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ABSTRACT OF THE DISSERTATION 

Understanding Student Motivation and Affect in Middle School Mathematics Classrooms: Links 

with Algebra Course Placement and Achievement 

By 

Rahila M. Simzar 

Doctor of Philosophy in Education 

University of California, Irvine, 2016 

Professor Jacquelynne Eccles, Chair 

Professor Thurston Domina, Co-chair 

Math course placement is a source of continued discrepancy in the United States. Over 

the past few decades policy initiatives have catalyzed revisions on how and when students are 

placed into their first Algebra course. Concerns over equity in access and the national goal of 

fostering a competent STEM workforce have motivated efforts to place more students into 

Algebra earlier. Students who are not selected into Algebra by the eighth grade, for example, 

face a blocked pathway to advanced math learning among other outcomes. Thus, efforts have 

predominantly focused on increasing Algebra course placement in eighth grade, a 

developmentally sensitive time that carries weight in shaping adolescent students’ beliefs, 

feelings, and goals for mathematics. While an extensive body of research has taken advantage of 

changing Algebra course placement policies to examine effects on a variety of student outcomes, 

research has yet to examine how course placement influences students’ motivation for 

mathematics and general states of affect (achievement emotions) in mathematics classrooms.  

This dissertation seeks to initiate our understanding of how math course placement relates 

to students’ beliefs and feelings about mathematics by examining student reports of beliefs, 

goals, and achievement emotions within their mathematics classrooms during middle school. The 



 

 xiv

studies presented here forth aim to make a unique contribution to this literature by examining the 

relation between middle school math course placement and students’ motivation for mathematics 

and affect in middle school mathematics classrooms—and further, relating changes in each to 

subsequent mathematics achievement. To my knowledge, these studies are the first to reveal 

information about Algebra course placement and students’ motivation and affect as research to 

date has examined the effects, influences, and associations of Algebra course placement on 

student cognitive and achievement outcomes.   

The first study examines the changes in students’ goals, expectancy, and value for 

mathematics for students placed in eighth grade Algebra relative to peers placed in lower-level 

courses. This study extends analyses to examine whether the changes in students’ beliefs and 

goals in eighth grade relate to changes in achievement. The second part of this dissertation 

examines student-centered achievement emotions and affect as it surfaces within math 

classrooms. Achievement emotions and affect carries a significant contribution to the 

development of motivation and subsequent learning and experiences. For example, a student’s 

experience will inform anticipated emotions for future engagements, which will have an 

influence on that students’ motivation by affecting the choice of activities that he or she chooses 

to engage in. In Study 2 I examine changes in students’ achievement emotions (specifically, 

anxiety) and general states of positive or negative affect for students placed in eighth grade 

Algebra relative to peers placed in lower-level courses. In this study, as well as the third study, 

positive affect is characterized as students reporting feeling excited, interested, enthusiastic, 

and/or happy in their mathematics class. Negative affect is characterized by students’ reports of 

feeling irritated, bored, and/or exhausted in their mathematics class. The third study examines the 
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association between students’ self-rated achievement emotions and affect and mathematics 

achievement as measured by a state standardized exam.  

 The three studies in this dissertation aim to make a first contribution in the area of math 

course placement and adolescent motivation for mathematics by relaying information about how 

math course placement and changes in beliefs, goals, and affect contributes to the changes in 

students’ motivation for mathematics and achievement. The results will provide policy-relevant 

information that is specifically needed at this time of nascent course placement policy changes 

that are occurring in light of the recently adopted Common Core State Standards. As schools 

revise course placement and course taking trajectories, information about influences on the 

cultivation of students’ beliefs and feelings about mathematics carry meaningful utility in light of 

goals to prepare all students to succeed in an increasingly competitive global economy.  



 

1 

CHAPTER 1 

 

Introduction and Literature Review 

Attending to Student Motivation: A Recommendation for Improving Accelerated Mathematical 

Learning  

 

Inequalities in access and resulting achievement gaps have been a catalyst for revisions to 

educational policy. One way in which school structures perpetuate societal injustices and 

inequality in access amongst American students is through math course placement policies. 

Mathematics course placement policy has received special attention because math is the only 

academic subject area having a distinct sequence of courses consistent throughout the country 

(Adelman, 1999). Math course taking in America subscribes to a hierarchical sequence, in which 

success in one course leads to enrollment in the next, higher-level course and so on. This 

sequence begins with algebra, a course highlighted as the critical gatekeeper to higher level 

mathematics because of its place at the beginning of a pathway leading to more advanced 

training in math and science.  

A student who does not take algebra by the ninth grade of high school, for example, faces 

a blocked pathway to upper level mathematics courses such as calculus. Since highest math 

course taken in high school predicts later achievement (Bishop, 1992; Murnane, Willett, & Levy, 

1995), this particular hindrance becomes unfair and goes against goals of social justice and 

equality. Thus, concerns about the role academic tracking plays in perpetuating social inequality 

(Balfanz, Legters, & Jordan, 2004; Oakes, 2005), efforts to meet 21st century needs by 

progressing a national initiative to strengthen a Science, Technology, Engineering, and 

Mathematics (STEM) workforce (Larson 2012), and increasing American students’ global 

standing in achievement have lead to policy initiatives accelerating U.S. mathematics curricula, 

specifically by placing more students in algebra by eighth grade.  
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Understanding the constructs and power structures within our society that inform 

education policy can be an empowering asset to educators and students alike. The recognition of 

potential oppression is essential to instigating work towards reinforcing and supporting structural 

change to aid social justice agendas and meet national goals. Educators must question how 

revisions to educational policy impact classroom cultures affecting students. Inequality, 

ideology, and policy changes alter the classroom and student learning - understanding this can 

lead to the strongest potential of education (Shor, 1992). The material of school studies puts 

before the instructor the ingredients of the culture to be perpetuated (Dewey, 1985). Therefore, in 

the event that this material is changed, educators must take advantage of these changes to 

generate a socially just culture.  

As educational policy shifts, student and algebra classroom cultures shift as a result and 

educators are faced with an influx of students with mixed levels of prior mathematical 

knowledge, heightened learner variance, and greater schemes of within group differences. While 

attending to diverse learners is an attractive goal because it addresses equity of opportunity for a 

broad range of learners, classrooms with heightened within group differences are likely to fall 

short of succeeding unless teachers address learner variance (Gamoran & Weinstein, 1995). 

Equality of opportunity becomes a reality only when students receive instruction suited to their 

varied readiness levels, interests, motivational beliefs, and learning preferences (McLaughlin & 

Talbert, 1993; Tomlinson et al., 2003). Specifically differentiating instruction based on the 

variance in students’ motivational beliefs is arguably a route less taken by educators and 

potentially be just as important to increasing students’ academic success and achievement. 

Cultivating student motivation can lead to enhanced levels of student engagement, increased 

student effort, persistence, and perseverance, students’ sense of reward when completing 
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academic tasks, greater evidence of student creativity, a higher degree of student autonomy, 

higher levels of interest, increased use of cognitive strategies, and the subsequent choice to 

pursue learning in the related domain (Collins & Amabile, 1999; Schunk, Pintrich, & Meece, 

2008). 

In this chapter we argue that progressive teachers must attend to student motivation for 

mathematics in attempting to counter inequalities that persist through classroom based curricula 

and policy initiatives (McLaren, 2003). Fostering motivation in math requires educator attention 

to students’ diverse motivational beliefs, assessment and reflection of these beliefs, and 

differentiated and critical instructional practices that lead to motivationally adaptive classroom 

cultures. The objectives of this chapter are to: (1) highlight the ways in which mathematics 

learning structures in America contributes to societal inequalities despite policy movements to 

increase equity in access, and (2) provide readers with an understanding of motivational 

frameworks, tools to aid critical reflection and action, and critical practice recommendations for 

fostering motivational growth to diversely motivated learners within a mathematics classroom. 

We recommend that future directions in research bridge the gap linking educational context (e.g. 

course placement) to student motivational changes to understand the mechanisms by which 

American students can sustain interest and motivation in math. The chapter concludes with 

policy and support recommendations to accommodate accelerated algebra learning.  

Algebra Policy  

Accelerating and universalizing algebra instruction is intended to increase equity in 

access, meet 21st century needs by fostering STEM career paths, and close global achievement 

gaps. Increasing the numbers of individuals proficient in math is of widespread concern because 

of its foundational necessity to coursework leading to STEM career paths. A STEM workforce is 
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needed for virtually every national goal set forth by the Obama administration, from broadening 

economic prosperity to increasing the quality of life for all Americans (Larson, 2012). STEM 

education fosters critical thinkers, increases literacy in its related fields, and enables innovation – 

a necessary component for the continued advancement of a national economy. Accelerated 

algebra instruction also includes the goal of decreasing achievement gaps between American 

students and higher-achieving international peers. International comparative assessments, such as 

the Trends in International Mathematics and Science Study (TIMSS), the Program of 

International Student Assessment (PISA), and the National Assessment of Educational Progress 

(NAEP) have found that the math achievement of American students is behind those of other 

countries, particularly those in East Asia (Fleischman, Hopstock, Pelczar, & Shelley, 2010; 

Gonzales, Williams, Jocelyn, Roey, Kastberg, & Brenwalk, 2008; Hanushek, Peterson, & 

Woessmann, 2010; Mervis, 2007). 

By negotiating and transforming the relationship among classroom teaching and the 

oppressive nature of tracking, policy leaders have hoped to deliver students to a universal 

learning framework in which all students will have the opportunity to reach higher level learning 

and desired career paths. Although changes in algebra policy, referring to any policy that informs 

districts and schools when students are to be placed in their first algebra course, has come with 

advances for some students, it has also had its own set of unintended repercussions. These 

repercussions counter the social transformations that were intended to result from the recast 

institutional structures of schooling instigated by changing course placement policy.  

Algebra policy has undergone dramatic revision in the past few decades. Just two decades 

ago the question was which students should take Algebra. By early 21st century, many states 

required students to complete algebra during their secondary education in order to graduate from 
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high school (Achieve, Inc., 2007). Thereafter “Algebra for All” has became an impetus in 

educational reform policies that pressured (through the use of incentives), if not mandated, states 

to enroll all students in Algebra by eighth or latest, ninth grade (Allensworth, Nomi, 

Montgomery, & Lee, 2009). This led to the national proportion of eighth grade students enrolled 

in Algebra to double between 1988 and 2007 (Perie, Moran, & Lutkus, 2005; Walston & 

McCarroll, 2010), reaching rates in 2007 of over 50% in California, Maryland, Utah, and the 

District of Columbia (Loveless, 2008). Naturally these movements away from tracking, and 

towards a universalized mathematics curriculum prompted researchers, educational leaders, and 

educators to ask: What are the effects of universal algebra enrollment on its intended goals? In 

other words, does de-tracking mathematics lead to higher achievement and students choosing to 

pursue advanced mathematical learning? Are 21st century needs being met by the workforce that 

our education system produces? Are American students making progress in closing international 

achievement gaps found between themselves and their East Asian peers?  

With course placement norms having historically contributed to perpetuating societal 

injustices by capping the learning and career opportunities for those placed in lower level tracks, 

it is fitting to examine how these changes contribute to social justice agendas. By universalizing 

mathematics curriculum schools can move from preparing students for future work in the world 

“that is” to offering them a vision of what “could be” (Breunig, 2005). Enrolling students into 

algebra earlier allows for students to advance in math courses during their secondary education, 

which significantly relates to short and long-term academic success. The higher the level of high 

school math courses taken, the greater are educational attainment, career success, and lifetime 

earnings (Adelman, 1999; Finkelstein & Fong, 2008; Rose & Betts, 2004; Roth, Crans, Carter, 

Ariet, & Resnick, 2001; Spielhagen, 2006; Trusty & Niles, 2004). These outcomes directly affect 
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American student progress in meeting 21st century needs and increasing global achievement 

standing.   

United States Math Performance in a Global Perspective 

Maintaining an innovative edge in the world depends greatly on developing highly 

qualified STEM careers, a goal that requires a schooling system that secures the learning of 

advanced math and science skills (Hanushek, Peterson, & Woessman, 2011). Beyond generating 

a highly qualified workforce to meet national goals of advancing global innovation, all American 

students will eventually participate in a global and technologically savvy economy, resulting in a 

universal need to generate a population who’s foundation in math and science knowledge is 

sound. In the launch of Educate to Innovate, President Obama said: 

Whether it’s improving our health or harnessing clean energy, protecting our security or 

succeeding in the global economy, our future depends on reaffirming America’s role as 

the world’s engine of scientific discovery and technological innovation. And that 

leadership tomorrow depends on how we educate our students today, especially in math, 

science, technology, and engineering. (The White House, 2010) 

Unfortunately, data from international assessments such as NAEP, PISA, and TIMMS show that 

our schools are not fostering achievement at the levels of most countries with which the U.S. 

generally compares itself. In fact, a mere 6% of American students from the Class of 2009 were 

rated as advanced in eighth grade mathematics while 28% of Taiwanese students and at least 

20% of students in Hong Kong, Korea, and Finland rated as advanced (Hanushek et al., 2011). 

Furthermore, 12 other counties (Switzerland, Belgium, the Netherlands, Liechtenstein, New 

Zealand, the Czech Respublic, Japan, Canada, Macao, Australia, Germany, and Austria) had at 

least twice the percentage of advanced students as the U.S. (Hanushek et al., 2011). The reality 
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that the percentages of high-achieving math students in the U.S. are far below those of many of 

the world’s leading industrialized nations has spurred countless reform movements in efforts to 

close these international achievement gaps.  

 Many have tried to attribute low national standing to various sources such as federal 

accountability statutes, the potential outliers of low performing states, or immigrant, 

disadvantaged, or minority students overshadowing the performance of better-prepared students. 

However, none of these hypotheses account for the international achievement gap. For example, 

many have speculated that the passage of the federal Elementary and Secondary Education Act 

(ESEA) in 1965 followed by its 2002 re-authorization federal accountability statute No Child 

Left Behind (NCLB), which mandates that every student be brought up to the level a state deems 

proficient (a standard that most states set well below the NAEP standard of full proficiency), has 

led to a focus on very low-performing students resulting in schools neglecting the high-

performing students. If this were true, there would be a steady decline in the achievement by 

high-performing students, but the percentage of students performing at a high level in math has 

climbed steadily in the years following the law’s passage (Hanushek et al., 2011). Furthermore, 

findings assessing the trends in international achievement have determined that our nation’s 

international achievement standing is not a story of some states’ high performance being offset 

by the low performance of other states, nor is it a story of immigrant, disadvantaged, or minority 

students underperforming as compared to their non immigrant, more advantaged, or non minority 

peers (Hanushek et al., 2011). How, then, can we account for our nation’s global achievement 

standing? 

 Ultimately, math performance of adolescent students is shaped by many factors both 

within school and outside of school. Sources of the small percentages of American students 
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performing at high levels may be in the lack of initiative among students themselves 

(motivation), adolescent peer group cultures that do not subscribe to educational attainment, lack 

of parental concern or support, counter productive influences within the entertainment and media 

industries, growing minority populations, increasing rate of in-migration, or even broader and 

deeper societal influences (Hanushek et al., 2011). Thus, researchers have sought to answer the 

question, how and why do East Asian countries reach higher levels of achievement? A number of 

studies have set out to identify key factors differentiating U.S. from East Asian mathematics 

instruction and learning. For example, U.S. curriculum materials are less focused and more 

repetitive and curriculum policy is less authoritative, less specific, and less consistent than that of 

top performing East Asian countries (Cohen & Spillane, 1992). Furthermore, teachers in top 

performing countries demonstrate a better understanding of subject matter content (Ma, 1999) 

and are more likely to provide clearer explanations, make more efficient use of their class time, 

and engage students in inquiry by using whole-class pedagogical techniques (Linn, Lewis, 

Tsuchida, & Songer, 2000; Perry, 2000; Stevenson & Lee, 1995; Stigler & Hiebert, 1999). 

Teachers in these countries also study curriculum and plan lessons together, observe and critique 

each other’s teaching, and analyze student learning collaboratively (Lewis, 2000; Lewis & 

Tsuchida, 1998).  

Besides attributing the international achievement gap to policy, curriculum, teacher, and 

classroom effects, there are several non-school related factors that also likely contribute to the 

achievement gaps found between American students and their East Asian peers (Wang & Lin, 

2005). For example, the Chinese language presents greater clarity in representing mathematics 

concepts, a close connection between writing and spatial abilities, and a number naming system 

that helps students with counting skills and place-value competence (for review see Wang & Lin, 
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2005). Furthermore, East Asian students have different self-concept and expectation beliefs than 

their American peers. East Asian students are more likely to attribute their academic success and 

failure to their own effort and devote more time and effort to mathematics learning (Wang & 

Lin, 2005). Lastly, the influence of family values and processes varies greatly between students 

in the U.S. and those in East Asia. For example, Chinese parents set higher expectations for their 

children’s mathematics achievement, engage their children in working more on mathematics and 

use formal systemic instructional approaches at home (for review see Wang & Lin, 2005). 

Overall, these comparisons illustrate that mathematics learning is a culturally scripted activity 

whose outcome is a function of interrelated factors and environments (Wang, 2002; Yang & 

Cob, 1995).  

 “Algebra for All”: What Really Happened  

 After recent occurrences of nationwide curricular intensification, we ask, does increased 

enrollment into algebra deliver students to a transformed reality that is more socially just? Are 

21st century needs of a STEM workforce being met? Are global achievement gaps decreasing? 

Much of the research attributing algebra enrollment to favorable academic achievement 

outcomes has been conducted under a “selective” algebra policy, which is a policy that allows 

for selection into algebra based on prior achievement. Therefore, many of these findings are 

clouded by selection effects – the presence of unmeasured factors influencing who takes algebra 

early and who does not (Loveless, 2008). Stein, Kaufman, Sherman, and Hillen (2011) 

conducted a review of all research under both selective and universal policy, referring to any 

policy that universally mandates all eighth or ninth grade students into algebra regardless of prior 

achievement. Although universal policies increase equity in access to algebra, in that it reduces 

the possibility of prepared students being denied access to algebra, it creates another issue of 
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students being placed in algebra who are underprepared for algebra coursework and therefore, 

may not have the necessary and prerequisite skill set to be successful in an algebra course. 

Overall, the authors show that research conducted apart from a specified policy context 

(presumed to be selective) found overall positive impacts of taking algebra in eighth grade, while 

research conducted under universal algebra policies did not find strong evidence leading to 

overall achievement gains.  

In fact, when algebra is mandated for all students the effects are mixed. Considering 

findings from all studies that investigated the effects of universal algebra policy researchers have 

determined that although the number of students taking algebra increases, the number of students 

failing algebra also increases and evidence of increased achievement is varied (Stein et al., 

2011). Universalizing algebra course placement does not evidence universally positive outcomes. 

Looking across research conducted under a universal algebra policy, Stein et al. (2011) found 

achievement gains only in settings that were accompanied by strong supports for struggling 

students, particularly more time for algebra instruction. Overall, there does not exist an 

agreement that universal policy causes positive academic outcomes in the absence of these 

supports.  

Since this review, studies with goals of assessing the effects (or potential effects if 

conducted during movement from selective to universal algebra policy) of algebra policy have 

contributed to the growing research denouncing the overall positive associations between early 

algebra placement and achievement gains. Clotfelter, Ladd, and Vigdor (2012) used movement 

towards accelerated entry into early algebra to investigate the impact of algebra enrollment 

trends on student performance in math courses as students’ progress through high school. The 

authors found that students affected by the acceleration initiative scored significantly lower on 
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end-of-course tests in algebra, and were significantly less likely to pass standard follow-up 

courses such as geometry or algebra 2. Domina, Penner, Penner, and Conley (2012) found that 

curricular intensification through increased eighth grade algebra enrollment in California 

increased students’ odds of taking higher-level mathematics courses and created more skill-

heterogeneous eighth grade math classrooms. Unfortunately, the authors also found that the rate 

of sixth through tenth
 
grade mathematics achievement growth slowed, particularly for students in 

the middle of the skills distribution. Liang, Heckman, and Abedi (2012) also used the increased 

eighth grade algebra enrollment trends in California to find that simply encouraging more 

students to take eighth grade algebra does not by itself lead to significantly more students taking 

advanced mathematics in high school, nor does it lead to substantial increases in performances in 

mathematics achievement exams. Furthermore, the authors found that students who scored below 

proficient in eighth grade algebra had a lower chance of successfully passing the following 

year’s mathematics test compared to student who passed the standardized test for general 

mathematics. 

Lastly, understanding how student motivation for mathematics is influenced by course 

placement is essential for understanding how students may motivationally react to universal 

algebra course placement. Findings from such research can explain students’ academic actions, 

effort, persistence, and choice to engage in mathematical learning. To investigate this Simzar, 

Domina, Conley, and Tran (2013, April) used data from the California Motivation Project 

(CAMP) that consisted of 2,852 middle school students attending an urban public school district 

in California that was amidst movement towards enrolling all eighth grade students in algebra. 

Simzar et al. (2013) sought to investigate eighth grade algebra course placement influences on 

students’ achievement goals, expectancies, and values relative to peers enrolled in other lower-
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level math classes such as pre-algebra (hereafter referred to as general mathematics). This study 

uses a large and diverse sample of ethnic minority, socioeconomically disadvantaged, English 

Language learning, and urban school attending adolescents, which enables research findings 

generalizable to a population of adolescents currently underrepresented in STEM fields in the 

United States. Findings showed that students experience motivational changes in mathematics 

based on prior mathematics achievement. This is, students’ achievement goals, expectancies, and 

values change relative to their performance on a standardized math assessment exam taken at the 

end of seventh grade. For example, students who performed at a below average level on the 

seventh grade math assessment and were subsequently placed in eighth grade algebra 

experienced significant decreases in performance approach, expectancy, and task value. Students 

who performed at an average level on the seventh grade mathematics assessment also 

experienced significant decreases in expectancy and task value, but not as steeply as low 

achieving peers. Lastly, all students placed in eighth grade algebra experienced a significant 

increase in performance avoidance goals relative to peers enrolled in general mathematics 

courses. Taken together these findings characterize an overall motivational decline for students 

placed in eighth grade algebra. Though a universal policy was never officially implemented, and 

therefore causal effects of course placement on students’ motivation for mathematics could not 

be assessed, these findings can inform hypotheses about what may happen to student motivation 

for mathematics if all students are in fact, mandated to enter algebra during eighth grade.  

In conclusion, requiring students to take algebra earlier may be counterproductive 

according to the findings of recent research. Many of the states with the highest percentages of 

students enrolled in eighth grade algebra had the lowest average math scores in that grade on the 

2007 National Assessment of Educational Progress (NAEP) (Wolk, 2011). California, for 
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example, enrolls almost 60 percent of its eighth graders in algebra or another advanced math 

course but has one of the nation's lowest average scores on NAEP (Cavanagh, 2008). 

Furthermore, globally, there has been an alarming decline in advanced mathematics participation 

in our country, indicating that students are not choosing to pursue mathematical learning past the 

designated required course mandated. (e.g., National Science Board, 2003; National Strategic 

Review of Mathematical Sciences Research in Australia, 2006; Natural Sciences and 

Engineering Research Council of Canada, 2010). We can conclude that universally placing all 

students into algebra earlier has not been accompanied by the ideological anticipation of an 

equitable school system that results in increased social justice. Nor has the movement been 

accompanied by an influx of increased interest or pursuance of STEM careers. And lastly, global 

standing in achievement has not shown means of improvement (Hanushek et al., 2011). Why? 

How might we recast classroom teaching in light of the political context to provide students with 

the opportunity to learn, attain, and reach higher levels of equitable access?  

Student Motivation for Mathematics 

Desirable outcomes resulting from algebra policy revisions have not yet been realized, in 

part, due to disconnect between theory and praxis. Purposeful action must follow ideological 

theory (Freire, 2000); the theory that accelerating and universalizing curriculum to increase 

equity in access, meet 21st century goals, and lessen international achievement gaps must be 

followed by targeted classroom praxis to support progress towards these goals. Changes brought 

about by these policy revisions must be accompanied by reflection, revision, and responsive 

behaviors by educators (Giroux, 1997). Algebra policy revisions have resulted in math 

classrooms that exhibit greater within group variability, changed classroom cultures, and greater 

diversity in class composition. Attending to diversity in post policy classrooms is crucial to 
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realizing student success. Students with mixed levels of interest in math and diverse academic 

motivational beliefs contribute to the changed classroom cultures that result from revised course 

placement policy. Subscribing to a “one size fits all” instruction will fail to teach multiple 

interests and motivational levels. Instead teachers much address this diversity in these learning 

environments by providing instruction suited to students’ varied interests and motivational 

beliefs (McLaughlin & Talbert, 1993).  

Differentiated instruction calls on educators to make modifications based on learner 

variance and allows for a responsive learning environment (Tomlinson, 2003). Differentiation 

can be defined as an approach to teaching in which educators modify curricula, teaching 

methods, resources, learning activities, and student assessments to maximize the learning 

opportunity for diverse students (Bearne, 2002; Tomlinson, 1999). Just as students vary in their 

prior knowledge of mathematics and algebra readiness, students also vary in their interest and 

motivation to engage in academic tasks (Tomlinson, 2003). As there is a need to address 

academically diverse learners, there is also a need to address varied student interest and 

motivationally diverse learners. As selection into algebra diminishes, the similarity between 

students’ motivational beliefs in these classrooms decreases. Students who were once selected 

into early algebra placement shared common belief orientations around mathematics, accounting 

for the unobserved ways in which these students resembled one another to comprise more 

homogenous classrooms. As students are universally placed into algebra a more diverse sets of 

interests, beliefs about one’s ability to do math, value for doing math, and other motivational 

beliefs are encountered. Educators must address these diverse motivational beliefs to foster 

students’ motivation for mathematics so that effort, persistence, and the choice to pursue higher-

level learning of mathematics occur.  
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Assessing this educator dilemma from a critical perspective entails understanding how 

critical theory has led to practical specification and the resulting ways in which teaching 

practices have evolved. Freire argued that “education is suffering from a narration sickness” that 

results from educators viewing their students as “containers” to be “filled” (2000, p. 72). Instead, 

he argued that both teachers and students must simultaneously be teachers and students (Freire, 

2000), which has led to a shift from traditional teaching practices such as lecturing and the use of 

drill worksheets in classrooms to teach students basic facts and procedures, to modern teaching 

practices which are characterized by a more student-centered approach in which student group 

work, discussions among students, critical reflection, and constructivism takes the center stages 

(Bietenbeck, 2013; Breunig, 2011). These modern teaching practices have resulted in significant 

effects on students reasoning skills in mathematics (Bietenbeck, 2013), which have further 

supported critical praxis operating on the foundation that education is a process of inquiry and 

shared processes of learning by students and teacher (Freire, 2000).  

Motivation is a state of being that is a reaction to pedagogy and environment, existing 

within the child and the teacher. Ways to encourage motivation across students with 

motivationally diverse beliefs is fundamental to equity in teaching and learning and should be a 

core goal of educators who wish to successfully differentiate instruction (Tomlinson & Allan, 

2000). A first step towards this goal is to unify teaching practices that encourage and foster 

motivation so that educators can design learning experiences that matter to and support the 

success of all students (Ginsberg, 2005). The next sections (1) provide an overview of two 

contemporary frameworks used in motivation research in classrooms and provide tools 

developed from these frameworks for teachers to use to engage in critical analysis of 
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motivational beliefs and, (2) propose key principles and provide examples for developing 

classrooms that are intrinsically motivating for diversely motivated learners.  

What is Academic Motivation?  

In its application to a classroom setting, motivation is the process by which students 

choose to participate in activities that employ the cognitive functions that are essential for 

learning. Motivation influences what, when, and how students learn (Schunk, 1995). Very little if 

any learning can occur unless students are motivated on a consistent basis. Students who are 

most motivated to learn excel in classroom activities and tend to be our highest achievers 

(Gottfried, Fleming, & Gottfried, 1990; Krapp, Schiefele, & Winteler, 1992). Students show 

signs of being motivated by paying attention, asking questions, volunteering answers, and 

appearing happy and eager to learn (Palmer, 2009).  

The most basic idea of motivation is that it generally takes two forms – intrinsic 

motivation, which is driven by interest, curiosity, enjoyment of the work, goals of mastery, and 

performance of the task for its own sake, and extrinsic motivation, which is driven by the desire 

to attain some goal that is apart from the work itself, such as receiving a reward. Learners are 

most likely to show beneficial effects of motivation when they are intrinsically motivated. 

Intrinsically motivated learners engage in academic tasks willingly, are eager to learn classroom 

material, are more likely to process information in effective ways, and are more likely to achieve 

at high levels (Schunk et al., 2008). In contrast, extrinsically motivated learners may have to be 

prompted to engage in a task, may process information superficially, and are often interested in 

performing only easy tasks and meeting minimal classroom requirements (A. E. Gottfried, 

Fleming, & Gottfried, 2001; Reeve, 2006; Schiefele, 1991; Tobias, 1994). In terms of 

mathematics, those with higher math intrinsic motivation evidence significantly higher math 
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achievement and overall positive relationships with mathematics (Gottfried, Marcoulides, 

Gottfried, Oliver, & Guerin, 2007). 

Two contemporary theories in the literature of achievement motivation are expectancy-

value theory (Eccles et al., 1983; Wigfield & Eccles, 2000) and achievement goal theory (Ames, 

1992; Dweck & Legget, 1988; Nicholls, 1989). Both of these theories take a socio-cognitive 

perspective of motivation and focus on how students interpret social experiences in their 

achievement contexts (Schunk et al., 2008). Motivational constructs derived from these 

frameworks are used in research to explain the instigation of behavior, the direction of behavior 

(choice), the intensity of behavior (effort, persistence), and achievement (Pintrich, 2003). The 

significance of intrinsic motivation to these contemporary theories is that both of these theories 

incorporate intrinsic motivation into their formulations. For example, in expectancy-value 

theory, intrinsic task value is one of four task values (Eccles, 2005) and in achievement-goal 

theory, mastery goals incorporate intrinsic motivation processes (Elliot, 2005). Therefore, 

attending to students’ intrinsic motivation is an overarching goal in all principle examples given 

in the next section for developing classrooms that are motivating for diversely motivated 

learners. The first step in engaging in such practices is to critically analyze expectancy, value, 

and achievement goal beliefs.  

Expectancy-value theory. According to expectancy-value theory, achievement-related 

choices and academic outcomes are influenced psychologically by the individual’s expectation 

for success (expectancy for success) and subjective valuing of the academic work (task value) 

(see Eccles, 2007). Students most likely to engage in learning place higher value and have 

greater confidence in their academic abilities than those who do not. Students’ expectancy for 

success is a positive predictor of academic performance outcomes in mathematics (Schunk et al., 
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2008) and is strongly related to students’ choice of activities, level of cognitive engagement, and 

willingness to persist at a task (Pintrich, 2003). The value component of this model consists of an 

individual’s beliefs about the importance, utility, or interest of a task (Eccles et al., 1983). 

