This chapter reviews the methods, samples, instrument, data collection, and data
analysis used to measure the relationships between student and teacher.

Purpose of the Study

The purpose of this study was to measure the relationships among a sample of the United
States eighth grade student mathematics achievement (number, algebra, geometry, and data
choice), student and teacher self-efficacy, student task value, and teacher preparation. Both
teacher and student data were analyzed using Trends in International Mathematics and Science
Study (TIMSS) 2011 version for eighth graders. TIMSS (2011) student and teacher
questionnaires were used to collect data. The student questionnaire was used to measure student
demographics, home and school environments, self-efficacies, and attitudes toward learning
mathematics.

The teacher questionnaire was used to measure general teaching experience, experience
teaching mathematics, educational background, and professional development. This research will
provide a better understanding of the impact of teacher preparation and self-efficacy on middle
school student achievement in mathematics. In addition, this study was built on what is currently

known about self-efficacy, student achievement, and teacher preparation.
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Research Questions
The following research questions were investigated in this study:

1) Does student self-efficacy predict eighth grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice
domains)?

2) Does student perceived task value predict eighth grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice
domains)?

3) Does teacher self-efficacy predict eighth grade class mean math achievement
(summing across algebra, geometry, numbers, and data choice domains)?

4) Does teacher preparation predict eighth grade class mean math achievement
(summing across algebra, geometry, numbers, and data choice domains)?

5) Does teacher self-efficacy predict within classroom effects of student level
predictors within the classroom?

a) How much variation in intercepts (classroom means) is explained by

teacher self-efficacy?

b) How much variation in the effect of student self-efficacy and perceived
task value slopes on math achievement is explained by teacher self-
efficacy?

6) Does teacher preparation predict within classroom effects of student level
predictors within the classroom?

a) How much variation in intercepts (classroom means) is explained by

teacher preparation?
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b) How much variation in the effect of student self-efficacy and perceived
task value slopes on math achievement is explained by teacher
preparation?

Hypotheses
There were six main research hypotheses examined in this study:
1) Student self-efficacy will positively predict eighth-grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice domains).
2) Student perceived task value will positively predict eighth-grade student achievement
in mathematics (summing across algebra, geometry, numbers, and data choice
domains).
3) Teacher self-efficacy will be associated with eighth-grade class mean math
achievement (summing across algebra, geometry, numbers, and data choice domains).
4) Teacher preparation will be associated with eighth-grade class mean math
achievement (summing across algebra, geometry, numbers, and data choice domains).
5) There will be variation in the level-1 slopes and level-1 intercepts based on teacher
self-efficacy within the classroom.
6) There will be variation in the level-1 slopes and level-1 intercepts based on teacher
preparation within the classroom.
Methods
This study used the Trends in International Mathematics and Science Study (TIMSS)
2011 survey developed by the International Association for the Evaluations of Educational
Achievement (IEA) as part of its research design. TIMSS was administered in the United States

(US); Alabama (AL), California (CA), Colorado (CO), Connecticut (CT), Florida (FL), Indiana
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(IN), Massachusetts (MA), Minnesota (MN), and North Carolina (NC) were the nine states that
participated in this study. The TIMSS study consisted of a mathematics assessment, and
demographic information was collected in the student and teacher questionnaires. The responses
were confidential, and each participant was assigned a unique identifier number.

The study was conducted after obtaining permission from Auburn University’s
Institutional Review Board (IRB) by the researcher for the use of human subjects for research
(see Appendix A). The protocol detailed the study’s purpose, research questions, participants,
method of analysis, and security of the data. Once permission was approved by Auburn
University’s IRB, data were organized and analyzed.

The data were retrieved from the TIMSS national public dataset, and unwanted variables
were removed. The data were then uploaded in HLM 7 student version to begin statistical
analysis.

Sample

The participants for this study consisted of 10,477 (5,297 girls and 5,180 boys) eighth
grade students and 442 (311 females and 131 males) teachers from 501 schools in the United
States. Data collection took place between April and May in the spring semester of 2011. The
researcher retrieved data in October 2015. The participants were eligible to participate in the
original data collection if parents did not notify the school in writing stating otherwise; the
participants were randomly selected from that pool. Participants for the study were selected
using stratified two-stage cluster sampling design (Joncas & Foy 2012).

Schools were selected in the first stage of sampling. The schools selected were identified
by stratification variables such as: geographic region (e.g., states or provinces), school type (e.g.,

public or private), language of instructions, urban or rural area, socioeconomic status, and school
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performance on national exams (Joncas & Foy 2012). Specifically, the stratification variable
used to select schools and states in the United States were: location (e.g., city and rural), region,
socioeconomic status, school type, and ethnicity. To get a representative sample from each
category, one school was sampled from the population to participate in the study and two schools
were sampled as replacement schools. The replacement schools were used if the original sample
school decides not to participate in the study. Classes are selected from the schools in the second
stage of the sampling technique. The classes are selected using a within school sampling
software developed by IEA. If the classes were smaller than the minimum requirement, then two
or more classes were combined in a school to create a pseudo class. Classes may not be replaced
if a class decides not to participate in the study (Joncas & Foy 2012).
Instrumentation

In 1995, the National Center for Education Statistics (NCES) began administering
TIMSS to compare trends in students from the United States with those of students from other
countries. TIMSS 2011 mathematics assessment (see Appendix D) measured content and
cognitive domain. In this study, the content domain, which includes number (30%), algebra
(30%), geometry (20%), and data and chance (20%), were analyzed. The Science and
Mathematics Item Review Committee (SMIRC) and the Questionnaire Item Review Committee
(QIRC) were formed by TIMSS to update the test items and questionnaires (Mullis, Drucker,
Preuschoff, Arora, & Stanco, 2012). The scales for the student and teacher questionnaires were
reviewed by the QIRC to make recommendations for updates. The committee will review the
completed questionnaires and make suggestions. However, prior to including new items, it was
necessary that the old items be retired (Mullis et al., 2012)

SMIRC updated the content and cognitive domains based on the current research
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findings. Updating topics included rewriting test items for clarity and combining topics to
reduce redundancy (Mullis et al., 2012). The mathematics achievement test consisted of 14 test
booklets with two mathematics blocks and approximately 200 multiple choice and constructed
response items. For this study, the mathematic assessment, teacher questionnaire, and student
questionnaire were utilized.

The researchers collected data using a student questionnaire, a teacher questionnaire, and
a mathematics assessment (Martin & Mullis, 2012). The student questionnaire (see Appendix B)
included questions about home and school experience in mathematics. For this study, the student
self-efficacy (nine items) and task value scales (six items) acted as independent variables and
mathematics achievement was the dependent variable. The scale items included the following
likert scale options: agree a lot (1), agree a little (2), disagree a little (3), and disagree a lot (4).
The teacher questionnaire (see Appendix C) included questions about professional development,
education background, teaching experience, instructional activities, and materials in
mathematics.

Teacher self-efficacy and teacher preparation in mathematics content domain are used to
measure mathematics achievement in the classroom. The teacher self-efficacy scale (five items)
included the following options: very confident (1), somewhat confident (2), and not confident
(3). The teacher preparation scale consisted of the following four subscales: number (five items),
algebra (five items), geometry (six items), and data and chance (three items). The scale items
included the following options: very well prepared (2), somewhat prepared (3), and not well
prepared (4). For both the teacher and student scale, the items were averaged per scale to create

the independent variable scores.
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Validity

The Standards for Educational and Psychological Testing (2011) defined “validity” as the
degree to which evidence and theory support the results of the expected outcome based on the
intent of the testing instrument. Therefore, if a high level of validity is present, the instrument
should accurately measure the content and cognitive domains of the mathematics assessment.
Since TIMSS was intended to measure students’ content knowledge and cognitive level for the
mathematics assessment, determining the content validity was necessary in the development of
the exam and its use as a measurement instrument. National Research Coordinators (NRC) were
designated by each country to implement the TIMSS 2011 national study. The NRC also works
with experts from their countries to develop test items with scoring guides for the constructed
response items (Martin & Mullis, 2012).

These items are reviewed before and after the field test to determine which items to place
on the assessment. TIMSS Mathematics Coordinators work with the NRC staff from the
countries to provide additional guidance and support for examining the items. The following
steps were taken to ensure validity when updating TIMSS framework (i.e., questionnaire and
assessment) (Mullis et al., 2012):

e Extensive research of articles, reports, and papers related to the content and educational
learning context is completed prior to first meeting with NRC.

e Previous assessment, updates and clarifications are made with TIMSS International
Study Center Staff and the mathematics coordinators.

e Recommendations for updates from NRC are suggested for context and content.

e The recommendations suggested by NRC are circulated in an online survey to collect

opinions from constituencies in their countries.
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e After receiving the results from the survey, the team begins to update the study.

e The expert committee reviews the updates and makes further modification, if needed.

e The final draft is submitted to the NRC for review prior to second meeting.

e The framework is adopted and submitted to all parties.
The information gathered from the committee members suggested that no more than five percent
of the framework should be updated during each assessment cycle (Mullis et al., 2012).

Reliability
According to the Standards for Educational and Psychological testing, “reliability” refers

to the consistency of test scores when repeating the testing procedure on a population.
Reliability requirements were established for TIMSS 2011 mathematics assessment, student
questionnaire, and teacher questionnaire. Cronbach’s alpha reliability coefficient was used to
measure the internal consistency. Martin, Mullis, Foy, and Arora (2012) identified an acceptable
level as 0.6 or 0.7. The path coefficients from the principal component analysis measured the
correlation between each item and the scale it represents for the United States. The internal
reliability (or closely associated the set of items are as a group) for each scale was: teacher self-
efficacy scale (0.69), student self-efficacy scale (0.89), and student task value scale (0.79)
(Martin, Mullis, Foy, & Arora, 2012). The United Stated median reliability (based on data for all
states combined) for TIMSS 2011 eighth grade mathematics assessment was 0.88 (Foy, Martin,
Mullis, & Stanco, 2012). For the United States, the path coefficients (see Tables 3, 4, and 5)
from the principal component analysis are described as positive (Martin, Mullis, Foy, & Arora,

2012).
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Table 3

Principal Components Analysis Factor Loadings for Student Self-Efficacy

us
| usually do well in mathematics 0.77
Mathematics is more difficult for me than for many of my classmates 0.74
Mathematics is not one of my strengths 0.81
I learn things quickly in mathematics 0.81
Mathematics makes me confused and nervous 0.71
| am good at working out difficult mathematics problems 0.76

My teacher thinks I can do well in mathematics classes with difficult materials  0.61
My teacher tells me 1 am good at mathematics 0.61

Mathematics is harder for me than any other subject 0.79

Note. Adapted from Creating and Interpreting the TIMSS and PIRLS 2011 Context
Questionnaire Scales, by Martin, M. O.,

Mullis, I. V. S., Foy, P., & Arora, A., 2012, Chestnut Hill, MA: TIMSS & PIRLS International
Study Center, Boston College.

