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ABSTRACT 

 

 

THE USE OF LIVED EXPERIENCE DESCRIPTIONS 

 

IN A REMEDIAL MATHEMATICS CLASSROOM 

 

by 
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California State University, Chico 

 

Fall 2014 

 

 A large number of American college students are placed in remedial, or 

developmental, mathematics courses, and those same students then go on to abandon or 

fail those courses at a staggering rate. Research has produced cognitive, affective, 

socioeconomic, and pedagogical explanations for this phenomenon; several recent 

studies advocate for a more unified view, emphasizing the interplay between these 

aspects of experience.  

 In this study, students in a post-secondary remedial algebra class were taught 

to write lived experience descriptions: first–person, present-tense narratives which 

describe affective, cognitive, and other aspects of experience. Students were then asked 

to write about specific mathematical experiences several times throughout the semester. 



 

xii 

These students’ test scores, test times, and attitudes toward mathematics were compared 

to those of students in a control group. 

 Over the course of the semester, the students who wrote lived experience 

descriptions showed a statistically significant improvement in test scores as compared to 

those in the control group. The students’ writing assignments appear to document the 

emergence of personal agency in relation to mathematics: as the semester progressed, 

the students spoke less of themselves and mathematics as separate, fixed entities, and 

instead described a relationship which they had the power to improve. 
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CHAPTER I 

 

 

INTRODUCTION 

 

 

Background and Statement of the Problem 

 

 A large number of college students are placed in remedial, or developmental, 

mathematics courses, and those same students then go on to abandon or fail those 

courses at a staggering rate. A 2010 survey of 57 two-year colleges found that while 59% 

of students were referred to developmental mathematics courses, only 33% of those stu-

dents successfully completed their remediation sequence, and a mere 20% went on to 

complete a mathematics gatekeeper course (Bailey, Jeong, & Cho, 2010). Remediation is 

not just an issue at two-year colleges, more than 35% of California State University fall 

2010 entering freshmen required remediation in mathematics (California State 

University, 2014). 

 It is hardly necessary to establish this as a problematic situation; the size of 

the body of research on developmental mathematics shows that educators are well 

aware of the crisis. Anthony S. Bryke, president of the Carnegie Foundation for the 

Advancement of Teaching has said “Developmental mathematics courses represent the 

graveyard of dreams and aspirations” (Merseth, 2011, p. 32). The financial impact of 

remediation is felt as well. A 2008 study estimated the national cost of remediation at 

public universities to be between 2.31-2.89 billion dollars (Strong American Schools, 



2 

 

2008). The evidence leaves two questions to be answered: “Why?” and “What can be 

done?”  

 Researchers have produced a sea of explanations to account for the high fail-

ure rate in remedial mathematics courses. Student failure has been attributed to both 

educator-controlled factors and to student factors. Educator-controlled factors include 

teacher disinterest, teaching style and other pedagogical issues, perceived irrelevance, 

and style of assessment. Student factors include preparedness, procrastination, anxiety, 

and various socioeconomic issues (Bonham & Boylan, 2011; Boylan, 2011; Mekonnen & 

Reznichenko, 2008). Recent studies have also put greater and greater emphasis on the 

role of affect in mathematics education. In the math department where I teach, conversa-

tions about how to help struggling students often include the mantra: “It’s not the math, 

it’s how they feel about the math.” 

 The idea that issues of affect influence students’ academic achievement is not 

new. In a 1994 issue of the Journal for Research in Mathematical Education, McLeod sum-

marized the 100+ JRME articles that had been published over the previous 24 years on 

the role of affect in mathematics education. He indicated that the bulk of these articles 

focused on the affective constructs of attitude, belief, and emotion (McLeod, 1994). In 

subsequent years, Debellis and Goldin (1999, 2006) and Goldin (2002) expanded their 

study of affect in mathematics to include meta-affect, and coined the term “mathemati-

cal intimacy.” This construct refers to students’ emotional engagement with a mathemat-

ics problem. More recent research emphasizes the power of self belief and identity. 
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Dweck’s (2008) research establishes the relationship between mindset (whether a stu-

dent believes that intelligence is fixed or has the potential for growth) and math 

achievement, and Heyd-Metzuyanim and Sfard (2012) illuminated some of the social 

factors influencing student work.  

 “Test anxiety” has long been a recognized condition; recently a broad body of 

research has accumulated around the idea of “mathematics anxiety.” A study performed 

by Young, Wu, and Menon (2012) at the Stanford University School of Medicine estab-

lished the reality of mathematics anxiety with empirical evidence. Brain scans run on 

elementary school students as they worked on math problems showed that students 

who complained of mathematics anxiety had unusually high levels of activity in the 

brain’s amygdala, or fear center, which correlated with limited functionality in areas of 

the brain associated with problem-solving and numerical processing (Young et al., 2012). 