Subjective task value is conceptualized by four components: intrinsic (or interest) value, 

attainment value, utility value, and cost (Eccles, 1983; Wigfield & Eccles, 2000). Intrinsic (or 

interest) value is the enjoyment individuals get from performing the task. Attainment value is the 

importance to the self of doing well on a task. Utility value is how the task relates to future goals 

and can be seen as capturing more-extrinsic reasons for doing the task (e.g., valuing an organic 

chemistry class because of future plans to be a doctor). And lastly, cost refers to the accumulated 

negative aspects of engaging in the task, including anticipated emotional states (performance 

anxiety, fear of failure), the amount of time and effort required for the task, and the forgoing of 

engagement in other activities (e.g., gainful employment, leisure activities). A student who has 

high task value for an activity is more likely to choose to participate in that activity, persist in 

that activity longer, and exert more effort than a student who has lower value for that same 

activity (Wigfield & Eccles, 2000). In summary, educators strive to foster levels of expectancy 

for success and task value beliefs to promote beneficial learning strategies and desirable 

achievement outcomes.  

Achievement goal theory. Achievement goal theory focuses on the directions perceived 

or pursued in an achievement setting and is concerned with the purposes a learner adopts for 

achievement behavior (Middleton, Kaplan, & Midgley, 2004). Achievement goals as assessed in 

classroom settings for educational research are classified as either mastery (also known as 

learning or task) goals or performance goals. Students with mastery goals focus on developing 

competence through task mastery and are more likely to persist in learning activities for the 
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intrinsic value of learning. These students are more likely to use deeper level learning strategies, 

such as connecting newly learned material to prior knowledge (Anderman & Maehr, 1994). 

Across research, mastery goals have consistently lead to adaptive achievement effects and 

positive learning behaviors, including higher levels of interest, positive affect, increased effort, 

higher self-efficacy, self-regulated learning, greater persistence in learning activities, the use of 

more cognitive and metacognitive strategies, and better performance (for complete review see 

Kaplan & Maehr, 2007).  

Performance goals are divided between approach and avoid orientations (Elliot & 

Harackiewicz, 1996). Students with performance-approach goals focus on demonstrating 

competence, which contains the motive to develop a sense of self-worth as evidenced by doing 

better than others (Dweck, 1986). Findings relating performance-approach goals to achievement 

behaviors have been inconsistent. For example, performance-approach goals are associated with 

some positive outcomes, including increased task value, increased academic self-concept 

(Harackiewicz, Barron, Pintrich, Elliot, & Thrash, 2002), academic efficacy (Midgley & Urdan, 

1995; Urdan, Midgley, & Anderman, 1998), better grades (Wolters, 2004), and higher 

performance (Harackiewicz, Barron, & Elliot; 1998); but individuals with this goal type also 

exhibit maladaptive behaviors, including low retention of knowledge and disruptive behavior 

(Midgley, Kaplan, & Middleton, 2001), the use of superficial learning strategies, and negative 

affect following failure (Meece, Blumenfeld, & Hoyle, 1988; Pintrich, 1989).  

Lastly, students with performance-avoid goals maintain goals of avoiding appearing 

incompetent or demonstrating lack of ability in front of others. Individuals with these goals have 

consistently been linked to maladaptive patterns of learning such as self-handicapping, not 

working hard, procrastinating, and cheating (Elliot & Harackiewicz, 1996; Elliot, McGregor, & 
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Gable, 1999; Middleton & Midgley, 1997; Skaalvik, 1997; Urdan, 2004). Furthermore, 

performance-avoidance goals often lead students to avoid seeking help and are associated with 

low grades (Elliot & Church, 1997; Kaplan & Maehr, 2007). In summary, educators strive to 

instill mastery goals and counter the development of performance-avoidance goals due to the 

research linking mastery goal orientations to adaptive learning strategies and positive 

achievement outcomes and the findings that performance-avoidance goals lead to maladaptive 

learning strategies and negative achievement outcomes.  

Critical Analysis of Motivational Beliefs 

The first step in critical action towards cultivating a motivationally adaptive educational 

environment for students is for educators to engage in reflection of their own motivational 

beliefs. One of the first tasks of the critical educator is to explore his or her own subjectivity and 

“locate” or situate himself or herself within that praxis through action and reflection (Breunig, 

2005). Teachers must investigate their own “situatedness” to reveal inherent motivational beliefs 

and assumptions that play themselves out in classroom practice (Breunig, 2005). Furthermore, 

students need to locate themselves within the critical classroom in the same way the teacher does 

by exploring their own motivational beliefs. The Patterns of Adaptive Learning Scales (PALS) 

(Midgley et al., 2000) is a tool that can be used to engage in this type of assessment and 

reflection.  

The PALS is a widely used survey with scales assessing teachers’ perceptions of goals 

structures in the school, their goal-related approaches to instruction, and personal teaching 

efficacy. Student scales assess students’ personal achievement goal orientations, perceptions of 

teacher’s goals, perceptions of the goal structures in the classroom, and achievement related 

beliefs, attitudes, and strategies. Identifying both classroom goal structures and students’ 
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personal goal orientations can be useful to educators because students’ perceptions of classroom 

goal structures are predictive of the types of personal goals students adopt in the classroom 

(Meece, Anderman, & Anderman, 2006).   

These surveys use a five point Likert-scale anchored at 1 = “Not at all true” or “Strongly 

disagree” and 5 = “Very true” or “Strongly agree.” The different PALS scales can be used 

together or individually. Educators can administer the surveys in their classrooms at any time by 

indicating to students that the survey is not a test and that there are no right or wrong answers. 

Students should be told that the information in the survey is confidential and that no one at home 

or at school will ever see his or her responses. Before beginning the survey educators should 

provide a short explanation of why similar sounding questions are asked of students - that in 

order to measure a construct accurately the same thing is asked in different ways to ensure that 

the survey really measures what the students believe (Midgley et al., 2000, p. 4). Lastly, a sample 

question is included at the beginning of the student survey to introduce the use of the Likert scale 

and educators should read all the instructions aloud to students.1  

Once surveys are administered, teachers can begin a critical analysis of motivational 

beliefs. The teacher survey assesses teachers’ personal teaching efficacy, approaches to 

instruction that convey different achievement goals (mastery approaches and performance 

approaches), and perceptions of the school goal structure for students (mastery goal structure for 

students and performance goal structure for students). Anywhere from four to seven questions 

are asked to measure each of the five constructs described above. Detailed descriptions of each 

construct can be found following the survey in Appendix A. After completing the survey 

educators are encouraged to meet with fellow teachers, educational leaders and administrators, 

                                                        
1 Surveys can be accessed online 

(http://www.umich.edu/~pals/PALS%202000_V13Word97.pdf). 
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and teacher educators to discuss results and reflect on findings gathered from this survey’s 

results. Examples of guiding questions that can be used as a platform to begin critical reflection 

and discussion of results are: Were there any results from the survey that surprised you? Why? 

Are there any beliefs or practices that you would like to work on? Teachers can work together to 

collaboratively discuss beliefs and/or practices and devise ways to increase adaptive motivational 

structures in their classrooms. 

Analysis of the student surveys can be done in a similar fashion. Teachers can use these 

findings to reflect on how students are interpreting their classroom environments and target 

specific areas of needed change (i.e. a goal to increase classroom mastery goal structures or a 

goal to decrease classroom performance-avoid goal structures). If a teacher finds that students 

are reporting high or low levels of classroom performance-approach goal structures, he/she can 

reflect on how this may be influencing particular students’ learning and achievement patterns. 

For example, if a particular class reports high classroom performance-approach goal structures 

and also reports high task value and academic efficacy levels, good grades, and high 

performance patterns then a teacher may not need to focus on lowering performance-approach 

goals in his/her classroom practices. On the other hand, if a particular class reports high 

classroom performance-approach goal structures and also demonstrates one of the above 

referenced maladaptive learning outcomes (i.e. low retention of knowledge, disruptive behavior, 

use of superficial learning strategies, and negative affect following failure), then that teacher may 

want to work on lowering performance-approach goal structures in his/her classroom.  

Cultivating Student Motivation with Critical Practice 

Expectancy for success. Critical reflection of motivational beliefs will lead educators to 

the inevitable question: How can teachers facilitate adaptive motivational beliefs and goals and 
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decrease maladaptive motivational beliefs and goals in my students and classroom structures? 

Increasing and/or calibrating students’ expectancy for success may be a common goal across 

educators. Educators may assume that increasing students’ expectancy for success if merely a 

function of increasing students’ “successful” experiences, which is not necessarily the case 

(Ames, 1990).  For example, all seventh grade students in math classes may be told they will 

“graduate” from pre-algebra or general math and move on the Algebra next year in eighth grade. 

Although all math students can expect the success of getting into Algebra, some students may 

carry low expectancy for success in the academic tasks related making feeling successful in 

Algebra. Therefore, regardless of the expectancy to “succeed” by placing into Algebra, these 

students’ expectancy for success in math has not changed.   

Students who lack the belief that they will succeed in executing academic tasks do not 

necessarily need a heavy dose of success experience to bolster their expectancy beliefs (Ames, 

1990). Instead, teachers must give students tools to navigate the education production function 

(Fryer, 2011) in an effort to increase students’ understanding of how to reach success. For 

example, if practice involves giving students short-term goals and strategies for making progress 

towards goals then students will begin to understand how to reach goals and focus on strategies 

rather than outcomes (Ames, 1990). Educators must work with students to develop tangible 

action steps designed to increase the likelihood of experiencing success. In a math classroom, for 

example, teachers can focus evaluation, praise, and encouragement on inputs such as 

participating in group work, engaging in student helping behavior, and completing homework 

assignments rather than outputs such as test scores, the solutions to problems, and grades.  

Another way teachers can strengthen students’ expectancy for success is through 

interchanging the roles of teacher and students and valuing multiple ways of knowing. 
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Countering the “banking” issue in education, “whereby the student functions as an open 

repository to whatever knowledge the teacher chooses to deposit that day,” education should be 

co-intentional involving a new dialogue consisting of teacher-student and student-teacher 

(Breunig, 2005, p. 115; Freire, 2000). In conjunction with this, multiple ways of knowing, in 

which multiple sources of knowledge are valued, must be followed by multiple methods of 

assessment and evaluation. Students will increase their expectancy for success through co-

creating methodological practices in the classroom that value the role of the student-teacher and 

through recognizing that positive indicators of success can be realized through different means of 

assessment.  

An instructional practice observed in an Algebra classroom that demonstrated these ideas 

is a lesson around solving a system of linear equations. The students were seated in groups of 

four and the class was given the task of teaching the teacher a lesson. Each group was given 

materials and a guiding worksheet that was to lead them through a student-lead exploration 

delivering students to the various ways in which they could arrive at the solution to a system of 

two linear equations (through graphing or solving algebraically). At the end of the lesson there 

were five practice problems to work on in groups and students were instructed to teach one 

another and help each other figure out the work and solutions that go with each problem. 

Students were told that each group would make a short two-minute presentation at the end of the 

course period teaching the teacher one part of the lesson, which would be disclosed to students 

towards the end of class. During the working period students were told they would be graded on 

their teamwork and ability to help or receive help from one another. A variety of scenarios 

involving students actively participating in group work by asking questions and explaining 

procedures, thought processes, and solutions to peers was covered prior to the lesson so that 
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students would know what the teacher was looking for in observation and grading. The teacher 

assigned a pass or not pass for each student as he or she walked through the classroom observing 

and listening to students work together. Students who did not pass were scheduled to meet with 

the teacher individually to go over skills and ways to effectively participate in a group during 

group work.  

With twenty minutes left to the class period the teacher randomly assigned each group to 

teach a part of the lesson. Each part of the worksheet was titled and corresponded to a part of the 

lesson: “the hook: why do we care?”, “graphing a linear equation”, “what do we do with two?”, 

“finding the solution”, “graphing two parallel lines”, “solving for one variable”, “substituting 

one equation into the next to solve”, “solving by substitution” and “checking your solutions.” 

Students had a few minutes to prepare for their presentation and took turns teaching the lesson to 

the teacher and to the rest of the class. At the end of the lesson students turned in their 

worksheets with completed practice problems and the following day received grades and 

feedback on the multiple ways of knowing assessed in the day’s lesson. The ways of knowing in 

this lesson included working in a group (asking questions, teaching peers), presentation related 

teaching skills, and quality of individual work. Providing students with multiple ways to succeed 

in this lesson allowed for students to experience increases in expectancy for success in more than 

just one avenue of assessment. Students prompted to assume a teacher role delivers autonomy 

and empowers them, which can also foster students’ expectancy.  

Building students’ expectancy for success overlaps with the engendering competence 

component of Ginsberg and Wlodkowski’s (2000) framework used to develop classrooms that 

are motivating for diverse learners. In terms of everyday instruction, this framework seeks to 

explain how to create compelling and democratic learning experiences that honor the diverse 
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perspectives, values, and talent that students bring to the classroom. This motivational 

framework represents four basic conditions, or attributes of a learning environment, that work 

together to support students’ motivation: establishing inclusion, developing a positive attitude, 

enhancing meaning, and engendering competence. The four conditions simultaneously interact to 

encourage and support motivation within and across student groups. Engendering competence 

refers to practices that help students to be effective in work they value (i.e. giving students short 

term goals and tools to increase successful academic experience). To check for progress in this 

component, educators can ask themselves “how do we create or affirm an understanding that 

students have effectively learned something they value (experience success)?” (Ginsberg, 2005, 

p. 222). Instructional practices that foster this include providing students with a clear criteria for 

success, employing grading policies that are fair to all, creating lessons that demonstrate 

connections to the real world, and incorporating students’ perspectives in assessment (allowing 

for multiple ways of knowing).  

 Subjective task value. Task value is primarily associated with choice behaviors, 

persistence, and effort (Wigfield & Eccles, 2000). For example, a student who has high task 

value for an activity is more likely to choose to participate in that activity, persist in that activity 

longer, and exert more effort than a student who has lower value for that activity. Increased 

levels of interest and engagement will lead to higher levels of value placed on tasks as well as the 

subsequent adoption of mastery goals (Liem, Lau, & Nie, 2008; Wigfield, 1994). Thus, 

instructional practices that aim to foster students’ subjective task value beliefs contain the goal to 

increase levels of student interest and engagement in classroom activities and learning. To do 

this, instructional practices must allow student must take active roles in their learning - with 

teachers as participants rather than the traditional role as “givers” of knowledge. Teachers as 
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participants imply that the teacher partakes in the same levels of interaction with students as 

students do with one another. Increasing peer interactions through collaborative group work and 

team based learning agendas progresses this advance, resulting in a classroom environment that 

encourages, fosters, and develops interactions between students.  

 Peer interactions alone cannot fully submerge students into roles of active learners; 

students must be given more choice opportunities in their classroom as well to instill a sense of 

ownership over their learning. Students will demonstrate higher levels of interest and 

engagement in tasks if they are given a choice in choosing topics, group mates, evaluation forms, 

and/or tasks. This is discussed in further detail in the instructional practices to endorse student’s 

mastery goals, which follows. Lastly, students are more likely to value activities in which they 

do well (Wigfield, 1994), therefore instructional practices that foster students’ expectancy for 

success will also have a positive effect on their subjective task value beliefs.  

Increasing students’ adaptive achievement goals. Classroom goal structures are 

predictive of students’ personal goal orientations (Church et al. 2001, Greene et al. 2004, Nolen 

2001, Urdan 2004). Therefore classroom practices can lead to students adopting different 

motivational goals, which in turn have proximal influence on achievement patterns. Students 

show the most positive achievement patterns when they are focused on mastery goals; they 

persist at difficult tasks longer, report high levels of task involvement, report high levels of effort 

and persistence, and use learning strategies that enhance conceptual understanding and recall of 

information (for review see Meece, Anderman, & Anderman, 2006). Mastery goals are also 

associated with positive perceptions of academic ability and self-efficacy (Wolters 2004). 

Therefore, increasing students’ mastery goals can have positive effects on their expectancy 

beliefs. Educators can create different goal structures in the classrooms through their use of 
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various instructional, evaluation, and grouping strategies (Kaplan et al. 2002b). For example, 

teachers who focus on skill development, mastery, and improvement can lead students to adopt a 

mastery orientation. When students perceive their classrooms or schools as emphasizing effort 

and understanding, they are more likely to adopt mastery-oriented goals (Meece, Anderman, & 

Anderman, 2006). 

The TARGET system is used to identify key instructional practices associated with a 

mastery orientation in the classroom by focusing on instructional strategies related to task 

assignments (T), authority relations (A), recognition systems (R), grouping procedures (G), 

evaluation practices (E), and use of time (T) (Ames (1992a,b). Each of these dimensions includes 

instructional practices that emphasize mastery goals. The Task dimension suggests that educators 

should design learning activities that present variety, organization, and high levels of interest to 

students. For example, instruction should draw on students preexisting understandings, culture, 

and real-world experiences (National Research Council, 2003). The Authority dimension posits 

that educators must also allow students opportunities to take responsibility for learning, to make 

decisions, and to assume leadership role. For example, allowing students to choose roles such as 

Facilitator, Recorder/Reporter, Resource Manager, and Task Manager when participating in 

cooperative group work satisfies all of the instructional practices that emphasize mastery goals in 

the Authority dimension (College Preparatory Mathematics (CPM) Educational Program, 2009). 

Students working in cooperative groups, as outlined in the CPM curriculum, experience fostered 

social interaction, individual accountability, and equal participation (Kagen, 1994). This is 

associated with further autonomy in the classroom when students are allowed to choose which 

tasks their group wants to work on, set their own goals, decide their own group roles and/or 

identities, and work at their own pace.  
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The Task and Authority dimensions overlap with the developing a positive attitude and 

enhancing meaning components of Ginsberg and Wlodkowski’s (2000) motivational framework. 

Developing a positive attitude refers to practices that contribute to students’ favorable disposition 

toward learning. Enhancing meaning refers to challenging and engaging learning. Ginsberg 

(2005) posits that developing a positive attitude can be done by designing learning tasks for 

students that are personally and culturally relevant to students, by allowing students to make 

choices related to learning, and by allowing students to voice their opinions. Enhancing meaning 

can be established by students’ active participation in challenging ways, building on what 

students know, teachers asking questions that go beyond surfaced level, and teacher’s 

encouraging students’ diverse point of views in responses and classroom discussion. 

 Allowing students to do something they love, like, or have interest in is likely to help 

them develop a positive attitude about learning and their creative potential (Tomlinson, 2003). 

Educators can allow students to make choices related to learning by encouraging them to select 

their own topics or projects to engage in and participate in discussions with parents and other 

teachers about learning that elicits student evidence of interest, such as increased levels of joy 

and happiness, excitement, participation, and enthusiasm (Tomlinson, 2003). For example, a 

review lesson in a math classroom can consist of different stations where each station consists of 

four to five desks grouped together and contains a task to complete reviewing a skill previously 

taught. Students spend about five minutes at each station (depending on the number of stations 

and the class time period) and can choose which stations to go to (under the requirement that 

students do not attend the same station more than once during the class period).  

The Recognition dimension focuses on educators providing incentives and rewards 

dedicated to individual effort, improvement, and accomplishments. For example, educators can 
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work with students to set individualized goals. Based on those goals students will receive the 

same rewards for individual progress; whether the goal was to complete all homework 

assignments for a specified time period for one student or whether it was to not be tardy to class 

for a specified time period for another student. The Grouping dimension refers to employing 

 heterogeneous grouping structures that promote peer collaboration and cooperation; for 

example, strategically placing students in groups so that each group represents a diversity of 

learning styles, achievement behaviors, cultural backgrounds, and so on. This type of grouping 

sets the stage for students to engage in helping behavior towards one another and assume 

student-teacher roles more frequently.  

The Evaluation dimension includes the usage of evaluation systems that are varied, 

private, and assess individual progress, improvement, and mastery. This aligns with the above-

mentioned strategies teachers can use to value multiple ways of knowing, which will foster 

students’ expectancy for success as well as the adoption of mastery goals. Lastly, the Timing 

dimension refers to opportunities to plan schedules and complete assignments at appropriate and 

optimal rates. An example of this would be to realize that students work at different rates. A 

homework assignment can take 30 minutes for one student to complete and over an hour for 

another student to complete. Instead of grading students’ homework based on completion, 

educators can instruct students to spend 30 minutes on daily homework assignments. These 

assignments will then be classified as acceptable or not acceptable based on student work and 

teacher understanding of each students’ working capacity (Ames, 1990). Students can plan their 

own working schedules and complete assignments within an appropriate time frame.  

Characteristics of the Recognition, Grouping, Evaluation, and Time dimensions in 

TARGET align with the establishing inclusion component of Ginsberg and Wlodkowski’s 
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(2000) motivational framework. Establishing inclusion refers to the practices that contribute to a 

learning environment in which students and teachers feel respected by and connected to one 

another (Ginsberg, 2005). To establish this educators can have routines and ritual present 

(Grouping and Time), respect learning and interactions (Recognition), make students 

comfortable, treat all students fairly (Evaluation) and respectfully, and represent students’ lives 

and cultures in the classroom and in learning activities. Educators must be aware that the 

responses they receive to a learning activity reflect students’ cultural background, talents, and 

peer group relations (Ginsberg, 2005). Drawing on culturally relevant pedagogy, incorporating 

components of students’ home and/or community lives into lessons, and connecting ideas to 

everyday life scenarios can help educators establish inclusion in their classroom. Students must 

feel that their classroom, and its related lessons, reflects parts of themselves.  

Ultimately, differentiating motivational practices requires knowing students well. 

Knowing your students, their likes/dislikes, cultural background, home life characteristics, peer 

groups, and so on, is essential establishing and maintaining students’ feelings on inclusion in the 

classroom. Educators can get to know students, families, and communities by engaging in 

community walks, home visits, and hosting parent-student nights and events at school. Each 

year, for example, the math department teachers can engage in a community walk in which 

teachers visit local parks, libraries, town centers, the city hall, local restaurants and businesses, 

and any other trademark locations represented by the city. In doing this teachers can acquaint 

themselves with other community services offered at local parks and libraries and build 

connections with the individuals who work, run, and own these community stops. Home visits in 

particular, allow educators the opportunity to learn how a child experiences comfort, curiosity, 

and learning in their home (Ginsberg, 2005) and can catalyze educator abilities to draw in these 
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strands of knowing when designing learning activities for students.  

Decreasing students’ maladaptive achievement goals. Findings relating performance-

approach goals to achievement behaviors have been inconsistent. For example, performance-

approach goals are associated with some positive outcomes, including increased task value, 

increased academic self-concept (Harackiewicz, Barron, Pintrich, Elliot, & Thrash, 2002), 

academic efficacy (Midgley & Urdan, 1995; Urdan, Midgley, & Anderman, 1998), better grades 

(Wolters, 2004), and higher performance (Harackiewicz, Barron, & Elliot; 1998). On the other 

hand, individuals with this goal type also exhibit maladaptive behaviors including low retention 

of knowledge and disruptive behavior (Midgley, Kaplan, & Middleton, 2001), the use of 

superficial learning strategies, and negative affect following failure (Meece et al., 1988; Pintrich, 

1989). Performance-avoidance goals, however, have been consistently linked to maladaptive 

patterns of learning such as self-handicapping, not working hard, procrastinating, and cheating 

(Elliot & Harackiewicz, 1996; Elliot, McGregor, & Gable, 1999; Middleton & Midgley, 1997; 

Skaalvik, 1997; Urdan, 2004). Due to the consistency of these findings educators often focus on 

minimizing these goals in classroom structures.  

Students are more likely to adopt performance-oriented goals when they perceive their 

environment as focused on competition for grades and social comparisons of ability (Meece et 

al., 2006). Simply put, the mere absence of instructional practices that develop mastery 

classroom structures and student goals contribute to the development of students’ performance-

avoidance goals. For example, performance-avoidance classroom structures are perceived when 

students are given little choice concerning academic tasks, are grouped by ability (homogenous 

grouping) or are tracked, and are given minimal opportunity to interact cooperatively with peers 

when engaged in learning tasks (Maehr & Midgley, 1991). To minimize or eliminate classroom 
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structure that promote performance-avoidance goals educators should focus entirely on 

instructional practices that encourage mastery goals. Focusing on competition and social 

comparison, using public evaluations, and grading based on relative ability are all instructional 

practices that contribute to students’ adoption of performance-avoidance goals (Maehr & 

Midgley, 1991). Educators can minimize these goals in classrooms and students by shying away 

from these instructional practices. For example, educators can structure lessons that minimize 

competition amongst peers, employ evaluation methods to students in private, and de-emphasize 

grades (and rather, emphasize mastery and learning). For example, valuing, accepting, and 

learning from mistakes is an instructional approach that will downplay students’ performance-

avoidance orientations. In an algebra class, for example, a teacher can speak to a student about 

work that lead to an incorrect answer by using constructive dialogue. The teacher can be careful 

not to indicate that the incorrect answer has resulted in moot work and that the student must 

begin again to try to get the right answer. Instead, the teacher can ask the student to explain their 

thought process as the problem was worked out. The student can be asked to share this thought 

process with the class and be told that other students might think in this way as well and that all 

students have something to gain from examining this student’s work. This assigns value to error 

and uses error as a natural part of learning rather than a sign of failure.  

Future Research Directions: Connecting Policy Changes to Changes in Student Motivation  

This chapter has sought to deliver the ways in which course placement policy has 

historically perpetuated inequity in access, ways that algebra policy revision has sought to 

remedy these inequities, and the shortcomings that have followed such policy movements. 

Reform based revisions to course placement policy have led to a national movement of more 

students being placed (or mandated) into algebra earlier. However, these reform movements have 
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not been accompanied by increased equity in access to higher-level mathematics, increased rates 

of American students pursuing STEM careers (a goal set forth by the Obama administration), nor 

global progress towards closing the achievement gaps in mathematics between American 

students and international higher-scoring peers. In fact, over the past two decades there has been 

an alarming decline in advanced science and mathematics participation and a paucity of qualified 

individuals entering STEM careers (Watt, Shapka, Morris, Durik, Keating, Eccles, 2012). 

Essentially, access alone is not enough to reach goals identified by algebra policy revision. 

Nourishing students’ choice to pursue higher mathematical learning should be pursued equally as 

heavily.  

We argue that attending to student motivation is a critical practice needed in conjunction 

with policy revisions to catalyze movement towards realizing greater equity in access, reaching 

21st century goals of developing STEM careers, and closing international achievement gaps. 

Currently, aside from one study referenced above (Simzar, 2013), there exists a hole in the 

literature linking mathematics course placement to student motivation for mathematics. The next 

steps in attending to student motivation for mathematics is to bridge policy research with 

achievement motivation to determine systemic effects on student motivation. Policy movements 

must take into account students’ motivational beliefs to recognize ways in which these 

movements might nourish or malnourish students’ effort, persistence, and choice to pursue 

mathematical learning. Thus far, only one study has investigated course placement policy 

changes influence on students’ motivation for mathematics (Simzar et al., 2013). Therefore, 

future directions in research should investigate how policy changes influence and affect student 

motivation for mathematics.  

Much of the current research in motivation uses two contemporary frameworks 
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(expectancy-value and achievement goal theories) to assess the impact that student motivation 

has on achievement, the choice to pursue advanced learning, and achievement related behaviors. 

Motivational constructs that operate within these frameworks are influenced by social and 

contextual interactions that individuals incur as they progress through schooling. Stage-

environment fit theory posits that different types of educational environments are needed for 

different individuals and different age groups to meet developmental needs and foster positive 

motivational growth (Eccles, Midgley, Wigfield, Buchanan, Reuman, Flanagan, & MacIver, 

1993). In all, motivation predicts multiple desirable outcomes (and an equal number of 

undesirable ones) and educational environments have the ability to cultivate (or deteriorate) these 

motivational beliefs. Future research must extend the typical academic context relating to 

achievement outcomes research to assess the ways that context interacts with, shapes, and 

develops student motivation.  

Conclusion 

Students who are mathematically unprepared to take algebra suffer from being misplaced 

in their math class and end up wasting a year of mathematics (Loveless, 2008). Most disturbing 

perhaps is that a majority of these students are the “nation’s most vulnerable children”, primarily 

consisting of ethnic minority students from poor families attending urban schools who possess 

characteristics that make recovery from a lost year of math unlikely (Loveless, 2008, p. 8). 

Urban schools serving a majority of these disadvantaged groups of students place higher 

percentages of students into eighth grade algebra (Williams, Haertel, Kirst, Rosin, & Perry, 

2011). Not only are these students placed in an educational environment where they do not have 

the skills or prerequisite knowledge to be successful; their expectancy for success will diminish 

and the value they place on these associated tasks (task value) will follow suit. Students will not 
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value tasks for which they do not believe they can succeed in and furthermore, without 

expectancy to succeed and task value for mathematics, students will not adopt mastery goals 

when learning mathematics. Without these motivational beliefs students will not engage or 

persist in mathematical learning, which will result in declined levels of mathematics achievement 

and participation in advanced mathematical learning.  

 A review of related research and the beginnings of producing research examining policy 

revision influences on student motivation has lead to several recommendations for 

accommodating, teaching, and fostering student motivation for students with diverse 

motivational beliefs. First, we can ascertain that a “one size fits all” approach to teaching 

mathematics will not result in desirable effects. Mandating course placement, and continuing to 

teach algebra in the same ways it has been historically taught does not result in equity in access 

to higher-level mathematical learning. Instead these mandates have led to diverse outcomes - 

most of which have proven to be unfavorable. This finding does not support tracking in 

mathematics but instead serves to highlight a truth about mathematical learning: it is a sequential 

hierarchy of progression, with each step forward depending on the last taken, and that varied 

levels and strategies of assistance are needed to serve a diverse student population. Perhaps 

efforts to better prepare and motivate all students to be ready to take algebra by eighth grade 

would best serve goals to universalize accelerated math instruction for American students. In all, 

the solution may not be to universalize accelerated mathematics curriculum via course placement 

mandates, but instead to universalize the opportunity to access a secure foundation in math and 

motivation for math to succeed in our future workforce that will interact with a global economy 

and rapid advances in technology. How might educators go about this? 
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 There are three genres of educational reform efforts that are usually considered when 

remediation is necessary: (1) policy mandates: this refers to the set of rules put forth by 

educational units (schools, districts, states) that are set to guide decisions regarding students’ 

educational experiences, (2) structural supports: this refers to supports for students and teachers 

to accommodate mandates and progress, and (3) instructional practices: this refers to the teaching 

strategies and practices that are used to facilitate learning experiences for students. While 

instructional strategies to foster students’ motivation are covered previously in the chapter, we 

conclude with a set of recommendations for policy revisions and structural supports. 

Policy Recommendations  

 Expectancy for success, task value, and achievement goals operate from a social 

cognitive perspective in that classroom experiences shape students’ motivational beliefs. Early 

adolescence is accompanied by developmental changes that result in decreased levels of self-

perception (Eccles, 2005). For example, young children tend to equate effort and ability. To 

them, intelligence is not fixed but merely a byproduct of the effort they put forth. These children 

believe that they can succeed if they work hard enough. As students progress through school, 

they hold more differentiated views of effort and ability. Increased levels of effort may lead to a 

higher probability of success but that success is ultimately capped by ability. Self-evaluation 

becomes more responsive to failure or negative feedback and students are more like to adjust 

their expectations for success downward after failing (Stipek & Daniels, 1988; Wigfield & 

Eccles, 2000). Thus, policy mandates must pay particular attention to student readiness and 

mastery of prerequisite content prior to algebra course placement to decrease the probability of 

student failure. Competence levels, skill sets, and prerequisite requirements must be considered 

when placing students in their first algebra course to provide an appropriate educational fit for 
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students in mathematics. This is not to say that students should be placed in different tracks of 

learning, but that students who are progressing down a path that would deliver them unready to 

succeed in algebra by eighth or ninth grade be assisted by structural supports geared towards 

students mastery of prerequisite skills and knowledge needed to succeed in algebra. 