45



Table 4

Principal Components Analysis Factor Loadings for Teacher Self-Efficacy

us

Answer students’ questions about mathematics 0.55

Show students a variety of problem solving strategies 0.70

Provide challenging tasks for capable students 0.68

Adapt my teaching to engage students’ interest 0.70
Help students appreciate the value of learning

0.72

mathematics

Note. Adapted from Creating and Interpreting the TIMSS and PIRLS 2011 Context
Questionnaire Scales, by Martin, M. O., Mullis, I. V. S., Foy, P., & Arora, A., 2012, Chestnut
Hill,

MA: TIMSS & PIRLS International Study Center, Boston College.

Table 5

Principal Components Analysis Path Coefficients for Student Task Value

us
| think learning mathematics will help me in my daily life 0.77
| need mathematics to learn other school subjects 0.72
I need to do well in mathematics to get into college or university of my

0.71
choice
| need to do well in mathematics to get the job | want 0.76
I would like a job that involves using mathematics 0.62
It is important to do well in mathematics 0.66

Note. Adapted from Creating and Interpreting the TIMSS and PIRLS 2011 Context
Questionnaire Scales, by
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Martin, M. O., Mullis, I. V. S., Foy, P., & Arora, A., 2012, Chestnut Hill, MA: TIMSS & PIRLS
International Study Center,
Boston College.

A separate principal component analysis was conducted for each scale in the United
States. For the teacher self-efficacy scale, the results of the principal component analysis
accounted for 45% of the variance. According to Mertler and Vannatta (2010) 70% of the
variance accounted for by the identified number of components is optimal. However, Martin,
Mullis, Foy, and Arora (2012) identified the amount of variance accounted for by the first
component in each of their analyses as acceptable to consider the items to represent a single
scale. For the student task value, the results of the principal component analysis accounted for
50% of the variance. Lastly, for the student self-efficacy, the results of the principal component
analysis accounted for 55% of the variance (Martin, Mullis, Foy, & Arora, 2012).

Table 6 displays the within country and trend item reliability scoring for the TIMSS
2011 mathematics assessment. These reliabilities measure the accuracy in grading the
constructed response items regardless of scorers in each country (Foy, Martin, Mullis, & Stanco,
2012). Each scorer was provided training and a scoring guide. The within country and trend
reliability scoring indicated that on average agreement across items correctness was 98% or

higher and average 97% for the diagnostic score.

Table 6

United States Scoring Reliability for Constructed Response Items

Correctness Score Agreement Diagnostic Score Agreement
Average Average of
of Exact Exact
Percent Range of Exact Percent Range of Exact
Agreement | Percent Agreement | Agreement | Percent Agreement
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Across Across
Items Items
Minimum | Maximum Minimum | Maximum

Within Country
Scoring 08 87 100 97 82 100
Reliability
Trend Scoring 98 94 100 97 01 100
Reliability

Note. Adapted from Reviewing the TIMSS and PIRLS 2011 Achievement Item Statistics, by Foy,
P., Martin, M. O., Mullis, I. V.S., &
Stanco, G., 2012, Chestnut Hill, MA: TIMSS & PIRLS International Study Center, Boston
College.
Data Collection
This research study examined the relationships among the United States eighth grade
student mathematics achievement (number, algebra, geometry, and data choice) and student and
teacher self-efficacy, student task value, and teacher preparation. The data collected and used to
measure student mathematics achievement were student achievement scores from the eighth
grade mathematics assessment, as well as self-efficacy, task value, and teacher preparation from
questionnaires. The International Association for the Evaluation of Educational Achievement
(IEA) International Database (IDB) analyzer (Version 3.2) was downloaded and used to merge
the following data files: student background questionnaire, teacher background questionnaire,
and eighth grade mathematics achievement. This researcher averaged the items within each
scale to form a scale score.
Data Analysis
Hierarchical linear modeling (HLM) (also known as multilevel modeling, random
coefficient modeling, or mixed effects modeling) is a regression model used to estimate the

effects of nested data (Bryk & Raudenbush, 1992). The purpose of HLM is to measure the effect

of the explanatory variable (i.e., the variable that explains the reason for the outcome) at different
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levels of hierarchy assuming independence is violated, equal variance, and normality at level-1
(Bryk & Raudenbush, 1992; Hox, 2002). According to Bryk and Raudenbush (1992) the use of
ordinary least squares (OLS) regression assumes independence, normality, and constant variance
for random errors. In this study clustering refers to the grouping of students by teacher.
Therefore, each teacher contributes only one value per variable for all students in his or her class.
Because of the clustering of observations in nested data, violation of independence usually
occurs which increases the risk of type | error. In this study, the effects of self-efficacy, teacher
preparation, and perceived task values were the explanatory variables used to predict
mathematics achievement for students in the U.S. The results of HLM were based on two levels:
students and classrooms. The first level yielded intercepts and slopes based on student predictors
(i.e., self-efficacy and perceived task values); the second level yielded the intercepts and slopes
based on classroom predictors (i.e., teacher preparation and self-efficacy).

HLM is used to separate the variance and covariance, measure the cross-level effects, and
improve estimates of individual effects (Bryk & Raudenbush, 1992; Hox, 2002). This study
used HLM to account for student level variability as well as teacher level variability in students’
mathematics achievement. This method of analysis reduced bias when variances are equal and
improved the estimate of effects. In addition, the covariance (or relationships) was different in
each classroom because each was independent of one another. For example, if one were to study
the amount of influence a teacher has on students’ mathematics achievement, self-efficacy, and
perceived task values in each classroom, then the relationship between the students and the
teachers could vary based on contextual factors (e.g., the environment).

When analyzing nested data, HLM strengthened this study’s causal argument because it

provided the ability to separate error terms and account for dependencies created by nested data.
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These factors violated the assumptions in other statistical models, such as ordinary least squares
(OLS). Generally, students are zoned for schools within their community and are not randomly
assigned (Osborne, 2000). Therefore, students are not independent of each other and are more
likely to come from similar environments with similar values (Osborne, 2000).

As mentioned above, HLM was superior for use with the data in this study because all
students were nested in a classroom with homogenous teacher efficacy and preparation. This
observation does not support the assumption of independence, and a cross-level effect must be
accounted for at the classroom level and not at the individual level.

Intraclass correlation. Intraclass correlation was used to determine the need for HLM
or a simpler anaylsis. Hox (2002) defined intraclass correlation (ICC) or rho (p) as the amount
of variance (student variation) in the dependent variable divided by between-classrooms or class
level (to0) and within-classrooms or student level (¢?). Equation 1 (O’Dwyer & Parker, 2014)

was used to calculate the portion of variance using the parameter estimates:

ICC (p) = =22 @)

02+ 190

Huang (2016) explained the results of ICC as an expected range from zero to one. If the
ICC is zero or close to zero, then there is no dependency in the data, and HLM is not needed. On
the other hand, if the ICC is closer to one than to zero, then there is evidence of dependency in
the data. A hierarchical model is suggested if ICC is greater than .05 and less than .25 (Hedges
& Hedberg, 2007; Heck & Thomas, 2000; Muthén, 1999).

Centering. Bryk and Raudenbush (1992) defined centering as moving a variable from
one location to provide a clear meaning for the intercept at level-1. Group mean centering and
grand mean centering were used to choose locations of my predictors variables for a precise

meaning of the level-1 intercept and slopes as outcome variables. In this study, student self-
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efficacy and student perceived task value were entered as group mean centering to analyze the
effect of the level-1 and level-2 predictors variables. The level-2 variables, teacher self-efficacy
and teacher preparation were entered as grand mean centering which only changed the intercept
and is equal to the grand mean of the teacher class mean.

This study required two levels of hierarchical data structure. The level one model
(equation 2) was used to predict mathematics achievement (Y) for student i, taught by teacher j:
Level 1 (e.g., students)

Yij = Boj + Bij(self efficacy);; + B,j(task value);; + 1;; (2
where:

Yij = math achievement for individual i (i=1,...,nj) in group j (j = L,...,N),

self-efficacy (SE);; = individual level total self-efficacy score,

task value (TV);; = individual level total task value score,

Boj = intercept (class means math achievement),

B1j = student self-efficacy level-1 slope,

B2 = student task value level-1 slope,

rij = residual error term for the individual student

The model for level two was used to predict intercept in class and regression slopes of self-
efficacy and task value in classrooms are equations 3, 4, and 5:

Level 2 (e.g., classrooms)

.Boj = Yoo + Yo1(teacher SE)]- + yo2(teacher preparation)j + (3)
B1j = Y10 + Yi1(teacher SE); + y,;(teacher preparation);+ u,; (4)
P2j = Y20+ Va21(teacher SE); + vy, (teacher preparation);+ u,; (5)
where:
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Boj = intercept,

B1j = student self-efficacy slope per teacher,

B2 = student task value slope per teacher,

Yoo = mean achievement per classroom (teacher level)

o1 = difference in mean achievement based on teacher self-efficacy.

Y02 = difference in mean achievement based on teacher preparation

v10 = average student self-efficacy slope in classroom,

v11 = the mean difference in student self-efficacy slopes based on teacher self-efficacy,
112 = the mean difference in student self-efficacy slopes based on teacher preparation,
Y20 = average student task value slope in classroom,,

121 = the mean difference in student task value slopes based on teacher self-efficacy,
122 = the mean difference in student value slopes based on teacher preparation,

Uoj = random error of intercept,

usj = random error of student self-efficacy slope, and

Upj = random error of student task value slope.

HLM provided the ability to examine relationships between variables on different levels
by partitioning the error variance to retrieve a more accurate parameter estimate. Cross level
interactions addressed the relationship between student and teacher level predictors. For
example, one cross level interaction would address the relationship between student self-efficacy
and math achievement based on teacher self-efficacy levels. Another example of cross level
interaction would address the relationship between student task value and math achievement

based on teacher self-efficacy levels. In addition, dependence was taken into account between
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teachers and students. The use of HLM accounted for variance on all levels by calculating the
ICC and cross-level effects to explore relationships (Bryk & Raudenbush, 1992).