And in the past decade, several papers have been published characterizing the intellec-

tual impact of students’ emotional responses to frustration (Op’t Eynde, De Corte, & 

Verschaffel, 2006; Op’t Eynde & Turner, 2006). 

 So where should one start? Mathematics anxiety has been successfully treat-

ed using both systemic desensitization (a hierarchal exposure/relaxation process origi-

nally developed for the treatment of phobias) and cognitive restructuring (in which 

individuals identify their own maladaptive thought processes and then develop cogni-

tive responses to them) (Hembree, 1990). Heyd-Metzuyanim and Sfard (2012), who were 

working with middle-school children, believed that if educators became more aware of 
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social dynamics in their classrooms, they could better help students to cope with those 

influences, and Liljedahl’s 2005 study found that facilitating “aha” moments for students 

could dramatically change their attitudes about mathematics.  

 But rather than focusing solely on one affective domain, or even solely on 

affect itself, Malmivuori (2001) suggests that educators and researchers take a more 

holistic approach, acknowledging the interplay between cognitive, social, and emotional 

aspects of learning, and studying the process as a whole instead of attempting to isolate 

a single dynamic. Op‘t Eynde and Turner (2006) put forth a similar philosophy. And 

certainly this is how learning is experienced for students, not as isolated moments clean-

ly compartmentalized by attitude, intellect, or emotion, but a multifaceted experience in 

which it can be difficult to identify the reasons behind one’s own behavior. 

 This notion of focusing on the experience in its entirety rather than analyzing 

certain affective, cognitive, or social aspects of the experience brings to mind the phe-

nomenological practice of “phenomenological description” or “lived experience.” Lived 

experience refers to all aspects of firsthand human experience (e.g., cognitive, emotional, 

sensory) viewed as a whole. Lived experience descriptions (LEDs) attempt to capture 

these details directly; the subject describes each component of an experience as it hap-

pened chronologically. The subject makes no attempt to characterize or interpret the 

experience, only to document the experience as fully as possible. And while LEDs are 

typically used to supply insight into another individual’s experience, the process of writ-

ing one’s own experience can be illuminating in itself (Stinson, 2009). Asking students to 
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write careful descriptions of their own mathematical experiences might make their invis-

ible struggles visible, not only to a teacher, but to the student himself. Whether or not a 

teacher ever reads the descriptions a student writes, the student has re-lived the experi-

ence in the writing of it, and likely uncovered aspects of the experience that they were 

previously unconscious of. Such a task might allow students to see how affective issues 

are interacting with cognitive issues. The one-dimensional “This problem is hard” might 

be revealed to be less about the problem itself and more about how the student feels as 

they work on the problem: the identity they bring to the task, their response to frustra-

tion, and the influence of peers and other environmental factors.  

 Standard research instruments unavoidably measure from the outside in. We 

observe, survey, interview, and test. Only the student himself has the access to truly 

witness the learning (or not learning) taking place; only the student has a front row seat 

as his or her own cognitive, affective, and behavioral issues collide. Could LEDs make 

the invisible, internal moment when student meets subject visible? Could our students 

themselves become instruments of research? And if so, how will they respond to this 

new point of view? Is there evidence suggesting that this intervention might produce 

something of value? These are the questions I attempted to answer.  
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Purpose 

 

 The purpose of this study was to analyze the effect writing LEDs has on post-

secondary remedial algebra students. In particular, I attempted to answer the following 

questions:  

 1. How does writing LEDs affect remedial algebra students’ performance on course 

tests? 

 2. How does writing LEDs alter the attitudes of remedial algebra students? 

 3. How does writing LEDs alter remedial algebra students’ persistence in the face 

of cognitive struggle? 

 4. What alterations in students’ relationships to mathematics do LEDs reveal?  

 

Definition of Terms 

 

 Lived experience refers to all aspects of firsthand human experience (e.g., cognitive, 

emotional, sensory) viewed as a whole.  

 Lived experience descriptions attempt to capture these details directly; the subject 

describes each component of an experience as it happened chronologically. The subject 

makes no attempt to characterize or interpret the experience within the LED itself, only 

to document the experience as fully as possible.  
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CHAPTER II 

 

 

REVIEW OF LITERATURE 

 

 

 While no current research specifically addresses the use of LEDs in mathe-

matics classrooms, many areas of study can inform the endeavor. Three topics seem par-

ticularly relevant. First, understanding the challenges that students and instructors of 

developmental mathematics face will both identify the nature of the problem and high-

light potential areas of improvement. Second, as the intervention is expected to address 

and influence attitudes, emotions, and beliefs, establishing the ways in which these ele-

ments of affect impact students is essential. And finally, despite the novelty of writing 

LEDs, the use of other forms of mathematics writing has produced a sizeable and rele-

vant body of research. Studying the reasoning for, and results of, other efforts to incor-

porate writing into mathematics classrooms might justify and direct this intervention. 

Each of these three topics will be individually addressed in the following literature 

review. 