Support Recommendations  

 Structural supports must be placed to aid the diverse needs of students and to 

accommodate varying levels of student progress. Ultimately, students will make progress 

towards goals set (and will subsequently experience higher levels of expectancy for success) by 

being given the strategies to do so (Ames, 1990; Schunk, 1996). Structural supports can take on a 

variety of forms such as extra time spent on algebra learning during the school day for 

underachieving students, summer programs to assist students with pre-algebra and algebra skill 

development and recovery, online algebra classes, and out of school time support for students 

who are not progressing at a level that will result in algebra readiness.  

 For example, Chicago Public Schools (CPS) adopted a universal algebra policy that 

required all ninth grade students to take algebra and, after undesirable outcomes occurred as a 

result of this, enacted the use of a “double dose” algebra structural support, which required all 

students with eighth-grade test scores below the national median to enroll in a support algebra 

course during the school day in addition to regular algebra in the ninth grade. Nomi and 

Allensworth (2009) found that this structural support resulted in positive effects on student test 

scores. In line with this, the Talent Development High School (TDHS) also implemented a 90-

minute “double dose” of mathematics for ninth graders who were placed in algebra under a 

universal policy and found positive benefits to students being better prepared to meet the 
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challenges of algebra curriculum (Balfanz, Legters, & Jordan, 2004; Herlihy & Kemple, 2004; 

Kemple, Herlihy, & Smith; 2005).  

 Online courses offered during the summer for algebra credit recovery is another structural 

support employed in Chicago Public Schools that had been linked to desirable outcomes such as 

positive effects found on algebra achievement and increased chances of participating in advanced 

math learning high school (Heppen, Walters, Clements, Faria, Tobey, Sorensen, & Culp, 2011). 

This support was offered to students who had failed algebra during the school year and who had 

intended to get “back on track” by recovering algebra credit through summer school 

participation. Students who passed the summer school algebra course were given algebra credit 

and resumed mathematical learning with peers who had not failed algebra. A revised form of this 

support might be to offer online pre-algebra courses during the summer or after school to 

students who do not demonstrate readiness to be placed in an algebra course. For example, a 

student who is unready to take algebra could enroll in an online pre-algebra course that will 

prepare that student for algebra enrollment thereafter. By identifying students who need extra 

help, and providing an opportunity for these students to receive that help, these supports may 

bypass students failing algebra the first time they take it (an experience that has yet to be 

investigated in terms of its effects, influences, or associations with subsequent achievement and 

motivation for mathematics).     
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CHAPTER 2 

Study 1: Eighth Grade Algebra Course Placement and Student Motivation for 

Mathematics 

   

Driven by concerns about workforce readiness, global competitiveness, and equity in 

access the United States participated in a decades-long push to accelerate mathematics 

instruction (see Balfanz, Legters, & Jordan, 2004; National Research Council, 2011; Oakes, 

2005) through universal access to Algebra. Much of this effort focused on middle school 

mathematics when students first experience subject-specific differentiated instructional practices 

that differ from those in the elementary grades. In mathematics for example, the move to middle 

school is accompanied by many students’ first exposure to Algebra, a course that is the first in a 

hierarchy of mathematics courses that runs through secondary and higher education (Adelman, 

2006). Students who fail to master Algebra in eighth or ninth grade face a blocked pathway to 

advanced mathematics and participation in science, technology, engineering, and math (STEM) 

career opportunities (Attewall & Domina, 2008; Long, Conger, & Iatorola, 2012). The Obama 

Administration has noted this blocked pathway must be cleared in order to advance the national 

initiative to prepare more American students for STEM careers (Larson, 2012). Progress towards 

universal access to Algebra has changed the math-taking experiences of many students. As a 

consequence, there has been a substantial increase in the national proportion of eighth grade 

students enrolled in Algebra in the past decade (Perie, Moran, & Lutkus, 2005; Walston & 

McCarroll, 2010).  

Despite efforts towards increasing access to Algebra so that American youth can access 

advanced mathematics, retention in advanced mathematics needs improvement. The STEM 

pipeline is thought of as “leaky” because students drop out at various points along their 

educational and occupational careers (Watt, Shapka, Morris, Durik, Keating, & Eccles, 2012). A 
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major source of leakage occurs during high school when students may opt out of further 

mathematics courses after fulfilling courses required to graduate high school (Algebra)(Meece, 

2006). Thus, participation in advanced mathematics is ultimately a function of access and 

student choice. A strong predictor of choice is student motivation (Martin, Anderson, Bobis, 

Way, & Vellar, 2012), and research has yet to determine the consequences of universal Algebra 

placement on students’ motivation for mathematics. In fact, recent studies raise questions about 

the educational effectiveness of enrolling larger proportions of students in Algebra courses, 

suggesting that eighth grade Algebra enrollment may have unintended negative consequences for 

students who enter the course with relatively low mathematics skills (Clotfelter, Ladd, & Vigdor, 

2012; Domina, 2014; Loveless, 2008). Declining student motivation in mathematics may help to 

explain these disappointing findings.  

This case study uses the increasing eighth grade Algebra enrollment trends in an urban 

California school district to examine students’ motivation for mathematics after being placed in 

Algebra courses. Specifically, we investigate motivational changes for students selected into 

eighth grade Algebra and for eighth grade peers enrolled in other lower-level math courses, 

typically Pre-Algebra, hereafter collectively referenced as General Mathematics. Using two 

waves of motivation survey data, we estimate motivational changes for students beginning in the 

fall and ending in the spring of eighth grade. Our research questions are: (1) To what extent do 

achievement goals, expectancy, and task value change for eighth grade Algebra students 

compared with eighth grade peers enrolled in General Mathematics courses? and (2) Do these 

motivational changes vary by mathematics achievement prior to Algebra course placement?  

Review of Changes in Algebra Policy  
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In the 1980s and 1990s, the California Department of Education issued repeated calls to 

enroll all middle school students in advanced mathematics courses, namely Algebra, to increase 

progress towards universal eighth grade Algebra enrollment. In 1999, the state’s school 

accountability law attached incentives to this call, and in 2008, the state’s Board of Education 

voted to make Algebra examinations the sole “test of record” for eighth grade mathematics. This 

vote mandated students demonstrate proficiency in Algebra by the end of eighth grade to fulfill 

accountability expectations under the No Child Left Behind Act and California’s Public Schools 

Accountability Act (Rosin, Barondess, & Leichty, 2009). Currently, more students take eighth 

grade Algebra than any other math class (Domina, 2014). 

Effort towards universal eighth grade Algebra enrollment is backed by an extensive range 

of research that points to strong positive correlations between early Algebra course taking, for 

example, taking Algebra in eighth grade rather than ninth, and equity in access to mathematic 

curricula, achievement, and educational attainment (Filer & Chang, 2008; Gamoran & Hannigan, 

2000; Kurlaender, Reardon, & Jackson, 2008). Observational data indicate that students who 

enroll in eighth grade Algebra score higher on skills tests, show more rapid test score growth, 

and reach higher levels of educational attainment than their peers who enroll in less rigorous 

eighth grade math courses (Domina 2014; Gamoran, Porter, Smithson, & White, 1997; Gamoran 

& Hannigan 2000). Findings from these studies suggest that enrolling more students in Algebra 

courses could boost achievement. However, empirical research that aims to assess the effects of 

Algebra placement using observational data are subject to considerable selection bias because 

students who enroll in Algebra courses differ from those who do not. Relatively few studies have 

made progress towards estimating the effects of Algebra course taking in experimental or quasi-

experimental settings, and those that do have returned mixed results (e.g., Stein, Kaufman, 
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Sherman, & Hillen, 2011). An analysis of the research claimed that universal Algebra policies 

did not lead to achievement gains without supports, such as extended learning time for struggling 

students (Stein et al., 2011).  

More recently, instrumental variables analyses utilizing course placement changes in 

North Carolina indicated that the initiative to expand eighth grade Algebra had negative effects 

on student achievement; specifically, lower scores on the Algebra I test and then lower pass rates 

in Geometry and Algebra II in subsequent years. Notably, these negative effects are most 

pronounced for students who come into eighth grade Algebra courses with relatively weak 

mathematics skills (Clotfelter, Ladd, & Vigdor, 2012). In recent years, quasi-experimental 

evaluations of California’s Algebra-for-all policy suggest that increases in the eighth grade 

Algebra enrollment rates correspond with declining mathematics achievement (Williams et al., 

2011). Further, Loveless (2013) found that increased enrollments in Algebra I and Pre-Algebra 

were accompanied by declines in mean achievement gains whereas increased enrollment changes 

in general math courses were associated with achievement gains. Concurrent changes in student 

motivation may offer an explanation for these unintended consequents—students' motivation for 

mathematics may be a potential mechanism through which Algebra course placement 

undermines student achievement.  

Adolescent Motivation for Mathematics  

Motivational beliefs are psychological mechanisms that influence students’ motivation to 

exert effort on learning tasks (Wigfield & Eccles, 2000; Wigfield & Cambria, 2010). We used 

two contemporary, widely used frameworks for studying motivational beliefs in academic 

contexts: expectancy-value theory and achievement goal theory. By using both frameworks we 

hope to provide a more complete picture of student motivation (see Wigfield et al., 2006; 
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Wigfield & Cambria, 2010). These frameworks were designed to explain complementary but 

different phenomena. Expectancy-value theory was designed to explain and predict in which 

activities individuals choose to engage (Wigfield & Eccles, 2000), whereas achievement goal 

theory was designed to explain why a learner engages in specific achievement-related behaviors 

(Kaplan, Middleton, Urdan, & Midgley, 2002). Recent studies have made significant 

contributions by examining both of these complementary phenomena. For example, Senko and 

Hulleman (2013) have incorporated an expectancy construct in examining achievement goal 

adoption and have found evidence of relation between expectancy and various achievement goal 

adoptions. The harder the goal appeared to attain, the less likely students were to pursue it, which 

had repercussions to students’ task interest. Conley (2012) also integrated expectancy-value 

theory and achievement goal theory to identify patterns of achievement goal, task value, and 

competence beliefs. Findings indicated that operating under a perspective that examines both 

achievement goal and expectancy-value constructs, rather than just one or the other, delivered a 

more complete understanding of mechanisms contributing to change in motivation. 

Achievement goal theory. Achievement goal theory focuses on the purposes or desired 

outcomes for which individuals exert effort in achievement settings (Dweck & Elliot, 1983). 

Achievement goals are viewed as important for, and are often studied in the context of, 

mathematics learning because they characterize a student’s general purpose as he or she seeks to 

develop or demonstrate competence when engaging in an activity (Harackiewicz, Barron, & 

Elliot, 1998). A preponderance of research has focused on achievement goals students endorse in 

math classrooms and how these endorsements relate to a variety of learning strategies and/or 

achievement outcomes (see Hulleman, Schrager, Bodman, & Harackiewicz, 2010). We represent 

achievement goals using a trichotomous goal framework to investigate students’ mastery, 
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performance-approach, and performance-avoidance goals. Students with mastery goals tend to 

focus on developing competence through task mastery and are more likely to persist in learning 

activities for the internalized value of learning. Mastery goals are associated with students having 

greater interest in their classes, persisting longer when facing difficulty, valuing cooperativeness, 

seeking help when confused, self-regulating effectively, using deep learning strategies, 

experiencing positive emotion and increased self-efficacy, having greater long-term retention of 

information, and perceiving learning tasks as valuable (e.g., Darnon, Butera, & Harackiewicz, 

2007; Grant & Dweck, 2003; Harackiewicz, Barron, Tauer, Carter, & Elliot, 2000; Karabenick, 

2003; Levy, Kaplan, & Patrick, 2004; Pekrun, Elliot, & Maier, 2006; Pintrich, 2000; Urdan, 

2011; Wolters, 2004). 

Performance goals are conceptualized as having distinct approach and avoidance 

components. Students with performance-approach goals focus on demonstrating competence, 

which is linked with the desire to develop a sense of self-worth through doing better than others 

(Dweck, 1986). Findings regarding performance-approach goals are varied. For example, 

performance approach goals have been found to have positive associations with performance, 

achievement, academic efficacy and self-concept, absorption during task involvement, task 

value, intrinsic motivation, higher grades, and self-regulation (e.g. Cury, Elliot, Da Fonseca, & 

Moller, 2006; Harackiewicz, Barron, & Elliot, 1998; Harackiewicz, Barron, Pintrich, Elliot, & 

Thrash, 2002; Pajares, Britner, & Valiante, 2000; Senko & Harackiewicz, 2005; Senko & Miles, 

2008; Stoeber, Uphill, Hotham, 2009; Urdan, Midgley, & Anderman, 1998), but have also been 

found to be associated with maladaptive processes such as reduced help-seeking behavior, 

increased anxiety, cheating, self-handicapping, low self-efficacy, reduced metacognitive strategy 

use, low absorption during task engagement, and maladaptive responses to conflict (e.g., 
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Anderman, Griesinger, & Westerfield, 1998; Elliot & McGregor, 1999; Karabenick, 2003; 

Murdock, Miller, & Kohlhardt, 2004; Skaalvik, 1997). Students with performance-avoidance 

goals maintain goals of avoiding appearing incompetent or demonstrating a lack of ability in 

front of others. These goals are typically associated with high anxiety, disorganized study habits, 

help-avoidance, self-handicapping, low achievement, low absorption during task involvement, 

reduced intrinsic motivation, and low interest, procrastinating, and cheating (e.g., Elliot & 

Church, 1997; Elliot, McGregor, & Gable, 1999; Middleton & Midgley, 1997; Midgley & 

Urdan, 2001; Skaalvik, 1997; Urdan, 2004; Wolters, 2004). In all, these goals negatively 

correlate with performance outcomes (Hulleman et al. 2010). 

Part of the inconsistency of the findings related to performance-approach goals may be 

because their impact is influenced by the adoption of other concurrent goals. For example, 

multiple goal theory posits that both mastery and performance-approach goals can be beneficial 

for some individuals in certain situations, such as when students are high in both mastery and 

performance-approach goals (Conley, 2012). It has also been suggested that the distinction in 

how performance goals are measured can explain opposing findings. Hulleman and colleagues 

(2010) explain that there are two components of performance approach goals: appearance and 

normative. The appearance component of performance approach goals focuses on the 

demonstration of ability or self-worth to an audience (e.g. wanting others to think one is smart), 

whereas the normative component is simply a normative comparison or competition (e.g., 

wanting to do better than others). Hulleman et al. (2010) found that normatively coded 

performance goal scales had a positive correlation with performance outcomes, whereas scales 

with a majority of appearance items had a negative relationship. This case study utilizes a scale 

drawn from the Patterns of Adaptive Learning Survey (PALS, Midgley et al., 2000), which uses 
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a more appearance-relevant language, thus increases in these goals would be considered 

unfavorable.  

Expectancy-value theory. According to the expectancy-value model of achievement, 

performance, persistence, and choice are most directly linked with an individual’s expectancy for 

success and task value beliefs (Eccles et al., 1983; Wigfield & Eccles, 2000; Wigfield, Tonks, & 

Eccles, 2004). Expectancy for success is defined as students’ belief about how well they will do 

on an upcoming task, whereas task value is the degree to which a student believes that the 

academic task is worth pursuing. Task value is influenced by the following: interest (the 

student’s enjoyment from doing a task), attainment (the personal importance of performing well 

on the task), utility (how the task relates to students’ current or future plans), and cost (the 

anticipated effort needed to complete the task). In mathematics specifically, findings show that 

an individual’s expectancy for success and valuing of mathematics predict their performance in 

mathematics and their choices of whether to continue studying math (Wigfield & Eccles, 2000). 

Students’ expectancies for success are assessed as competence beliefs in the present study and 

are referenced as self-efficacy hereafter.2  

Hypotheses  

Student academic motivation is influenced by the fit between the academic task and their 

current competence level (Eccles & Roeser, 2011). If a student is placed in a course before they 

are able to competently perform at the level required by the course, their motivation may suffer. 

With regards to mathematics placement, we expect that students placed in eighth grade Algebra 

but who performed at a low level on their seventh grade mathematics assessment will experience 

                                                        
2 Expectancies do not empirically separate from competence beliefs (e.g. self-efficacy) in studies 

of children and adolescents between the ages of 6 and 18 (Eccles and Wigfield, 1995; Eccles, 

Wigfield, Harold, and Blumenfeld, 1993; Wigfield, Eccles, Schiefele, Roeser, & Davis-Kean, 

2006).  
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a mismatch between their current educational experiences and competence levels. These students 

will likely not have the necessary skillset or prior knowledge to meet the demands of Algebra; as 

a result, their feelings of math efficacy should decline (H1). Because expectancy beliefs relate 

positively to subjective task value (Eccles & Wigfield, 1995) we expect the subjective task value 

they adopt to learn math will also decline (H2). The opposite is expected for students who are 

placed in eighth grade Algebra and performed at a high level on their seventh grade mathematics 

assessment. These students are expected to enter the course with the prerequisite skills necessary 

to engage successful in algebraic learning tasks and thus, bolster their efficacy and task value 

(H3). 

In terms of achievement goals, mastery goals are associated with positive perceptions of 

academic ability and self-efficacy (Meece, Blumenfeld, & Hoyle; 1988, Midgley et al. 1998; 

Wolters, 2004). Specifically, Elliot (1999) found that students with high perceived competence 

are inclined to adopt mastery and performance-approach goals, whereas those with low 

perceived competence tend to adopt performance-avoidance goals (Skaalvik, 1997). Thus, we 

expect that previously low-achieving students placed in Algebra will experience an increase in 

performance-avoidance goals and a decrease in mastery and performance-approach goals (H4) 

with the opposite holding for previously high achieving students placed in eighth grade Algebra 

(H5).  

Method 

Participants 

Data are from the California Motivation Project-Mathematics (CAMP-Math).  CAMP-

Math is a part of the larger Math and Science Partnership—Motivation Assessment Program 

(MSP-MAP) funded by the National Science Foundation (NSF) that studies the role of 
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motivation-related beliefs in students’ achievement in mathematics and science. Our sample is a 

portion of students drawn from seven middle schools that are a part of a large urban unified 

school district with more than 50,000 K-12 students enrolled during the 2004-2005 school year 

(California Department of Education, 2009). Students were included in the analysis if they met 

all of the following criteria: (1) student was in eighth grade in either the 2004-05 or 2005-06 

school year, (2) student had a valid mathematics California Standards Test (CST) score in the 

spring of their seventh grade year, (3) student took the General Mathematics, Algebra, or 

Geometry CST in the spring of their eighth grade year, and (4) student had valid covariate and 

motivational measures for the fall and spring motivational surveys given during their eighth 

grade year. Using the type of CST exam students took in the spring of their eighth grade year as 

a proxy for course enrollment, we started with a sample of 4,229 students who were in eighth 

grade General Math, Algebra, or Geometry in either 2004-05 or 2005-06 and had valid math 

scores in the spring of their seventh grade year. After using listwise deletion to filter by valid 

covariate and motivational measures, we were left with 3,306 students, which is approximately 

78% of the total sample. T-tests between the final sample and the eliminated sample with 

missing data revealed that the two groups did not statistically significantly differ on any of the 

variables used in this analysis. Lastly, listwise deletion of students’ missing motivational 

measures resulted in a slightly different sample size for each of the motivational beliefs 

measured; however, adjusted sample sizes do not differ significantly on any of the variables used 

in the analysis.  

The remaining sample was fairly evenly split by gender (1,593 males and 1,713 females) 

with an average age of 12.6 years (SD=0.64) for students in the spring of seventh grade. Our 

analyses included Hispanic (67%), Vietnamese (14%), and White (10%) students. Other ethnic 
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groups comprised approximately 9% of the sample and were pooled to create an “Other” ethnic 

category of reference.  Table 2.1 provides a summary of the sample used in our analyses 

(N=3,306). Table 2.2 provides descriptive statistics demonstrating statistically significant 

differences between the eighth grade general mathematics and Algebra groups. Students in the 

Geometry group accounted for approximately 3% of the total sample and were left out of the 

reported results.  

Figure 2.1 displays an overlap in prior achievement between the general mathematics and 

Algebra courses, visually portraying the relaxed selection factors present at the time of eighth 

grade Algebra enrollment. Our sample showed that approximately 38% of eighth grade students 

were enrolled in Algebra at the time of data collection, and although the district was 

progressively moving towards universal eighth grade Algebra policy by relaxing selection 

policies into Algebra, students were still selected into Algebra based on teacher-assigned grades, 

teacher recommendation, parent request, and prior achievement (CST scores) in pre-Algebra 

courses. These selection factors were present across schools used in our analysis and are varied 

by school. A school fixed effects, used in the analysis, aims to help control for this variation. 

Although selection into Algebra is present at the time of data collection, this district, like many 

others nationwide (Domina et al., 2014) was amidst curricular intensification efforts to enroll 

more students in eighth grade Algebra. The overlap in Figure 2.1 indicates that there was 

students who were placed in Algebra that had prior achievement levels that were equal to or 

lower than peers enrolled in general mathematics. The overlap between students’ prior 

achievement grows as progress towards universal Algebra enrollment occurs. The schools from 

which data were collected gradually merged prior achievement distributions of students placed 

into Algebra and General Mathematics until the distribution was fully merged and all eighth 
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grade students were placed in Algebra in the 2010-11 academic school year. This overlap is the 

basis for which our study aims to inform the potential directions of change in students’ 

motivation under a universal Algebra policy. 

Outcome Measures  

 Student motivation data were collected via surveys administered during the fall 

(approximately four weeks after the start of the school year) and spring (approximately four 

week before the end of the school year) for two consecutive academic years, 2004-05 and 2005-

06. All students in class on the day the surveys were administered were invited to participate, 

with less than 1% opting out. Student achievement and demographic data were simultaneously 

collected from the district annual testing records.  

Achievement goals. Students’ purposes when approaching, engaging in, and responding 

to math instruction were measured with three scales from the Patterns of Adaptive Learning 

Survey (PALS; Midgley et al., 2000; Midgley et al., 1998). All items were assessed using a 5-

point Likert scale ranging from 1 (not at all true for me) to 5 (very true for me). Mastery goals (5 

items, α = .81) focused on learning and understanding (e.g., “My goal in math is to learn as much 

as I can”), performance- approach goals (5 items, α = .83) focused on demonstrating ability and 

outperforming others (e.g., “My goal in math is to look smarter than other students”), and 

performance-avoidance goals (5 items, α = .79) focused on not looking dumb (e.g., “My goal in 

math is to avoid looking like I can’t do my work”). These scales were anchored in the middle 

and at the endpoints with the anchors: Not at all true for me, Somewhat true for me, Very true for 

me. A complete list of items for each of the achievement goals assessed is listed in Appendix A. 

Self-efficacy. Students’ beliefs in their abilities were measured with the Academic 

Efficacy scale from PALS (Midgley et al., 2000). Self-efficacy (4 items, α = .85) assessed 
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students’ judgments about their ability and confidence to perform adequately in math (e.g., “How 

sure are you that you can do even the most difficult math work?”). All items were assessed using 

a 5-point Likert scale. Items were anchored at the endpoints and in the middle with wording that 

paralleled the wording of the stem (e.g., Not at all sure, Somewhat sure, Very sure). A complete 

list of items is listed in Appendix B.  

Subjective task value. Value was assessed with four scales adapted from the work of 

Eccles, Wigfield, and their colleagues (Eccles & Wigfield, 1995; Eccles et al., 1993; Wigfield, 

Eccles, Yoon, Harold, Arbreton, Freedman-Doan, & Blumenfeld, 1997). Four subscales – 

Interest (six items, � = .96), Utility (four items, � = .80), Attainment (six items, � = .85), and 

Cost (two items, � = .70) – were supported by confirmatory factor analysis, �2(548) = 6,492.06, 

goodness-of-fit index = .94, root-mean-square error of approximation = .043 (Conley, 2012). 

Interest referred to students’ attraction to, liking for, and enjoyment of math. (e.g., “I find math 

very interesting”). Utility was concerned with students’ beliefs about the usefulness of math as 

an area of study (e.g., “Math is useful to me for things I do outside of school”). Attainment 

referred to students’ judgments about the importance of math for their sense of who they are 

(e.g., “Thinking mathematically is an important part of who I am”). Cost assessed students’ 

judgments about the amount of time and effort required to be successful in math (e.g., “Success 

in math requires that I give up other activities I enjoy”). All items were assessed using a 5-point 

Likert scale. A complete list of items assessing subjective task value is listed in Appendix B. All 

but two items were anchored in the middle and at the endpoints with the anchors: Not at all true 

for me, Somewhat true for me, Very true for me. Two items (“How much do you like doing 

math” and “How useful is math for what you want to do after you graduate and go to work”) 

used anchors that paralleled the wording of the item (e.g., Not at all useful, Somewhat useful, 
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Very useful). Confirmatory factor analysis found no error covariances associated with the 

different anchors. The mean of all four value scales (utility, interest, attainment, and the reverse 

of cost) is used as an overall measure of task value, a practice commonly used when assessing 

task values in adolescents (Eccles, O’Neil, & Wigfield, 2005).  

Predictor Measures  

Eighth grade course placement. The change in students’ motivation specific to eighth 

grade course placement was estimated using an Algebra course dummy variable in regression 

analyses. Course placement was determined by which CST exam students took (either Algebra 

or General Mathematics) in the spring of eighth grade. Each middle school operated under a 

specific set of labeled courses making grouping across specific course placement difficult. For 

example, some schools enrolled students into either yearlong Algebra 1 or Pre-Algebra, while 

others enrolled students into either yearlong Algebra (i.e. called Algebra 1p) or a two-year 

Algebra sequence (i.e. Algebra 1a and Algebra 1b). Students in Pre-Algebra or Algebra 1a were 

essentially exposed to a year of pre-Algebra curriculum and were designated to take the General 

Mathematics CST in the spring of eighth grade. Students enrolled in Algebra 1 or Algebra 1p 

took the Algebra CST. The CST exams cover the specific curriculum taught and was therefore 

used as a measure of course placement.  

Control variables. Student-level covariates included in our analyses included 

race/ethnicity, gender, seventh grade standardized state math scores, free/reduced lunch status 

(used as a proxy for socioeconomic status), and English Learner (EL) status. Gender was a 

dummy variable, coded 1 for male and 0 for female. Ethnic categories were Hispanic, White, 

Vietnamese, and Other. Participation in the National School Lunch Program (NSLP) was coded 

1 for yes and 0 for no. English learner status was a dummy variable coded 1 for EL and 0 for 
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non-EL. Lastly a cohort dummy was used to adjust for differences between students in the 2004-

05 and 2005-06 cohorts. 

Model 

 We seek to uncover changes in motivational beliefs of students enrolled in eighth grade 

Algebra as compared with those selected into eighth grade General Mathematics. The conceptual 

model views motivation as a product of past levels of motivation and other contemporary 

determinants such as prior achievement, English language fluency, socioeconomic status, gender, 

and ethnicity. Using a lagged motivation model helps to control for omitted variable bias and 

with prior motivation controlled, the analysis amounts to a study of changes in motivation across 

the 1-year period (NICHD ECCRN & Duncan, 2003). Thus, motivation of student i at the end of 

period t can be expressed as: 

Motit = β0 + β1Motit-1 + β2Achit-1 + β3Algit + ∑ β�
��� j 

xXjit-1 + Fδs(i, s) + ei,c          (1) 

In (1), Mot is a variable that represents each of the five measures examined in this study: 

mastery, performance-approach, performance-avoidance, self-efficacy, and task value. Motit and 

Motit-1 is student i’s motivational response at the fall and spring of eighth grade, respectively. 

Achit-1 is student i’s prior math achievement at time (seventh grade CST standardized score). Algit 

is a dummy variable for students placed in eighth grade Algebra and β3 is the coefficient 

estimating the association of Algebra enrollment on student motivation in comparison with peers 

enrolled in General Mathematics. X’s are characteristics such as gender, ethnicity, EL status, 

cohort, and NSLP status. Time-invariant school characteristics δs(i, s) were controlled for in the 

analysis with school fixed effects using Stata’s xtreg command (StataCorp, 2011). School fixed 

effects helps to address biases that arise from the non-random assignment of students to schools 

(Carnoy, Kilpatrick, Schmidt, & Shavelson, 2007). This adjustment ensures that the estimated 
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links among motivation, achievement, and course placement are based solely on within school 

variation in dependent and independent variables by considering each student’s deviation from 

the mean value of the variable of interest among students who share the same school. 

Observations of students who share a classroom are not independent of one another thus we 

cluster standard errors on classroom identification to account for the non-random assignment of 

students into classrooms. Multilevel modeling using Stata’s xtmixed command (StataCorp, 2011) 

and specifying school identification at Level 3 and classroom identification at Level 2 returned 

the same results, thus including a school fixed effect and a clustered standard error on classroom 

identification was deemed sufficient to account for the nested nature of our data. Lastly, to allow 

for comparability across the different units of measurement, the regression analysis was based on 

standardized achievement and motivation variables. 

The second model used in our analyses is a moderated model, which uses an interaction 

between the Algebra course placement dummy and whether the student had high prior 

achievement (scored as Proficient or Advanced on the seventh grade CST math assessment) or 

low prior achievement (score as Below Basic or Far Below Basic on the seventh grade CST math 

assessment).3 Here, motivation of student i at the end of period t can be expressed as: 

                                                        
3 Originally, the moderated model included a linear interaction between the Algebra course 

placement dummy and students’ continuous seventh grade standardized prior math achievement 

score. Findings were analogous, for the most part, to findings associated with moderated model 

using the Algebra course placement dummy and high, average, and low achieving dummies. A 

revision was made to interact the course placement dummy with these bins of prior achievement 

to identify whether the previously low-achieving or high-achieving students were driving the 

significant coefficients attached to the linear continuous interaction term. Further, this was done 

so that the results were generalizable based on CST cutoff scores rather than relative prior 

achievement standing for the students in our study sample.  
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Motit = β0 + β1Motit-1 + β2Algit + β3Algit × HighAchit-1 + β4Algit × LowAchit-1+ ∑ β�
��� j 

xXjit-1 + 

Fδs(i, s) + ei,c                          

(2) 

In (2), we are interested in whether the association between eighth grade Algebra and 

motivation is different for different levels of prior achievement. A significant coefficient (β3 or 

β4) would indicate that students who high prior achievement or low prior achievement 

experience changes in motivation that differ from the main association (β3) experienced by 

students performing at the Basic level (referred to as average achieving students). For simplicity 

purposes results are discussed in terms of high-achieving students (students who scored at the 

Proficient or Advanced level on their seventh grade math CST) and low-achieving students 

(students who performed at the Below Basic or Far Below Basic level on their seventh grade 

math CST).  

Results 

 Table 2.3 presents standardized regression results for students’ achievement goals and 

Table 2.4 presents standardized regression results for students’ expectancies and values.   

Achievement Goal Changes 

Table 2.3 shows both the main effects and moderated model estimates of the relation 

between Algebra course placement and changes in students’ achievement goals. Models 1, 2, and 

3 show the main effects, indicating that on average, students enrolled in Algebra experienced a 

significant increase in performance avoidance goals. As shown in Table 2.2 performance 

avoidance goals decline on average across the entire student population in our study sample. 