Bryk and Raudenbush (1992) examined the benefit of cross-level effects for testing
hypotheses “about how variables measured at one level affect relations occurring at another”
(p.6). For the purpose of this study, the following models were developed using HLM 7
statistical software to answer each research question:

- Unconstrained (null) model was developed without predictors to determine the need for

HLM,

- random intercepts model was developed to assess the relationship between the student
level predictors and eighth grade mathematics achievement,
- means-as-outcome model was developed to examine the relationship between the means
of mathematics achievement and teacher level predictors, and
- slopes-and-intercept model was developed to test the interaction between the student and
teacher level predictors.
Summary

The purpose of this study was to measure the relationships among the United States
eighth grade student mathematics achievement (number, algebra, geometry, and data choice) and
student and teacher self-efficacy, student task value, and teacher preparation. The researcher
used a national pre-existing dataset to investigate the variables through HLM and descriptive

statistics. Chapter 1V presents the finding from the study.
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Chapter IV. Findings
Introduction

Chapter 111 reviews the methods, samples, instrument, data collection, and data analysis
used to measure the relationships between student and teacher variables and student math
achievement. This chapter presents the descriptive and hierarchical linear modeling used to
explore mathematics achievement for students while accounting for student self-efficacy, teacher
self-efficacy, student task value, and teacher preparation. The chapter begins with the study’s
descriptive analyses, including examinations of frequencies. It should be noted that the full
HLM tables (those which display all nested models discussed here) appear in Appendix C.

Purpose of the Study

The purpose of this study was to measure the relationships among the United States
eighth grade student mathematics achievement (number, algebra, geometry, and data choice),
student and teacher self-efficacy, student task value, and teacher preparation. Both teacher and
student data were analyzed using Trends in International Mathematics and Science Study
(TIMSS) 2011 version for eighth graders. TIMSS (2011) student and teacher questionnaires
were used to collect data. The student questionnaire was used to obtain student demographics,
home and school environments, self-efficacies, and attitudes toward learning mathematics.

The teacher questionnaire was used to measure general teaching experience, experience
teaching mathematics, educational background, and professional development. This research will
provide a better understanding of the impact of teacher preparation and self-efficacy on middle
school student achievement in mathematics. In addition, this study was built on what is currently

known about self-efficacy, student achievement, and teacher preparation.
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Research Questions
The following research questions were investigated in this study:

1) Does student self-efficacy predict eighth grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice
domains)?

2) Does student perceived task value predict eighth grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice
domains)?

3) Does teacher self-efficacy predict eighth grade class mean math achievement
(summing across algebra, geometry, numbers, and data choice domains)?

4) Does teacher preparation predict eighth grade class mean math achievement
(summing across algebra, geometry, numbers, and data choice domains)?

5) Does teacher self-efficacy predict within classroom effects of student level
predictors within the classroom?

a) How much variation in intercepts (classroom means) is explained by

teacher self-efficacy?

b) How much variation in the effect of student self-efficacy and perceived
task value slopes on math achievement is explained by teacher self-
efficacy?

6) Does teacher preparation predict within classroom effects of student level
predictors within the classroom?

a) How much variation in intercepts (classroom means) is explained by

teacher preparation?
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b) How much variation in the effect of student self-efficacy and perceived
task value slopes on math achievement is explained by teacher
preparation?

Hypotheses
There were six main research hypotheses examined in this study:
1) Student self-efficacy will positively predict eighth-grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice domains).
2) Student perceived task value will positively predict eighth-grade student achievement
in mathematics (summing across algebra, geometry, numbers, and data choice
domains).
3) Teacher self-efficacy will be associated with eighth-grade class mean math
achievement (summing across algebra, geometry, numbers, and data choice domains).
4) Teacher preparation will be associated with eighth-grade class mean math
achievement (summing across algebra, geometry, numbers, and data choice domains).
5) There will be variation in the level-1 slopes and level-1 intercepts based on teacher
self-efficacy within the classroom.
6) There will be variation in the level-1 slopes and level-1 intercepts based on teacher
preparation within the classroom.
Descriptive
Using the Statistical Package for the Social Sciences (SPSS, 2012) version 22, a
frequency distribution was obtained in Table 7 and Table 8 to identify the number of students
and teachers who participated in the TIMSS 2011 study. The sample size, mean, and standard

deviation for students’ mathematics achievement, student level variables, and teacher level
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variables were displayed in Table 9. Student and teacher ethnicity and socioeconomic status
were not available in the TIMSS 2011 public dataset.

Table 7.

Distribution of Student Participants by Gender
Students  Sample (n)  Percent (%)

Girl 5297 50.6

Boy 5180 49.4

Total 10477 100.00
Table 8.

Distribution of Teacher Participants by Gender
Teachers Sample (n) Percent (%)

Female 311 70.4

Male 131 29.6

Total 442 100.0
Table 9.

Descriptive Statistics for TIMSS 2011Eighth Grade Mathematics
n M (SD)

Student level variables
Mathematics Achievement 10477 509.63 (78.52)

Student self-efficacy 10346  2.39 (0.35)
Task value 10386  1.69 (0.57)
Teacher level variables

Teacher self-efficacy 7821 1.22 (0.27)
Teacher preparation 8051 1.97 (0.27)

Note. n = sample size; M = mean; SD = standard deviation

Research Question 1 and Question 2
Do self-efficacy and perceived task value predict eighth grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice domains)?
Table 10 displays the results of the unconditional (null) model which is equivalent to
the one-way analysis of variance (ANOVA) model. This model is used to establish a baseline

for comparing subsequent models in HLM. The grand mean mathematic achievement point
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estimate is 508.33 with a standard error of 3.19. A 95% confidence interval was calculated
508.33 + 1.96(3922.30)"/2 = (385.58, 631.08), indicating that 95 times out of 100 the mean would
fall between 385.58 and 631.08. The estimated variability (¢°) at the student level was 2113.71
and the teacher level variance (too) was 3922.30. The results of the intraclass correlation indicate
that approximately 64.98% of the variance of student mathematics achievement lies between the
teachers; 35.02% of the variance of student mathematics achievement lies within. The reliability
estimates of each teacher’s sample average mathematics achievement as an estimate of its true
mean was 0.96 (Bryk & Raudenbush, 1992). The chi-square test (y°) suggests that there was a
significant amount of variance in mathematic achievement (outcome variable) at the teacher
level, ° (398) = 13901.23, p < .001. The evidence from the ICC and the chi-square test supports
the use of HLM (see Appendix E.).

Table 10.
Results from One-Way ANOVA Null Model (no predictors)

Fixed Effect Estimate SE t d.f. p
Average teacher mean, yoo 508.33 3.19 159.41 398 <0.001
Random Effect Variance Component  d.f. v p

Interceptl at Level-2, W 3922.30 398 13901.23 <0.001

Level-1 effect, r 2113.71

Next, the random intercept model was calculated to test the relationship between the
student level predictors (i.e., student self-efficacy and task value) and mathematics achievement
within teachers. The results in Table 11 display the student mean mathematics achievement by
teacher average. The point estimate was 508.30 with a standard error of 3.19. The relationship
between the student self-efficacy and mathematics achievement was statistically significant, with
higher levels of self-efficacy indicating higher math achievement (lower self-efficacy values =

higher levels of self-efficacy). The relationship between the student task value and mathematics
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achievement was not statistically significant. Student self-efficacy was estimated to be -15.07
with standard error = 1.99 and t ratio = -10.88; task value was estimated to be -1.87 with
standard error = 1.49 and t ratio = -1.26. On average, student self-efficacy increases
mathematics achievement by 15.07 points per unit when task value is held constant; task value
increases mathematics achievement by 1.87 points per unit when self-efficacy is held constant
(lower self-efficacy values and task value scores = higher levels of the construct).

The estimated variances of slopes for student self-efficacy and task value are 173.04 and
165.07, respectively. The chi-square test (y°) suggests that there was a significant amount of
variance in mathematic achievement (outcome variable) for the slopes of student self-efficacy
and task value, ¥* (392) = 509.52, p < .05 and y? (392) = 486.44, p < .05, respectively. The 95%
Cl expected range of teacher means is 508.30 + 1.96(3937.08)*? = (385.31, 631.28). The 95%
Cl expected range of student self-efficacy slope is -15.07 + 1.96(173.04) = (-40.85, 10.71).
The 95% CI expected range of student task value slope is -1.87 + 1.96(165.07) = (-27.05,
23.31). The reliability estimates of the level-1 intercept (0.970), student self-efficacy slope
(0.216), and task value (0.181). These estimates were based on the average of each teacher’s
intercept and slope if OLS regression was calculated for each teacher, separately (Bryk &
Raudenbush, 1992). Compared to the variance in the null model for teachers, the variance in this
model was reduced from 2113.71 to 1996.82. The proportion of variance explained at level-1
was reduced by 5.53% when adding student self-efficacy and task value as predictors of
mathematics achievement (Bryk & Raudenbush, 1992; Woltman, Feldstain, MacKay, & Rocchi,
2012). The correlation between intercept (classroom means), the effects of student self-efficacy
slope, and the effects of student task value slopes are -0.549 (moderate) and -0.192 (low),

respectively.
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Table 11.

Results from Random Intercepts Model (Level-1 predictors only)

Fixed Effect Estimate SE t d.f. p

Overall mean achievement, ygo 508.30 3.19 159.26 398 <0.001

Mean student self-efficacy slope, y10 -15.07 1.39 -10.88 398 <0.001

Mean student task value slope, y2o -1.87 149  -1.26 398 0.209
Variance

Random Effect Component df 2 0

Teacher mean, o 3937.08 392 14684.86 <0.001

Student self-efficacy slope, H1 173.04 392 509.52 <0.001

Student task value slope, U2 165.07 392 486.44  0.001

Level-1 effect, r 1996.82

Research Question 3 and Question 4

Do teacher self-efficacy and preparation predict eighth grade class means math
achievement (summing across algebra, geometry, numbers, and data choice domains)?

The regression with means as outcomes model was calculated to assess the relationship
between mathematics, teacher self-efficacy, and teacher preparation (Bryk & Raudenbush,
1992). Table 12 displays the results of the average teacher preparation and teacher self-efficacy.
Teacher preparation does not predict eighth grade students’ classroom average mathematics
achievement at a statistically significant level, p = 0.063. Teacher self-efficacy positively (with
low self-efficacy scores = higher levels of self-efficacy) predict eighth grade students’ classroom
average mathematics achievement at a statistically significant level, p = 0.024. When the
average teacher preparation and teacher self-efficacy is zero the eighth grade students’ classroom
average mathematics achievement is 508.25. The expected range of teacher means after
accounting for the effects of teacher self-efficacy and teacher preparation is 508.25 +
1.96(3841.58)Y2 = (386.77, 629.73). The variance between teachers decreased slightly (from

3922.30 to 3841.58). Hence, the proportion of variance at the teacher level explained 2.06% in
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mathematics achievement after accounting for the effects of teacher self-efficacy and teacher
preparation. The chi-square test suggested that at least one teacher level predictor was
statistically significant [y? (396) = 13652.58, p < .05)]. The conditional intraclass correlation
3841.58/ (3841.58+2113.44) = .6451 or 64.51% was calculated to measure the degree of
dependence within teachers after accounting for teacher self-efficacy and teacher preparation
(Bryk & Raudenbush, 1992). This ICC has slightly decreased from 64.98% to 64.51% after
controlling for the teacher level predictors. Average mathematics achievement per classroom at
Level-2 is statistically significant when accounting for teacher self-efficacy and teacher
preparation as predictors.