 

Challenges of Developmental Mathematics 

 

 Developmental mathematics courses, originally conceived as a stepping 

stone to higher education, have instead become something of stumbling block. Well over 

half of community college students test into developmental mathematics and 
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remediation at the university level is widespread as well. In 2010, 35% of entering 

freshman at California State University required remediation in mathematics (Bailey et 

al., 2010; California State University, 2014). In one sense, the “stepping stone” is serving 

its purpose. Students who complete their remediation sequence perform just as well in 

college mathematics courses as those who were not required to take developmental 

mathematics (Bahr, 2008). However, only about 20% of students who test into develop-

mental mathematics actually complete the required coursework (Bailey et al., 2010; 

Bonham & Boylan, 2011). 

 Both the vast number of developmental mathematics classes being taught 

and the high incidence of student withdrawal and failure have inspired large bodies of 

research. Studies have attempted to identify and characterize the student population, 

investigate the sources of student failure, and guide efforts at reform. These areas of 

research are each addressed in the following three sections. 

Student Characteristics 

 

 Students are directed into developmental mathematics courses after failing a 

college or university mathematics entrance exam, an indicator that these students either 

test poorly or lack mathematical proficiency. To gain entrance into college-level mathe-

matics, students must first complete their remedial course sequence, which can mean 

taking up to four semesters of developmental mathematics (Bonham & Boylan, 2011). It 

is not surprising, then, that students often enter developmental mathematics courses 

with a negative attitude toward math (Sierpinska, 2006). One of the respondents to 
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Sierpinska’s (2006) survey wrote, “Math is extremely discouraging when you are forced 

to take it as a prerequisite…. I feel math is the only thing that’s stopping me from getting 

into the program I want” (p. 124). Woodard (2004) describes high levels of mathematics 

anxiety in developmental math students, but empirical data on the attitudes and beliefs 

of these students is underrepresented. In 2008, Saxon, Levine-Brown, and Boylan issued 

a call to increase the use of affective assessment in developmental students, saying, “The 

lack of assessment information on the affective characteristics of developmental students 

represents a serious weakness in the assessment, advising, and placement processes of 

postsecondary institutions” (p. 1). And finally, several studies have found that the 

developmental mathematics population consists of disproportionately high numbers of 

first generation and minority students, making it an “at-risk” group (Bonham & Boylan, 

2011; Grassl, 2010).  

Reasons for Failure or Success  

 

 Enrollment and persistence in postsecondary education are closely linked to 

socioeconomic status, and community college students (who make up the bulk of devel-

opmental mathematics students) come from lower socioeconomic planes than do stu-

dents at four-year universities (American Mathematical Association of Two-year Col-

leges [AMATYC], 2006; Bailey, Jenkins, & Leinbach, 2005). Approximately 20% of stu-

dents who test into developmental mathematics never enroll in a developmental math-

ematics course (Bailey et al., 2010), and even for students who do enroll, attendance is an 

issue. Zientek, Ozel, Fong, and Griffin (2013) report that attendance is the most accurate 
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predictor of student success. After class attendance, several studies have found that self-

efficacy, or a student’s belief in their own ability to succeed, is the most influential factor 

(Grassl, 2010; Zientek et al., 2013). Ma and Xu (2004) establish the correlation between 

positive attitude and mathematical achievement, and Bonham and Boylan (2011) attest 

to the negative impact of both test anxiety and math anxiety. 

Solution Strategies  

 

 Bonham and Boylan (2011) report on a multitude of teaching strategies being 

used to address issues in developmental mathematics education, most of which are 

based on current research. Educators are redesigning their courses to include coopera-

tive and collaborative learning, laboratory instruction, supplemental instruction, prob-

lem solving, and the integration of math study skills (p. 3). There appears to be particu-

lar emphasis placed on the use of technology, which can facilitate increased laboratory 

work, provide online instruction, and enhance student modeling capabilities through 

the use of graphing calculators (Bonham & Boylan, 2011; Martin, 2008). Most of these 

methods have produced modest improvements in student success rates. Sierpinska 

(2006), who studied sources of frustration in developmental mathematics students, sug-

gests that instructors lessen students’ dependence on algorithms and instructor approval 

by teaching more of the theory behind mathematical practices.  

 In addition to the pedagogical changes made by individual instructors, col-

leges, universities, and other educational entities are working to create new models for 

developmental mathematics. The AMATYC has two projects underway. The Syllabus 
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Project provides an online forum where instructors can share syllabi and other resources 

with one another. A joint project with the Monterrey Institute for Technology and Edu-

cation aims to unite the topics covered in the four traditional developmental mathemat-

ics courses and then dispense them as custom courses made to meet individual student’s 

needs (Bonham & Boylan, 2011). The Carnegie Foundation for the Advancement of 

Teaching is also pursuing reform. Hoping to make developmental mathematics more 

useful to students, the foundation has created a developmental “statistics pathway” as 

an alternative to the traditional algebra approach (Carnegie Foundation for the 

Advancement of Teaching, n.d.).  