However, Model 3 shows that students enrolled in Algebra experienced a .13 standard deviation 

(hereafter σ) less of a decline over the year than eighth grade peers enrolled in General 
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Mathematics (e.g. these students experienced a greater decline in performance-avoidance goals 

than peers in eighth grade Algebra).  

Models 4, 5, and 6 show the moderated effects of Algebra course placement on students’ 

achievement goals. In Model 5, the regression coefficient associated with the Algit predictor, -

0.08, is the association of eighth grade Algebra course placement on students’ performance-

approach goals for students that had an average prior math achievement (e.g. scored Basic on the 

seventh grade math CST). As shown in Table 2.2 all students, on average, experienced a decline 

in performance-approach goals; therefore, the main effect in Model 5 indicates that previously 

average-performing students placed in Algebra experienced a greater decline, although 

insignificant, in performance-approach goals than peers enrolled in General Mathematics. The 

significant coefficient associated with the interaction term HighAchit-1 × Algit, .12, however, 

shows that the change in students’ performance-approach goals specific to Algebra course 

placement varies as a function of prior math achievement. The decline in performance approach 

goals is attenuated for students who were high-achieving prior to Algebra course placement. 

Specifically, these students experience .04σ (-.08 + .12 = .04) a relative increase, or contextually, 

less of a decline in performance approach goals as compared with peers placed in eighth grade 

General Mathematics courses. These students have relatively higher performance approach goals 

than their average and low-achieving peers placed in Algebra, whose performance approach 

goals do not change significant, as well as their peers placed in General Mathematics. This 

finding is graphically presented in Figure 2.2.  

Expectancy and Value Changes 

Table 2.4 shows the main effects and moderated model estimates of Algebra course 

placement’s association with changes in students’ expectancy and value beliefs. As shown in 
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Table 2.2 self-efficacy and task decline on average across the entire student population in our 

study sample, regardless of course placement. Model 1 shows that students in Algebra 

experienced a significantly greater decline (.26σ) in their sense of efficacy than their peers in 

General Mathematics. Model 2 also shows that students in Algebra, on average, experienced a 

significantly greater decline (.14σ) in their task value than their peers in General Mathematics. 

Models 3 and 4 show the moderated effects of Algebra enrollment on students’ academic 

self-efficacy and value. In Model 3, the regression coefficient associated with the Algit predictor, 

-.29, is the association of eighth grade Algebra on students’ efficacy for previously average-

achieving student placed into eighth grade Algebra. These students experienced a significantly 

greater decline (.27σ) in their sense of efficacy than their peers in General Mathematics. The 

significant coefficient associated with the interaction term HighAchit-1 × Algit, .11, shows that the 

differences in association of eighth grade Algebra and changes in students’ efficacy vary as a 

function of prior math achievement. This is an indication that the declines in self-efficacy 

experienced by students placed in eighth grade Algebra is attenuated for previously high-

achieving students. Specifically, these students experience a .18σ (-.29 + .11 = -.18) decline in 

self-efficacy as compared with peers placed in eighth grade General Mathematics courses, 

whereas previously average and low achieving students placed in eighth grade Algebra 

experience a .29σ and .35σ (-.29 + -.06 = -.35) decline in self-efficacy as compared with peers in 

General Mathematics, respectively. This finding is graphically presented in Figure 2.3. 

In Model 4, the regression coefficient associated with the Algit predictor (-.18) is the 

association of eighth grade Algebra on students’ task value for previous average achieving 

students placed in eighth grade Algebra. These students experienced a significantly greater 

decline in (.18σ) in task value beliefs than their peers in General Mathematics. The significant 
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coefficient associated with the interaction term HighAchit-1 × Algit, .14, shows that the 

differences in the association of eighth grade Algebra on changes in students’ task value varies 

as a function of prior math achievement. This indicates that the declines in task value 

experienced by students placed in eighth grade Algebra is attenuated for previously high-

achieving students. Specifically, these students experience a .04σ (-.18 + .14 = -.04) decline in 

task value as compared with peers placed in eighth grade General Mathematics courses, whereas 

previously average and low achieving students experienced a .18σ and .21σ (-.18 + -.03 = -.21) 

decline in task value as compared with peers in General Mathematics, respectively. This finding 

is graphically presented in Figure 2.4. 

Testing the robustness of self-efficacy results. The finding that Algebra course 

placement relates with declines in student self-efficacy is in accordance with the big-fish-little-

pond effect (BFLPE) model, which posits that students compare their own academic ability with 

the abilities of their classmates and use this comparison as a basis for forming their own 

academic self-concept beliefs (Marsh, 1987). In essence, students will have lower academic self-

concepts when attending schools where the average ability levels of other students is high 

compared to equally able students attending school where the average ability is low. Extending 

this theory to hypothesize at the classroom level, the deleterious changes in students’ expectancy 

beliefs presented in Model 3 may be in part due to equally able students lowering their academic 

self-concept beliefs after comparing themselves to more able students. Drawing on Eccles et al. 

expectancy value framework to characterize students’ math self-concept beliefs, we examine a 

test of robustness to determine whether students’ relative standing among peers in middle school 

math classrooms accounts for a significant amount of change in efficacy beliefs over the course 

of eighth grade, regardless of Algebra course placement. Appendix D presents the extended 
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analyses incorporating both the individual (e.g., student) and group level (class-average ability) 

to assess the contextual effects of group level ability on student beliefs. Findings indicate that 

students placed in eighth grade Algebra experience a significant decline in self-efficacy relative 

to peers placed in General Mathematics, net of the class average predicting this change. This 

finding indicates that while the BFLPE may partially (and insignificantly) explain the decline in 

self-efficacy found amongst students placed in Algebra, it does not explain the full relation 

between Algebra course placement and self-efficacy. After controlling for class average, students 

placed in Algebra experience a significant decline in self-efficacy relative to peers placed in 

General Mathematics classes, suggesting our results indicating Algebra course placement, 

regardless of changes in relative class standing, is associated with significant declines in 

academic self-efficacy.  

Discussion 

To our knowledge, this is the first study to reveal information about the association 

between Algebra course placement and changes in students’ motivation. All research to date 

examining the effects, influences, and associations of Algebra course placement on student 

outcomes has focused on student cognitive and achievement outcomes (for review see Stein et 

al., 2011). There is a need in the literature for research that examines outcomes such as student 

motivation given its situated nature as an influence on cognitive and achievement outcomes.  

 The current study examines the changes in achievement goals, expectancy, and value for 

students placed in eighth grade Algebra relative to peers placed in eighth grade General 

Mathematics. Findings indicate that students in our study sample, on average, experience higher 

(or less of a decline in) performance-avoidance goals relative peers placed in eighth grade 

General Mathematics courses. This finding is in part aligned with our hypothesis that previously 
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low achieving students placed in Algebra would experience an increase in these goals (H4). 

Previously high-achieving students placed in Algebra experience higher (or less of a decline in) 

performance-approach goals than previous average and low achieving peers placed in Algebra 

and peers placed in General Mathematics courses—a finding in line with our hypothesis H5. 

Lastly, and most significantly, students placed in Algebra experience greater declines in both 

academic self-efficacy and task value than peers placed in General Mathematics. These declines 

are attenuated if students scored Proficient or Advanced (previously high-achieving) on the 

seventh grade CST math assessment prior to placement in eighth grade Algebra. These findings 

correspond with our hypotheses H1 and H2 in that they extend past students who had low 

achievement prior to Algebra course placement to those who performed at the average (Basic) 

level as well. Even students with high achievement prior to Algebra course placement 

experienced a decline in self-efficacy—a finding in disagreement with our third hypothesis (H3).  

These findings, taken together, characterize an overall decline in students’ motivation for 

mathematics for students placed in eighth grade Algebra, especially for those who had average or 

low prior achievement. This is a concern given that increases in mastery goal orientations, 

expectations of success (efficacy), and task value are related to higher achievement, educational 

attainment, effort, and engagement (Rosen, Glennie, Dalton, & Bozick, 2010). Similarly, in our 

sample, mastery goals, self-efficacy, and task value beliefs associate positively with standardized 

math achievement outcomes for students in our study sample (see Appendix C for extended 

analyses), suggesting that the declines in self-efficacy and task value found for most of the 

students placed in eighth grade Algebra have repercussions on students’ immediate achievement 

outcomes in mathematics. Students’ decline in task value beliefs are of particular concern given 

that the importance (value) students’ give to a domain (i.e. math, science, and English) early in 
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their academic careers relates significantly to the number of classes that student takes in that 

domain in high school (Durik, Vida, & Eccles, 2006; Simpkins, Davis-Kean, & Eccles, 2006). 

Declines in students’ task value for mathematics may explain the lack of retention in advanced 

math courses. In all, the cultivation of these beliefs is critical to students’ success in Algebra and 

subsequent decisions to pursue advanced mathematical learning—without which the growth of 

an American STEM workforce cannot occur. In terms of goals, students in eighth grade Algebra 

have relatively higher performance-avoidance goals—goals that have robust empirical links to 

negative consequences such as procrastination, expending little effort, self-handicapping, and 

cheating (Elliot & Church, 1997; Harackiewicz, Barron, & Elliot, 1998; Urdan, 2011). Our 

findings suggest that Algebra course placement does not aid progress towards diminishing these 

goals for students in mathematics classrooms. Lastly, previously high-achieving students placed 

in eighth grade Algebra have relatively higher performance approach goals than previously 

average or low-achieving achieving peers in Algebra as well as peers placed in General 

Mathematics courses. Given that these goals are measured using the more appearance-relevant 

language utilized by the PALS scales (Midgley et al., 200) and the account of appearance-based 

performance avoidance goals’ negative correlation with performance outcomes (Hulleman et al., 

2010), this finding is unfavorable.  

To ameliorate the maladaptive changes in students’ motivational beliefs for students 

placed in eighth grade Algebra policy makers and administrators can seek to place students into 

Algebra courses based on readiness. Our findings show that students who scored at the Proficient 

or Advanced level (aside from the finding that these students experience increases in 

performance approach goals relative to peers placed in General Mathematics courses) experience 

much less of a decline in self-efficacy and task value than peers who previously scored at the 
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Basic, Below Basic, and Far Below Basic levels. This suggests that matching students 

prerequisite knowledge and skill sets to Algebra course placement can improve experiences for 

early adolescent students embarking upon their first exposure to the abstract and algebraic 

thinking. In other words, policy makers and administrators can work towards improving the fit 

between students Algebra readiness and Algebra course placement. This is not to say that not all 

students can take Algebra in the eighth grade, but that some may need additional resources to 

prevent detrimental motivational changes. For instance, to improve the fit between students’ 

educational experiences and competency levels educational leaders must work towards providing 

high quality instruction and motivational practices tailored to the current competence of the level 

of the students (Eccles & Roeser, 2011). Future directions must work to pair course placement 

policies and accommodations/resources for students who may need these adjustments to succeed 

Further, there is a need for research to connect these efforts to achievement and student 

motivational outcomes. Efforts in these areas will ultimately lead to a better match between 

students’ competence levels and course curriculum. These efforts can subsequently remediate 

adolescent motivational decline, particularly in mathematics, which will ultimately improve 

student access and choice to persist in mathematics and its related career paths.  

An advantage to the current study is the diverse population from which our study sample 

was drawn. The district represented by our study sample serves a population of minority 

students, almost half of which are English language learners, and most of which are 

socioeconomically disadvantaged. This sample, generalizable to urban public school districts, 

offers information that can be used to more accurately consider the potential motivational 

consequences of intensifying middle school mathematics curriculum for minority, 

disadvantaged, and/or underserved student populations. These, in fact, are the students that are 
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most affected by increased rates of Algebra enrollment (Loveless, 2008). Increased and universal 

enrollment undermines selection into the course, which traditionally served to prevent students 

from being misplaced in a course in which they are not ready to take (Loveless, 2008; Williams 

et al., 2011).  

One limitation to this study is the lack of an actual universal eighth grade Algebra policy 

implementation in California at the time at which data for this study was collected. While 

districts were moving towards universal eighth grade Algebra enrollment, selection factors were 

still present as students were increasingly placed in Algebra (previously discussed). The district 

from which our sample was taken shows eighth grade Algebra enrollment trends similar to those 

found nationwide (Domina et al., 2014), enrolling more than 36% of eighth grade students in 

Algebra or higher in 2004-05 and increasing enrollment each year to reach over 84% of eighth 

grade students in Algebra or higher in 2007-08. The lack of a universal policy does not allow for 

a causal analysis of effects on student motivation. Rather the findings presented here are 

associational and can be used to deliver information of the potential direction of effects that 

universal course placement policy can have on student motivation.  

The newly-adopted Common Core State Standards recommends Pre-Algebra in eighth 

grade and Algebra in ninth grade, which may lead to the eventual deceleration of eighth grade 

Algebra trends. In the meantime, discussion regarding Algebra policies should contain refocused 

goals and transition from maintaining an objective for a de-tracked, universal mathematics 

curriculum to goals of preparing all students in all tracks to participate, and succeed in, Algebra 

early enough to afford them the opportunity to reach higher-level mathematics. Further, it should 

be noted that the de-tracking goals these policies set out to accomplish in the first place have not 

been met as new course placement norms have gradually occurred. Since taking Algebra in the 



 

79 

eighth grade became the new normal, gifted students began taking Algebra in seventh grade 

(Loveless, 2013). For example, in California, 8.1% (nearly 38,000 students) took the Algebra 

end of the course exam in 2012. Essentially, striving for a curriculum for all has merely shifted 

up the timeline of when students take Algebra. Instead, while amidst the current state of 

accelerated enrollment in the course, schools should work towards incorporating students’ 

Algebra readiness into their Algebra course placement policies. Progress towards this, and 

ultimately, away from universal course placement policies, can improve students’ experiences in 

Algebra and evade motivational decline in mathematics.  

Conclusion 

Findings from this study suggest that eighth grade universal Algebra placement may not 

be the panacea for increasing the on-flow and retention in the STEM pipeline and that instead, 

interventions and efforts are needed towards preparing all students to succeed in Algebra rather 

than mandating them in. While universal course placement may increase equity in access for 

some students, evidence from this study suggests that it can also lead to reduced self-efficacy and 

task value in mathematics. More so, it can potentially encourage the adoption of performance-

avoidance goals—goals that lead to maladaptive learning outcomes. These changes occurring at 

the developmentally sensitive time of early adolescence can contribute to the downward spiraling 

trend between students and their motivation towards mathematics (Gottfried, Fleming, & 

Gottfried, 2001), resulting in students opting out of math-related disciplines. If students are 

continually placed in math classes for which they are underprepared, and competence and value 

beliefs decline consequentially, the likelihood that students would continue to study STEM 

subjects in the future will analogously decline. Because of Algebra’s foundational place as a 

gatekeeper to advanced math and science learning, these adverse motivational consequences can 
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cripple students’ before they can climb up the STEM ladder, essentially blocking the pathways 

that universal Algebra policy had aimed to remedy in the first place.  
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Figure 2.1 Eighth Grade Math Course Placement by Prior Mathematics Achievement  

 

 

Figure 2.1. Kernel density graph illustrating the distribution of prior math achievement (seventh 

grade CST math score) by eighth grade math course placement (N = 3,306 students). Eighth 

grade math course placement  indicated by the California Standardized Test (CST) exam taken 

by student in the spring of eighth grade. CST math scale score range = 150 – 600, 150-256 = Far 

Below Basic, 257-299 = Below Basic, 300-349 = Basic, 350-413 = Proficient, 414-600 = 

Advanced. 
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Figure 2.2 Eighth Grade Math Course Placement and High Prior Achievement on  

Performance Approach Goals 

 

 
 

Figure 2.2. The association between students’ performance approach goals in mathematics and 

eighth grade course placement varies by prior (7th grade) math achievement. Performance 

approach goals are standardized and high prior math achievement is a dummy variable coded 1 

for students who scored a 350 (Basic) and above on their 7th grade CST mathematics exam. 

Eighth grade Algebra course placement is a dummy variable coded 1 for students placed in 

Algebra and 0 for students placed in lower-level General Mathematics courses. Unstandardized 

performance approach scales range from 1 to 5.  
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Figure 2.3 Eighth Grade Math Course Placement and High Prior Achievement on Self- 

efficacy 

 

 

Figure 2.3. The association between students’ self-efficacy in mathematics and eighth grade 

course placement varies by whether students had high prior (7th grade) math achievement. Self-

efficacy is standardized and high prior math achievement is a dummy variable coded 1 for 

students who scored a 350 (Basic) and above on their 7th grade CST mathematics exam. Eighth 

grade Algebra course placement is a dummy variable coded 1 for students placed in Algebra and 

0 for students placed in lower-level General Mathematics courses. Unstandardized self-efficacy 

scales range from 1 to 5.  
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Figure 2.4 Eighth Grade Math Course Placement and High Prior Achievement on Task  

Value 

 

 

Figure 2.4. The association between students’ subjective task value in mathematics and eighth 

grade course placement varies by whether students had high prior (7th grade) math achievement. 

Subjective task value is standardized and high prior math achievement is a dummy variable 

coded 1 for students who scored a 350 (Basic) and above on their 7th grade CST mathematics 

exam. Eighth grade Algebra course placement is a dummy variable coded 1 for students placed 

in Algebra and 0 for students placed in lower-level General Mathematics courses. 

Unstandardized task value scales range from 1 to 5.  
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 Table 2.1  

Descriptive statistics for study sample (N=3,306 students) 

obs. mean/% SD 

Gender 

        Male 1,593 48.2% 

Race/ethnicity 

        White 331 10.0% 

        Hispanic 2,226 67.3% 

        Vietnamese 470 14.2% 

        Other 281 8.50% 

Free/reduced lunch (NSLP) and English Learner (EL) status 

        NSLP status 2,474 74.8% 

        EL status 1,587 48.0% 

Prior math achievement (CST scaled score) 

        7th grade 3,306 341 60.7 

Prior math achievement bins    

      High achievement  1,302 39.4%  

      Average achievement  1081 32.7%  

      Low achievement  922 27.9%  

8th grade motivational dimensions, Fall  

        Mastery 3,089 3.73 0.91 

        Performance approach 3,101 2.50 1.06 

        Performance avoidance 3,083 2.43 1.01 

        Self-Efficacy 3,103 3.34 0.87 

        Task value 3,108 3.46 0.64 

8th grade motivational dimensions, Spring 

        Mastery 3,273 3.50 1.00 

        Performance approach 3,297 2.18 0.98 

        Performance avoidance 3,289 1.91 0.98 

        Self-Efficacy 3,302 3.24 0.90 

        Task value 3,303 3.31 0.66 
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Note. Motivation scales = 1 – 5; Math scale score range = 150 – 600, 150-256 = Far Below 

Basic, 257-299 = Below Basic, 300-349 = Basic, 350-413 = Proficient, 414-600 = Advanced; 

Free/reduced lunch (NSLP) and English Learner (EL) status scale = 0-1 (1 = yes, 0 = no). Prior 

achievement bins: high achievement = Proficient or Advanced; average achievement = Basic; 

low achievement = Below Basic or Far Below Basic. 
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Table 2.2 

 

Descriptive statistics for study sample by eighth grade math course placement (N=3,306 

students) 

General Mathematics  Algebra 

obs. mean SD obs. mean SD 

n 1,940 58.7% 1,259 38.1% 

Gender 

        Male 1,007 51.9% 542 43.1% 

Race/ethnicity 

        White 169 8.70% 157 12.5% 

        Hispanic 1,525 78.6% 685 54.4% 

        Vietnamese 111 5.70% 279 22.2% 

        Other 136 7.00% 137 10.9% 

Free/reduced lunch (NSLP) and English Learner (EL) status 

        NSLP status 1,525 78.6% 875 69.5% 

        EL status 1,193 61.5% 380 30.2% 

Prior math achievement (CST scaled score) 

        7th grade 1,940 306 38.7 1,259 385 48.7 

Prior math achievement bins       

      High achievement  221 11.4%  973 77.5%  

      Average achievement  839 43.2%  242 19.3%  

      Low achievement  882 45.4%  40 3.2%  

8th grade motivational dimensions, Fall  

        Mastery 1,796 3.65 0.92 1,196 3.85 0.88 

        Performance approach 1,807 2.55 1.07 1,198 2.43 1.05 

        Performance avoidance 1,802 2.53 1.01 1,180 2.30 0.99 

        Self-Efficacy 1,808 3.19 0.86 1,198 3.56 0.85 

        Task value 1,811 3.38 0.61 1,199 3.57 0.66 

8th grade motivational dimensions, Spring 

        Mastery 1,915 3.39 1.02 1,251 3.63 0.96 

        Performance approach 1,933 2.20 0.99 1,256 2.13 0.95 

        Performance avoidance 1,926 1.93 0.90 1,255 1.89 0.89 

        Self-Efficacy 1,936 3.14 0.94 1,258 3.35 0.94 

        Task value 1,937 3.26 0.64 1,258 3.37 0.69 
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Notes. Motivation scales = 1 – 5; Math scale score range = 150 – 600, 150-256 = Far Below 

Basic, 257-299 = Below Basic, 300-349 = Basic, 350-413 = Proficient, 414-600 = Advanced. 

Prior achievement bins: high achievement = Proficient or Advanced; average achievement = 

Basic; low achievement = Below Basic or Far Below Basic. 
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Table 2.3 

Standardized regression coefficients predicting students' achievement goals (N=3,306 students) 

Dependent variable = student’ spring, 8th grade motivation  

 Panel A. Main Effects Panel B. Moderated Effects 

 (1) (2) (3) (4) (5) (6) 

 Mastery 
Performance 

Approach 

Performance 

Avoid 
Mastery 

Performance 

Approach 

Performance 

Avoid 

Algebra  0.04 -0.05 0.13* 0.03 -0.08 0.09 

 (0.05) (0.05) (0.05) (0.05) (0.06) (0.06) 

High prior 

achievement x 

Algebra 

   0.06 0.12* 0.06 

    (0.05) (0.05) (0.05) 

Low prior 

achievement x 

Algebra 

   0.02 -0.01 -0.22 

    (0.13) (0.14) (0.15) 

Controls       

Prior math 

achievement      
0.07** 0.01 -0.04 0.05 -0.04 -0.06 

 0.03 0.03 0.02 0.04 0.03 0.04 

Hispanic  0.04 -0.02 -0.09 0.04 -0.02 -0.09 

 0.06 0.05 0.06 0.06 0.05 0.06 

Vietnamese  0.10 0.14* 0.05 0.09 0.13 0.05 

 0.07 0.07 0.07 0.07 0.07 0.07 

Other 0.15 -0.01 -0.13 0.14 -0.02 -0.13 

 0.08 0.06 0.07 0.08 0.06 0.07 

English Learner  0.11** 0.04 0.04 0.10** 0.04 0.04 

 0.04 0.03 0.03 0.04 0.03 0.04 

Free/reduced 

lunch 
-0.02 0.03 0.02 -0.01 0.03 0.02 

 0.04 0.03 0.05 0.04 0.03 0.05 

Male  -0.11*** 0.05 0.11** -0.11*** 0.05 0.11** 

 0.03 0.03 0.03 0.03 0.03 0.03 

Cohort dummy 0.03 0.10** -0.19*** 0.03 0.10** -0.19*** 

 0.04 0.04 0.04 0.04 0.04 0.04 

Mastery, fall     0.54***   0.54***   

 0.02   0.02   

Performance 

approach, fall      
 0.62***   0.61***  

  0.02   0.02  

Performance 

avoid, fall      
  0.41***   0.41*** 

   0.02   0.02 
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Constant 0.63*** 0.04 -0.31 0.63*** 0.04 -0.31 

 0.12 0.13 0.35 0.12 0.13 0.36 

R2 0.33 0.38 0.19 0.34 0.38 0.19 

N 3,057 3,088 3,067 3,057 3,088 3,067 

Note. Standard errors in parentheses; time-invariant school characteristics are controlled in the 

analysis with school “fixed effects”, which amounts to including dummy variables for all but one 

school (using Stata’s xtreg command). Fixed effects estimates are based on within-school 

variation in dependent and independent variables. Algebra is in reference to the base category 

consisting of eighth grade students enrolled in General Mathematics. Controls are in reference to 

White, Female, English Only (EO), and non National School Lunch Program (NSLP) 

participants. * p < 0.05, ** p < 0.01, *** p < 0.00 
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Table 2.4 

Standardized regression coefficients predicting students' efficacy and value (N=3,306 

students) 

Dependent variable = students’ spring, 8th grade motivation 

 Panel A. Main Effects Panel B. Moderated Effects 

 (1) (2) (3) (4) 

 Self-Efficacy Task Value Self-Efficacy Task Value 

Algebra  -0.26*** -0.14** -0.29*** -0.18*** 

 (0.04) (0.05) (0.04) (0.05) 

High prior 

achievement x 

Algebra 

  0.11* 0.14** 

   (0.04) (0.05) 

Low prior 

achievement x 

Algebra 

  -0.06 -0.03 

   (0.10) (0.12) 

Controls     

Prior math 

achievement 
0.20*** 0.09*** 0.15*** 0.03 

 0.02 0.02 0.03 0.03 

Hispanic  -0.04 0.01 -0.05 0.01 

 0.06 0.06 0.06 0.06 

Vietnamese  -0.01 0.07 -0.02 0.06 

 0.07 0.07 0.07 0.07 

Other 0.04 0.08 0.04 0.07 

 0.08 0.07 0.08 0.07 

English Learner 0.07 0.12*** 0.06 0.12*** 

 0.04 0.03 0.04 0.03 

Free/reduced lunch -0.04 0.01 -0.04 0.02 

 0.04 0.03 0.04 0.03 

Male  0.05 -0.11*** 0.05 -0.11*** 

 0.03 0.03 0.03 0.03 

Cohort dummy 0.02 0.08* 0.02 0.07 

 0.04 0.04 0.04 0.04 

Self-efficacy, fall      0.53***  0.53***  

 0.02  0.02  

Task value, fall       0.61***  0.61*** 

  0.02  0.02 

Constant 0.78*** 0.48*** 0.78*** 0.48*** 

 0.16 0.08 0.15 0.09 

R2 0.35 0.41 0.36 0.41 

N 3095 3101 3095 3101 
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Note. Standard errors in parentheses; time-invariant school characteristics are controlled in the 

analysis with school “fixed effects”, which amounts to including dummy variables for all but one 

school (using Stata’s xtreg command). Fixed effects estimates are based on within-school 

variation in dependent and independent variables. Algebra is in reference to the base category 

consisting of eighth grade students enrolled in General Mathematics. Controls are in reference to 

White, Female, English Only (EO), and non National School Lunch Program (NSLP) 

participants. * p < 0.05, ** p < 0.01, *** p < 0.001 
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CHAPTER 3 

Study 2: Algebra Course Placement and Student Affect in Middle School Mathematics 

Classrooms 

 

Achievement emotions are linked with academic learning (Pekrun, 2006). Positive 

emotions like enjoyment of learning, hope for success, and pride of a given task result in more 

effective learning (Schutz & Pekrun, 2007). For example, students are more likely to engage in 

adaptive learning strategies (e.g., elaboration, organization, and critical thinking) in an 

emotionally supportive learning environment (Turner, Husman, & Schallert, 2002) and students 

with positive emotions will choose to engage in a task and are more likely to persist in the face 

of difficulty (Pekrun, Goetz, Titz, & Perry, 2002). Conversely, students with negative emotions 

such as anxiety, anger, or shame may learn less, because they are more likely to use poor 

processing skills (e.g., memorization or content rehearsal) and are more likely to withdraw from 

a class when faced with difficulties and failure (Pekrun et al, 2002; Shell & Husman, 2008; 

Turner et al., 2002). Student’s achievement emotions are also proximally linked with motivation 

and the two dimensions of educational psychology are frequently examined together (e.g., 

Schunk, Pintrich, & Meece, 2008). For example, research has investigated the relation between 

student interest and positive emotion (e.g., Ainley, Hidi, & Berndorff, 2002; Hidi, Renninger, & 

Krapp, 2004; Renninger & Hidi, 2002) and although both positive and negative emotions have 

been related to situational interest, only positive emotions during learning experiences have been 

shown to support interest development over time (Ainley et al, 2002). Therefore, an emphasis on 

cultivating emotionally and motivationally supportive learning environments, especially in 

mathematics and science, has developed as the national investment in the preparation and 

retention of students participating in STEM careers grows (National Academy of Engineering & 

National Research Council, 2014). 
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Understanding students’ achievement emotions is integral to improving adolescent 

learning and achievement in mathematics, a widely focused on domain because of its 

foundational relevance in accessing advanced science, technology, and engineering learning 

(Chen, 2013). Considering achievement emotions as a mechanism by which students progress or 

deteriorate in mathematical understanding, subsequent achievement, and later choice (as 

determined by interest and motivation) to pursue higher-level mathematical learning can aid 

educators and policy makers in cultivating student interest in and motivation for mathematics 

during the developmentally sensitive time of adolescence. We refer to general mood states and 

composite measures of achievement emotions as positive or negative affective states (for review 

see Linnenbrink & Pintrich, 2002). High negative affect epitomized by emotions such as 

boredom, irritation, exhaustion, and anxiety and low negative affect is characterized by the 

absence of these feelings. By contrast, positive affect represents the extent to which an individual 

experiences pleasurable engagement in learning activities resulting in emotions such as 

happiness, enthusiasm, excitement, and interest (Crawford & Henry, 2004).  

We consider affect as it emerges during students’ engagement in mathematics tasks to 

investigate how eighth grade adolescent students’ affect varies by math course. Specifically we 

ask, (1) do students’ affective states in mathematics classrooms change differently for students 

placed in eighth grade Algebra as compared with peers enrolled in lower-level General 

Mathematics courses? and (2) Do these affective changes vary by prior mathematics 

achievement? The rest of the paper is organized as follows: Section 2 provides a literature review 

of related research, section 3 discusses methods used in our analyses, section 4 discusses the 

findings and section 5 concludes.  

Literature Review 
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Changing Algebra Course Placement Policy as an Avenue to Investigate Student Affect 

 We use the changes in Algebra course placement policy over the past decade to 

investigate how the timing of placing students into their first algebra course relates with changes 

in student affect. Algebra policy revisions began twenty-six years ago when the release of A 

Nation at Risk claimed that the United States’ educational system was failing to meet the 

national need for a competitive work force. Since then great strides have been made in increasing 

the academic rigor of education standards. As such mathematics course placement policy has 

undergone dramatic revision and continues to change in lieu of the recent adoption of the 

Common Core State Standards.  

Revisions in Algebra course placement policy have been driven by concerns about the 

role academic tracking plays in perpetuating social inequality (Balfanz, Legters, & Jordan, 2004; 

Oaks, 2005). For example, a student who fails to master Algebra in the eighth faces a blocked 

pathway to advanced mathematics such as Calculus (Adelman, 2006; Attewall & Domina, 2008, 

Long, Conger, & Iatorola, 2012). Thus, U.S. mathematics curricula has been accelerated by 

placing more students in Algebra by eighth grade to ensure that all students have the opportunity 

to reach higher-level mathematics (e.g., calculus) during their secondary educational careers. 