Table 12.

Results from Means as Outcomes Model (Level-2 predictors only)

Fixed Effects Estimate SE t d.f. p

Model for teacher means

Intercept, yoo 508.25 3.15 161.47 396 <0.001

Teacher self-efficacy, yo1 -24.40 10.75 -2.27 396 0.024

Teacher preparation, yo, -27.23 14.61 -1.86 396 0.063
Variance

Random Effects Component df 2 0

Teacher mean, W 3841.58 396 13652.58 <0.001

Level-1 effect, r 2113.44

Research Question 5 and Question 6
Do teacher self-efficacy and preparation within classroom effects of student level
predictors within the classroom? How much variation in intercepts (classroom means) is
explained by teacher self-efficacy and preparation? How much variation in the effect of student
self-efficacy and perceived task value slopes on math achievement is explained by teacher self-

efficacy and preparation?
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The results are displayed in Table 13. The estimate of the variance of the student self-
efficacy slope is 173.26 and student task value slope is 168.45 with chi-square test x* (390) =
508.76, p < .05) and  (390) = 485.84, p < .05), respectively. The results reveal statistically
significant variation among the slopes of student self-efficacy and task value. The correlation
between the Level-1 intercept and student self-efficacy slope is -0.549, whereas Level-1 intercept
and student task value correlation is -0.179. Teacher self-efficacy point estimate is -24.52 with a
standard error of 10.75 and t ratio of -2.28; teacher preparation point estimate is -27.28 with a
standard error of 14.63 and t ratio of -1.87. Teacher self-efficacy and teacher preparation were
positively related with the classroom average mathematics achievement.

The student self-efficacy slopes based on teacher self-efficacy point estimate is -2.03
with a standard error of 4.48 and t ratio of -0.45; student self-efficacy slope based on teacher
preparation point estimate is 7.87 with a standard error of 7.16 and t ratio of 1.10. The cross
level interaction between the teacher level predictors and the slopes of the student level
predictors were not statistically significant. Bryk and Raudenbush (1992) indicated that the
estimate of the variance from the random coefficient model is the baseline. The amount of
variance in the intercept of the mean mathematics achievement is explained by teacher self-
efficacy and teacher preparation [(3937.08-3855.11) / 3937.08] = 0.0208 or 2.08%. The result of
the chi-square x* (390) = 14434.67, p < .05 reveals that there is residual variance remaining in the
intercepts. The amount of variance in the slope of student self-efficacy for the mean
mathematics achievement is explained by teacher self-efficacy and teacher preparation [(173.04-
173.26)/173.04] = -0.0013 or -0.13% and [(165.07-168.45)/165.07] = -0.0205 or -2.05%,

respectively.
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Table 13.

Results from Random Intercept and Slopes Mode (slopes results)

Fixed Effect Estimate SE t d.f. p
Model for teacher means
Intercept, yoo 508.22 3.15 161.34 396 <0.001
Teacher self-efficacy, yo1 -24.52 10.75  -2.28 396 0.023
Teacher preparation, yo, -27.28 1463  -1.87 396 0.063
Student self-efficacy slopes, 51
Intercept, y10 15.08 1.38 -1091 396 <0.001
Teacher self-efficacy, y11 -2.03 4.48 -0.45 396 0.652
Teacher preparation, y;, 7.87 7.16 1.10 396 0.272
Student task value slopes, £,
Intercept, y2o -1.84 1.49 -1.24 396  0.217
Teacher Self-Efficacy, y»1 7.44 5.27 1.41 396 0.159
Teacher Preparation, y,, -0.94 5.63 -0.17 396 0.867
Variance

Random Effects Component d.f P p
Teacher mean, W 3855.11 390 14434.67 <0.001
Student self-efficacy slopes, W1 173.26 390 508.76 <0.001
Student task value slopes, U 168.45 390 485.84 <0.001
Level-1,r 1996.55

Summary

The purpose of this study was to measure the relationships among the United States
eighth grade student mathematics achievement (number, algebra, geometry, and data choice),
student and teacher self-efficacy, student task value, and teacher preparation. This chapter
discussed the results of the data analysis. Descriptive data presented in this chapter summarized
the student and teacher level variables used in this study. The chapter also provided the results
of four HLM models to ascertain if student self-efficacy and perceived task value predict eighth
grade student achievement in mathematics and to assess the effects of teacher self-efficacy and
preparation. The results of the random coefficient model revealed that the slopes of student self-
efficacy were statistically significant in predicting eighth grade student achievement in

mathematics. The results of the random coefficient model revealed that the slopes of student
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perceived task value were not statistically significant in predicting eighth grade student
achievement in mathematics.

The results of the regression with means-as-outcomes revealed that the teacher self-
efficacy was statistically significant in predicting eighth grade class means math achievement,
whereas teacher preparation was not statistically significant in predicting eighth grade class
means math achievement. The results of the intercept-and slopes-as-outcome model revealed
teacher self-efficacy was statistically significant in predicting classroom slope in student math
achievement whereas teacher preparation was not statistically significantly in predicting the
classroom slope in student math achievement.

The results of the intercept-and slopes-as-outcome model revealed the 2.08% of the
variation in intercepts (classroom means) was explained by teacher self-efficacy and preparation.
The results of the intercept-and slopes-as-outcome model did not reveal statistical significance of
variation in the slopes of student self-efficacy and perceived task value explained by teacher self-
efficacy and preparation. A detailed summary and discussion of the findings and their

implications are presented in Chapter V.
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Chapter V. Summary, Conclusions, Implications, and Recommendations
Introduction
This study measured the relationships among the United States eighth grade student
mathematics achievement (number, algebra, geometry, and data choice), student and teacher
self-efficacy, student task value, and teacher preparation. The first chapter introduces the
statement of the problem, the study’s conceptual/theoretical framework, the purpose of the study,
and the research questions. Additionally, it addresses the study’s significance, limitations,
delimitations, assumptions, definitions of terms, and organization. The second chapter contains
the literature review of motivation, student engagement, expectancy value, teacher self-efficacy,
student self-efficacy, cognitive learning, mathematics academic achievement, gaps in the
literature, and hypotheses. The third chapter describes the study’s methods, sample, instruments,
reliability, validity, data collection, and data analysis. The fourth chapter explains the results of
research questions one, two, and three. This chapter provides conclusions, implications, and
recommendations for future research.
Purpose of the Study
The purpose of this study was to measure the relationships among the United States
eighth grade student mathematics achievement (number, algebra, geometry, and data choice),
student and teacher self-efficacy, student task value, and teacher preparation. Both teacher and
student data were analyzed using Trends in International Mathematics and Science Study
(TIMSS) 2011 version for eighth graders. TIMSS (2011) student and teacher questionnaires
were used. The student questionnaire was used to measure student demographics, home and

school environments, self-efficacies, and attitudes toward learning mathematics.
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The teacher questionnaire was used to measure general teaching experience, experience

teaching mathematics, educational background, and professional development. This research

will provide a better understanding of the impact of teacher self-efficacy and preparation on

middle school student achievement in mathematics. In addition, this study was built on what is

currently known about self-efficacy, student achievement, and teacher preparation.

Research Questions

The following research questions were investigated in this study:

1)

2)

3)

4)

5)

Does student self-efficacy predict eighth grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice
domains)?
Does student perceived task value predict eighth grade student achievement in
mathematics (summing across algebra, geometry, numbers, and data choice
domains)?
Does teacher self-efficacy predict eighth grade class mean math achievement
(summing across algebra, geometry, numbers, and data choice domains)?
Does teacher preparation predict eighth grade class mean math achievement
(summing across algebra, geometry, numbers, and data choice domains)?
Does teacher self-efficacy predict within classroom effects of student level
predictors within the classroom?

a) How much variation in intercepts (classroom means) is explained by

teacher self-efficacy?
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b) How much variation in the effect of student self-efficacy and perceived
task value slopes on math achievement is explained by teacher self-
efficacy?

6) Does teacher preparation predict within classroom effects of student level
predictors within the classroom?

a) How much variation in intercepts (classroom means) is explained by
teacher preparation?

b) How much variation in the effect of student self-efficacy and perceived
task value slopes on math achievement is explained by teacher
preparation?

Hypotheses

There were six main research hypotheses examined in this study:

1)

2)

3)

4)

5)

Student self-efficacy will positively predict eighth-grade student achievement in

mathematics (summing across algebra, geometry, numbers, and data choice domains).

Student perceived task value will positively predict eighth-grade student achievement

in mathematics (summing across algebra, geometry, numbers, and data choice
domains).

Teacher self-efficacy will be associated with eighth-grade class mean math

achievement (summing across algebra, geometry, numbers, and data choice domains).

Teacher preparation will be associated with eighth-grade class mean math

achievement (summing across algebra, geometry, numbers, and data choice domains).

There will be variation in the level-1 slopes and level-1 intercepts based on teacher

self-efficacy within the classroom.
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6) There will be variation in the level-1 slopes and level-1 intercepts based on teacher
preparation within the classroom.
Discussion

Chowa, Masa, Ramos, and Ansong (2015) stated that research on student academic
achievement has been carried out for many decades. As a result, student academic achievement
has been defined as scores in one particular academic subject such as: math, science, English, or
history (Chowa, Masa, Ramos, & Ansong, 2015; Asante, 2010; Salami, 2008). Having high
academic achievement in mathematics could lead to a rewarding and high-status career (Skouras,
2014). Academic achievement and factors that influence academic success in mathematics has
piqued the interest of teachers, parents, students, and researchers (Hemmings, Grootenboer, &
Kay, 2011). To date, there has been little research on student self-efficacy, student task value,
teacher preparation, and teacher self-efficacy and its influence on mathematics achievement for
eighth grade students in the United States. Most of the research involving mathematics academic
achievement tends to focus on ethnicity, socioeconomic status, and gender.