 Although there are very few strategies being implemented to directly address 

the affective factors that hinder student success, several studies have called for change in 

this area. Saxon et al. (2008) and Levine-Brown, Bonham, Saxon, and Boylan (2008) have 

asked college administrators to institute standard affective testing of developmental 

mathematics students, explaining that the results could both inform student placement 

and improve student support services. Bonham and Boylan (2011) also emphasize the 

significance of affective factors, calling the affective domain an “untapped resource,” 

and “a rich area of information for educators designing developmental mathematics 

courses and one that should definitely not be ignored by anyone attempting to improve 

student performance in developmental mathematics” (p. 6). They suggest the use of 

group work as a means to increase students’ confidence and emphasize student writing 

as a means to improve attitudes and beliefs.  
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Affect 

 

 While the idea that feelings and emotion have a place in mathematics may 

seem counterintuitive, researchers have been studying the interactions between affect 

and mathematics learning for decades. The first hurdle for students may simply be 

accepting that the experience of learning and doing mathematics consists of more than 

robotic memorization and manipulations. Jardine (2006) describes the stereotype:  

Mathematics is considered a serious and exact science, a strict discipline, and 

such images of seriousness, exactness, and strictness often inform how it is 

taught and how it is understood. It requires silence and neat rows and ram-

rod postures that imitate its exactitudes. It requires neither joy nor sadness, 

but a mood of detached inevitability: Anyone could be here in my place and 

things would proceed identically. (p. 187) 

 

Yet, in reality, the experience of learning and doing mathematics is steeped in affect. At 

the highest level, mathematicians themselves describe “coming to know” as a feeling. 

After conducting interviews with 70 research mathematicians, Burton (1999) states, “So 

coming to know, for my participants, was represented by feelings, the powerful sense of 

Aha! which is what holds them in mathematics” (p. 135). In interviews with mathemat-

ics instructors, Handa (2011) also identifies understanding as a feeling. Two of his sub-

jects describe both the experience of not yet understanding: “It doesn’t help me feel that 

I understand,” “It feels funny,” and of understanding, “It has to feel right” (p. 50-53). 

The mathematics students studied by Liljedahl (2005) were asked to describe an “Aha!” 

experience. The adjectives they use tell a story of affect, not intellect: “It felt great,” “The 

best feeling,” “Wow!” and “Joy…like none other” (p. 228). 
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 The previous examples describe positive emotions associated with mathe-

matics, but, of course, affect includes negative feelings as well, and perhaps these are 

more familiar. The arrival at “Aha!” only comes after some confusion. John Dewey 

described this partnership: “The origin of thinking is some perplexity, confusion, or 

doubt” (as cited in Hiebert et al., 1996, p. 15). And speaking specifically with regard to 

mathematics education, the mathematician and educator George Polya emphasized the 

importance of the emotional aspect of confusion, saying, “If the student had no oppor-

tunity in school to familiarize himself with the varying emotions of the struggle for the 

solution his mathematical education failed him in the most vital of ways” (as cited in 

Allen & Carifio, 2007, p. 163).  

 There is no longer any debate over whether issues of affect play a part in 

mathematics education, instead current research attempts to characterize the nature and 

significance of the influence. Ideally, “emotion energizes, organizes, focuses, and 

improves performance” (Allen & Carifio, 2007, p. 166). But these are idealized responses 

to emotion; certainly the affective experience does not always strengthen students’ facili-

ties. In fact, research shows that issues of affect can also severely impair both focus and 

performance.  

Mathematics Anxiety 

 

 Mathematics anxiety is defined as “a feeling of tension, apprehension, or fear 

that interferes with math performance” (Ashcraft, 2002, p. 181). In 1990, Hembree inte-

grated the results of 151 studies in order to identify “The Nature, Effects, and Relief of 
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Mathematics Anxiety.” He concluded that mathematics anxiety negatively influences 

students’ test performance and attitudes, and is directly associated with avoidance of the 

subject entirely. Mathematics anxiety has often been associated with or even mistaken 

for test anxiety, but research justifies differentiating between the two. Rather than being 

limited to testing environments, mathematics anxiety “appears to comprise a general 

fear of contact with mathematics, including classes, homework and tests” (Hembree, 

p. 45).  

 The sources of mathematics anxiety remain largely undetermined. Although 

mathematics anxiety and poor performance go hand in hand, “there is no compelling 

evidence that poor performance causes mathematics anxiety” (Hembree, 1990, p. 44). 