Consequentially, the national proportion of eighth grade students enrolled in Algebra doubled 

between 1988 and 2007 (Perie, Moran, & Lutkus, 2005; Walston & McCarroll, 2010), setting the 

stage for researchers to investigate how these changes relate to a variety of student outcomes—

most notably, achievement (Clotfelter, Ladd, & Vigdor, 2012; Liang, Heckman, & Abedi, 2012; 

Domina, Penner, Penner, & Conley, 2014; Domina, 2014).  

While the implementation of the Common Core mathematics standards, which 

recommends pre-Algebra for eighth grade mathematics, may slow this trend (Lee, Quinn, 
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Valdes, 2013), heavy-handed efforts in the past decade to place students into Algebra by eighth 

grade have fundamentally changed the mathematics course taking sequence for many U.S. 

middle school students. Stein, Kaufman, Sherman, and Hillen (2011) reviewed related research 

and found that universal Algebra policies (policies mandating students into Algebra at a given 

time regardless of prior achievement or mastery of pre-requisite skills) that were not 

accompanied by structural supports, such as extended learning time for underachieving students, 

did not lead to overall achievement gains. Clotfelter, Ladd, and Vigdor (2012) found that 

students affected by initiatives to place students into eighth grade Algebra scored significantly 

lower on end-of-course tests and were significantly less likely to pass standard follow-up courses 

such as Geometry or Algebra 2. Domina, Penner, Penner, and Conley (2012) used increased 

Algebra enrollment trends in California to find that the rate of sixth through tenth
 
grade 

mathematics achievement growth slowed, particularly for students in the middle of the skills 

distribution. Liang, Heckman, and Abedi (2012) also used the increased eighth grade Algebra 

enrollment trends in California to find that simply encouraging more students to take eighth 

grade Algebra did not by itself lead to significantly more students taking advanced mathematics 

in high school, nor did it lead to substantial increases in performances in mathematics 

achievement exams. Further, students who scored below proficient in eighth grade Algebra had a 

lower chance of successfully passing the following year’s mathematics test compared to student 

who passed the standardized test for general mathematics (Liang et al., 2012).  

This evidence suggests that eighth grade Algebra enrollment may have unintended 

negative consequences for students who enter the course with relatively low mathematics skills 

(Clotfelter et al., 2012; Domina, 2014). Because of achievement emotion’s situated nature as a 

precursor to learning and achievement we propose that student affect (composite achievement 
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emotions) in these courses may partially explain why early Algebra placement has resulted in 

these unanticipated negative effects on achievement and retention in advanced math learning. 

Perhaps unprepared students are experiencing higher levels of negative affect in these courses 

leading to lowered levels of motivation, which consequentially prompts students to exert less 

effort, persistence, and engagement in learning tasks (Schunk et al., 2008). 

Although there is plethora of research on Algebra course placement policy and it’s effects 

on and associations with variety of student outcomes, research has not yet made strides towards 

assessing Algebra course placement’s impact of students’ non-cognitive outcomes such as 

student motivation and affect. Research in this area is needed because of the facilitative nature 

students’ affect has towards instigating adaptive learning strategies, fostering students’ 

motivation to learn, and ultimately obtaining favorable achievement outcomes. Further, work in 

this area is needed at the developmentally critical time of early adolescence, a time in which 

students’ interest, attitude, and motivation in mathematics declines (e.g., Gottfried, Marcoulides, 

Gottfried, & Oliver, 2013; Wang & Pomerantz, 2009; Wigfield, Tonks, & Klauda, 2009). Our 

study makes a unique contribution in this area by using the increasing eighth grade Algebra 

enrollment tends found in an urban Californian school district to investigate the changes in 

students’ affect associated with being placed in eighth grade Algebra. Pressure to enroll students 

in eighth grade Algebra is alleviated amidst movement towards the Common Core State 

Standards (CCSS) and it is expected that many schools will move towards placing more students 

into courses that cover pre-algebra content as recommended by the CCSS. Because General 

Mathematics courses contains predominance of course material aligned with Pre-Algebra 

standards, our study seeks to inform how this pathway (as well as the Algebra pathway) can 

benefit students. 
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Achievement Emotions  

Students experience a variety of emotions when they are engaged in academic tasks 

(Pekrun, 2006). Emotions are defined as multifaceted phenomena involving coordinated 

psychological processes, including affective, cognitive, physiological, motivational, and 

expressive components (Kleinginna & Kleinginna, 1981; Scherer, 2005). For example, a 

students’ anxiety during engagement in a math learning task might be comprised of nervous, 

uncomfortable feelings (affective); worries about inability to complete the task (cognitive); 

increased heart rate and/or sweating (physiological); instincts to leave the situation (motivation); 

and anxious facial expression (expressive). Emotions reported frequently by students in 

academic settings include enjoyment, interest, hope, pride, anger, anxiety, frustration, and 

boredom (e.g,, Pekrun, Goetz, Titz, Perry, 2002). These different emotions are often compiled in 

more general constructs of affect (Pekrun & Linnenbrink-Garcia, 2012) in contemporary emotion 

research and, as such; we refer to achievement emotions as positive (e.g., happiness, enthusiasm, 

excitement, interest) or negative (e.g., boredom, irritation, exhaustion) affect. Recent research 

findings have determined that affect and emotions have critical importance for students’ 

academic learning, achievement, personality development, and health (Efklides & Volet, 2005; 

Linnenbrink, 2006; Linnenbrink-Garcia & Pekrun, 2011; Schutz & Lanehart, 2002; Schutz & 

Pekrun, 2007). Specifically, student affective states are primal contributors to students’ attention 

in learning tasks, adoption of learning strategies, and self-regulation (Barrett, Haviland-Jones, & 

Lewis, 2008; D’Mello & Graesser, 2012; Linnenbrink, 2006).  

The key roles affect plays in educational settings calls for research identifying how 

negative or positive affect contributes to outcomes in achievement (Valiente, Swanson, & 

Eisenberg, 2012) and motivation (Pekrun & Linnenbrink-Garcia, 2012). There are two groups of 
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achievement emotions, one being activity-related emotions, such as the enjoyment or boredom 

during learning and the second being outcome-related emotions, such as hope and pride related 

to success or anxiety, hopelessness and shame related to failure (Pekrun & Linnenbrink-Garcia, 

2012). While there is a preponderance of research on outcome emotions such as anxiety, pride, 

and shame (Weiner, 1985; Zeidner, 2007), there is relatively less on activity emotions (see 

Pekrun & Linnenbrink-Garcia, 2012), thus this study seeks to make a contribution in this area by 

examining adolescent students’ activity-related emotions within middle school mathematics 

classroom settings.  

Affect and Motivation 

A way in which affect surfaces in motivation are through attribution theory (Weiner, 

1985)—for example, a student who attributes failure in academic tasks to an internal and 

uncontrollable cause (e.g., low ability) may subsequently experiences feelings of shame or 

hopelessness (Anderman & Wolters, 2006). This experience will inform anticipated emotions for 

future engagements, which will have an influence on that students’ motivation by affecting the 

choice of activities that he or she chooses to engage in. A student who experiences repeated 

negative emotions in his or her math class might likely anticipate these feelings when thinking 

about engaging in related tasks in the future. This anticipation may instigate a student’s choice to 

shy away from engaging in math learning and ultimately, away from choosing to participate in 

higher level mathematics learning by enrolling in advanced math courses (Anderman & Wolters, 

2006). We seek to identify trends in affect experienced by adolescent students’ in math courses 

to contribute to the understanding of students’ motivational declines in mathematics throughout 

their years of schooling (e.g., A.E. Gottfried et al., 2001, 2007).  

Affect and Learning 
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Emotions influence students’ learning by directing attention and the use of cognitive 

resources (Meinhardt & Pekrun, 2003), by inducing and sustaining student interest in learning 

material (Ainley, Corrigan, & Richardson, 2005; Krapp, 2005), by triggering different modes of 

information processing and problem solving (Isen, 1999), and by facilitating or impeding 

students’ self-regulation of learning (Pekrun et al., 2002). There are at least three other 

meditational pathways for which students’ affective states impact their cognitive processing and 

subsequent engagement in learning (Pekrun, 1992; Pekrun et al., 2002). One pathway exists in 

recall, positing that individuals are more likely to recall information that is congruent with their 

mood at the time of encoding than material that is incongruent (Bower, 1981). Known as mood 

congruent effects, this suggests that when mood-related information is stored the academic 

material consistent with this mood will be coded more effectively and will be more easily 

recalled at a later time. Information is also recalled more efficiently when students are in a 

similar mood at the time of recall (Forgas, 2000).  

A second pathway lies in the quality of students’ cognitive engagement and relies on 

evidence that certain emotions require greater cognitive processing than do others. For example, 

Pekrun (1992) asserts that negative moods require more cognitive resources than do positive 

ones, which leaves fewer resources available for task-directed activities and ultimately leads to 

less efficient cognitive processing. A third pathway concerns students’ engagement in a task 

through the types of strategies selected or uses (Forgas, 2000; Pekrun, 1992). Assuming that 

affective states have an impact on the cognitive resources available to the learner, these emotions 

can in turn influence the adoption of learning strategies that students use.  

Research has found that positive affect facilitates holistic, intuitive, flexible, and creative 

ways of problem solving (Bless, Clore, Shwarz, Golisano, Rabe, & Wolk, 1996; Isen, 2001); as 
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well as the use of learning strategies such as elaboration, organization, critical evaluation, and 

metacognitive monitoring (Pekrun et al., 2002). Positive affect can influence the way a student 

processes material by inducing higher levels of activation and faster, more efficient information-

processing strategies (Isen & Means, 1983; Isen, Daubman, & Nowicki, 1987). Positive 

emotions such as enjoyment have been found to relate negatively to irrelevant thinking and 

positively to flow, a mental state of operation that is characterized by complete absorption in an 

activity (Pekrun, Goetz, Daniels, Stupnisky, & Perry, 2010; Pekrun, Goetz, Perry, Kramer, & 

Hochstadt, 2004; Pekrun et al., 2002). As such, activity enjoyment is essential for flow 

experiences fostering engagement and problem solving processes (Nakamura & 

Csikszentmihalyi, 2002). Lastly, research has shown that positive emotions such as enjoyment of 

learning are positively associated with effort (Ainley et al., 2005; Efklides & Petkaki, 2005; 

Pekrun et al., 2002; Frenzel, Pekrun, & Goetz, 2007). 

Students who experience negative affect (usually characterized by emotions such as 

anger, anxiety, boredom, shame, and hopelessness) tend to direct time and attention away from 

learning and toward behaviors that will restore well-being or protect self-worth (Boekaerts, 

1993). Negative affect can distract students from approaching and solving the problem and focus 

instead on their failings, which ultimately leads students to adopt avoidance behaviors, such as 

self-handicapping (Turner, Meyer, Midgley, & Patrick, 2003). Negative affect can cause students 

to become withdrawn and inattentive and can trigger more rigid learning strategies such as 

simple rehearsal and reliance on algorithmic procedures (Isen, 2000). For example, emotions 

such as boredom imply physiological and cognitive deactivation, leading to reduced attention 

and more shallow, superficial processing of information (Pekrun et al., 2002). Affect is indirectly 

related to a student’s choice of cognitive and metacognitive strategies in that an affective state 
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may be interpreted by a student as a signal of the effectiveness of the strategies used to 

accomplish a task. For example, if a student fails an Algebra exam he or she may be ashamed 

and that emotional response would serve as a sign that the strategies used to study for the exam 

were inefficient. Essentially, emotional reactions are used to determine the effectiveness of 

different learning strategies. Negative affect was found to be associated with task irrelevant 

thinking and reduced flow (Pekrun et al., 2010; Pekrun, et al., 2004; Pekrun et al., 2002). Lastly, 

research has found that negative emotions such as hopelessness and boredom are negatively 

associated with effort (Linnenbrink, 2007; Pekrun et al., 2002, 2010). Taken together these 

findings suggest that students’ affective states have profound effects on their engagement with 

academic tasks, learning strategies, and academic effort.  

Hypotheses 

Research on the determinants of academic emotions has identified that cognitive 

appraisal of task demands, appraisal of control (perceived control), personal competencies, the 

probability of success or failure, and the value of these outcomes is proximal determinants of 

academic emotions (Pekrun & Linnenbrink-Garcia, 2012). Simzar, Domina, Tran, & Conley 

(2013) found that students placed in eighth grade Algebra experience a decline in their personal 

competency (self-efficacy) beliefs relative to peers placed in lower-level General Mathematics 

courses. We expect that this decline will drive changes in affect as well. Further, higher 

perceived difficulty is related to less positive affect (Moneta & Csikszentmihalyi, 1996), and 

more negative affect (Acee, Kim, Kim, Kim, Chu, & Kim, 2010; Csikszentmihalyi, 1991; 

Efklides & Petkaki, 2005; Pekrun et al., 2002). We expect that all students placed in eighth grade 

Algebra will experience an increase in perceived difficulty relative to other, lower-level General 

Math courses such as Pre-Algebra, thereby decreasing positive affect (H1) and increasing 
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negative affect (H2). Further, studies have shown that students’ self-concept of ability, self-

efficacy, and academic control beliefs correlate negatively with their levels of anxiety (Hembree, 

1988; Pekrun et al., 2004; Zeidner, 1998). In line with the findings that students placed in 

Algebra tend to experience greater declines in self-efficacy as compared with peers placed in 

other lower-level courses, we expect that all students placed in Algebra in our study sample will 

experience an increase in anxiety (H3).  

Students who achieved at a relatively lower level in their seventh grade mathematics 

assessment may not enter eighth grade Algebra with the necessary skill set or prerequisite 

knowledge to successfully engage in the learning tasks set forth by the more challenging Algebra 

course. We expect that these students will experience an increase in their perceived difficulty of 

the course (as well as a decrease in self-efficacy). For example, students who have given up on 

related tasks due to the inability to engage successfully in them may experience boredom. 

Boredom is also experienced when the activity lacks intrinsic incentive value (Pekrun et al., 

2010), as students do not value activities in which they cannot do well (Wigfield, 1994). Also, 

anger and frustration are aroused when the intrinsic value of the activity is negative – for 

example, if engaging in a task is perceived as taking too much effort (Pekrun & Linnenrink-

Garcia, 2012). Others still may expend greater levels of effort to compensate for the deficit of 

pre-requisite knowledge and may consequentially experience feelings of exhaustion. Taken 

together, these findings inform our expectation that previously low-achieving students placed in 

Algebra will experience a greater decrease in positive affect and a greater increase in negative 

affect (H5) relative to previously average- and high-achieving peers placed in Algebra.  

A student’s prior achievement influences self-efficacy (Zimmerman, Bandura, & 

Martinez-Pons, 1992) and Simzar et al. (2013) found that students’ self-efficacy changes in 



 

114 

eighth grade Algebra based on prior achievement—for example, students who scored one 

standard deviation above average on their seventh grade math assessment and were subsequently 

placed in Algebra experienced less of a decline in self-efficacy relative to previously lower-

achieving peers. Students who perform at a relatively higher level on their seventh grade 

mathematics assessment are assumed to have the prerequisite knowledge and necessary skillsets 

to succeed in Algebra given that pre-requisite knowledge (such as understandings of fractions) 

predicts later Algebra ability (Siegler, Fazio, Bailey, Zhou, 2013). These students are more likely 

to engage and succeed in doing algebraic tasks, which will contribute to students’ heightened 

self-efficacy and perceived control. When perceived control is high, prospective and anticipatory 

joy is instigated (Pekrun, 2006; Pekrun, Frenzel, Goetz, & Perry, 2007). Further, the enjoyment 

of achievement activities depends on a combination of competence appraisals and positive 

appraisals of value, and students are likely to value activities in which they do well (Wigfield, 

1994), thereby increasing the likelihood of experiencing enjoyment while engaging in learning 

tasks. A student will enjoy learning if that student feels competent to meet the demands of the 

learning task and values the learning materials (Pekrun et al., 2010). These findings drive our 

expectation that decreases in positive affect and increases in negative affect will be attenuated for 

previously high achieving students (H6). 

Lastly, a student may also experience anxiety if there is a perceived lack of control over 

performance and failure is likely (Lazarus & Folkman, 1984), thus we hypothesize that 

previously low-achieving students placed in Algebra will experience an increase in anxiety 

relative to higher achieving peers placed in Algebra (H7). 

Methods 

Sample  
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Data are from the California Motivation Project–Mathematics (CAMP–Math), which is a 

part of the larger Math and Science Partnership— Motivation Assessment Program (MSP-MAP) 

funded by the National Science Foundation (NSF). Our sample is drawn from seven middle 

schools that are a part of a large urban unified school district with over 50,000 K-12 students 

enrolled during the 2004-2005 school year (California Department of Education, 2009). Eighth 

grade students were included in the analysis if they met all of the following criteria: (1) student 

was enrolled in a mathematics course that led to taking either the General Mathematics, Algebra, 

or Geometry California Standards Test (CST) in the spring of eighth grade in either the 2004-05 

or 2005-06 school year, and (2) student had valid covariates and affect scores in the fall and 

spring of eighth grade. Our full sample consisted of 4,992 students who took either the General 

Mathematics, Algebra, or Geometry CST in the spring of their eighth grade year in either 2004-

05 or 2005-06. Listwise deletion of students’ missing covariate measures (gender, ethnicity, 

English language learner, or free/reduced lunch status) or affect measures on any of the two 

waves used in the analyses was conducted, resulting in a sample size of 2,398 students. The 

adjusted study sample was approximately 48% of the full sample. T-tests revealed that the 

adjusted study sample did not differ significantly from the full sample on any of the variables 

used in the analyses.  

The sample was fairly evenly split by gender (1,340 males and 1,452 females) with an 

average age of 12.4 years (SD=0.61) for students in the spring of seventh grade. Our analyses 

consisted of Hispanic (70%), Vietnamese (13%), and White (9%) students. Other ethnic groups 

comprised approximately 7% of the sample and were pooled to comprise an “Other” ethnic 

category of reference. Table 3.1 provides a summary of the eighth grade sample used in our 

analyses (N=2,398).  
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Table 3.2 provides descriptive statistics by eighth grade CST taken. Students who took 

the Geometry CST in the spring of their eighth grade year accounted for less than 3.4% of the 

total sample. These students were included in the analyses but were left out of the reported 

results. Based on the associated p-values demonstrating significant differences between groups, 

Table 3.2 shows that selection into Algebra is significantly less male (44% compared with 52%) 

compared with selection into courses that lead students to take the General Mathematics CST. 

There are significantly more White students (12% as compared with 8%), fewer Hispanic 

students (58% as compared with 82%), and more Vietnamese students (21% as compared with 

4%) placed in Algebra compared to those placed in General Mathematics. There are a 

significantly lower proportion of students who were a part of the National School Lunch 

Program (NSLP) (72% as compared with 80%) and who are English language learners (31% as 

compared with 64%) that took the Algebra versus the General Mathematics CST. Students 

placed in Algebra demonstrate significantly higher levels of positive affect and lower levels of 

negative affect in the fall and eighth grade. Students placed in Algebra demonstrate significantly 

higher levels of positive affect, lower levels of negative affect, and higher levels of anxiety in the 

spring and eighth grade.     

Measures  

 Student level affect data was collected in the form of a survey. Trained research assistants 

administered the survey in students’ regular math classrooms. Research assistants informed 

students that the survey was meant for students to confidentially reveal their opinions and beliefs 

about mathematics and had students take paper-and-pencil surveys that took approximately 30 

minutes to complete. Surveys were administered during the fall (approximately four weeks after 

the start of the school year) and spring (approximately four week before the end of the school 
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year) for two consecutive academic years, 2004-05 and 2005-06. Student achievement and 

demographic data were simultaneously collected from the district annual testing records.  

Outcome variable - student affect. Student affect was assessed via questionnaires using 

scales adapted from the PANAS-X Manual for the Positive and Negative Affect Schedule 

(Watson & Clark, 1994). Confirmatory factor analyses of eighth items assessing positive and 

negative valences produced two factors, the first representing positive affect as measured by 

emotions of happiness, enthusiasm, excitement, and interest, and the second representing 

negative affect as measured by bored, irritation, and exhaustion. Items, standardized factor 

loadings, and internal consistencies of the scales are provided in Table 3.3. We used four items 

with high factor loadings on Positive Affect and three items with high factor loadings on 

Negative Affect. Anxiety was measured using one item (“How often do you feel anxious in your 

math class?”) due to its negative loading on Negative Affect. Items were anchored at the 

endpoints and in the middle with the anchors: Never, Sometimes, and Always. The alpha 

coefficients ranging from good to excellent (.71-.79) on all three scales suggest acceptable 

internal consistency and that the items in each affect component are measuring the same 

construct.   

Predictor variable - 8th grade course placement. The change in students’ affect specific 

to eighth grade course placement was estimated using an Algebra course dummy variable in 

regression analyses. Course placement was determined by which CST exam students took (either 

General Mathematics, Algebra, or Geometry) in the spring of eighth grade. This method was 

used because middle schools operated under varying sets of labeled courses making grouping 

across specific course placement difficult. For example, some schools enrolled students into 

either yearlong Algebra 1 or Pre-Algebra, while others enrolled students into either yearlong 
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eighth grade Algebra (i.e. called Algebra 1p) or a two-year Algebra sequence (i.e. Algebra 1a 

and Algebra 1b). Students in Pre-Algebra or Algebra 1a were essentially exposed to a year of 

pre-algebra curriculum and were designated to take the General Mathematics CST in the spring 

of eighth grade. Students enrolled in Algebra 1 or Algebra 1p took the Algebra CST. Essentially, 

the exam assigned to each course, regardless of the slight variances in course labels, covered the 

curriculum taught and was therefore used as a true measure of course placement.  

Control variables. Student-level covariates included in our analyses included 

race/ethnicity, gender, seventh grade standardized state math scores, free/reduced lunch status 

(used as a proxy for socioeconomic status), and English Learner (EL) status. Gender was a 

dummy variable, coded 1 for male and 0 for female. Ethnic categories were Hispanic, White, 

Vietnamese, and Other. Participation in the National School Lunch Program (NSLP) was coded 

1 for yes and 0 for no. English learner status was a dummy variable coded 1 for EL and 0 for 

non-EL.  

Model 

 We seek to uncover changes in affect for students enrolled in eighth grade Algebra as 

compared with those selected into eighth grade General Mathematics (a) over the course of 

eighth grade and separately, (b) over the course of ninth grade. The conceptual model views 

motivation as a product of past levels of motivation and other determinants such as prior (7th 

grade) math achievement, English language fluency, free/reduced lunch status (used as a proxy 

for socioeconomic status), gender, and ethnicity. We used a lagged motivation model to help 

control for omitted variable bias. With prior motivation controlled, the analysis amounts to a 

study of changes in motivation across the 1-year period (NICHD ECCRN & Duncan, 2003). 

Thus, to answer (a) we use the eighth grade student study sample to assess the changes in 
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students’ affect over the course of eighth grade by viewing the affect of student i at the end of 

period t as: 

Affectit = β0 + β1Affectit-1 + β2Achit-1 + β3Algit + ∑ β�
��� j 

xXjit-1 + Fδs(i, s) + ei,c                 (1) 

In (1), Affect is a variable that represents students’ positive affect, negative affect, and 

anxiety in their mathematics classrooms during the fall and spring of eighth grade. Affectit and 

Affectit-1 is student i’s motivational response at the spring (t) and the fall (t-1) of eighth grade, 

respectively. Achit-1 is student i’s prior math achievement (seventh grade CST standardized 

score). Algit is a dummy variable for students placed in eighth grade Algebra and β3 is the 

coefficient estimating the association of Algebra enrollment on student affect in comparison with 

peers enrolled in General Mathematics. X’s are covariate characteristics such as gender, 

ethnicity, EL status, cohort, and free/reduced lunch status. Time-invariant school characteristics 

δs(i, s) were controlled for in the analysis with school fixed effects using Stata’s xtreg command 

(StataCorp, 2011). School fixed effects helps to address biases that arise from the non-random 

assignment of students to schools (Carnoy, Kilpatrick, Schmidt, & Shavelson, 2007). This 

adjustment ensures that the estimated links among motivation, achievement, and course 

placement are based solely on within school variation in dependent and independent variables by 

considering each student’s deviation from the mean value of the variable of interest among 

students who share the same school. Observations of students who share a classroom are not 

independent of one another thus we cluster standard errors (ei,c) on classroom identification to 

account for the non-random assignment of students into classrooms. Multilevel modeling using 

Stata’s xtmixed command (StataCorp, 2011) and specifying school identification at Level 2 and 

classroom identification at Level 1 returned the same results, thus including a school fixed effect 

and a clustered standard error on classroom identification was deemed sufficient to account for 
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the nested nature of our data. Lastly, to allow for comparability across the different units of 

measurement of different variables, the regression analysis was based on standardized 

achievement and affect variables. 

The second model used in our analyses is a moderated model, which uses a linear 

interaction between the Algebra course placement dummy and students’ prior standardized math 

achievement score. Here, the affect of student i at the end of period t can be expressed as: 

Affectit = β0 + β1 Affectit-1 + β2Achit-1 + β3Algit + β4Algit × Achit-1 + ∑ β�
��� j 

xXjit-1 + Fδs(i, s) + ei,c  (2) 

In (2), we are interested in whether the association between eighth grade Algebra and 

affect is different for different levels of prior achievement. A significant coefficient (β4) would 

indicate that students scoring one standard deviation below the mean score (referred to as low 

achieving students) and students scoring one standard deviation above the mean (referred to as 

high achieving students) experience changes in affect that differ from the main association (β3) 

experienced by students performing at the mean (referred to as average achieving students).  

Results 

 Table 3.4 presents both the main effects and moderated model standardized estimates of 

the association between Algebra course placement and students’ change in affect over the course 

of eighth grade. Models 1, 2, and 3 show the main effects, indicating that students enrolled in 

Algebra experienced a significant increase in anxiety relative to peers enrolled in General 

Mathematics courses. As shown in Table 3.2 all students, on average, experienced declines in 

anxiety; however, Model 3 shows that students enrolled in Algebra experienced a .12 standard 

deviation (hereafter σ) less of a decline over the course of the year than peers enrolled in General 

Mathematics (e.g. these students experienced greater declines in anxiety than peers in Algebra). 
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Models 4, 5, and 6 show the moderated model estimates of the association of Algebra 

enrollment and students’ affect. In Model 4, the regression coefficient associated with the Algit 

predictor, 0.01, is the association of eighth grade algebra on students’ positive affect when Achit-1 

= 0. A score of 0 corresponds to students achieving at the mean prior to placement in eighth 

grade Algebra because Achit-1 is a standardized prior math score. Therefore, students who 

performed at the mean prior to placement in eighth grade Algebra have, on average, a 0.01σ 

higher level of positive affect relative to peers enrolled in General Mathematics. The significant 

coefficient associated with the interaction term Algit × Achit-1, 0.17, shows that the difference in 

association between eighth grade Algebra and students’ positive affect varies by prior math 

achievement. Students who performed one standard deviation above the mean in their seventh 

grade math assessment, otherwise referred to as high achieving students, experience a 0.18σ 

(0.01 + 0.17 = 0.18) increase in positive affect relative to peers in General Mathematics. Students 

who performed one standard deviation below the mean in their seventh grade mathematics 

assessment, otherwise referred to as low achieving students, experienced a 0.16σ (0.01 + -0.17 = 

-0.16) decrease in positive affect relative to peers in General Mathematics. In summary, 

previously high achieving students placed in Algebra experience a significant increase in positive 

affect while previously low achieving students placed in Algebra experience a significant 

decrease in positive affect as compared to peers placed in General Mathematics courses. Figure 

3.1 presents the trend in positive affect represented by the mean of students’ fall and spring 

positive affect by course placement (Figure 3.1a) as well as the interaction of eighth grade math 

course placement and prior (seventh grade) achievement on eighth grade positive affect (Figure 

3.1b). Although all students in our sample experience declines in positive affect from fall to 
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spring (as shown in Figure 3.1a.) previously high achieving students experienced an increase in 

positive affect relative to peers placed in General Mathematics (as shown in Figure 3.1b.) 

In Model 5, the regression coefficient associated with the Algit predictor, -0.06, is the 

association of eighth grade algebra on students’ negative affect when Achit-1 = 0. Therefore, 

students who performed at the mean prior to placement in eighth grade Algebra have, on 

average, a 0.06σ lower level of negative affect relative to peers enrolled in General Mathematics. 

The significant coefficient associated with the interaction term Algit × Achit-1, -0.14, shows that 

the differences in influences of eighth grade Algebra on students’ negative affect varies as a 

function of prior math achievement. High achieving students, experience a 0.20σ (-0.06 + -0.14 

= -0.20) decrease in negative affect relative to peers in General Mathematics. Conversely, low 

achieving students experience a 0.08σ (-0.06 - -0.14 = 0.08) increase in negative affect relative to 

peers in General Mathematics. In summary, previously high achieving students placed in 

Algebra experience a significant decrease in negative affect while previously low achieving 

students placed in Algebra experience a significant increase in negative affect as compared to 

peers placed in General Mathematics courses. To illustrate this, Figure 3.2 presents the trend in 

negative affect represented by the mean of students’ fall and spring negative affect by course 

placement (Figure 3.2a) as well as the interaction of eighth grade math course placement and 

prior (seventh grade) achievement on eighth grade negative affect (Figure 3.2b). Although all 

students in our sample experience increases in negative affect from fall to spring (as shown in 

Figure 3.2a) previously high achieving students experienced a greater decline in negative affect 

relative to peers placed in General Mathematics (as shown in Figure 3.2b). 

Discussion 
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The current study examined the changes in student affect in their mathematics classrooms 

for students placed in eighth grade Algebra relative to peers placed in General Mathematics over 

the course of eighth. By the spring of eighth grade, findings indicated that all students in our 

study sample, on average, experienced increases in anxiety relative to peers placed in General 

Mathematics courses. Previously high achieving students placed in Algebra, on average, 

experienced an increase in positive affect and a decrease in negative affect as compared with 

peers placed in General Mathematics. Conversely, previously low achieving students 

experienced a decrease in positive affect and an increase in negative affect relative to peers 

placed in eighth grade General Mathematics. Linguistic differences in association with higher 

positive affect and lower negative favored English language learners. Ethnic differences in 

association with positive affect did not favor Hispanic students.  

To our knowledge, our study is the first to reveal information about the association of 

eighth grade Algebra course placement and student affect. All research to date, with the 

exception of Simzar et al. (2013), examining the effects, influences, and associations of Algebra 

course placement on student outcomes has focused on student cognitive and achievement 

outcomes (for review see Stein, Kaufman, Sherman, & Hillen, 2011 and Clotfelter, Ladd, & 

Vigdor, 2012; Domina, Penner, Penner, & Conley, 2014; Domina, 2014; Long, Conger, Iatorola, 

2012; Liang, Heckman, & Abedi, 2012). There is a need in the literature for research that 

examines outcomes such as student affect in mathematics given its situated nature as a precursor 

to the development of student motivation for mathematics. Our study aims to make the first 

contribution in this area.  