The sample for this study consisted of 1,077 eighth grade students and 442 eighth grade
teachers from nine states—Alabama, California, Connecticut, Colorado, Florida, Indiana,
Massachusetts, Minnesota, and North Carolina during the TIMSS 2011 study. The instrument
used to measure student and teacher self-efficacy, student task value, and teacher preparation
was eighth grade student and teacher questionnaires. The instrument used to measure
mathematics achievement was TIMSS 2011 mathematics assessment for eighth grade students.
For this study, two scales were used from the student and teacher questionnaires, which included

a total of 46 questions.
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The independent variables were student and teacher self-efficacy, student task value, and
teacher preparation. The dependent variable was mathematics achievement. The demographic
data revealed that of the study’s sample of teachers, 311 (70%) were female and 131 (30%) were
male; the age range for teachers was between 40 and 49 years old. The demographic data also
revealed that of the study’s sample of students, 5,180 (49%) were male and 5,297 (51%) were
female; the average age of students was 14 years old.

The test revealed that there was a significant amount of variance in mathematics
achievement (outcome variable) at the teacher level, which supported the use of HLM. The
random intercept model was calculated to test the relationship between the student level
predictors (i.e., student self-efficacy and task value) and mathematics achievement at the teacher
level. The results of this model indicated that student self-efficacy statistically significantly
predicted eighth grade mathematics achievement in the expected direction, whereas the
perceived task value did not reach statistical significance.

The regression with means as outcomes model assessed student mean achievement as
related to teacher self-efficacy and teacher preparation. The results indicated that student mean
achievement as related to teacher self-efficacy was statistically significant in the expected
direction. However, teacher preparation did not predict classroom mean mathematics
achievement at a statistically significant level.

Teacher self-efficacy was statistically significant when predicting classroom mean
mathematics achievement after accounting for student level predictors. Teacher preparation was
not statistically significant when predicting mathematics achievement after accounting for
student level predictors. Teacher self-efficacy did not significantly predict student self-efficacy

slopes. Teacher level predictors did not significantly predict student task value slopes. At
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Level-2, teacher self-efficacy predicts student classroom mean math achievement at a
statistically significant level whereas teacher preparation does not. The result of the chi-square
reveals that there is statistical significance residual variance in the slopes.

Research Question 1: Does student self-efficacy predict grade eighth student achievement

in mathematics (summing across algebra, geometry, numbers, and data choice domains)?

A hierarchical linear model was conducted to determine if student self-efficacy predict

eighth grade student achievement in mathematics (summing across algebra, geometry, numbers,
and data choice domains). The results of the current study supported Hypothesis I, which
posited that student self-efficacy positively predict eighth grade student achievement in
mathematics. Findings from the analysis conducted to address Research Question 1 indicated
that when student self-efficacy increased student achievement in mathematics increased. These
results suggested that eighth grade students in the United States report high academic
achievement in mathematics when student self-efficacy increases, which was consistent with
existing literature (e.g., Chowa et al., 2015; Engin-Demir, 2009; Bandura, 1997).

Research Question 2: Does student perceived task value predict eighth grade student
achievement in mathematics (summing across algebra, geometry, numbers, and data choice
domains)?

A hierarchical linear model was conducted to determine if student perceived task
value predict eighth grade student achievement in mathematics (Summing across algebra,
geometry, numbers, and data choice domains). The results of the current study did not support
Hypothesis I, which posited that student perceived task value positively predict eighth grade
student achievement in mathematics. Findings from the analysis conducted to address Research

Question 2 did not reach statistically significant. These results were inconsistent with existing
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literature (e.g., Wigfield & Cambria, 2010; Pekrun, 2009; Cole, Bergin, & Whittaker, 2008;
Simpkins, Davis-Kean, & Eccles, 2006), which suggests that task value should predict
achievement. Both student self-efficacy and perceived task value correlate with mathematics
achievement at a statistically significant level. However, when both are entered into a regression
analysis, the unique (after accounting for the relationship between student self-efficacy and
perceived task value) relationship between perceived task value and mathematics achievement is
not statistically significant.

Research Question 3: Does teacher self-efficacy predict eighth grade class means math

achievement (summing across algebra, geometry, numbers, and data choice domains)?

A hierarchical linear model was conducted to determine if teacher self-efficacy predict

eighth grade class means math achievement (summing across algebra, geometry, numbers, and
data choice domains). The results of the current study supported Hypothesis 111, which posited
that teacher self-efficacy will be associated with eighth grade class mean student achievement in
mathematics. Findings from the analysis conducted to address Research Question 3 indicated
that teacher self-efficacy positively predicts class mean student achievement in mathematics.
These results suggested that eighth grade students in the United States academic achievement in
mathematics positively impacted by teacher self-efficacy which was consistent with existing
literature (e.g., Protheroe, 2008; Hoy, Sweetland, & Smith, 2002).

Research Question 4: Does teacher preparation predict eighth grade class means math

achievement (summing across algebra, geometry, numbers, and data choice domains)?

A hierarchical linear model was conducted to determine if teacher preparation predict

eighth grade class means math achievement (summing across algebra, geometry, numbers, and

data choice domains). The results of the current study did not supported Hypothesis IV, which
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posited that teacher preparation will be associated with eighth grade class mean student
achievement in mathematics. Findings from the analysis conducted to address Research
Question 4 indicated that teacher preparation was not statistically significant in relation to
mathematics achievement. These results were not consistent with existing literature (e.g.,
Shannag, Tairab, Dodees, & Abdel-Fattah, 2013; Gimbert, Bol, & Wallace, 2007). Some
researchers (Shannag, Tairab, Dodees, & Abdel-Fattah, 2013) suggest that confounding variables
influenced the relationship between math achievement and teacher preparation.

Research Question 5: Does teacher self-efficacy predict within classroom effects of student
level predictors within the classroom? (How much variation in intercepts (classroom
means) is explained by teacher self-efficacy? How much variation in the effect of student
self-efficacy and perceived task value slopes on math achievement is explained by teacher
self-efficacy?)

A hierarchical linear model was conducted to determine if teacher self-efficacy did not
statistically significantly predict the effect of classroom slope on eighth grade student
achievement in mathematics (summing across algebra, geometry, numbers, and data choice
domains). The results of the current did not study supported Hypothesis V, which posited that
there will be variation in the level-1 slopes and level-1 intercepts based on teacher self-efficacy.
These results suggested that for eighth grade students in the United States, variation in teacher
self-efficacy was not statistically significant in predicting the effect of student self-efficacy or
student task value classroom slopes.

Research Question 6: Does teacher preparation predict within classroom effects of student
level predictors within the classroom? (How much variation in intercepts (classroom

means) is explained by teacher preparation? How much variation in the effect of student
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self-efficacy and perceived task value slopes on math achievement is explained by teacher
preparation?)

A hierarchical linear model was conducted to determine if teacher preparation predict the
effect of classroom slope in eighth grade student achievement in mathematics (summing across
algebra, geometry, numbers, and data choice domains). The results of the current study did not
support Hypothesis V1, which posited that there will be variation in the level-1 slopes and level-1
intercepts based on teacher preparation. These results suggested that for eighth grade students in
the United States, variation in teacher preparation did not predict student self-efficacy or
perceived task value classroom slopes.

Implications

The results of this study have several implications. First, they imply that student
achievements in mathematics is high when students feel confident in solving math problems.
Secondly, when teachers feel more efficacious mathematics achievement for eighth grade
students is higher. Panaoura and Panaoura (2014) have suggested that pre-service teachers
should be involved in more hands-on experiences to foster confidence in content delivery. You,
Dang, and Lim (2016) has suggested that teacher training programs should highlight the
importance of motivation in the classroom to increase to student achievement. The results of this
study may also lead to implementation of a plausible and comprehensive system of training and
mentorship with an increased focus on pre-service teachers developing effective original lesson
plans that will continue to build teacher confidence in the classroom.

Recommendations
Considering that this study was limited to eighth grade math students’ academic

achievement in the United States and to only the 2011 TIMSS study, the findings suggest that:
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The study could be extended to science students in the United States.

This study could be replicated using TIMSS 2011 fourth grade students in mathematics.
Given some of the results from this study is inconsistent with results reported in existing
literature, further investigation at different grade levels is warranted.

Researchers could request private data to compare mathematics achievement by states to
determine if student and teacher level predictors influence eighth grade mathematics
achievement differently. It is possible that state policies or standards would influence
results producing state differences.

Researchers could examine confounding variables relating to teacher preparation and its
influence on students mathematics achievement. The results from the current study
suggest that teacher preparation does not influence achievement. Some researchers (Goe
& Stickler, 2008) suggest that confounding variables, such as: professional development,
teacher experience, or teacher preparation programs. Could influence the relationship
between teacher preparation and achievement.

A structural equation model or path analysis can be used to measure the effect of teacher
preparation, teacher self-efficacy, and student self-efficacy on eighth grade math
achievement. In this way interrelationships among variables could be assessed. It is
possible that some variables act as mediating variables. For example, teacher self-
efficacy may act as a mediating variable between teacher preparation and achievement.
The school socioeconomic status can be examined to identify if schools with more
funding are able to hire better quality or prepared teachers to increase eighth grade math

achievement.
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- The results of this study could be compared with other countries to identify if teachers
and students are more efficacious, teachers are better prepared, or student task is different
from students and teachers in the United States.

Summary

The current study contributes to the existing literature pertaining to students’
mathematics academic achievement, specifically by contributing to the limited research focused
on the relationships among student self-efficacy, student task value, teacher self-efficacy, and
teacher preparation. With the ultimate goal of increasing student interest in technology and
economic investments, this study and its implications have the potential to prove useful in
guiding future research as well as in informing educational practices at the classroom level. The
present study revealed that student self-efficacy predict mathematics achievement with statistical
significance, considering teacher effects—a relationship that is also worthy of future exploration,
given potential implications for practice. Consistent with prior research, the current findings
suggest that teacher self-efficacy is a significant predictor of student mathematics achievement,
after accounting for student self-efficacy and student task value. While the present study did not
indicate that teacher preparation significantly predicts mathematics achievement, and similarly,
teacher self-efficacy did not reveal a significant interaction between student self-efficacy slopes
or student task value slopes for mathematics achievement, these relationship are worthy of future
study, given that prior research provides support for significant associations among these

constructs.
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b, Describe, step by step &l procedures and methods that wil be used to consest participants.
[¥] MNA (Existing data wil be used)

2MR
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c.  Brief summary of project. Mmmmmowwunmm.mm
recruiment and how data sl ba colectnd end protected )

mmmmmmnmmmwmmwmmuwmswuw
grade student mathematics achlevement (number, algebra, geometry, and data choice) and
siudent and teacher sell-efficacy, student task value, and teacher préparason.

Research Cuestions
1. msm&xymmwuwvmwwwmnwmmmmmm
mathematics (summing across algebra, geomelry, numbers, and data choice domains)?