Later studies have also failed to find any significant correlation between intelligence and 

mathematics anxiety (Ashcraft, 2002; Young et al., 2012). Ashcraft (2002) refers to 

Eysenck and Calvo’s “processing efficiency theory” for anxiety in general (p. 183). It 

postulates that anxiety-related poor performance, and in particular poor performance 

associated with working memory, is due to fear-based and worry-based thoughts inter-

rupting the individual’s thought processes. Ashcraft takes a slightly different view, sug-

gesting that it is the uninhibited attention to such thoughts rather than the thoughts 

themselves that distinguishes an individual as a victim of math anxiety (p. 184). 

 Although there are no conclusive studies on the causes of mathematics anxie-

ty, research has suggested a few possibilities. Turner, Midgley, Meyer, Gheen, 

Anderman, Kang, and Patrick’s (2002) work investigating the relationship between 
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classroom environment and student avoidance behaviors in mathematics is relevant. 

The study found high levels of avoidance (self-handicapping, an aversion to help seek-

ing, and an avoidance of novel forms of cognitive engagement) in classrooms where 

teachers demanded correctness but provided little support during lessons and were 

intolerant of student mistakes. Ashcraft’s (2002) participants reported similar sources of 

anxiety, explaining that a history of “public embarrassment in mathematics class con-

tributed to their math anxiety” (p. 184).  

 Highly math anxious individuals certainly perform poorly on assessments, 

but mathematics anxiety affects students in a variety of ways. The predominant behav-

ior associated with mathematics anxiety is avoidance (Ashcraft, 2002; Hembree, 1990). 

Highly math anxious individuals not only take fewer math classes, they attempt to min-

imize their cognitive contact with the subject even in the classes they do take. They 

“learn less of what they are exposed to” (Ashcraft, 2002, p. 182). When Ashcraft asked 

college students to work on simple arithmetic problems, he found that highly math anx-

ious individuals soon began to rush through the problems, sacrificing accuracy in order 

to end the experience as quickly as possible (p. 182).  

 Mathematics anxiety is also associated with negative attitudes and beliefs. 

Math anxious individuals’ dislike of mathematics is characterized by Faust (1992) and 

Hembree (1990) as a phobia. Independent instruments have found that math anxious 

individuals are equal in intelligence and ability to their peers, yet Ashcraft (2002) found 

that such individuals believed themselves to be unusually incapable of learning 
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mathematics (p. 182). This seems to explain math anxious individuals’ abnormally low 

measures of motivation (Ashcraft). 

 Until very recently, researchers relied exclusively on subjective measures of 

mathematics anxiety, using interviews, classroom observations, and questionnaires to 

identify and quantify the phenomenon. But Young et al. (2012) were able to establish the 

neurological effects of mathematics anxiety by running functional MRI scans on elemen-

tary school children as they worked on math problems. Their results confirmed much of 

what was already believed. Students suffering from mathematics anxiety had unusually 

high levels of activity in the brain’s amygdala, an area associated with fear and the pro-

cessing of negative emotions. These same children were found to have decreased activi-

ty in areas of the brain associated with working memory, attention, and mathematical 

reasoning (Young et al.). 

 Educators have pursued an assortment of math anxiety interventions with 

varying success. Hembree’s (1990) survey clearly identified some of what does and does 

not work to treat mathematics anxiety. After integrating 151 mathematics anxiety stud-

ies, he concluded that whole class psychology treatments did not improve the perfor-

mance of students who suffered from math anxiety. Curricular changes were equally 

unsuccessful. In fact, the only effective treatments for mathematics anxiety were purely 

psychological interventions which did not involve teaching or practicing mathematics at 

all. 
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 The first successful intervention, systemic desensitization (also called gradu-

ated exposure therapy), has been used for the treatment of phobias since the 1950s. Par-

ticipants first create a stimulus hierarchy, in which they identify and rank the sources of 

their fear or anxiety. After being taught relaxation strategies, the participants work their 

way through the hierarchy, exposing themselves to the least disagreeable item first, and 

only moving on to the next item when (with the help of relaxation techniques) the first 

item is no longer a significant source of fear or anxiety. 

 Cognitive restructuring, a component of cognitive behavior therapy, is 

another effective treatment for mathematics anxiety. Individuals who participate in cog-

nitive restructuring are taught to identify and then dispute their own maladaptive 

thought processes. The treatment is fundamentally metacognitive. Participants must first 

recognize the (often subconscious) text of their responses to anxiety inducing stimuli (in 

this case encounters with mathematics), then work to develop productive responses to 

those thought processes.  Both the set of students who participated in systemic desensi-

tization and the set of students who were taught cognitive restructuring were able to 

achieve anxiety-free levels of performance (Ashcraft, 2002; Hembree, 1990).  

Emotion as an Educational Tool 

 

 The previous sections discuss both the positive emotional experiences that 

often accompany newfound understanding and the negative emotions which block the 

path to understanding, thus establishing affect as a significant component of 
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mathematical experience. But emotion can do more than punctuate an experience; many 

researchers believe that emotion is an essential ingredient of educational experience.  