Simzar and colleagues (2013) analysis of the association between eighth grade Algebra 

course placement and student motivation for mathematics was assessed by student reported 
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measures of expectancy for success, task value, and achievement goals (mastery, performance 

approach, and performance avoid). Simzar et al. (2013) present findings that characterize an 

overall decline in student motivation, particularly pronounced for previously low achieving 

students, for students placed in eighth grade Algebra as compared with peers placed in General 

Mathematics over the course of eighth grade. The present study presents findings that support 

this work: Students who are not prepared for Algebra, or those that are performing at below 

average levels in seventh grade, and are subsequently placed in eighth grade Algebra experience 

adverse changes in affect during eighth grade. Together, these findings suggest that a matching 

between students and their educational contexts (specifically, through course placement policies) 

be considered to remediate declines in students’ affect (and motivation) for mathematics. We 

suggest that a match between students’ skill sets, competence levels, prior mathematical content 

knowledge, and classroom environment is necessary to alleviate changes in affect that can be 

detrimental to students’ motivation to succeed in and pursue mathematical learning.  

A limitation to this study lies in observation nature of the data collected. Despite 

controlling for prior achievement and affect, our analyses cannot make strong causal statements 

about the effects of course placement. Further, while districts in our study sample were moving 

towards universal eighth grade Algebra enrollment, selection factors were still active even as 

students were increasingly placed in Algebra. However, the district from which our sample was 

taken shows eighth grade Algebra enrollment trends similar to those found nationwide (Domina, 

Penner, Penner, & Conley, 2014), enrolling over 36% of eighth grade students in Algebra or 

higher in 2004-05 and increasing enrollment each year to reach over 84% of eighth grade 

students in Algebra or higher in 2007-08. Our sample showed that approximately 39% of eighth 

grade students were enrolled in Algebra for the eighth grade study sample and that 
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approximately 31% of eighth grade students were enrolled in Algebra for the ninth grade study 

sample. As the district progressively moved towards relaxing selection into algebra students 

were still loosely selected into Algebra based on teacher assigned grades and prior achievement 

in pre-algebra courses.4 Therefore, the findings of this study cannot draw conclusions regarding 

the specifics of various methods for accelerated algebra course placement. Instead our findings 

offer insight into the potential affective consequences of overall mathematics intensification. The 

findings presented here are associational and can be used to inform decisions about the potential 

effects of implementing such types of universal course placement policies on student affect for 

mathematics. These findings serve as an indicator of what would surely be more pronounced 

findings in this direction if this study were replicated under a universal algebra policy.  

An important advantage to the current study is the unique population from which our 

study samples were drawn. The district from which our samples were drawn serves a population 

of minority students of which approximately half are English language learners and most are 

socioeconomically disadvantaged. This sample, generalizable to urban public school districts’ 

students, offers information that can be used to more accurately weigh the potential affect (and 

subsequently, motivational) consequences of intensifying middle school mathematics curriculum 

for minority, disadvantaged, and/or underserved student populations. Indeed, these are the 

students that are most affected by increased rates of Algebra enrollment because traditional 

selection into the course loses its power in preventing these students from being misplaced in a 

course in which they are not ready to take (Loveless, 2008; Williams, Haertel, Kirst, Rosin, & 

Perry, 2011).  

                                                        
4 Information collected from schools regarding eighth grade algebra course placement indicated 

that students’ placement in algebra varied in reliance on pre-algebra course grades, placement 

exams, teacher recommendations, CST scores, parent and/or student requests, and counselor 

judgment. 
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In all, the next steps for educators and policy makers is to examine what can be done to 

remediate a decline in affect amidst recent trends in enrolling greater proportions of students in 

eighth grade Algebra. Despite the fact that the newly adopted Common Core State Standards 

recommends Pre-Algebra in eighth grade, which may lead to the deceleration of eighth grade 

Algebra enrollment trends, many students are misplaced in eighth grade Algebra as a residual 

action surfacing from the past decade’s push towards universal eighth grade Algebra enrollment. 

A solution that can remediate underachieving students negative trend in affect can be found Stein 

and colleagues (2011) review of research assessing the effects and associations of Algebra 

course placement on various student cognitive outcomes. Stein et al. (2011) found that positive 

achievement outcomes were only found under universal algebra policies when instructional time 

was increased. For example, Nomi and Allensworth (2009) found positive effects on student 

achievement under a universal algebra policy in Chicago Public Schools (CPS) after providing a 

“double dose” of algebra to student. The use of  “double dose” algebra requires all students with 

eighth-grade test scores below the national median to enroll in a support algebra course in 

addition to regular algebra in the ninth grade. Perhaps an extended amount of time spent on 

Algebra in the school day for previously low achieving students would benefit students placed in 

Algebra who are suffering from increases in anxiety and negative affect.   

Future research must be conducted in this area to determine how affect changes in 

response to such an accommodations to students. Future directions must work to pair course 

placement policies and accommodations/resources for students who may need these supports to 

succeed in an accelerated environment and connecting these efforts to achievement and student 

motivational outcomes such as affect. Another future direction would be to assess how 

movement away from a universal Algebra policy influences students’ motivation and affect for 
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mathematics. Schools who had reached 100% eighth grade Algebra enrollment and have moved 

away from that enrollment mark since the Common Core’s recommendation of pre-algebra as 

the means for eighth grade content would make for an ideal natural setting to assess the effects of 

course placement on various cognitive and non-cognitive (such as student motivation and affect 

for mathematics) outcomes.  

Conclusion 

Our findings characterize a positive trend in affect changes for high achieving students 

placed in Algebra. This finding supports placing students in eighth grade Algebra if placement in 

the course considers students’ prior mathematics achievement. A negative trend in affect change 

is found for students who enter the course with previous low achievement (an indicator that 

students may not be prepared for Algebra placement). These students experience a decrease in 

positive affect and an increase in negative affect. A negative trend in affect change during the 

developmentally sensitive time of early adolescence can contribute to the downward spiraling 

trend between students and their motivation towards mathematics (Gottfried, Marcoulides, 

Gottfried, Oliver, & Guerin, 2007). Lastly, all students in our study sample, on average, 

experience greater anxiety as compared with peers in General Mathematics courses. Math 

anxiety has been found to more directly relate with students’ math ability perceptions, 

performance expectancies, and value perceptions (Meece, Wigfield, & Eccles, 1990) and 

correlates negatively with both subsequent achievement and motivation in mathematics (Zakaria 

& Nordin, 2008). In terms of components of self-regulated learning, anxiety was found to 

negatively correlate with students’ motivation to learn (interest and effort), elaboration (learning 

strategy, and self regulation; as well as positively with irrelevant thinking (Pekrun, Milfenter, 

Titz, & Perry, 2000). Taken together, these findings suggest that students’ affect in math 
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classrooms varies by course placement and that changes in the emotions that students experience 

within their math classrooms is a function of prior achievement (a proxy for course readiness) 

and appropriate course placement. Maladaptive trends in affect for underachieving students 

placed in Algebra may undermine their motivation for mathematics and subsequent choice to 

pursue advanced math learning as well as their achievement outcomes.  
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Figure 3.1 

Positive affect by 8th grade math course placement and 8th grade math course placement and 

prior (7th grade) math achievement on 8th grade positive affect (N=2,398 students). Note. The 

association between students’ affect in mathematics and eighth grade course placement varies by 

prior (7th grade) math achievement. Figure 3.1b is represents students by eighth grade course 

placement disaggregated for high and low achievers and placed onto the z-score scale. Affect 

and prior math achievement are standardized to permit comparability across variables. Eighth 

grade Algebra course placement is a dummy variable coded 1 for students placed in Algebra and 

0 for students placed in lower-level General Mathematics courses. Unstandardized affect scales 

range from 1 to 5.  
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Figure 3.2 

Negative affect by 8th grade math course placement and 8th grade math course placement and 

prior (7th grade) math achievement on 8th grade negative affect (N=2,398 students). Note. The 

association between students’ affect in mathematics and eighth grade course placement varies by 

prior (7th grade) math achievement. Figure 3.2b is represents students by eighth grade course 

placement disaggregated for high and low achievers and placed onto the z-score scale. Affect 

and prior math achievement are standardized to permit comparability across variables. Eighth 

grade Algebra course placement is a dummy variable coded 1 for students placed in Algebra and 

0 for students placement in lower-level General Mathematics courses. Unstandardized affect 

scales range from 1 to 5.  
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Table 3.1 

Descriptive statistics for 8th grade student study sample (N=2,398 students) 

# Valid obs.  Mean SD Min. Max. 

Gender 

      Male 1,151 0.48 0.5 

 

Race/ethnicity 

      Hispanic 1,679 0.70 0.46 

      White 216 0.09 0.29 

      Vietnamese 312 0.13 0.34 

      Other 168 0.07 0.26 

 

Free/reduced lunch (NSLP) status and English Leaner (EL) status 

      NSLP status 1,846 0.77 0.42 

      EL status 1,199 0.50 0.50 

 

Prior math achievement (CST scaled score) 

      7th grade 2,398 341 59.3 210 600 

 

8th grade math test taken 

      General Math 1,367 0.57 0.50 

      Algebra 959 0.40 0.49 

      Geometry 72 0.03 0.18 

 

8th grade affect, Fall 

      Positive 2,398 2.71 0.95 1 5 

      Negative 2,398 2.99 0.92 1 5 

      Anxiety 2,398 2.44 1.04 1 5 

 

8th grade affect, Spring 

      Positive 2,398 2.52 0.94 1 5 

      Negative 2,398 3.15 0.93 1 5 

      Anxiety 2,398 2.36 1.08 1 5 

Note. Affect scales = 1 – 5; Math scale score range = 150 – 600, 150-256 = Far Below Basic, 

257-299 = Below Basic, 300-349 = Basic, 350-413 = Proficient, 414-600 = Advanced; 

Free/reduced lunch (NSLP) and English Learner (EL) status scale = 0-1 (1 = yes, 0 = no).  
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Table 3.2 

Descriptive statistics for study sample by eighth grade math course placement (N=2,398 

students) 

General Mathematics  Algebra 

obs. mean SD obs. mean SD 

p-value of 

difference 

n 1,362 0.57 955 0.40 0.00 

 

Gender  

        Male 70 0.52 420 0.44 0.00 

Race/ethnicity  

        White 109 0.08 115 0.12 0.00 

        Hispanic 1,117 0.82 554 0.58 0.00 

        Vietnamese 54 0.04 201 0.21 0.00 

        Other 82 0.06 86 0.09 0.00 

Free/reduced lunch (NSLP) and English Learner (EL) status 

        NSLP status 1,090 0.80 688 0.72 0.00 

        EL status 872 0.64 296 0.31 0.00 

Prior math achievement (CST scaled 

score)  

        7th grade 1,362 305 37.0 955 382 46.6 0.00 

8th grade affect, Fall   

      Positive 1,362 2.63 0.95 955 2.81 0.94 0.00 

      Negative 1,362 3.13 0.93 955 2.83 0.89 0.00 

      Anxiety 1,362 2.42 1.07 955 2.46 0.99 0.33 

8th grade affect, Spring  

      Positive 1,362 2.46 0.94 955 2.59 0.92 0.00 

      Negative 1,362 3.25 0.93 955 3.04 0.94 0.00 

      Anxiety 1,362 2.32 1.12 955 2.42 1.02 0.03 

Notes. Descriptive information presented for students enrolled in either General Mathematics or 

Algebra courses in the eighth grade (N=2,317 students). Eighty-one students (3.4% of the study 

sample) were placed in eighth grade Geometry. Motivation scales = 1 – 5; Math scale score 

range = 150 – 600, 150-256 = Far Below Basic, 257-299 = Below Basic, 300-349 = Basic, 350-
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413 = Proficient, 414-600 = Advanced. Prior achievement bins: high achievement = Proficient or 

Advanced; average achievement = Basic; low achievement = Below Basic or Far Below Basic. 
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Table 3.3 

Standardized factor loadings of student survey items for positive affect, negative affect, and 

anxiety.  

Student survey items         λ R2 

Positive affect (α = 0.79) 

How often do you feel happy in your math class?    0.85 0.74  

How often do you feel enthusiastic in your math class?   0.81 0.67  

How often do you feel excited in your math class?    0.86 0.75  

How often do you feel interested in your math class?   0.85 0.73  

Negative Affect (α = 0.71) 

How often do you feel bored in your math class?    0.77 0.60  

How often do you feel irritated in your math class?    0.79 0.62 

How often do you feel exhausted in your math class?   0.82 0.68 

Anxiety           

How often do you feel anxious in your math class? 

 

Note. All standardized factor loadings are significant at p < .001. Results come from the full 

sample of 4,992 students.  Chi-square = 12,213.77, df = 21, p < .001; CFI = 0.96; TLI = 0.94; 

RMSEA = 0.09; SRMR = .04. 

Source: Watson & Clark (1999) 
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Table 3.4 

Standardized regression coefficients predicting students’ affect and anxiety in the spring of 8th 

grade (N=2,398 students) 

 Panel A. Main Effect Panel B. Moderated Model 

 (1) (2) (3) (4) (5) (6) 

 
Positive 

Affect 

Negative 

Affect 
Anxiety 

Positive 

Affect 

Negative 

Affect 
Anxiety 

Algebra  0.02 -0.06 0.12* 0.01 -0.06 0.12* 

 (0.07) (0.06) (0.06) (0.06) (0.06) (0.06) 

Algebra x Prior math 

achievement 
   0.17** -0.14** 0.08 

    (0.06) (0.05) (0.06) 

Controls       

Prior math achievement 0.06* -0.09** -0.03 -0.02 -0.02 -0.06 

 (0.03) (0.03) (0.03) (0.04) (0.04) (0.04) 

Hispanic  -0.18** 0.03 0.02 -0.19** 0.04 0.01 

 (0.07) (0.07) (0.08) (0.07) (0.07) (0.08) 

Vietnamese  -0.14 0.05 0.06 -0.16* 0.07 0.05 

 (0.08) (0.08) (0.09) (0.08) (0.08) (0.09) 

Other -0.18 -0.02 0.02 -0.20* -0.01 0.02 

 (0.10) (0.10) (0.09) (0.10) (0.10) (0.09) 

English Learner     0.18*** -0.17*** 0.06 0.18*** -0.17*** 0.06 

 (0.04) (0.04) (0.05) (0.04) (0.04) (0.05) 

Free/reduced lunch  0.05 0.01 -0.01 0.06 0.00 -0.01 

 (0.04) (0.05) (0.05) (0.04) (0.05) (0.05) 

Male  -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 

 (0.04) (0.04) (0.04) (0.04) (0.04) (0.04) 

Cohort dummy -0.03 -0.23*** -0.07 -0.02 -0.24*** -0.06 

 (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) 

Positive affect, fall 0.52***   0.52***   

 (0.02)   (0.02)   

Negative affect, fall  0.40***   0.40***  

  (0.02)   (0.02)  

Anxiety, fall   0.30***   0.30*** 

   (0.02)   (0.02) 

Constant 0.06 0.11 -0.02 0.01 0.15 -0.04 

 (0.12) (0.12) (0.11) (0.11) (0.12) (0.11) 

R2 0.31 0.21 0.10 0.32 0.21 0.10 

N 2,398 2,398 2,398 2,398 2,398 2,398 

Note. Standard errors in parentheses; time-invariant school characteristics are controlled in the 

analysis with school “fixed effects”, which amounts to including dummy variables for all but one 
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school (using Stata’s xtreg command). Algebra indicates student math course placement in 8th 

grade and is in reference to the base category consisting of eighth grade students enrolled in 

General Mathematics. Controls are in reference to White, Female, English Only (EO), and non 

National School Lunch Program (NSLP) participants. * p < 0.05, ** p < 0.01, *** p < 0.00 
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CHAPTER 4 

Study 3: Adolescent Student Affect in Middle School Mathematics Classrooms and 

Mathematics Achievement 

 

Students experience a variety of emotions within academic learning contexts. These 

emotions arise—among other academic based endeavors—while students attend class, do 

homework, expend effort towards learning tasks, and take tests. These emotions collectively 

characterize students’ feelings about learning and play an activating role in developing students’ 

motivational engagement and adaptive functioning in learning environments (Izard, Stark, 

Trentacosta, & Schultz, 2008; Pekrun & Linnenbrink-Garcia, 2012). In the past decade of 

research alone, emotions experienced in academic contexts have been recognized as having 

critical importance for students’ learning, achievement, personality development, and health 

(Efklides & Volet, 2005; Linnenbrink, 2006; Linnenbrink-Garcia & Pekrun, 2011, Schutz & 

Pekrun, 2007). These findings have contributed to the recognition that students’ emotions are 

central to achievement endeavors and contemporary research agendas include the goal of 

understanding students’ emotions in real-world academic settings and how they shape underlying 

cognitive processing (Pekrun & Linnenbrink-Garcia, 2012).  

Emotions are defined as multifaceted phenomena involving coordinated psychological 

processes, including affective, cognitive, physiological, motivational, and expressive 

components (Kleinginna & Kleinginna, 1981; Scherer, 2000). A student’s anxiety upon entering 

an Algebra classroom, for example, can be comprised of nervous, anxious feelings (affective); 

worries about inability to successfully engage in algebraic learning tasks (cognitive); increased 

heart rate or sweating (physiological); urges to flee the situation (motivational); and a tense facial 

expression (expressive). In emotion research different emotions are often grouped in more 

general constructs of affect in which a collection variables representing positive or negative 
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emotions are used (Pekrun & Linnenbrink-Garcia, 2012). In this scheme positive affect denotes 

various positive emotions such as happiness, excitement, and enthusiasm and negative affect 

denotes various negative emotions such as boredom, irritation, and exhaustion. In experimental 

mood studies, for example, there exists a preponderance of research that compares the effects of 

positive versus negative affect on physiological functioning without further distinguishing 

between the different emotions used to characterize each (for review see Pekrun & Linnenbrink-

Garcia, 2012). In line with this, we consider emotion in general constructs of positive or negative 

affect with the exception of anxiety (reasons for which are later discussed in further detail).  

Given the importance students’ emotions hold for cognitive processes that contribute to 

learning—such as perception, attention, social judgment, cognitive problem-solving, decision 

making, and memory processes (Clore & Huntsinger, 2007, 2009; Loewenstein & Lerner, 2003; 

Parrott & Spackman, 2000)—it is surprising that few studies have examined the direct relation 

between students’ emotions and academic achievement (for review see Valiente, Swanson, & 

Eisenberg, 2012). The studies that have focused on emotion and achievement largely rely on 

anxiety, with little attention devoted to other emotions (Pekrun & Linnenbrink-Garcia, 2012; 

Valiente et al., 2012). The most common finding on emotion and achievement-related outcomes 

are negative associations between anxiety and school outcomes such as test performance, course 

grades, and high school completion (Duchesne, Vitaro, Larose, & Tremblay, 2008). The present 

study attempts to make a contribution in this area by examining the relation between students’ 

affect (positive and negative) and anxiety in mathematics classrooms and subsequent 

mathematics achievement.  

We consider emotion and affect as it emerges during students’ engagement in 

mathematics tasks to ask whether adolescent students’ affect predicts subsequent mathematics 
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achievement. Specifically, this study attempts to clarify the relationship between changes in 

student affect in middle school mathematics classrooms and changes in student standardized 

mathematics test scores for two cohorts of eighth grade students in an urban California public 

school district. We seek to uniquely contribute to the understanding of the direct relation 

between affect and achievement in two ways. First, we measure achievement directly using 

standardized achievement scores from the California Standards Test (CST)—an exam that 

measures the performance of students in relation with the state’s content standards.5 By contrast, 

earlier studies have relied heavily on indirect measures of student achievement, such as effort, 

grades, grade point average (GPA), and/or high school achievement (e.g. Duchesne et al., 2008; 

Gumora & Arsenio, 2002; Supplee, Shaw, Hailstones, & Hartman, 2004; Zhou, Main, & Wang, 

2010; Pekrun, Elliot, & Maier, 2006). Second, we study the relationship between affect and 

achievement longitudinally by using three waves of emotion and achievement data gathered over 

two years. In the absence of experimental data—a dilemma commonly found in studying 

psychological phenomena within educational settings—it is impossible to make causal claims 

about the effects of affect and emotion student achievement. However, we measure changes in 

student affect in relation to achievement to provide estimates of the effects of achievement that 

are less bias than that of earlier cross-sectional real-world studies. To the best of our knowledge, 

this study makes a first time contribution in this area as all research to date focusing on the direct 

relation between student affect in educational settings and achievement has been associational in 

nature (for review see Valiente et al, 2012).  

Literature Review 

                                                        
5 The California Standards Test (CST) was implemented annually until it expired in July 2014. 

California then replaced the CST with the California Assessment of Student Performance and 

Progress—a more in-depth exam implemented in 2015 following the new Common Core State 

Standards.  
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Affect and Academic Achievement 

 Though there is a preponderance of research focusing on the mediating factors by which 

students’ academic emotions affect achievement outcomes, relatively little research has focused 

on how affect relates directly to achievement outcome, with the exception of test anxiety 

(Zeidner, 2007). Of consequence, the most common findings on emotions and achievement are 

negative associations between anxiety and school outcomes such as test performance, course 

grades, and/or high school completion (Duchesne et al., 2008; Seipp, 1991). Findings regarding 

anxiety conclude that this achievement emotion impairs performance and correlates negatively 

with achievement across age groups and academic domains (Hembree, 1988; Meece, Wigfield, 

& Eccles, 1990; Pekrun, 1992a; Zeidner, 1998). Specifically, anxiety has been found to impair 

performance on difficult or complex tasks that demand cognitive resources—whereas 

performance on less difficult, less complex, and repetitive tasks may not decline or is even 

improved (Hembree, 1998; Zeidner, 2007). For example, research on test anxiety has shown that 

high-anxious students worry about how well they are doing and therefore, instead of giving full 

concentration to the task, they divide their attention between the task and thoughts about 

evaluation and negative personal attributions (Turner, Thorpe, & Meyer, 1998; Wigfield & 

Eccles, 1989). In this sense, anxiety impairs memory and test performance in these students.  

Anxiety and Achievement in Mathematics. With respect to the domain of mathematics, 

math anxiety specifically has been recognized as an impediment to math achievement (Beilock, 

Gunderson, Ramirez, & Levine, 2010; National Mathematics Advisory Panel, 2008)—oftentimes 

reducing working memory spans leading to an increase in reaction times and subsequent errors 

(Ashcraft & Kirk, 2001). Thus, students with high math anxiety perform more poorly than their 

abilities would suggest because math anxiety is not simply a proxy for poor math ability—rather 
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the fears that anxiety induce prevents students from using the math knowledge they possess 

(Beilock et al., 2010). In all, anxiety is likely to have deleterious effects in many students’ 

achievement outcomes; however the scarce longitudinal evidence available suggests that test 

anxiety and students’ achievement may be linked by reciprocal causation across school years 

(Meece, Wigfield, & Eccles, 1990; Pekrun, 1992b). There is a need for longitudinal evidence 

linking anxiety with achievement outcomes and vice versa.  

Broader measures of negative affect have been found to negatively relate to students’ 

GPA and achievement scores (Gumora & Arsenio, 2002). For example, emotions that typically 

exemplify negative affect such as anger, shame, boredom, and hopelessness have been found to 

correlate negatively with performance (Boekaerts, 1993; Linnenbrink, Ryan, & Pintrich, 1999; 

Pekrun, Goetz, Titz, & Perry, 2002a; Pekrun, Goetz, Perry, Kramer, & Hochstadt, 2004, Pekrun, 

Elliot, & Maier, 2009)—although attempts to replicate some of these results using different 

measures have not always returned significant associations (e.g., Supplee et al., 2004; Pekrun et 

al., 2006; Zhou et al., 2010).  

Negative Affect and Achievement in Mathematics. There is a prevalence of research 

that has investigated general measures of negative affect and various outcomes (achievement 

included, but focused on relatively less than other constructs of motivation and cognition) 

situated in mathematics classrooms. There are several reasons for this. First, the culture of 

mathematics classrooms is distinct in that there is an emphasis placed on performing well, in turn 

instigating more salient student goals, beliefs, and feelings about engagement, performance, and 

achievement in mathematics (Turner et al., 1998). The increased salience in these constructs in 

mathematics classrooms makes it an attractive space for studying educational psychological 

phenomena. Second, students have been thought to be more fearful of making mistakes in 
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mathematics because of the traditional emphasis on right and wrong answers—a belief that is 

reinforced in more traditional math instruction emphasizing speed of calculation or retrieval 

rather than reflective problem solving (Carr, 1996; Lampert, 1990). Given this prominence 

students are more likely to experience a variety of achievement emotions that are typically used 

in general measurements of negative affect. For example, a student might worry more about their 

ability in mathematics or might be shame when answering a problem incorrectly. As a result, a 

preponderance of the research investigates the relations between negative affect and motivation, 

learning, performance, and achievement utilizes in mathematics classrooms (e.g., Debellis, 1998; 

DeBellis & Goldin, 1997; Goldin, 1998, 2000; McLeod, 1992, 1994; Pekrun et al., 2006; Vinner, 

1997). There is a consensus in the literature that various forms of negative affect relate 

negatively with learning and achievement in mathematics.  

There is limited evidence characterizing the direct relation between positive affect and 

academic achievement, which may be due, in part, to the finding that positive emotions are more 

difficult to observe and differentiate than negative emotions (Ellsworth & Smith, 1988). Positive 

emotions, unlike negative emotions, have no unique facial signatures and produce less 

distinguishable autonomic responses, which limits available measurement mechanisms (Ekman, 

1993; Levenson, Ekman, & Friesen, 1990).  Self-reported emotions may be an untapped way to 

measure student positive emotions as self-reports bypass the need for an external observer 

relying on gathering visual cues that indicate emotion. In this study, I attempt to utilize self-

report as a measurement tool in hopes of better capturing positive and negative affect as it 

emerges during participation in middle school mathematics classrooms.  

The few studies that do link positive affect to achievement have found that longer-term 

effective states of joy, hope, and pride correlate positively with overall achievement (Pekrun et 
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al., 2002a; Pekrun et al., 2004). Enjoyment of learning specifically has been consistently 

observed to correlate positively with performance (Frenzel, Thrash, Pekrun, & Goetz, 2007; 

Goetz, Frenzel, Pekrun, Hall, & Ludtke, 2007; Pekrun et al., 2002a, 2002b). However, some of 

the relations found between positive affect and achievement have been inconsistent depending on 

which positive emotions are used to characterize positive affect (Linnenbrink, 2007). For 

example, high-arousal positive emotions such as excitement, exuberance, or elatedness may 

detract from achievement due to the associations between highly activating emotions and low 

effortful control (Kochanska, Murray, & Harlan, 2000) and problem behaviors (Dennis, Hong, 

Solomon, 2010; Stifter, Putnam, & Jahromi, 2008). Others have found null relations between 

activating positive emotions and achievement (Linnenbrink, 2007; Pekrun, Elliot, & Maier, 

2009). Other emotions, such as the enjoyment of learning (happiness), on the other hand, have 

been found to correlate positively with K-12 and college students’ academic performance 

(Helmke, 1993; Pekrun et al., 2002a, 2002b). Exploratory factor analysis revealed that, for our 

sample, all four items assessing positive affect (happiness, excitement, interest, and enthusiasm) 

loaded on one factor, thus we examine one general construct of positive affect for the scope of 

this study.   

Positive Affect and Achievement in Mathematics. Specific to the domain of 

mathematics, Bryan and Bryan (1991) found that positive mood induction had a significantly 

facilitative effect on math performance suggesting that positive affect could facilitate 

adolescents’ willingness to take charge of their learning and thereby increase favorable 

performance outcomes. Following suit, Fredrickson (2001) suggested that positive emotions 

enhance academic competence because they encourage exploring and broadening potential 

methods of problem solving.  
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 Research Questions and Hypotheses 

 Positive emotions facilitate approach-related activities that likely provide academic 

benefits as students move towards a particular goal (Davidson, Jackson, & Kalin, 2000; Rothbart 

& Bates, 2006). In line with this, and the above review of related research suggesting a positive 

correlation between students’ positive affect and achievement, we hypothesize that increases in 

student reported positive affect will relate significantly with increases in standardized test 

achievement in mathematics (H1). In line with selected findings that negative affect relates 

negatively with achievement (Gumora & Arsenio, 2002 Boekaerts, 1993; Linnenbrink et al., 

1999; Pekrun et al., 2002a; Pekrun et al., 2004), we expect that student reported increases in 

negative affect would relate negatively with achievement (H2) since we characterize affect with 

emotions such as irritation, boredom, and exhaustion. These achievement emotions are often 

considered deactivating negative emotions that exemplify a dimension of achievement emotions 

described as causing physiologically deactivating states (Pekrun, 2006; Pekrun & Linnenbrink-

Garcia, 2012). These deactivating negative emotions, such as boredom, are hypothesized to 

negatively impair performance by reducing cognitive resources, undermining both intrinsic and 

extrinsic motivation, and encouraging superficial information processing (Pekrun, 2006). Lastly, 

the predominance of findings that anxiety correlates negatively with a variety of school 

outcomes related to achievement (Beilock et al., 2010; Duchesne et al., 2008; Hembree, 1988; 

Meece et al., 1990; Pekrun, 1992a; Seipp, 1991) informs our expectation that increases in anxiety 

will relate negatively with achievement (H3). 

Methods 

Sample  
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The data are from the California Motivation Project–Mathematics (CAMP–Math), which 

is a part of the larger Math and Science Partnership— Motivation Assessment Program (MSP-

MAP) funded by the National Science Foundation (NSF). The purpose of CAMP-Math is to 

study the role of motivation-related beliefs in students’ achievement in mathematics and science 

(Conley, 2007). Our sample is drawn from seven middle schools that are a part of a large urban 

unified school district with over 50,000 K-12 students enrolled during the time of data collection 

(California Department of Education, 2009). Over half of the students in this district are Hispanic 

(52%) and about a third of the students are of Asian/Pacific Islander/Filipino (31%) descent. Of 

the Asian/Pacific Islander/Filipino students, nearly all are of Vietnamese background. White 

students are a minority consisting of approximately 16% of the sample. Approximately 47% of 

the district’s students are English Language Learners (ELLs) and approximately 61% of the 

district student body participates in the National School Lunch Program (NSLP), which provides 

free or reduced-priced meals for low-income students. 

Students were included in the analysis if they met all of the following criteria: (1) student 

was in seventh or eighth grade in the 2004-05 school year, (2) student took either the General 

Mathematics, Algebra, or Geometry California Standards Test (CST) in the spring of their eighth 

grade year, (3) student had valid mathematics test scores in the both spring of 2004 and 2006, 

and (4) student had at least one valid score on each affect measure. Our full sample consisted of 

4,992 seventh and eighth grade students who took either the General Math, Algebra, or 

Geometry CST in the spring of eighth grade. After filtering by valid math scores and conducting 

list wise deletion of students’ missing covariate measures (gender, ethnicity, English language 

learner, or free lunch status) or affect measures on any of the two waves used in the analyses, we 

were left with 2,952 students, which is approximately 59% of the total sample. T-tests between 
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the final sample and the eliminated sample with missing data revealed that the two groups 

differed significantly on the three wave average of positive affect and negative affect. The study 

sample also significantly differed from the full sample on the proportion of students who were 

White, Vietnamese, qualified for free or reduced lunch (as measured by participation in the 

National School Lunch Program), and were English language learners.  

The remaining eighth grade sample was fairly evenly split by gender (1,446 males and 

1,506 females) with an average age of 12.6 years (SD=0.65) for students in the spring of seventh 

grade. Our analyses consisted of Hispanic (68%), Vietnamese (18%), and White (8%) students. 

Other ethnic groups comprised approximately 6% of the sample and were pooled to comprise an 

“Other” ethnic category of reference.  Table 4.1 provides a summary of the study sample used in 

our analyses (N=2,952).  