2. Do seif-efficacy and preparation predict eighth grade chass mean math achievement in
mathematics (summing across aigedra, geometry, numbers, and data choice domaning)?

s.Donqubmymdpwpmpredmmabpeawhmm
math achisvement (summing across algebra, gesmetry, numbers, and data cholos domains),
based on student level predictors within the ¢lassroom?

a) How much variation mn intercepts (Clasercom means) Is explained by teacher selt-elicacy
and preparation?

b) How much variation In slope is explained by teacher se i-efficacy and preparation?

Method
Pre-existing and de-ldantified data will be obtained from TIMSS national public datases,
Hierarchial Linear Model will be used 1o answer the rasearch questions.

d Waivers. Chack any walvers that spply and describe how the project meets the critena for the waiver,
(] Waiver of Consent fnciuding existing de-idensifiod data)
[Z] Waver of Documentation of Consest (Use of isformagion Letier)
(] Waiver of Parental Permission (lor college students)

e Amachments.

Soneture of Invessganr Shamarick Paradise = =<

Oy b

aotund
Sansture of Faculty savafiargaret Ross owe o
Signatere of Department Haad _ Sheride Downer 555 oriin™

iE

Jof3
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Appendix B. Student Task Value and Confident Scales

About vou
Are you a girl or a boy?
Fiil one circie ondy
Gixd --(7)
Bay --()
2

When were you born?

Fill the circles mexdt fo the morth ard yeor you were born,

a) Month b) Year
January -- () 1993 —- ()
February -- () 1994 — ()
March -- () 1995 - ()
Apmil -- ) 1996 — ()
May -- () 1997 - ()
June -- |__H__| 19498 - |__H__|
Jly -- () 1999 - ()
August -- () 2000 - )
September -- () 2001 - ()
Oictober -- () ther - ()
INowember -- ()
December -- ()
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TIMSS 2011
The TIMSS 2011 Students

Confident in Mathematics
Scale, Eighth Grade

The Students Confident in Mathematics (SCM) scale was created based on students’ degree of agreement
to the nine statements described below. See Creating and Interpreting TIMSS and PIRLS 2011 Context

Questionnaire Scales for more information on how the scales were formed.

Exhibit 1: Htems in the TIMS5 2011 Students Confident in Mathematics Scale, Eighth Grade

How much do you agree with these statements about mathematies?

alot alittle a little alot

oy

U 1) L usually do wellin mathematics @) O O O
L 2] Mathematics is mare difficult for me than for

mmany of my classmates® O—O—O—O
RS 3] Mathematics is not one of my strengths® O—O—O—O
U 4) | leam things quickly in mathematics ———me () s () e () e ()
A 5 Mathematics makes me confused and nervous® O O O O
-8 6) | am good at working out difficult mathematics

problems Q==Q==0~—0

e ) My teacher thinks | can do well in mathematics

<programsiclasses/lessons: with difficult materials -— O O O O
-C U 8) My teacher tells me | am good at mathematics @) 0 O 0
L 0C L 9) Mathematics i harder for me than any ather subject? — () s () s () s ()

* Reverse coded 4 4

Confident

121 924

Agree  Agree Dissgree  Disagree
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TIMSS 2011

The TIMSS 2011 Students Value
Mathematics Scale, Eighth Grade

The Students Value Mathematics (SVM) scale was created based on students degree of agreement to the six
statements described below. See Creating and Interpreting TIMSS and PIRLS 2011 Context Questionnaire
Scales for more information on how the scales were formed.

Exhibit 1: Items in the TIMSS 2011 Students Value Mathematics Scale, Eighth Grade

How much do you agree with these statements about mathematics?

Agree  Agree Disagree  Disagree
alot alittle alittle alot

LSS 1) | think leaming mathematics will help me l l l l
in my day ife (O s () e () s ()

U 2) Ineed mathematics to leam other school subjects O — O —O — O

TR 3) I need to do well in mathematics to getinto the
university of my choice () e () s () s ()
RSBMIEM 4) Ineed to do well in mathematics to get th!]ﬂh | want -- O — O = O — O

U 5) Twould ke job that involves using mathematics ——— (0 s () s () s )

LTI 6 tisimportant o do wellin mathematis e () s () s () s )

4 14
Value ' Somewhat = DoMotValue
Value

103 79
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Appendix C. Teacher Confidence and Preparation Scales

IA.IHH.!‘I'hu

By thia @nd of this schiool vaar, how many years will
you have besn taaching altogather?

........... eI
Piesose reund o St neovest whole mimiey,

o —
HAra you famala or mals?

How old are you?
CThack ave oirche onle

Under 35—

E-B—

s
Tt
000C

7
il
o

‘Whaat Is tha highast laval of formal education you
b complated?
Chaik ove oirchke onbe
i ot complee < BSED L 3 — ()
Famished <CED Lol T — ()
Famished <ECED Lol e — ()
Finthed <I5CED Lewed 5B — ()
Finished < EED Lewed 54, first desgpese — ()

Fmishesd < GED Loved 5, semomd.
degrees- of higher— [}

|
During your <post-secondary sducation, what was
¥our major of main areais) of study?

heck one-Cincie for each ine.
L

Ha
2} Mathematics 1—0
bl Binkegy 21—
t] Phsics 1—0
d) Chemistry 21—
o ofath Sy —— 1=
I Ideatinn-Wathematic, —————— o
B 1—0
h) Eduration—Gesersl ——————— 1=
il Dt o-0

‘H
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TIMSS 2011
The TIMSS 2011 Confidence in

Teaching Mathematics Scale,
Eighth Grade

The Confidence in Teaching Mathematics (CTM) scale was created based on teachers” responses to the five
statement described below. See Creating and Interpreting TIMSS and PIRLS 2011 Context Questionnaire
Scales for more information on how the scales were formed.

Exhibit 1: Items in the TIMSS 2011 Confidence in Teaching Mathematics Scale, Eighth Grade

BTBM18A
BTBM188
BTBM18C
BTBM18D

BTBM18E

In teaching mathematics to this class, how confident do you feel to do the following?

1) Answer students'questions about mathematics

Very Somewhat  Not
Confident  Confident  Confident

2) Show students a variety of problem solving strategies

3) Provide challenging tasks for capable students

4) Adapt my teaching to engage students'interest

5) Help students appreciate the value of learning mathematics

99

Vo
Qe Q=0
Q==0==0
Q==Q==0
Q=0 ==0
Qe Q==
¢ &
Very T Somewhat
Confident | Confident
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30

How wall prepared do you feal you are to teach the following mathematics topics?
If a topicis not In the <glghth-grdg cartoulem or you are not respensibds for teaching this topic, Pleass chooss
“Mot applicabla’

Ok ot circike fiow gty lne.

A, Humbar

2 {ampuring, estimating, or 2ppraimating with shale pumbers
bl (zecepisof fractioes and computng with fectioss
¢} (zareptsof desimaks and competing with decima
] Representing, compuring, ordering, and compating with insgen:
) Frobies sabing imvshving pescents and proporion:
B. Blgabra
ﬂrﬂhl#ﬂmmﬂmmﬂﬁg terme, geneslimtion

paster:]

bl Srmplyieg ard mvaleating algebric preion:
o} Simple inzar equatiore and inequalities
d) Simultaneos (o varables) equaton
€] Eepresentation of functions 2s oxlesad pair, ables, grapis, wonk, or spuations
L. Geomatry

2] Eeometri propertes of angles and grometric shapes itang bes, quadrilizak, and ot

omma s pofygons]

ooC0 00
oo 00
o000 00
ooOo 00

ooC0o 00
oo 00
o000 00
ooOo00

bl Congru=ni Ageres and s trang e
c} Eelafonship between three—dimersional shapes and ther two—dimensional rpr=entation:

dl Lsing appapriate messrement formeke for perimeters, orumienenes, aess, arfae o,
and vlumes

&) Points on the artrian plane
£] Tramslaion, reflection, and miziza

. Diata and Chanca

3] eading and kv die sing e, sctogap bor qrapks, e chart né e sache

bl Interpreting data s (g, dras condesore, moke pediction:, and sctimote e behesn and
Seyand given Jat2 paintz]

t} Judging, pesdicting, and det=mmining the chances of pessible outeomes

B: «<Grads 8- Teacher Questionnaire — Mathematics

o0 O O00 OO0
o0 O o000 000
o0 O 000 000
oC O o000 000
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Appendix D. Sample Questions from Eighth Grade Mathematics Assessment

ITEM INDEX
Grade 8

Content Domain Page Content Domain Page
Humber Algebra foontinued)
MCE20S  Aninand Janny divice 560 ods ... MAMZ73S  Empiy o cxpresson .. B2
MOEI0R 4100 phs 3F0000.. MOMT245  Equiion ot soHsfas rumber poirs. .83
METISE  Bos osfmoie of {7213 BAY 1000, . MOSIO0E  Langh of e onges wood pleod.... ... X
MEIS  The pomanioga of cops ko soia_.... MOS21T2  Arco of goden's shoded portion —..... B
MOEZAZE 3605 0 product of pime ochos . MOSINE  Wolua o y inan aEpeeson. ... .. .. L
MEZ4T  Looofon of Mon numings ing... ...
MOEITIE  Wrio 3 5M In caoimal e Goomelry
MM  Mumbsars fo gob prooios oeus .. ... MAZI00  Ehapa mads up of soma e oubes . 8T
MAMZONE  Expeass 256 X 4004 Os power of 4 ... ... MADAZTIE Ao of o zquom B 144 squons om... ... L8
MMZO34  Whot I EON O numioar ..., MD3Z334  Desionoo bahwoon tha midpoints
MAM2031  Equbekent SEpESS ..o oo M0a2ET  Dogrocs minuts hond of ciock fums .70
MM2032  Equbakant tochon for 125, ... MA2T  Fgume 1 fonslomed o Zond 3 ... ...
BACEZ041 Langh of fa ofginal pips ... MO2IFE Yolusolongexinfigure... ... ... ...
MMII®  Complks tha mEsng DOES. ..., MD3240Z Wy FOR B o night ongie tlangle
MAMZIEE e I e PO e MD3ZAZL A ol the shodad mgion in fgus
MOGZ05]  Pocking Gggs INiD DOmEs..—.ee e M2ZATE  Enapa ol oo fgum
MOEZZI4  Which mumber sorfonca B ins ... MOA3MEE  Infarior Ongias of periogon ... ...
MOGZZIE  Eakach the docimal equal 5 375 ... ... M02ITI4 Wi ol shopa directly from obova
MOGZZIE  Mathod dor sublrocing rootions ... MAMIIED  Which shops hos o line of symmatny.—.... B0
MADEZZY] AOC4ZASIOET4E .. . . . MTIEE  Hof-um onound poird O 1