 Bruner (1990), a psychologist, draws on the work of Frederick Bartlett to sug-

gest that “Remembering serves … to justify an affect, an attitude” (p. 58). In this view, 

the affective experience is what sears something into memory; the context (academic or 

otherwise) is secondary, saved only as a means to explain the affective incident. Thus, in 

order to remember, students first must feel.  

 Op’t Eynde, De Corte, and Verschaffel (2006) also emphasize the role of emo-

tions in mathematics learning. They state, “Clearly, from a socio-constructivist perspec-

tive, students’ emotions and other affective processes are conceived as an integral part of 

problem solving and learning” (p. 194). After careful observations of their student sub-

jects, Op’t Eynde et al. concluded that it was almost always an emotional cue (e.g., frus-

tration) that “triggered students to redirect their behavior” (p. 202).  

 Allen and Carifio (2007) created a study to investigate George Polya’s claim 

that more sophisticated problem solvers “experience more differentiated emotion dur-

ing mathematical problem solving” (p. 163). They found that while some of their sub-

jects experienced either uniformly positive or uniformly negative emotions, the most 

sophisticated problem solvers experienced a blend of the two. These students were able 

to use emotion to motivate, direct, and monitor their problem-solving experience. The 

authors concluded that incorporating both positive and negative emotional experiences 

in mathematical learning “generates valuable meta-cognitive evaluation information as 
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well as stimulating, energizing, organizing, and focusing effects” (p. 166). They are care-

ful to clarify that it is a student’s response to the emotional impact of problem solving 

that makes the emotion productive for the student.  Students must be able to both expe-

rience differentiated emotion and then manage that emotion in order to benefit from 

emotional feedback.  

Meta-affect and Identity  

 

 We have seen how emotion can either impair or improve cognitive function. 

In the one case, emotions like fear and worry become distractions that reduce problem-

solving power. In the other, problem solving is directed and fueled by emotion. The dif-

ference seems to lie not in the original experience of the emotion but in the secondary 

response to the emotion. Students who feel but can inhibit fear and worry do not suffer 

from mathematics anxiety (Ashcraft, 2002). Frustration can lead to despair or fuel moti-

vation (Allen & Carifio, 2007). DeBellis and Goldin (2006) call these different affec-

tive/cognitive sequences “affective pathways,” and distinguish between positive path-

ways, which produce successful learning outcomes, and negative pathways, which do 

not. While positive and negative pathways may include many of the same emotional 

waypoints (e.g., curiosity, bewilderment, frustration), the difference is in the subsequent 

emotional destination. Does bewilderment lead to anxiety or to determination? DeBellis 

and Goldin refer to these secondary emotions as “affect about affect” or “meta-affect.” 

To explain, Goldin (2002) gives the following illustration:  
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Consider, for example, the emotion of fear. One thinks first of fear as a nega-

tive state of feeling, signaling danger. In the absence of actual danger in the 

environment, fear might be seen as a counterproductive state, an incorrect 

encoding, a feeling to be avoided or soothed. A young child may be terrified 

of the dark, or of being alone. An adolescent may experience fear of rejection 

or of failure. Some people are terribly and involuntarily afraid of crowds, of 

heights of flying in airplanes, or of public speaking. Some, of course, fear 

mathematics. In these situations, our first impulse is to try to assuage the feel-

ing. 

 But a moment’s reflection reminds us that in the right circumstances, indi-

viduals can find fear highly pleasurable. People flock to horror movies. They 

enjoy amusement park rides, where the more terrifying the roller coaster ex-

perience, the more exhilarating and “fun” it is. Why is this? The cognition 

that the person is “really safe” on the roller coaster permits the fear to occur in a 

meta-affective context of excitement and joy. The more afraid the rider feels, the 

more wonderful she feels about her fear. …Imagine however, that a cable 

breaks during such a ride, and the roller coaster swerves uncontrollably. The 

experience changes entirely! Now the rider is “truly” afraid, as the danger is 

(believed to be) actual. This fear feels entirely different, because the meta-affect 

has changed. Even if the person is really in no danger, the removal of the be-

lief that she is safe changes the nature of the affective state. (p. 62) 

 

 Notice that it is belief which informs meta-affect. To better understand how 

meta-affect guides affective pathways, let us expand our current focus on the emotional 

manifestations of affect to include other affective spheres: attitude, belief, and identity. 