Measures  

 Students’ reported on their achievement emotions in the form of a survey taken in their 

regular math classrooms administered by trained research assistants. Research assistants 

informed students that the survey was meant for students to confidentially reveal their opinions 

and beliefs about mathematics. Students took the paper-and-pencil survey that took 

approximately 30 minutes to complete. Surveys were administered during the fall (approximately 

four weeks after the start of the school year) and spring (approximately four week before the end 

of the school year) for two consecutive years, 2004-05 and 2005-06. Student demographic and 

achievement data were simultaneously collected from the district testing records.  

Outcome variable - Student achievement. Student achievement is measured as 

students’ performance on the California Standards Test (CST). As one of four components of the 

Standardized Testing and Reporting (STAR) Program, the CSTs were first administered in 2003 



 

157 

to all students in grades two through eleven (California Department of Education, 2005). The 

CSTs are multiple-choice exams given in selected subject areas (English language arts, 

mathematics, social science, and science). The primary purpose of the CSTs is to measure 

students’ performance in relation to the California content standards. The present study focuses 

on eighth grade mathematics CSTs in which students take the CST mathematics subject test 

corresponding to their enrolled math course.6 For example, a student enrolled in Algebra would 

take the Algebra CST because of their alignment with the general content of a student's math 

course. Other possible CST mathematics subject exams for eighth grade students include General 

Mathematics, Geometry, or Algebra 2. Students’ scores place them into advanced, proficient, 

basic, below basic, or far below basic categories dependent on a scale from 150 to 600. The 

CSTs have played a major role in California’s accountability system and are often considered to 

be of higher stakes for schools, administrators, and teachers—as compared with students—

because of its usage for calculating the Academic Performance Index (API, California State 

Department of Education, 2006). The API serves as a public measure to demonstrate a school’s 

progress and is used to rank all public schools in California. Districts also use this measure to 

determine a school’s eligibility for funding and the continual employment of educators, 

administrators, and staff based on this measure (Fast et. al, 2010).7   

Predictor variable - Student affect. Student affect was assessed via questionnaires 

using scales adapted from the PANAS-X Manual for the Positive and Negative Affect Schedule 

                                                        
6 Though course dummies are included in the regression analyses as covariates in an effort to 

control for which CST mathematics exams students took (General Math, Algebra, or Geometry), 

the use of this achievement measure relies of two assumptions. First, this measure relies on the 

assumption that the tests are scaled in an equivalent fashion and second, that the association 

between emotional states and achievement doesn’t vary across test. Opposing views of either of 

these assumptions can be seen as a limitation to the use of this measure.   
7As California moves to the Common Core new measures are being tested and implemented, 

therefore the CST was last implemented for the final time in 2013 (CA Dept of Education, 2014). 
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(Watson & Clark, 1994). Confirmatory factor analyses of eight items assessing positive and 

negative valences produced two factors, the first representing positive affect as measured by 

emotions of happiness, enthusiasm, excitement, and interest, and the second representing 

negative affect as measured by bored, irritation, and exhaustion. Items, standardized factor 

loadings, and internal consistencies of the scales are provided in Table 4.2. We used four items 

with high factor loadings on Positive Affect and three items with high factor loadings on 

Negative Affect. Anxiety was measured using one item (“How often do you feel anxious in your 

math class?”) and examined independently due to its negative loading on the Negative Affect 

factor. Items were anchored at the endpoints and in the middle with the anchors: Never, 

Sometimes, and Always. The alpha coefficients ranging from good to excellent (.69-.78) on all 

three scales suggest acceptable internal consistency and that the items in each affect component 

are measuring the same construct.   

Control variables. Student-level covariates included in our analyses included 

race/ethnicity, gender, seventh grade standardized state math scores, free/reduced lunch status 

(used as a proxy for socioeconomic status), and English Learner (EL) status. Gender was a 

dummy variable, coded 1 for male and 0 for female. Ethnic categories were Hispanic, White, 

Vietnamese, and Other and were dummy coded 1 if the student belonged the to respective ethnic 

group and 0 if they did not. Participation in the National School Lunch Program (NSLP) was 

coded 1 for yes and 0 for no. English learner status was a dummy variable coded 1 for EL and 0 

for non-EL.  

Model 

 We seek to determine whether students’ positive affect, negative affect, and anxiety in 

their mathematics classrooms predict mathematics achievement among adolescent students. The 
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conceptual model of our empirical analysis views mathematics achievement as a product of past 

levels of student affect and emotion as well as other contemporary determinants such as prior 

achievement, English language fluency, socioeconomic status, gender, and ethnicity. Our data 

allows us to utilize two school periods: 2004-2005 and 2005-2006 hereafter referred to as school 

periods 1 and 2, respectively. We view the achievement of student i at the end of period 1 as: 

Ach1i = �1 + β1∑
����1i + �1Zi+ e1i                            (1) 

In (1), Affect is a variable that represents either student’s positive, negative, or anxiety 

related feelings in their mathematics classrooms during the fall and spring of either their seventh 

or eighth grade year. The ∑
����1 represents the average level of affect or emotion across 

period 1 and Z is a collection of covariates such as prior math achievement, gender, ethnicity, EL 

status, cohort, NSLP status, and type of math test taken in eighth grade, which serves as a proxy 

for which class students were placed in during eighth grade—General Mathematics (usually 

characterized by Pre-Algebra courses), Algebra, or Geometry. The cross-sectional nature in (1), 

however, returns a biased coefficient (β1) that fails to account for the immeasurable 

characteristics such as peer interactions and family influences (to name a few) that may account 

for a considerable portion of the variation in students’ achievement measured at the end of period 

1. The correlation of these components with students’ affect or emotion and achievement is what 

prompted the development of a residualized change model in which time-invariant 

characteristics are differenced out. Because we have a second period of achievement measured at 

a later point, period 2, we can estimate a second model of achievement: 

Ach2i = �2 + β1[∑
����1i + ∑
����2i] + �1Zi+ e2i                  (2)   

 In (2), achievement is measured as a product of student’s affect or emotion in the spring 

of 2005 and 2006 (period 1 and 2, respectively), relaying a model that considers both relatively 
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new and previous levels of affect or emotions. Again, Z is a collection of covariates such as prior 

math achievement, gender, ethnicity, EL status, cohort, NSLP status, and type of math test taken 

in eighth grade, which serves as a proxy for which class students were placed in during eighth 

grade—General Mathematics (usually characterized by Pre-Algebra courses), Algebra, or 

Geometry. Subtracting (1) from (2) yields:  

ΔAchi = Δ� + β1∑
����2i + Δe2i                    (3) 

 In (3), “Δ” denotes the changes that result from subtracting (1) from (2) and represents 

the change in students’ achievement between 2005 and 2006 (periods 1 and 2, respectively) that 

are a product of average levels of affect across period 2. Essentially, the measurable (and 

immeasurable) influences of Z on achievement are differenced out, yielding an estimate of the 

effect of affect on achievement that is considerably less biased than the cross-sectional model 

presented in equation (1). Equation (3) is estimated by using the achievement measure in the 

spring of 2006 (period 2) as the dependent variable and the achievement measure in the spring of 

2005 as the predictor variable and returns a coefficient β1 that is interpreted as relating average 

affect or emotions levels during 2005-2006 (period 2) to achievement changes between the ends 

of periods 1 and 2.  

If we consider the end of 2004-2005 and 2005-2006 school years as period 2 and the 

prior school years as period 1 then we can regress students’ spring 2006 mathematics 

achievement on 3-wave averages of affect or emotion, baseline spring 2004 mathematics 

achievement, a set of demographic controls, and the type of math test taken. This essentially 

results in a lagged dependent variable model in which the later outcome assessment is used as the 

dependent variable and the early assessment becomes the explanatory variable, which helps to 
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adjust for observed and time-invariant unobserved selection factors (NICHD & Duncan, 2003; 

Keys et al., 2011).  

We also control for both measurable and unmeasurable differences across classroom by 

including a classroom fixed effect, which amounts to including a dummy variable per classroom 

in our regression models. This helps to adjust for the time-invariant classroom characteristics that 

increase biases that arise from the non-random assignment of students to classrooms and ensures 

that the estimated links among affect and achievement are based solely on within classroom 

variation in dependent and independent variables by considering each student’s deviation from 

the mean value of the variable of interest among students who share the same classroom 

(Schneider, Carnoy, Schmidt, & Shavelson, 2007). Ultimately, the focus on within classroom 

variation removes the need for multilevel modeling; however, multilevel models using Stata’s 

xtmixed command was conducted as a robustness check (and returned the same results). Lastly, 

to allow for comparability across the different units of measurement of different variables, the 

regression analysis was based on achievement and affect variables that were standardized against 

the study sample.8  

As a further robustness check, we also ran a simple change model in which we subtracted 

period 1 achievement from period 2 achievement. The simple change model resulted in nearly 

identical associations between affect and achievement as found in the residualized change model, 

which supports the validity of our findings.  

Results  

 Table 4.3 presents correlations among variables of interest in our study. Correlations 

among variables for the total sample showed that positive affect was negatively correlated with 

                                                        
8 The individual affect scales were standardized before taking the average of the three waves.  
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negative affect (r = -.61) and positively correlated with anxiety (r = .37) at a significant p < 

0.001 level. Anxiety correlates negatively (r = -.05) with negative affect at a significant p < 0.01 

level. The correlations between mathematics achievement in 2006 (our dependent variable) and 

positive and negative affect support the hypotheses presented in this study and previous research 

examining the correlations between positive affect and achievement (Helmke, 1992; 

Linnenbrink, 2007; Pekrun et al, 2004; Pekrun et al., 2009) and negative affect and achievement 

(Boekaerts, 1993; Gumora & Arsenio, 2002; Linnenbrink et al., 1999; Pekrun et al., 2002a; 

Pekrun et al., 2004). Positive affect is positively correlated with achievement (r = .13) at a 

significant p < 0.001 level and negative affect is negatively correlated with achievement (r = -

.18) at a significant p < 0.001 level. Interestingly, anxiety does not significantly correlation with 

achievement (r = .02) with serves as an indicator of evidence against our hypothesis H3. 

However, this finding is in line with the acknowledgement that zero and positive correlations 

have sometimes been found suggesting that anxiety can exert ambiguous, possibly curvilinear, 

effects on achievement (Pekrun & Linnenbrink-Garcia, 2012).910  

Table 4.4 presents the regression results for students’ affect and emotion predicting 

mathematics achievement. Models 1, 2, and 3 report the regression coefficients of the relation 

between positive affect, negative affect, and anxiety—each regressed separately onto 

achievement, net of contemporary controls (listed and described in the model and measures 

                                                        
9 To further investigate the possibility of a curvilinear relationship between anxiety and 

achievement, a squared anxiety term was added to the regression analyses reported in Table 4. 

However, we did not find a significant relationship between the upper degree terms of anxiety 

and achievement in these models.  
10 Anxiety significantly and positively correlated with positive affect (r = .37, p < 0.001), an 

association driven by the high correlation found between the measure of excitement (a 

component of positive affect) and anxiety. This finding is in line with previous work noting the 

high correlation between activating emotions (both positive and negative) and anxiety (see 

Pekrun et al., 2012).  
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section) and a classroom fixed effect. Because all of the variables are standardized the 

coefficients presented represent a measure of effect size and are discussed as such. Model 1 

shows the regression coefficients estimating the relation between positive affect and 

achievement. Model 1 shows that a one standard deviation increase in positive affect was 

associated with a significant 0.04 standard deviation (hereafter σ) increase in achievement (p < 

0.01). This direct effect echoes the significant positive correlation between positive affect and 

achievement reported in Table 3. The regression coefficients estimating the relation between 

negative affect and achievement are reported in Model 2—as such, this model indicates that a 

one-σ increase in negative affect was associated with a significant 0.06σ decrease in achievement 

(p < 0.001). Again, this coefficient echoes the significant negative correlation reported in Table 

3. Model 3 reports the regression coefficients estimating the relation between anxiety and 

achievement. Model 3 indicates that there is not a significant relation between anxiety and 

achievement (d=0.00). The insignificant correlation reported in Table 3 suggests a slightly 

positive association between anxiety and achievement. These relations (or lack thereof) suggest 

that a linear model may not be appropriate in identifying the relation between anxiety and 

achievement. This prompted an examination of a higher degree polynomial relating anxiety to 

achievement better fit the data in a curvilinear fashion. However, significant results were not 

found when testing this relation and are thus, not reported in Table 4.4.  

Model 5 includes positive affect, negative affect, and anxiety along with the full set of 

contemporary controls listed and described in the model and measures section as well as a 

classroom fixed effect to estimate the relation between positive affect, negative affect, and 

anxiety and student achievement. In this model the size of the coefficient for positive affect fell 

to an insignificant 0.01. The size of the coefficient for negative affect fell as well, but maintained 
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predictive significance at the p < 0.001 level. Here, a one-σ increase in negative affect was 

associated with a significant 0.05σ decrease in achievement (p < 0.001), net of positive affect 

and anxiety.  

Discussion 

 Study results suggest a positive relation between positive affect (happiness, excitement, 

enthusiasm, and interest) and mathematics achievement—a finding in support of our hypothesis 

(H1) that posited a positive relation between positive affect and standardized mathematics 

achievement. This finding is consistent with the majority of studies examining positive affect and 

achievement (Bryan & Bryan, 1991; Frenzel, Thrash, Pekrun, & Goetz, 2007; Goetz, Frenzel, 

Pekrun, Hall, & Ludtke, 2007; Helmke, 1993; Hendrickson, 2001; Pekrun et al., 2004 Pekrun et 

al., 2002a, 2002b). However, study results suggest a null unique relation between positive affect 

and mathematics achievement net of negative affect and anxiety. In the fully controlled model, 

positive affect did not significantly predict achievement—a finding in support of a minority of 

studies that found null relations between positive affect and student achievement (Linnenbrink, 

2007; Pekrun et al., 2009). The uniqueness of our methods and diversity of our sample may offer 

reasons why the positive relation between positive affect and achievement was not found when 

controlling for student’s negative affect and anxiety. While other studies have primarily focused 

on White students, the current study sample was composed primarily of Hispanic and 

Vietnamese students. Cultural difference for the students belonging to these minority groups may 

explain this finding suggesting more research be conducted examining the interactions between 

ethnicity and affect. For example, researchers examining the role of cognition, motivation, and 

emotion in explaining the mathematics achievement gap between Hispanic and White students 

have found Hispanic students are more influenced by nonability factors when developing 
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efficacy beliefs about mathematics (Stevens, Olivarez, & Hammons, 2006; Stevens, Olivarez, 

Lan, & Tallent-Runnels, 2004). Specifically, Hispanic students were found to be at a 

disadvantage in the associations of mediating affective factors affecting the development of 

mathematics efficacy—efficacy being the strongest predictor of mathematics performance for the 

Hispanic subgroup controlling for general mental ability (Stevens et al., 2006). These minority 

students were more prone to experiencing anxiety and other negative affective states that did not 

predict the development of mathematics efficacy. Given that our study sample is 68% Hispanic, 

it could be that negative affect impacts their achievement to a greater extent than peers in other 

ethnicity groups (pointedly, students that are White). Given the prior research identifying the 

ways in which motivation, cognition, and emotion operate differently in the classroom for 

minority students it seems a plausible future direction to investigate the interactions between 

ethnic minority groups, achievement emotions, and mathematics achievement. Another finer 

grained approach would be to investigate how affect operates differently for ethnic minority 

groups based on the mediating model examining the achievement emotions that contribute to the 

development of mathematics self efficacy, which in turn contributes to mathematics achievement 

as examined by Stevens and colleagues (2004, 2006).   

 Also unique to the present study is the measure of mathematics achievement used. The 

present study uses an achievement measure that is aligned with course content standards and 

available across multiple years. One view of this highlights the more fine-grained measure of 

achievement than previously used by other studies as a strength—specifically in comparison with 

the aforementioned outcomes variables such as GPA, teacher reported grades, high school 

completion, and so on). However, it can also be argued that this measure is less representative of 

what is being learned in the classroom—as is the common criticism of standardized testing. 
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Because of this, this measure is possibly more subject to affective states during testing than 

overall affect averaged over the span of three years. In this sense, results should be interpreted 

with caution. Lastly, the null finding found here and in prior research suggest that the relation 

between positive affect and achievement are likely due not only to the effect of achievement 

emotions on performance, but also to the effect of performance on achievement emotions. For 

example, a students success or failure while engaging in math learning tasks or performing on 

achievement exams can contribute to the development or heightening of either positive or 

negative affective states (or various achievement emotions uniquely) (Pekrun & Linnenbrink-

Garcia, 2012). This hypothesis implies a reciprocal rather than unidirectional relation between 

achievement emotions, affective states, and performance and/or achievement outcomes. Future 

research agendas should include the goals of further understanding this relation.  

 Negative affect, on the other hand, consistently predicted achievement when a full set of 

prior achievement and demographic controls were included. In line with our hypothesis (H2), we 

found that an increase in the composite measure of negative affect (as characterized by boredom, 

exhaustion, and irritation) significantly predicted a decline in performance on a standardized test 

of mathematics knowledge. This finding is consistent with previous research identifying a 

negative relation between negative affect and achievement (Boekaerts, 1993; Gumora & 

Arsenio, 2002; Linnenbrink et al., 1999; Pekrun et al., 2002a; Pekrun et al., 2004). This finding, 

in combination with the preponderance of previous findings linking negative affect negatively 

with achievement, supports one notion that negative emotions interfere with many classroom 

processes—ultimately inhibiting student learning and achievement. Educators should take 

specialized steps towards limiting these emotions during learning tasks. Designing learning tasks 

that minimize boredom, irritation, and/or exhaustion; for example, having students engage in 
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learning tasks that operate within their zone of proximal development (Vygotsky, 1978) may be 

a method for minimizing students’ experiencing negative achievement emotions in mathematics 

classrooms.  

 Lastly, we hypothesized that anxiety would negatively associate with achievement (H3); 

however, we did not find a significant association between anxiety and achievement. Although 

experimental research has found that self-reported anxiety typically accounts for 5-10% of 

variance in students’ achievement scores and that it impairs performance on complex or difficult 

tasks that demand cognitive resources (Hembree, 1988; Zeidner, 1998, 2007), the scarce 

longitudinal evidence available suggests a need for studies that longitudinally test this relation to 

examine whether these findings are robust across school years. Anxiety and student achievement 

are posited to have a reciprocal causation across school years (Meece et al., 1990; Pekrun, 

1992b), which may account for why our longitudinal data and distinct analysis plan did not 

uncover a significantly negative association between anxiety and achievement. Further, the 

investigation of whether anxiety relates curvilinearly with achievement returned insignificant 

results, suggesting that a higher degree model does not fit the data gathered from our study 

sample.  

 The present study contributes to the literature in that, unlike most studies examining the 

relation between affect and/or achievement emotions and achievement, this study includes 

standardized scores of student achievement (rather than aforementioned teacher-assigned grade, 

overall GPAs, high school completion and so on) to investigate the predictive roles of positive 

affect, negative affect, and anxiety on mathematics achievement as assessed with a standardized 

state test. This achievement measure allows us to investigate the direct predictive relation 

between affect and achievement emotions in middle school mathematics classrooms and student 
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mathematics achievement without the subjective biases of teacher or parents reported measures 

such as grades. Further, the present study makes a unique contribution to the literature by 

utilizing longitudinal data to difference out biases that arise from the nature of methods used to 

examine cross-sectional data. Lastly, the study sample used in this study presents two unique 

strengths. First our study sample presents a more ethnically and socio-economically diverse 

setting than the majority of studies examining the relation between affect and achievement (for 

review see Pekrun & Linnenbrink-Garcia, 2012). Second, this study included approximately 

3,000 students—a large sample size resulting in smaller sampling error and estimates that are 

less likely to be influenced by a few unusual cases or missing values (Ragin & Amoroso, 2010).  

 Although we present findings from a diverse sample of students, it is limited to seventh, 

eighth, and ninth grade students from six middle schools within a large, urban California school 

district. A future direction will be to determine if results can be replicated using samples of 

students drawn from demographically similar districts. Another future direction lies in the 

longitudinal nature of our data—a desirable feature for testing mediation. Future efforts should 

identify how student’s motivational beliefs mediate the pathways from affect and/or achievement 

emotions independently to achievement. Future directions can also include the goals of using 

longitudinal data to examine the bidirectional relation between affect and achievement—for 

example, enthusiasm is associated with performing well on a test and this performance may 

associate with enthusiasm, which may further catalyze engagement in learning tasks and 

subsequent achievement gains (Valiente et al., 2012).  

Conclusion 

The emotions students experience in the classroom are predicted to be associated with 

learning and achievement for cognitive, motivational, and interpersonal reasons (Valiente et al., 
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2012). However, the accumulated evidence supporting this is relatively small, thus contemporary 

research agendas include the goal of exploring this relation further and identifying specific 

mechanisms through with these associations occur. The current study attempted to make a 

contribution to the understanding the direct relation between achievement emotions and 

achievement by examining the association between student-reported affect and emotion in 

middle school mathematics classrooms and standardized mathematics achievement. While 

positive affect and negative affect were both significantly correlated with achievement (anxiety 

was not), only negative affect consistently predicted achievement when a full set of covariates 

(prior achievement and demographic controls) and a classroom fixed effects were included. 

Positive affect and anxiety did not significantly predict achievement in the fully controlled 

model.  

Research identifying the relation between affect (and/or achievement emotions 

independently) and achievement is in nascent form and more work is needed to understand the 

nature of direct relations between both affect and individual achievement emotions. These results 

suggest that achievement emotions characterized in general positive or negative valences have 

effects on students’ academic achievement. In this light, educators and policy makers should 

assign particular attention to the emotions experienced by students when engaging in academic 

tasks. If, as suggested by prior research, emotions that characterize positive affect are beneficial 

to student achievement and emotions that characterize negative affect have negative overall 

relations with achievement, as supported by the findings presented in the present study, then 

teachers should pay extra attention to supporting and facilitating positive emotions such as 

happiness, enjoyment, and pride. 
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Table 4.1 

Descriptive statistics for study sample (N=2,952 students) 

# Valid obs.  Mean/% SD Min. Max. 

Gender 

      Male 1,446 49% 0.50 

 

Race/ethnicity 

      Hispanic 2,007 68% 0.47 

      White 236 8% 0.27 

      Vietnamese 531 18% 0.38 

      Other 177 6% 0.24 

 

Free/reduced lunch (NSLP) status and English Leaner (EL) status 

      NSLP status 2.303 78% 0.41 

      EL status 1,506 51% 0.50 

 

Grade-level in 2004-05 

     Grade 7  1,358 46% 0.50   

     Grade 8 1,594 54% 0.50   

 

8th grade math test taken 

      General Math 1,683 57% 0.49 

      Algebra 1,122 38% 0.49 

      Geometry 118 4% 0.20 

 

Affect (three-wave average) 

      Positive 2,952 2.71 0.80 1 5 

      Negative 2,952 3.08 0.75 1 5 

      Anxiety 2,952 2.47 0.80 1 5 

 

Math achievement      

      Math achievement – 2004 2,952 341 59.1 194 600 

      Math achievement – 2006 2,952 335 55.1 185 569 

Note. Affect scales = 1 – 5; Math scale score range = 150 – 600, 150-256 = Far Below Basic, 

257-299 = Below Basic, 350-413 = Proficient, 414-600 = Advanced; Free/reduced lunch (NSLP) 

and English Learner (EL) status scale = 0-1 (1 = yes, 0 = no).  
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Table 4.2 

Standardized factor loadings of student survey items for positive affect, negative affect, and 

anxiety.  

Student survey items         λ R2 

Positive affect (α = 0.78) 

How often do you feel happy in your math class?    0.85 0.74  

How often do you feel enthusiastic in your math class?   0.81 0.67  

How often do you feel excited in your math class?    0.86 0.75  

How often do you feel interested in your math class?   0.85 0.73  

Negative Affect (α = 0.69) 

How often do you feel bored in your math class?    0.77 0.60  

How often do you feel irritated in your math class?    0.79 0.62 

How often do you feel exhausted in your math class?   0.82 0.68 

Anxiety           

How often do you feel anxious in your math class? 

 

Note. The range for scale reliability is reported for four waves of motivation surveys included in 

the study. All standardized factor loadings are significant at p < .001. Results come from the full 

sample of 4,992 students.  Chi-square = 12,213.77, df = 21, p < .001; CFI = 0.96; TLI = 0.94; 

RMSEA = 0.09; SRMR = .04. 

Source: Watson & Clark (1999) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

1
8

0
 

Table 4.3 

Correlations among variables for study sample (N=2,952 students) 

Note. * p < 0.05, ** p < 0.01, *** p < 0.0

 1. 2. 3. 4. 5. 6. 7. 8. 9. 

1. Positive affect  1         

2. Negative affect -0.61*** 1        

3. Anxiety 0.37*** -0.05** 1       

4. Male -0.04* 0.03 -0.04 1      

5. Hispanic -0.07*** 0.07*** -0.02 0.02 1     

6. Vietnamese  0.12*** -0.10*** 0.04* -0.03 -0.68*** 1    

7. White -0.03 0.01 -0.02 0.01 -0.43*** -0.14*** 1   

8. Match achievement 2004 0.10*** -0.18*** -0.01 -0.03 -0.34*** 0.37*** 0.01 1  

9. Math achievement 2006 0.13*** -0.18*** 0.02 0.00 -0.30*** 0.34*** -0.01 0.68*** 1 
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Table 4.4 

Standardized regression results for affect and anxiety predicting mathematics achievement 

(N=2,952 students) 

Dependent variable = 2006 math achievement 

 (1) (2) (3) (4) 

Positive affect  0.04**   0.01 

 (0.01)   (0.02) 

Negative affect  -0.06***  -0.05*** 

  (0.01)  (0.02) 

Anxiety        0.00 0.00 

   (0.01) (0.01) 

Controls     

      Prior math achievement (2004) 0.57*** 0.56*** 0.57*** 0.56*** 

 (0.02) (0.02) (0.02) (0.02) 

      Male 0.03 0.03 0.03 0.03 

 (0.02) (0.02) (0.02) (0.02) 

      Hispanic  0.01 0.00 0.00 0.00 

 (0.05) (0.05) (0.05) (0.05) 

      Vietnamese  0.28*** 0.28*** 0.28*** 0.28*** 

 (0.05) (0.05) (0.05) (0.05) 

      Other 0.12 0.12 0.12 0.12 

 (0.06) (0.06) (0.06) (0.06) 

      Free/reduced lunch status  -0.01 -0.01 -0.00 -0.01 

 (0.03) (0.03) (0.03) (0.03) 

      English Learner status -0.02 -0.02 -0.01 -0.02 

 (0.03) (0.03) (0.03) (0.03) 

      Algebra  -0.02 -0.03 -0.01 -0.03 

 (0.04) (0.04) (0.04) (0.04) 

      Geometry  0.26* 0.24* 0.27** 0.24* 

 (0.10) (0.10) (0.10) (0.10) 

      Cohort dummy 0.01 0.00 0.01 0.01 

 (0.05) (0.05) (0.05) (0.05) 

Constant -0.03 -0.02 -0.03 -0.02 

 (0.06) (0.06) (0.06) (0.06) 

N 0.42 0.43 0.42 2593 

R2 2593 2593 2593 0.43 

Note. Standard errors in parentheses; time-invariant classroom characteristics are controlled in 

the analysis with classroom “fixed effects”, which amounts to including dummy variables for all 

but one classroom (using Stata’s xtreg command). Fixed effects estimates are based on within-



 

 182

class variation in dependent and independent variables. Algebra and Geometry indicate student 

math course placement in 8th grade and is in reference to the base category consisting of eighth 

grade students enrolled in General Mathematics. Controls are in reference to White, Female, 

English Only (EO), and non National School Lunch Program (NSLP) participants. Free/reduced 

lunch (NSLP) and English Learner (EL) status scale = 0-1 (1 = yes, 0 = no). * p < 0.05, ** p < 

0.01, *** p < 0.00 
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CHAPTER 5 

Summary and Conclusion 

Imagine a scenario in which a seventh grade student named Kelly is placed in a pre-

Algebra class.11 Kelly is a bubbly, ambitious, well liked 11 year old who is, as most early 

adolescents are, unsure of two things. First, she is unsure of her ability in mathematics. Being a 

Hispanic female and attending a public school in her historically underserved and 

underprivileged urban community has given her delayed access to abstract mathematical content. 

She has only just learned of the idea of a variable—an alphabetic character that represents a 

number. Research has found that being a member of both a disadvantaged neighborhood and 

school directly associated with lower levels of mathematics achievement, even after controlling 

for individual background characteristics (Catsambis & Beveridge, 2001). Second, for reasons 

that vary, Kelly is unsure of her goals in mathematics. As her identity is still taking form she is 

not sure what her professional future entails.  

One thing is tangibly clear, however, and that is how she feels when she’s in class. By 

luck, she was placed in a class in which the teacher truly cares for the students. Her teacher is 

young enough not to have been jaded by the inefficient system that plagues large urban city 

                                                        
11 With permission, I am referring to my hypothetical character as Kelly, after one of my former 

students at West Adams Preparatory High School in Los Angeles, California. Kelly was placed 

in my Algebra class in ninth grade and continued in my class for tenth grade Geometry and 

Algebra II and eleventh grade AP Statistics. It was my honor to teach her for three years and 

during that time, she taught me again and again how valuable open pathways are to students who 

want to climb the math-learning ladder. However, beyond open access to higher mathematics 

learning, a student needs the motivation and positive feelings associated with math learning to 

progress and to continue to choose to learn mathematics. Without the positive relationship I had 

with Kelly, without her motivation to succeed, her beliefs about the importance of math, and the 

positive emotions she experienced in the classroom she would not have chosen to enroll in the 

first-ever offer AP Statistics course I offered at WAPHS. She would not have been one of the 

three to pass the AP exam at the end of the year. And, she would not have motivated my interest 

in math course placement and how, it alone cannot facilitate the change we seek.  
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school districts (Grosskof, Hayes, Taylor, & Weber, 2001). Her teacher has not yet faced the 

burnout that fuels the revolving door that characterizes the profession of inner city, urban 

mathematics teachers (Ingersoll, 2001; Jacob, 2007; Quartz, 2003). Her teacher is ambitious and 

makes a tireless effort to prepare lessons that are engaging, culturally responsive, and 

cooperative for her and her peers to participate in. For this reason, Kelly often feels happy in her 

math class. Her excitement is recognizable by her expressions and the vigor for which she asks 

and answers questions. She interacts frequently with her peers and demonstrates a true interest in 

math.  

When Kelly expresses exhaustion, irritation, or boredom her teacher revises learning 

tasks and scaffolds instruction to counter these negative emotions. During scaffolding a teacher 

supports students’ understanding as they help students build higher-level competencies (Turner, 

Meyer, Midgley, & Patrick, 2003). As students’ competencies grow, teachers gradually withdraw 

assistance and increase opportunities for student autonomy (Hogan & Pressley, 1997; Turner, 

Thorpe, & Meyer, 1998). Ultimately, scaffolding is one instructional practice that can support 

students’ motivation and positive affect (Turner et al., 2003). Since these various achievement 

emotions—emotions that are experienced when students engage in academic tasks (e.g., 

happiness, anxiety, excitement)—are linked with predictive relations with motivation (such as 

achievement goals, efficacy, and value), engagement, interest, learning, achievement (e.g., 

Pekrun, 2006; Schutz & Pekrun, 2007; Turner, Husman, & Schallert, 2002; Pekrun, Goetz, Titz, 

& Perry, 2002) and motivation predicts the choice to engage in learning (Eccles, 1987; Martin, 

Anderson, Bobis, Way, & Vellar, 2012)—it seems that Kelly’s future in mathematics is bright.   