MO4INI  Langth of fha soianguiorbon ... B2
Algebra MOMZIT0 Do on soscolkos Fongka.—.... ... B4
ME2MT  Sumn ol 3 consoouthe whola rumbors .34 MMIIOT  Moosum of angia BOC-DERVED ... B4
ME?NE mboysondngisnoponde .. 27 MDA Colculoho the orooof osquom ... BH
MOE2EST  The shodow konghhs of four bushas. ... 28 MSII0S  Mumbarol books o filitha bos .. B3
MEZAIG  Which repemsants BOpRE 3K .. 29 MG WhotksthastoolongeBo ... 20
MOE2E3  Johas 2 sl biocks foweigh—..—.... 30 MDA voluaolongeb e 7
MOEZE7T  Cost in nads bor Sood ipoof nkem_..._.. k|
MOAZ53E  Find the vola of y whan TS ... 3z  Dakaand Chancs
ME2473  Ft 0 mumber bahweon & ond .. ... 34 MOSTI3Z  How Ny ko et pink oondy ... ..., w2
MOEZA23  Eimplly SHplE kA pE T a5 MOEIS0T  Numbar ol fimes spinner in md oed .. 53
MOEITIE  Whotwpplus i mean ... .. 37  MAMEIA  Corpoduction groph/ime oors moda.. 54
MEITET  PodiBinokThos Complalo fabig ... ... 3 MAXMEIE  Corproduction grophovy by howr. .5
MCEITALS, Dol BiookThos_Shopowith dd il 41  MAMEIC Corpoduction grophfidontty tma. .. %8
MOAZTA0E  DoclBiockTios Shopowih 4%8ks.. ... 41  MGGS  Moko o plo chor with abais.... .
MEITA0C  DodiBinokThos Shopowih 448k, . 42  M03ITI  Gokos of two hypes of 5ofl drink
MEITS]  DoclBiookThas FQUGn .. .. .. 43 MMITESMA  Moon rumben of Sof memoar
MM2067  Whot Is o oreo of e reotangia ... 45  MMIIS0E  Modion rumiarn of Sofl memioas
MOM2077  Expemssion i aqubmiont o 4724) ... ... 44  MMINSSC  Changa inmeon and medon ...
MM Whotshowvoluool 204+ B+ 4 47 MMITTT  Numbarof reguiar s botfies ...
MMZ108  Sobve the Negqualty.. ... MM217¢  Chance of gafing a buson.......—..—.
MGA71964,  Maxt fam in fa poSam MMIZ0T  Complots and kobal this pia chart.... . 12
MO4Z1988 o number 100N th pottom, M0 How Blaly shucant volod for Pt
MM2198C  Tamn numibse i the patiam MMINSG  Long jump oompsattion.... ...
M2 Whotshaovolug P MOLI43%  Probobdty fat the morbic Emd ...
MM228 Walua ol X In the patiam MIOEZ500S  Age stnuoiunce of couniny Xand Y.
MO42238  Whot Is ha volug of Tand Y. &1  MOSISEE  Frobkem of fking oon of cidorty ...
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TS D071 Qen-Srgde RIgHemgiy Concenis gnd MImemgaicy Bemg

Content Domain Main Topic Ciognitive Domain
NUMBER Fractions and Decimals Apphying
Ann and Jenny divide 580 zeds Ovarall Percent Comect
Farcenl
mﬂmﬂﬂkﬁumﬁbﬂmhlmm%ﬂﬂmmm, :"‘“""’“"‘"" “'J":;
o
oo miary awds: will Arm get? Ermm, Fop. of 0
Harg N £l
i ED LA
Firdare Ty
Fumain Fecasan Pl
PE S (L]
ST aD
i nif e
3TN
=y 23
o
. =3
lainymia oo
o
Eamiimin | |
—. -
|l aecge 17|
Uiz Siims L]
ovEa 13
Liirairs ad
romii I
[y R
ik n
Forurma ]
Lriies) rad Eriraien 17
ran, hisrsic e, ot T
Wlaresionis Rep. ot i
Ot 168
Chils jiy
Tl 13
bt VaiTAuth 1
Letoren o
Eamar 1o
frekweda il
S B4 s L
Dvon T
= 4
frem Fumber 032004 sy s -
SCORING e
Earctmaking
v education sywiem
oot Reponts Mo Camsbes 154 i
=2 Mirrmot 54 W
T rmeards LILY t s ]
DTN 1
= (i incormct fincuding cossed ouf, armed, by marks, Begtla, o of bl Conrecitei-L54 ]
bt LA o]
Al CAN =
Ircilara LA b |
Diafud-LUAS 2]
Feoritis LT |
it LA Tl
Al DV L Ll
Al i@

IR T DT A A Ao 0T T ok [ =T 1
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Ann and Jenny divide 580 zeds (continued)
MO3z008

Student Responses
Comest Reapones:
A NS ? E D

Incmect Responss:

P, |

IO E 2D R A AR 10 T LA D S AT e ] b 2
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TS D077 SEn-Cirgde Mgiemgicg Concepdy and MINemaiics Semy

There were m boysand m girls in 2 parade. E2ch person camied 2 balloms.
Wikich of these expressions represents e intzal member of balinoms thal were
armiod in the parade?

A, 2im4om)

E 2+imend

. Imsan

DL m+In

ifem Number WO32205

104

Content Domain Main Topic Cognitive Domain
ALGEBRA Algebraic Expressions Kniowing
i boys and n gifs in a parade Ovarall Percent Coamect

Farcenl

i

it

FOdECOOOREERSS S0 X
Pedeledelelelrledelebedelrtele]

o et
dEA
=

FE PR ETEIES
.

HOH
§

EREEFEFOCOCOCOREOEOREEdd
(AL L DL B LR b L]




TS S D071 Jn-Grgds Digmemgaiics Concends gnd MaMemgiics Semy

105

Content Domain Main Topic Cognitive Domain
GEOMETRY GZeometric Measurement Applying
Shape made up of same size cubes Ovarall Percent Coamect
Farcenl
Eduzalion syifem et
o, Fep. of [E]4]
- o
E il ]
G EER )
I o
Harg Ko OV pr 4l
doala an
Thi Mgrare abaree shows 2 shape made i of cubes thal arc all the same sae. There — oo
is 2 hoic all the way teroegs the shape. Fow many cubes would be seeded &0 00 oma Traare £E O
the hole? Eagfare! G 53
VRS (“Na]
A & Fumn Fedwason (5fal
Unied Sizime B0
B LI Moy P A
— w
[ S 1L Eaiy TN
oo (hraa —i
w3 T
fin e
ainpin ll:ll
Easminén m
[Fr——— W
Tadre b :
Forurma IR
[ by ]
L Sk Erraie For)
FeTTE g
ran, bz Feg ot 0
Gatr o bl ]
Cron ng
Eswar 17T
S Mg EE
I REY )
Lebamon hel ]
FaimEngn Vi Auth e
“urei i)
Koz %
Larar 15
e Number LG32T00 ?:;Au: Pt W
e
F - Barastemaking
[T Hno
i 3 %A no
Cumie - CAN il =
. 0
Vo sl LTA O
Coibwack LA £ O
Abseria CAN £
Drdarice AN ]
Corme iy L% LTl s ]
Foritis-LE4 O
il LA 51
Abdaro-LTA L]
- ne
Al Dl L o




Content Domain

Cognitive Domain

DATAAND CHAMCE

Knowing

Haow likely to get pink candy

Jewer nexL

A mackine has 100 candics and disperscs a cmdy wien 2 lever s tomed. The
machine has the same member of biue,
togeiher. Megem turned e lever and

yollow, 2l green candies all mixed
ned a pink cndy. Feler turmed the

How |l 1s 1 122t Peter will get a pink cndy?

A, Iliscerizin thal his candy will be pink.
E It marebkely than & was for Megan

2 Ik exacy as ey 2 R was for Megan.
o 1t les ety than B was for Megan.

reym Mumber MO032732

Correct Response:
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SovETa (&) E
feairaia [A5]
bl B Y
]
- a0
= E16Y
Lifwonia [Aef i ]
Mooy EDi N
Finlare: wD
Wmw Spdlare R
Eagiarch-Gd b
pwic i} o
1 E
Lt E
e w
Fomon Federaion u
Thadanc =]
Liurairs o]
Chilis L1
Lintiec! Srad: Eriraien id !
Sl Bz ahiz L] :
Geaza i
larioniy Rep. of i
Iran, hizrric Rep o L)
Kaziimian Ll ]
o T
“wren T
o = FRN ]
formenia W
Eamar FAlR ]
ran At BT ]
St Arss: Boga e na
Crun It
] 1%
Paimringn Kl Atk El =
REN
Letaron ERY ]
Giaro iR
Earszhma bing
[LEeie B Bt Mo
Nardh Ceclire-LTA (=L s)
ity LA (==
i - LAY e
Caltkrais LA [yt
Icirea-LETA oo
e TN w0
Al DAY w3 iy
Commecitf-L54 1 i ]
Coibraab-LEA 7 i ]
Finids- LA, s ]
Abdro-LT |
Dat-LIAE - H
Al Vol LN 44




Appendix E. Hierarchical Linear Model Results
Unconstrained (Null) Model

Specifications for this HLM2 run
Problem Title: Null Model

The data source for this run = newresults

The command file for this run = C:\Users\PARADI~1\AppData\Local\Temp\whlmtemp.him
Output file name = E:\AU\Dissertation\TIMSS\hIm2.html

The maximum number of level-1 units = 7624

The maximum number of level-2 units = 399

The maximum number of iterations = 100

Method of estimation: restricted maximum likelihood

The outcome variable is V106_A
Summary of the model specified

Level-1 Model
V106_Aij = ﬁOj + Ij

Level-2 Model
Boj = yoo * Ugj

Mixed Model
V106_Aijj = yoo + Ugjt Ijj
Final Results - Iteration 4
Iterations stopped due to small change in likelihood function

0% = 2113.70693

T
INTRCPT1,y  3922.29552

Random level-1 coefficient  Reliability estimate

INTRCPT1,5, 0.964

The value of the log-likelihood function at iteration 4 = -4.069995E+004

Final estimation of fixed effects:

Fixed Effect Coefficient Standard t-ratio Approx. p-value
error d.f.
For INTRCPTL, o
INTRCPT2, yo0 508.332000 3.192904 159.207 398 <0.001
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Final estimation of fixed effects
(with robust standard errors)

Fixed Effect Coefficient Standard t-ratio Approx. p-value
error d.f.
For INTRCPTL, o
INTRCPT2, yo0 508.332000 3.188867 159.408 398 <0.001
Final estimation of variance components
Random Effect Sandard - Variance df. p-value