 McLeod’s (1992) oft-cited chapter in the Handbook of Research on Mathematics 

Teaching and Learning divides affect into three categories: emotions, attitudes, and beliefs 

(p. 578). Emotions, the most intense and least permanent of the three, arise when stu-

dents use beliefs to appraise a situation (McLeod, 1992; Op’t Eynde et al., 2006). Some of 

the most powerful emotional arousals come as the result of “appraisals of the self” 

(Malmivuori, 2006). For instance, if a student who believes that mathematics problems 

are generally formulaic reproductions encounters a problem for which he or she knows 
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no algorithm, then the student is likely to become angry or frustrated. If such a student 

also believes that success in mathematics is primarily the product of ability rather than 

effort, then the student is likely to form a new self-belief, “I don’t have the ability to do 

mathematics,” which comes with its own emotional and behavioral consequences. When 

the same emotional experience is repeated over and over again, the response (say, to a 

certain type of problem) becomes automatic, and is now ingrained in the student as an 

attitude or even a belief, that is, “I don’t like word problems” or “I’m not good at word 

problems” (McLeod, 1992). Thus, emotions are both the window through which atti-

tudes and beliefs can be seen and a means by which attitudes and beliefs evolve. Op’t 

Eynde et al. (2006) say of students in math class, “Who they are, what they value, what 

matters to them in what way in this situation is revealed to them through their 

emotions” (p. 194).  

 In this way, doing mathematics can become an identifying activity. Students 

create mathematical identities for themselves through “continuous unconscious evalua-

tion of the situation with respect to personal goals” (Hannula, 2002, p. 29). Of course, the 

personal goals of students are often very different from the goals of educators. Hannu-

la’s case study of “Rita,” a middle-school student, illustrates this. He found that while 

Rita’s negative attitude in math class was counterproductive to her learning mathe-

matics, it was a “successful defence strategy of a positive self-concept” (p. 42). Rita’s 

view that math was “stupid” and “useless” allowed her to maintain a positive self-

image when faced with the discomfort of math-induced confusion. Naturally, Rita’s 
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negative attitude and associated disengagement, while protecting her ego, led to more 

confusion in mathematics. However, over the course of several years, Rita was able to 

change her response to confusion. Although her teacher-assessed proficiency in the sub-

ject remained essentially the same, her self-belief improved, and, as a result, “she no 

longer had to deny the necessity of problematic topics but, instead, she asked for help 

until she understood” (p. 42). A shift in belief allowed her affective pathway to change. 

 

Mathematics and Writing 

 

 Van Manen (1990) shapes an argument in favor of, and a framework for, 

using LEDs in educational research. Mathematics researchers have made only minimal 

use of his methods. However, since lived experience generally takes the form of a first 

person, present tense narrative written by the subject, the body of research on writing in 

mathematics is relevant.  

 Mathematics education researchers and reformers have championed the use 

of writing in mathematics classrooms for decades. In the 1980s, the “Writing Across the 

Curriculum” movement encouraged the use of writing in all subject areas, mathematics 

included. The movement originated with literacy concerns as American students had 

demonstrated increasingly weaker reading and writing skills on standardized tests and 

in the expressed complaints of employers (Kinneavy, 1983). Likely because the theory 

was developed to address literary rather than mathematic shortcomings, its relevance to 

mathematics learning was initially unclear. Thus its application in mathematics class-

rooms took on a variety of forms (Bossé & Faulconer, 2008).  
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 More recently, the National Council for the Teaching of Mathematics 

([NCTM], 2000, 2014) has drawn attention to the essential role writing can play in the 

learning of mathematics. Their communication standard clearly makes a case for the 

importance of writing in mathematics classrooms:  

Instructional programs from prekindergarten through grade 12 should ena-

ble all students to: 

• Organize and consolidate their mathematical thinking through communica-

tion 

• Communicate their mathematical thinking coherently and clearly to peers, 

teachers, and others 

• Analyze and evaluate the mathematical thinking and strategies of others 

• Use the language of mathematics to express mathematical ideas precisely.  

(NCTM, 2000, p. 60) 

 

Bossé and Faulconer (2008) also draw connections between writing and NCTM’s repre-

sentation standard, calling mathematical writing “the conjoining of all representations” 

(p. 10). 

 Throughout the current reformative period and also during the earlier “Writ-

ing Across the Curriculum” era, the maxim “writing to learn” has given direction to 

efforts to use writing to teach mathematics. 

 “Writing to learn” has Vygotskyan origins. The Russian psychologist’s belief 

that “language and thought are both transformed in the act of representation” (Borasi & 

Rose, 1989, p. 346) is often cited as the foundation upon which the principle of learning 

via writing rests (Borasi & Rose; Lim & Pugalee, 2004; Pugalee, 2001). Vygotsky held 

that the formation of written language is an analytical process which requires the writer 

to form a “web of meaning,” identifying connections both within the current area of 
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interest and to prior concepts (Pugalee, 2004). The writer culls and refines his own inner 

language to create a more pointed, succinct, and generally intelligible product.  

 Bossé and Faulconer (2008) report that the most common forms of writing 

found in mathematics classrooms are note-taking, biographies of historical figures, jour-

nal writing, and expository writing. They distinguish between writing about mathemat-

ics, a genre which includes biographies and informal journals in which students describe 

their feelings about mathematics, and writing in mathematics, which asks students to 

explain and engage with pure mathematical concepts. These authors advocate for the 

latter, believing that the hypothetical benefits of “writing to learn” can only be realized 

when students participate in “deeper conversations about the underlying principles of 

mathematics” (p. 11).  