Kelly is subsequently placed in Algebra in eighth grade. As part of a new policy, her 

school is placing most eighth grade students in Algebra classes. Though she received average 
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grades and test scores in her Pre-Algebra class, Kelly still struggles with fractions—an important 

foundational component of Algebra learning (Ball, Fernini, Kilpatrick, Schmid, & Schaar, 2005). 

One might argue that Kelly does not yet have the pre-requisite skills to succeed in an Algebra 

class and that she may need supplementary help to learn Algebraic content. Over the course of 

the year Kelly grapples with the learning tasks set forth in her Algebra class. Because students’ 

academic motivation is influenced by the fit between the academic task and their current 

competence level (Eccles & Roeser, 2011), Kelly begins to experience a decline in her 

motivation for mathematics. This decline is characteristic for students in that math motivation 

has been found to significantly decline across the elementary to high school years, more so than 

motivation in other academic subject areas or for school in general (Gottfried, Fleming, & 

Gottfried, 2001). This decline in math motivation is consistent with a preponderance of literature 

indicating that math motivation and attitudes evidence a decrement across the school years (e.g., 

Haladyna & Thomas, 1979; Middleton & Spanias, 1999; Pomerantz & Wang, 2009).  

Hypothetically speaking, as Kelly experiences failure in completing classroom tasks her 

self-efficacy—the belief she holds about her capability to produce designated levels of 

performance (Bandura, 1977)—will decline. Since efficacy beliefs relate positively to task value 

(Eccles & Wigfield, 1995)—her value for learning Algebra may decline as well. Further, low 

perceived confidence may instigate the adoption of performance avoidance goals (Skaalvic, 

1997)—goals that include the motive of avoiding appearing incompetent in front of other. These 

goals are linked with emotions tied to maladaptive outcomes such as negative affect, lower 

achievement, and self-handicapping, among others (e.g., Elliot & Church, 1997; Elliot, 

McGregor, & Gable, 1999; Middleton & Midgley, 1997; Midgley & Urdan, 2001; Skaalvik, 

1997; Urdan, 2004; Wolters, 2004). These changes, and others that are potentially at play, both 
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causally and reciprocally speaking, may instigate a variety of achievement emotions. Kelly’s 

engagement in learning tasks during class may leave her feeling anxious, exhausted, or bored 

(Pekrun, 2006). Further, she may experience less happiness, excitement, interest, or enthusiasm 

about learning as emotions tied to negative affect are experienced more frequently (Pekrun & 

Linnenbrink-Garcia, 2012). All of this can result in lower achievement, perhaps not being able to 

pass the course with proficient knowledge of Algebra, or worse, cause Kelly to opt out of higher 

math learning after fulfilling to required math courses needed to graduate from high school 

(Meece, 2006).  

In this one hypothetical scenario, the policy mandating Kelly into Algebra before 

selection into the course could occur naturally fails to serve its purpose of increasing equity in 

access to mathematical learning (Stein, Kaufman, Sherman, & Hillen, 2011).12 Kelly would 

likely have repeated the course in ninth grade, ultimately placing her back in the blocked 

pathway to higher-level math learning, such as calculus, during her secondary educational career. 

If Kelly did not have to repeat the course, her beliefs, goals, and feelings associated with learning 

math may have been irreparably damaged. These types of changes occurring at the 

developmentally sensitive time of early adolescence can contribute to the downward spiraling 

trend between students and their motivation towards mathematics (Gottfried, Fleming, & 

Gottfried, 2001) ultimately adding to her choice to opt out of a math-related disciplines. This is 

troubling as national initiatives continue to maintain goals of preparing and advancing more 

students into STEM career pathways (Larson, 2012).  

While these hypothetical scenarios outline two particular pathways for Kelly, it turns out 

that her minority background and placement in an underprivileged community and underserved 

                                                        
12 Schools traditionally routinely assigned incoming eighth graders to math courses based on 

how much math students already know (Loveless, 2008).  
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urban school puts her at greater likelihood of experiencing either of these two outcomes. 

Loveless (2008) found that of the unready students placed in Algebra, those who essentially 

waste a year of mathematics, lost in a curriculum of advanced math when they have not yet 

leaned elementary arithmetic or fractions, consist mostly of our nation’s most vulnerable 

students. Misplaced students are more likely to come from poor families, to be of African 

American or Hispanic descent, and are less likely to report that their mothers graduated from 

college—characteristics that make recovery from a year lost in mathematic instruction unlikely 

(Loveless, 2008).13 These pathways, therefore, are prevalent ones found in urban communities 

serving minority students, calling for the attention and re-evaluation of efforts towards universal 

(placing all students in Algebra regardless of Algebra readiness or prior achievement) Algebra 

policies.  

While there exists a preponderance of research examining Algebra course placements 

relations with a variety of outcomes—most notably, achievement (e.g., Clotfelter, Ladd, & 

Vigdor, 2012; Liang, Heckman, & Abedi, 2012; Domina, Penner, Penner, & Conley, 2014; 

Domina, 2014), research has not yet made strides towards assessing Algebra course placement’s 

impact of students’ non-cognitive outcomes such as student motivation and affect. Serving as 

fundamental precursor to achievement related choices and the decision to pursue in advanced 

mathematics learning, this seems to capture a hole in the literature. As the Common Core State 

Standards set the stage for Pre-Algebra content at the eighth grade level (in effect, possibly 

decelerating the rates at which students pare placed into Algebra), it is important to identify how 

course placement relates with students’ motivation and affect in their mathematics, pointedly 

                                                        
13 Students belonging to poor families is measured by a student’s participation and/or 

qualification for the federal free or reduced-price lunch program, which is commonly used as a 

proxy for family income and socioeconomic status.  
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Algebra, classrooms. As policy discussions around course placement relay relaxed messages to 

schools about placing students into eighth grade Algebra, information about placement on 

students’ non-cognitive outcomes could be of value in aiding decisions related to math course 

placement. The studies conducted in this dissertation intend to make a unique contribute to the 

field, and current policy debates, by examining how eighth grade Algebra course placement 

relates with changes in students’ achievement goals (goals that student adopt when engaging in 

learning tasks), expectancy, value, and affect. The last study in this dissertation identifies how 

affect, considered longitudinally, during the middle school years relates with student 

achievement in mathematics. Findings from these studies suggest a careful matching of students 

into Algebra classrooms based on readiness and that attention to fostering student’s positive 

emotions (and limiting the occurrences of negative ones) can result in higher achievement in 

mathematics.  

The first study in this dissertation examines the relation between Algebra placement and 

student motivation for mathematics as theorized by two contemporary frameworks: Achievement 

Goal Theory and Eccles et al. (1987) expectancy-value theory of achievement motivation. 

Changes in achievement goals, expectancy, and value for students in eighth grade Algebra are 

compared with those of peers placed in lower-level mathematics courses and analyses considered 

the extent to which prior achievement moderated these relations. I found that students placed in 

Algebra experienced a statistically significant increase in performance-avoidance goals as well 

as decreases in academic self-efficacy and task value. These relations were attenuated for 

students who had high mathematics achievement prior to Algebra placement. Lastly, whereas all 

students in our sample experienced a decline in performance-approach goals over the course of 

eighth grade, previously high-achieving students experienced less of a decline in these goals.  
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In my second study I examine the association between eighth grade Algebra course 

placement and students’ reported affect. The Positive and Negative Affect Schedule (PANAS) 

was used to characterize students’ affect in their mathematics classrooms and based on my 

findings in Study 1, I hypothesized that achievement emotions will depend on students’ prior 

achievement—a proxy of sorts used as an indicator of whether students have the pre-requisite 

skills to succeed in Algebra. Thus, my second study again contains analyses that consider the 

extent to which prior achievement moderate the relation between eighth grade course placement 

and changes in student affect.  

We find that students placed in eighth grade Algebra in our study sample experienced an 

increase in anxiety as compared with peers placed in lower-level math courses. Previously high 

achieving students placed in Algebra experience an increase in positive affect and a decrease in 

negative affect as compared with peers placed in lower-level math classes. Conversely, 

previously low achieving students placed in Algebra experience a decrease in positive affect and 

an increase in negative affect as compared with peers placed in lower-level math classes. These 

findings suggest that under prepared students placed in Algebra experience detrimental changes 

in affect which can hinder the development of motivation for mathematics.  

In my last study I examine the association between adolescent students’ self-rated affect 

and mathematics achievement as measured by a state standardized exam. While the previous two 

studies included a school fixed effect to make comparisons between students in the same 

schools, this study includes analyses using a classroom fixed effect to compare students within 

the same classroom. I use a classroom fixed effect to minimize biases arising from unmeasurable 

influences on student achievement and the non-random assignment of teacher and students to 

schools and classrooms to better understand the relation between achievement emotions 
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experienced in the classroom and end-of-the-year achievement on a standardized exam. I found 

that, while both positive and negative affect were correlated with mathematics achievement, only 

negative affect consistently predicted achievement when a full set of prior achievement, 

achievement emotions (positive affect and anxiety), and demographic controls were included. 

Students’ positive affect and anxiety reported in their mathematics classrooms did not predict 

achievement in the full model. Findings suggest that student achievement emotions (such as 

exhaustion, boredom, and irritation) used to characterize a more general negative affective state 

should be considered when considering adolescent student learning in middle school 

mathematics classrooms.  

The three studies in this dissertation aim to make a unique contribution to the literature 

by examining the relation between course placement policy changes and student motivation and 

affect in middle school mathematics classrooms. By examining students in a large, urban, and 

ethnically diverse school district school district my findings are generalizable to a large spread of 

educators, administrators, and policy makers given that ethnically minority students are among 

the fastest growing populations in public school enrollments (e.g., Fry & Gonzales, 2008). Each 

study in this dissertation answered specific questions regarding the relation between eighth grade 

course placement and student motivation and affect for mathematics.  

The third study examines how students affect associates with achievement. Given its 

relatively understudied role in educational psychology (Pekrun & Linnenbrink-Garcia, 2012), the 

third chapter aims to further emphasize the importance of the findings presented in Study 2 by 

examining how affect relates to achievement directly. Study 3 extends the literature in two ways. 

First, most literature on achievement emotions examines affect as a mechanism through which 

various motivational beliefs relate with achievement (Valiente, Swanson, & Eisenberg, 2012). 
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Although these studies consider the direct effects of affect on students’ achievement and 

performance, the focus is on its role as a mediator. Continually the question asks how 

motivational beliefs result in performance or achievement outcomes based on the emotions they 

induce in students. Without examining the left hand side of this commonly researched mediator 

model examining affect, this study instead focuses on how students’ emotions relate to longer-

term achievement. Second, Study 3 is the first study to my knowledge that examines 

achievement emotions separately (anxiety) and general constructs of positive and negative affect 

together. There is a preponderance of literature examining the role of anxiety in in testing and 

educational settings (for review see Zeidner, 2007); however, research to date has not examined 

the relation between anxiety and achievement net of general constructs of positive and negative 

affect. Future directions in this area are discussed below.  

Summary of Findings  

In all, findings from these three studies suggest that the unintended negative 

consequences of enrolling students in eighth grade Algebra regardless of prior achievement or 

Algebra readiness (e.g., Clotfelter, Ladd, & Vigdor, 2012; Loveless, 2013; William et al., 2011) 

are, in part, a function of students’ deteriorating motivational beliefs and affect in mathematics. 

Algebra classes are more challenging than Pre-Algebra and General Mathematics courses by 

definition, and as such students’ experience a decline in self-efficacy, task value, and an increase 

in maladaptive performance avoidance goals. Further, previously low achieving students placed 

in eighth grade Algebra experience and increase in negative affect and a decrease in positive 

affect relative to peers placed in lower-level math courses. Interestingly, declines in self-efficacy 

and task value are attenuated for previously high achieving students—students that demonstrated 

a Basic understanding (a California Standards Text score of 350 or above on the grade 7 General 
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Mathematics exam). Further, previously high achieving students were found to experience an 

increase in positive affect and a decrease in negative affect relative to previously average and 

low achieving peers in their Algebra class. These findings suggest that placing students who do 

not have basic Pre-Algebra or General Mathematic knowledge into Algebra classes might be 

detrimental to their motivation for mathematics—ultimately, countering the very goals of 

universalizing Algebra course placement. Perhaps the goals should not be Algebra-for-all, but to 

prepare all students for Algebra. Remediation in learning fractions, for example, can lead to 

achievement gains in Algebra and offers a cost efficient route to higher success rates in Algebra 

(as opposed to the repeated offering of Algebra courses after students fail the course). Further, as 

suggested in Study 1, an extended learning time offered to struggling students may help to 

remediate detrimental motivation and affect changes for young adolescents enrolled in Algebra 

courses.  

Limitations and Future Directions 

 The first two studies linking eighth grade Algebra course placement and student 

motivation and affect in mathematics classrooms are limited by the absence of a universal 

Algebra policy at the time of which data was collected. Approximately 40% of eighth grade 

students in the samples drawn for Study 1 and Study 2 were enrolled in Algebra at the time of 

data collection in 2004-2005 and 2005-2006. Although the district was progressively moving 

towards universal eighth grade Algebra policy by relaxing selection policies into Algebra, 

students were still selected into Algebra based on teacher-assigned grades, teacher 

recommendation, parent request, and prior achievement (CST scores) in pre-Algebra courses. 

The district ultimately reached universal eighth grade Algebra enrollment shortly after data was 

collected in 2010.  
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Although selection into Algebra is present at the time of data collection the happenings in 

this district as schools geared up to place more students in Algebra were analogous to schools 

nationwide (Domina, 2014), making my findings in Study 1 and 2 highly relevant to policy 

discussions about whether to continue efforts towards reaching universal eighth grade Algebra 

enrollment. However, the overlap in prior achievement distributions by eighth grade course 

placement presented in the Figure 2.1 (Study 2) shows the basis for which I validate my findings 

for Study 1 and 2. This overlap in Figure 2.1 showed that there was students who were placed in 

Algebra that had prior achievement levels that were equal to or lower than peers enrolled in 

general mathematics. While this overlap showed that there are students with similar prior 

achievement in both the Algebra and lower-level math course groups, the overlap was not 

significant enough for more sophisticated analyses such as conducting regressions on matched 

samples of students in the treatment (Algebra) and control (lower-level math) classes.14 Instead 

the findings presented in Study 1 and 2 are associated and intend to serve as an indicator of the 

direction of effects found if measuring these same outcomes under a universal policy.  

The second two studies in this dissertation examine students’ self-rated affect—or, 

achievement emotions as they arise when doing academic tasks in their math class. A limitation 

that can be found across these two studies is in the use of the general constructs of positive and 

negative emotions. A critique of experimental mood studies that have found that affect 

influences a variety of cognitive process that contribute to learning (e.g., perception, attention, 

social judgment, cognitive problem-solving, decision making, and memory processes; Clore & 

Huntsinger, 2007, 2009; Loewenstein & Lerner, 2003; Parrott & Spackman, 2000) is in its use of 

                                                        
14 A variety of methods were used to conduct a propensity score matched analysis for Study 

1 and 2; however, the lack of common support (not enough students who matched on prior 

achievement in each of the two groups being compared–Algebra and lower-level math 

classes) made attaining balance impossible.  
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general constructs of positive and negative affect. Contemporary educational researchers 

examining achievement emotions have argued doing so may lead to difficult and potentially 

misleading use of findings relating to students’ emotions and learning in real-world contexts 

(Pekrun & Linnenbrink-Garcia, 2012). Both Pekrun’s (1992a, 2006; Pekrun et al., 2002) 

cognitive/motivational model of achievement emotions and Linnenbrink-Garcia’s research in 

affect and engagement (Linnenbrink, 2007; Linnenbrink-Garcia, Rogat, & Koskey, 2011) argue 

that simply differentiating between positive and negative affect is not sufficient. They argue in 

favor of research that takes into account the valence and activation components of achievement 

emotions. Valence characterizes whether the emotion is considered a positive feeling or negative 

one and activation refers to the physiological state that accompanies specific achievement 

emotions (Feldman Barrett & Russell, 1998). Figure 5.1 presents Pekrun and Linnenbrink-

Garcia’s (2012) adaptation of Feldman Barrett and Russell’s (1998) circumplex model 

characterizing the difference between activating and deactivating emotions. In this model, 

affective states are grouped according to the relative degree of positive versus negative valence 

and activation versus deactivation resulting in a 2 x 2 taxonomy including four broad categories 

of positive activating (e.g., enjoyment, hope, pride), positive deactivating (e.g., relief, 

relaxation), negative activating (e.g., anger, anxiety, shame), and negative deactivating (e.g., 

hopelessness, boredom) (Pekrun, 2006).  

While the measurement scheme used in Study 2 and 3 represents a partial step towards 

this, in that it examines anxiety as an achievement emotion separate from the general constructs 

of positive and negative affect, it still relies heavily on the valence component of the model 

presented in Figure 5.1a. Exploratory factor analysis conducted in Study 2 and 3 supported the 

use of the achievement emotions available in the CAMP data; however, an extension of this 
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work may consider the activating versus deactivating nature of the emotions measured and group 

the constructs according to activation (discussed in more detail below).  

A final limitation of the third study is in it longitudinal examination of affect across two 

years (three waves) to predict achievement at the end of year two. A three-wave average of the 

affect and achievement emotion does not take into consideration the change that occurs over the 

year as students’ experience success or failure in their math class. Future directions might ask 

questions about the relation between affect, or a change in affect over the year, and proximal 

achievement. 15 Also, as recommended by Pekrun and Linnenbrink-Garcia (2012) future work 

examining the relation between affect and achievement should look into the reciprocal relation 

between affect and achievement. Links between emotions and achievement are likely due not 

only to performance effects of emotions, but also to effects of performance attainment on 

emotions. 

Lastly, an ideal future direction for Study 1 and 2 would be to collect data under a clear 

policy revision to math course placement (e.g., under either a universal eighth grade Algebra 

policy or a policy clearly reinstating selection criteria into the course). The variation in how 

schools assigned or selected students into eighth grade Algebra makes it difficult to parse out the 

true associations between course placement and changes in student motivation and affect. The 

newly-adopted Common Core State Standards recommends Pre-Algebra in eighth grade and 

                                                        
15 Follow up analyses were conducted to examine how the change in students’ achievement 

emotions over the year predict proximal achievement outcomes above and beyond the average 

affect component does. Findings indicated that a change in positive affect over the year 

significantly predicted achievement in the spring of that year, while anxiety and negative affect 

did not. Analyses were also conducted to examine the relation of the change in affect over the 

year and its association with the later achievement outcome (as used in Study 3), controlling for 

the three-wave average of the affect variable. No significant relation was found in this analysis, 

suggesting that a change in affect over the year does not contribute to the models above and 

beyond the three-wave average used in the analyses of Study 3.   
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Algebra in ninth grade, which may lead to the eventual deceleration of eighth grade Algebra 

trends. A future direction would be to use the variation in school policy to parse out the true 

effects of Algebra course placement on student motivation and affect. Further, future directions 

can include goals of identifying the different factors or features of Algebra classrooms that relate 

to changes in students’ beliefs and affect. For example, is it the curriculum that account for these 

changes? Could it be the students’ relative standing in a more challenging class that accounts for 

the changes? Although the extended analyses presented in Study 1, Appendix D touch on the 

extent to which the decline in self-efficacy is due to being placed in a class with a higher class 

average as opposed to lower-level math courses, it would be interesting the examine these 

models in relation to achievement goals, task value, and affect.  

In sum, the findings presented in this dissertation provide associational evidence that 

students’ math classes affect changes in their motivational beliefs and affect and that 

achievement emotions significantly predict both proximal and later achievement in mathematics, 

as measured by a state standardized exam. These findings can lead to controversial debates about 

reintroducing selection into the gatekeeper course Algebra (Gamoran & Hannigan, 2000). The 

findings presented in this dissertation do not argue for the reintroduction of selection into the 

course—but instead, highlight the reality that simply exposing students to the curriculum that has 

been pegged a positive predictor of a variety of achievement, educational, and later life outcomes 

is not the silver bullet solution for issues around inequity in access. All students, especially 

underprivileged minority students, deserve the opportunity to take and succeed in Algebra. 

Agendas should include the goal for preparing and/or supplementing math learning so that all 

students will have the pre-requisite knowledge to engage in Algebraic learning tasks.  
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Figure 5.1 Affective Circumplex 

 

 
 

Figure 5.1. Model adapted from Feldman Barrett and Russell (1998) by Pekrun and 

Linnenbrink-Garcia (2012) with permission. Published by the American Psychological 

Association.  
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Appendix A 

 

Achievement Goal Scale Items and Reliabilities 

Scale and items                Reliability 

Personal goal orientation: Mastery approach       α = .81 

Learning a lot of new things is what is important to me in math. 

One of my main goals in math is to improve my skills. 

My main goal in math is to learn as much as I can. 

Really understanding my math work is important to me. 

Learning new skills in math is one of my goals. 

Personal goal orientation: Performance-approach      α = .83 

In math, doing better than other students is important to me. 

My goal in math is to look smarter than other students. 

One of my goals is to show others that math is easy for me. 

It’s important to me that others think I am good at doing math. 

My goal in math is to do better than other students. 

Personal goal orientation: Performance-avoidance      α = .79 

My goal is to keep others from thinking that I’m not smart in math. 

It’s important to me that I don’t look stupid in math class. 

An important reason I do my math work is so that I don’t embarrass myself. 

I do my math work so that my teacher doesn’t think I know less than others. 

My goal in math is to avoid looking like I can’t do my work. 

Note. The range for scale reliability is reported for all four waves of motivation surveys included 

in the analyses.  

Source: Midgley et al. (2000). 
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Appendix B 

Expectancy and Value Scale Items and Reliabilities  

Scale and items                Reliability 

Academic efficacy for math - PALS        α = .85 

How certain are you that you can learn everything taught in math? 

How sure are you that you can do even the most difficult homework  

 problems in math? 

How confident are you that you can do all the work in math class,  

 if you don’t give up? 

How confident are you that you can do even the hardest work in your  

math class? 

 

Task value           α = .85  

Interest Value          α = .87 

  How much do you like doing math? 

  I like math. 

  Math is exciting to me. 

I am fascinated by math. 

I enjoy doing math. 

I enjoy the subject of math. 

Utility Value          α = .79 

How useful is learning math for what you want to do after you  

  graduate and go to work? 

Math will be useful for me later in life. 

Math concepts are valuable because they will help me in the future. 

Being good at math will be important when I get a job or go to college. 

Attainment Value         α = .84 

Being someone who is good at math is important to me. 

I feel that, to me, being good at solving problem which involve math  

 or reasoning mathematically is (not at all to very important).  

Being good at math is an important part of who I am.  

It is important for me to be someone who is good at solving problems 

  that involve math. 

It is important to be to be a person who reasons mathematically.  

Thinking mathematically is an important part of who I am. 

Cost Value          α = .72 

  I have to give up a lot to do well in math, 

  Success in math requires that I give up other activities I enjoy.  

Note. The range for scale reliability is reported for all four waves of motivation surveys included 

in the analyses.  

Source: Midgley et al. (2000). 
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Appendix C 

Extended Analyses for Study 1: Relations between Motivation Constructs and Mathematics 

Achievement  

A natural question that arises from the results of this study asks how students’ changes in 

achievement goals, expectancy, and value associate with subsequent achievement in mathematics 

in eighth grade. Thus, a follow up analysis was conducted to highlight the importance of our 

findings (model specification and results are reported in Appendix C). A simple change model 

using change in students’ motivation as a predictor for mathematics achievement revealed that 

changes in students’ mastery goals, self-efficacy, and task value significantly predict 

achievement in mathematics. Table 5 in Appendix C presents standardized regression results for 

students’ achievement goals, expectancy, and value predicting students’ mathematics 

achievement in eighth grade. With all variables standardized, these coefficients represent a 

measure of effect size. Model 1 indicates that students who experience a 1σ increase in mastery 

goals from the fall of eighth grade to the spring of eighth grade have, on average, a 0.02σ higher 

mathematics achievement relative to peers who did not experience a change in their mastery 

goals over the course of eighth grade. This finding is in line with Keys, Conley, Duncan, and 

Domina’s (2012) study, which used CAMP-Math data to determine that mastery goal 

orientations in seventh and eighth grade students consistently and significantly predicted math 

achievement. Models 2 and 3 indicate that a change in students’ performance goals (both 

approach and avoidance) do not significantly predict a change in mathematics achievement. 

Model 4 indicates that students who experience a 1σ increase in self-efficacy have, on average, a 

0.07σ higher mathematics achievement and Model 5 indicates that students who experience a 1σ 

increase in task value beliefs have, on average, a 0.06σ higher mathematics achievement. 
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Conversely, a 1σ decrease in students’ mastery goals, self-efficacy, or task value results in a 

0.02σ, 0.07σ, or 0.06σ decrease in mathematics achievement by the spring of eighth grade, 

respectively. In application to our study these findings show that student level declines in self-

efficacy and task value for students placed in eighth grade Algebra are particularly concerning as 

they relate to lowered achievement levels in mathematics. 

Extended Analyses  

The conceptual model of achievement that guides our empirical analysis view 

mathematics achievement as a product of past levels of student motivation and other 

determinants. Suppose we have two waves of motivational data (1 and 2) and that the 

achievement of student i at the end of wave 2 can be expressed as: 

Ach2i = β0 + β1Δ Moti + ∑ β�
��� j 

xXjit-1  + e2i                    (1) 

In (1), Δ Moti  is the change in students’ motivation for each of the five constructs measured 

(mastery, performance approach, performance avoidance, self-efficacy, and task value) over the 

course of eighth grade. To calculate students’ change in motivation we subtract a students’ 

motivation at wave 1 (in the fall of eighth grade) from students’ motivation at wave 2 (in the 

spring of eighth grade). X’s are other determinants of achievement such as students’ prior 

mathematics achievement, eighth grade course placement, gender, ethnicity, EL status, NSLP 

status, and a classroom fixed effects using Stata’s xtreg command (StataCorp, 2011). In this 

simple change model we interpret β1 as relating the change in students’ motivation from wave 1 

to wave 2 to achievement at wave 2. Table 5 presents the regression results for goal orientations, 

expectancy, and value predicting mathematics achievement.  
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Table 1a 

 

Simple change model with standardized regression coefficients predicting students' 8th grade 

mathematics achievement (N=3,306 students) 

 

Dependent variable = 8th grade math achievement  

 (1) (2) (3) (4) (5) 

Δ Mastery  0.02*     

 (0.01)     

Δ Performance approach  0.02    

  (0.01)    

Δ Performance avoidance   -0.02   

   (0.01)   

Δ Self-efficacy    0.07***  

    (0.01)  

Δ Task value     0.06*** 

     (0.01) 

Controls      

      Algebra -0.54*** -0.54*** -0.53*** -0.55*** -0.55*** 

 (0.12) (0.12) (0.10) (0.12) (0.12) 

      Prior achievement  0.77*** 0.78*** 0.76*** 0.77*** 0.77*** 

 (0.02) (0.02) (0.02)  (0.02) (0.02) 

      Hispanic -0.01 -0.00 -0.02 -0.00 -0.01 

 (0.04) (0.04) (0.04) (0.04) (0.04) 

      Vietnamese 0.25*** 0.24*** 0.27*** 0.24*** 0.24*** 

 (0.05) (0.05) (0.05) (0.05) (0.05) 

      Other 0.10 0.11 0.11* 0.10 0.10 

 (0.06) (0.05) (0.05) (0.05) (0.05) 

      English Learner (EL) -0.00 -0.00 -0.02 -0.00 -0.00 

 (0.03) (0.03) (0.03) (0.03) (0.03) 

        Free/reduced lunch 

(NSLP) 
-0.00 -0.00 0.00 0.00 -0.00 

 (0.03) (0.03) (0.03) (0.03) (0.03) 

        Male -0.00 -0.00 0.02 -0.00 0.00 

 (0.02) (0.02) (0.02) (0.02) (0.02) 

Constant 0.19** 0.19** 0.19** 0.19** 0.19** 

 (0.06) (0.06) (0.06) (0.06) (0.06) 

R2 0.41 0.41 0.43 0.42 0.42 

N 3,059 3,089 3,064 3,096 3,102 
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Note. Standard errors in parentheses; time-invariant classroom characteristics are controlled in 

the analysis with classroom “fixed effects”, which amounts to including dummy variables for all 

but one classroom (using Stata’s xtreg command). Fixed effects estimates are based on within-

classroom variation in dependent and independent variables. Algebra and Geometry are in 

reference to the base category consisting of eighth grade students enrolled in General 

Mathematics. Controls are in reference to White, Female, English Only (EO), and non National 

School Lunch Program (NSLP) participants. * p < 0.05, ** p < 0.01, *** p < 0.001 
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Appendix D 

Extended Analyses for Study 1: Big-Fish-Little Pond Effect Robustness Check for Self-Efficacy 

Results   

Table 1b 

Standardized regression coefficients predicting students’ self-efficacy in the spring of 8th grade 

(N=3,306 students) 

Dependent variable = self-efficacy, Spring of 8th grade 

 (1) (2) (3) 

Class average -0.15***  -0.09 

 (0.03)  (0.05) 

Algebra   -0.26*** -0.15* 

  (0.04) (0.07) 

Controls    

      Self-efficacy, fall of 8th grade 0.53*** 0.53*** 0.53*** 

 (0.02) (0.02) (0.02) 

      Prior math achievement (7th grade) 0.22*** 0.20*** 0.22*** 

 (0.02) (0.02) (0.02) 

      Male 0.05 0.05 0.05 

 (0.03) (0.03) (0.03) 

      Hispanic  -0.05 -0.04 -0.05 

 (0.06) (0.06) (0.06) 

      Vietnamese  0.00 -0.01 -0.01 

 (0.07) (0.07) (0.07) 

      Other 0.05 0.04 0.05 

 (0.08) (0.08) (0.08) 

      Free/reduced lunch status  -0.04 -0.04 -0.04 

 (0.04) (0.04) (0.04) 

      English Learner status 0.07 0.07 0.07 

 (0.04) (0.04) (0.04) 

     Cohort dummy 0.01 0.02 0.02 

 (0.04) (0.04) (0.04) 

     Geometry   -0.17 0.02 

  (0.10) (0.15) 
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Constant 0.95*** 0.78*** 0.78*** 

 (0.14) (0.16) (0.15) 

R2 0.35 0.35 0.36 

Observations 3,095 3,095 3,095 

Note. Standard errors in parentheses; time-invariant school characteristics are controlled in the 

analysis with school “fixed effects”, which amounts to including dummy variables for all but one 

school (using Stata’s xtreg command). Algebra indicates student math course placement in 8th 

grade and is in reference to the base category consisting of eighth grade students enrolled in 

General Mathematics. Controls are in reference to White, Female, English Only (EO), and non 

National School Lunch Program (NSLP) participants. * p < 0.05, ** p < 0.01, *** p < 0.00 

 
 