Deviation Component

INTRCPT1, up 62.62823 3922.29552 398 13901.22833 <0.001
level-1, r 45.97507 2113.70693

Statistics for current covariance components model
Deviance = 81399.907511
Number of estimated parameters = 2

Random Intercept Model

Specifications for this HLM2 run
Problem Title: Random Intercepts Model

The data source for this run = newresults

The command file for this run = C:\Users\PARADI~1\AppData\Local\Temp\whIimtemp.hlm
Output file name = E:\AU\Dissertation\TIMSS\hIm2.html

The maximum number of level-1 units = 7624

The maximum number of level-2 units = 399

The maximum number of iterations = 100

Method of estimation: restricted maximum likelihood

The outcome variable is V106_A
Summary of the model specified
Level-1 Model
V106_Aij = ﬁOj + ﬁlj*(V:LO?_Aij) +ﬂ2j*(V108_Aij) + Tj;
Level-2 Model
foj = 700 + Uoj
p1j = yio + Uy
P2 = ya0 + Uy

V107_A V108_A have been centered around the group mean.
Mixed Model

V106_Aij = Y00

+ ylo*V].O?_Aij

+ yzo*VlOS_Aij + Ugj + U1j*V107_Aij + Uzj*V108_Aij + T
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Final Results - Iteration 31

Iterations stopped due to small change in likelihood function

0% = 1996.81608

T

INTRCPT1,/y 3937.08152 -452.99391 -154.49535
V107_Ap1 -452.99391 173.03560 -30.21131
V108_Ap> -154.49535 -30.21131 165.06656

T (as correlations)

INTRCPTL1,5, 1.000 -0.549 -0.192
V107_Ap1 -0.549 1.000 -0.179
V108_A,p> -0.192 -0.179 1.000

Random level-1 coefficient  Reliability estimate

INTRCPTL,8, 0.970
V107 _ApS: 0.216
V108 A5 0.181

Note: The reliability estimates reported above are based on only 393 of 399
units that had sufficient data for computation. Fixed effects and variance

components are based on all the data.

The value of the log-likelihood function at iteration 31 = -4.056897E+004

Final estimation of fixed effects:

Fixed Effect Coefficient Standard t-ratio Approx. p-value
error d.f.
For INTRCPTL, o
INTRCPT2, yo0 508.297060 3.195638 159.060 398 <0.001
For V107_A slope, p1
INTRCPT2, y10 -15.070825 1.388030 -10.858 398 <0.001
For V108_A slope, £
INTRCPT2, y,0 -1.873311 1.490707 -1.257 398 0.210
Final estimation of fixed effects
(with robust standard errors)
Fixed Effect Coefficient Standard t-ratio Approx. p-value
error d.f.
For INTRCPTL, S
INTRCPT2, yo0 508.297060 3.191622 159.260 398 <0.001
For V107_A slope, 1
INTRCPT2, y10 -15.070825 1.385312 -10.879 398 <0.001
For V108_A slope, £,
INTRCPT2, y,0 -1.873311 1.489606 -1.258 398 0.209
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Final estimation of variance components

Standard Variance 2
Random Effect Deviation Component d.f. X p-value

INTRCPT1,up 62.74617 3937.08152 392 14684.86415 <0.001
V107_Aslope,u;  13.15430  173.03560 392 509.52383 <0.001
V108_Aslope,u, 12.84782  165.06656 392 486.44381  0.001

level-1, r  44.68575 1996.81608

Note: The chi-square statistics reported above are based on only 393 of 399
units that had sufficient data for computation. Fixed effects and variance
components are based on all the data.

Statistics for current covariance components model

Deviance = 81137.944212

Number of estimated parameters = 7

Means as Outcomes Model

Specifications for this HLM2 run
Problem Title: Means as Outcome Model

The data source for this run = newresults

The command file for this run = C:\Users\PARADI~1\AppData\Local\Temp\whlmtemp.hlm
Output file name = E:\AU\Dissertation\TIMSS\hIm2.html

The maximum number of level-1 units = 7624

The maximum number of level-2 units = 399

The maximum number of iterations = 100

Method of estimation: restricted maximum likelihood

The outcome variable is V106_A
Summary of the model specified
Level-1 Model
V106_Aij = ﬂOj + I
Level-2 Model
ﬂOj =900 t yOl*(AVERAGEj) + yoz*(V136_Aj) + Up;

AVERAGE V136_A have been centered around the grand mean.
Mixed Model

V106_Ajj = yoo + yor*AVERAGE; + y02*V136_A; + Ugj+ rij
Final Results - Iteration 3
Iterations stopped due to small change in likelihood function

o2 = 2113.44154
T

INTRCPT1,5y 3841.57875
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Random level-1 coefficient  Reliability estimate

INTRCPT1,5, 0.964

The value of the log-likelihood function at iteration 3 = -4.068758E+004
Final estimation of fixed effects:

Standard Approx.

Fixed Effect Coefficient t-ratio p-value
error d.f.
For INTRCPTL, o
INTRCPTZ, yoo 508.251524  3.161347 160.771 396 <0.001
AVERAGE, y01 -24.400675 11.302270 -2.159 396 0.031
V136 A, yo2 -27.228983 15.029214  -1.812 396 0.071
Final estimation of fixed effects
(with robust standard errors)
Fixed Effect Coefficient Standard t-ratio Approx. p-value
error d.f.
For INTRCPTL, py
INTRCPT2, yo0 508.251524  3.147738 161.466 396 <0.001
AVERAGE, yo1 -24.400675 10.747986  -2.270 396 0.024
V136 A, yo2 -27.228983 14.614674  -1.863 396 0.063
Final estimation of variance components
Random Effect otandard Variance ¢ v p-value

Deviation Component

INTRCPT1,up 61.98047 3841.57875 396 13652.58099 <0.001
level-1, r  45.97218 2113.44154

Statistics for current covariance components model
Deviance = 81375.155954
Number of estimated parameters = 2

Random Intercepts and Slopes Model

Specifications for this HLM2 run
Problem Title: Random Intercepts and Slopes Model

The data source for this run = newresults

The command file for this run = C:\Users\PARADI~1\AppData\Local\Temp\whimtemp.hlm
Output file name = E:\AU\Dissertation\TIMSS\hIm2.html

The maximum number of level-1 units = 7624

The maximum number of level-2 units = 399

The maximum number of iterations = 100

Method of estimation: restricted maximum likelihood

The outcome variable is V106_A
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Summary of the model specified
Level-1 Model
V106_Aij = ﬁOj + ﬁlj*(Vl()?_Aij) +ﬂ2j*(V108_Aij) + Ij
Level-2 Model
Boj = 00 + 701*(AVERAGE;) + y0,*(V136_A)) + Uy;
,Blj =y0+ yll*(AVERAGEj) + 712*(V136_Aj) + Uy
B2i = 720 + y21*(AVERAGE)) + 72*(V136_A)) + Uy

V107_A V108_A have been centered around the group mean.

AVERAGE V136_A have been centered around the grand mean.
Mixed Model
V106_Ajj = y00 + 701*AVERAGE; + y0,*V136_A|
+ 910*V107_Ajj + y11*AVERAGE;*V107_Ajj + y12*V136_A*V107_Aj
+ 120*V108_A;j + 721 *AVERAGE;*V108_A; + 72,*V136_A*V108_A;
+ Ug; + U1j*V107_Aij + Uzj*V108_Aij + 1j
Final Results - Iteration 36
Iterations stopped due to small change in likelihood function

o2 = 1996.55004

T

INTRCPT1,/y 3855.11229 -448.36576 -143.86282
V107_Ap1 -448.36576  173.25758  -31.28075
V108_Ap> -143.86282  -31.28075 168.45139

T (as correlations)

INTRCPT1,5y 1.000 -0.549 -0.179
V107_Ap1 -0.549 1.000 -0.183
V108_Ap2 -0.179 -0.183 1.000

Random level-1 coefficient  Reliability estimate

INTRCPTL,4, 0.969
V107_AB: 0.217
V108_A S, 0.184

Note: The reliability estimates reported above are based on only 393 of 399
units that had sufficient data for computation. Fixed effects and variance
components are based on all the data.

The value of the log-likelihood function at iteration 36 = -4.054480E+004
Final estimation of fixed effects:

Fixed Effect Coefficient Standard t-ratio Approx. p-value
error d.f.

For INTRCPTL, py

INTRCPT2, yo0 508.220385 3.163387 160.657 396 <0.001
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AVERAGE, yo1 -24.517612 11.306441 -2.168 396 0.031
V136_A, yo2 -27.282792 15.036257 -1.814 396 0.070
For V107_A slope, f1
INTRCPT2, y30 -15.080901  1.389559 -10.853 396 <0.001
AVERAGE, y11  -2.026012 5.140680 -0.394 396 0.694
V136_A, y12 7.874007 6.643820 1.185 396 0.237
For V108_A slope, £
INTRCPT2, y20 -1.836968  1.495071  -1.229 396 0.220
AVERAGE, y» 7.440524  5.660971 1.314 396 0.189
V136 A, y22 -0.944653 7.128011  -0.133 396 0.895
Final estimation of fixed effects
(with robust standard errors)
Fixed Effect Coefficient Standard t-ratio Approx. p-value
error d.f.
For INTRCPTL, S
INTRCPT2, yo0 508.220385  3.150000 161.340 396 <0.001
AVERAGE, yo1 -24.517612 10.753142  -2.280 396 0.023
V136_A, yo02 -27.282792 14.631592  -1.865 396 0.063
For V107_A slope, /1
INTRCPT2, y30 -15.080901 1.382467 -10.909 396 <0.001
AVERAGE, y11  -2.026012 4.484306  -0.452 396 0.652
V136_A, y12 7.874007  7.155844 1.100 396 0.272
For V108_A slope, £
INTRCPT2, y20 -1.836968 1.486307  -1.236 396 0.217
AVERAGE, y» 7.440524  5.268864 1.412 396 0.159
V136 A, y2 -0.944653 5.630394  -0.168 396 0.867
Final estimation of variance components
Random Effect Standard Variance . v p-value
Deviation Component o
INTRCPT1,up 62.08955 3855.11229 390 14434.67394 <0.001
V107_Aslope,u; 13.16273  173.25758 390 508.75525 <0.001
V108_Aslope,u, 1297888  168.45139 390 485.84008 <0.001
level-1,r 44.68277 1996.55004

Note: The chi-square statistics reported above are based on only 393 of 399
units that had sufficient data for computation. Fixed effects and variance

components are based on all the data.
Statistics for current covariance components model

Deviance = 81089.606773
Number of estimated parameters

=7
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