 Pugalee (1997) describes some of the gains experienced by students who par-

ticipate in expository mathematical writing. Using examples from research to support 

each claim, he asserts that expository writing helps students connect prior knowledge to 

new information, develop problem-solving skills, and assess their own understanding of 

a topic. Lim and Pugalee (2004) used expository journal writing to investigate the NCTM 

goal “They communicate to learn mathematics and they learn to communicate mathe-

matically.” Participants in this study used journals to solve mathematical problems, con-

scientiously describing each step of their problem-solving process. The authors’ 

carefully analyzed findings demonstrated that this writing activity engaged students, 

improved students’ expository writing, and helped students to remember the 
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mathematical principles they wrote about. Another study by Pugalee (2004) compared 

the effects of verbal communication and written communication, finding that “students 

who wrote descriptions of their thinking were significantly more successful in the 

problem solving tasks than students who verbalized their thinking” (p. 27). 

 Borasi and Rose (1989) describe another learning aspect of writing. The stu-

dents they studied kept informal mathematics journals and wrote on topics of their own 

choosing. The final products contained a variety of entries: expository-type explanations 

of problem-solving processes, accounts of their own mathematical practices and beliefs, 

personal feelings and opinions about mathematics, and, occasionally, responses to 

teacher-generated questions. The authors noted the journals’ revelatory power: in the act 

of writing, students often discovered they knew more than they thought they knew 

about mathematics, but more significantly, students uncovered their own relationship to 

mathematics. “The open and exploratory nature of the journal may in fact invite stu-

dents to record events, thoughts, feelings, and ideas, of which the writer may not initial-

ly recognize the relevance or value” (p. 353). By putting a thought or feeling onto paper 

students became observers of themselves. They became more aware of “how they do 

mathematics,” and of “how their feelings affect their learning of mathematics” (pp. 354-

355). Then, as the entries accrued, the journals became an account through time of stu-

dent progress, historical documents which illuminated tendencies, trends, and patterns 

of belief and behavior. At the end of the course, the students themselves commented on 

the use of journals: 
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 “It gave me an outlet to express my feelings” (p. 354) 

 “I have been able to realize what I am doing wrong in my thinking process. Once I 

know what I am doing wrong, I have been able to change and thus do better” (p. 357) 

 “I am able to see on paper my thought processes towards problems instead of 

some abstract thought in my mind which are hard to keep” (p. 357) 

 Writing’s self-monitoring influence is also evident in Pugalee’s (2001) study 

of student descriptions of thoughts during problem solving. The participants were asked 

to record “every thought that came to mind while solving the problem” (p. 238). Know-

ing that more successful problem solvers have more active metacognitive processes, 

Pugalee analyzed the writing samples for evidence of those metacognitive processes. His 

findings emphasized the importance of mental awareness and self-regulation, and also 

support the claim that writing itself can develop powerful metacognitive tools.  

 Whether writing about a problem increases a student’s success on that prob-

lem, writing an LED is fundamentally an exercise in reflection, and according to Philipp 

(2007), who reviewed 23 years of research on beliefs and affect, the “essential ingredient 

[for changing beliefs] is reflection upon practice” (p. 309). In both formal and informal 

contexts, the benefits of writing are largely tied to its tendency to inspire reflection. 

Reflection is both a pre-requisite to and a consequence of writing. First, writers reflect to 

organize and refine thoughts into language. Then, as readers of their own thoughts, they 

are invited to reflect again, to watch and wonder at themselves. 
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CHAPTER III 

 

 

METHODS 

 

 

Sample 

 

 The sample for this study consisted of 40 undergraduate math students 

enrolled in Beginning Algebra at Butte-Glenn Community College, in Oroville, Cali-

fornia. Beginning Algebra is the second of three remedial mathematics courses currently 

offered at Butte College. The students came from two different course sections: 20 stu-

dents were members of a section which was not asked to write LEDs, creating a control 

group; the other 20 students were members of a course section which did write LEDs. 

Both course sections began the semester with approximately 35 students, all of whom 

were invited to participate in the study.  The smaller number of participants is the result 

of both student withdrawal and elective non-participation. The researcher was the 

instructor in each of these sections.  

 

Data Collection 

 

 Since this intervention has no clear precedent, the potential effects were 

unpredictable, thus a wide variety of assessment tools were used. Data collected in this 

study included 
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 1. an attitude questionnaire (administered both prior to and following the 

treatment), 

 2. students’ written responses to essay questions,  

 3. the students’ LEDs themselves, 

 4. observations made by the teacher over the duration of the course (including 

observations of class behaviors and observations of classwork), 

 5. student scores on the five course tests (including four tests and one final exam), 

 6. the length of time each student spent taking each test. 

The data collection timeline is outlined in Figure 1. The attitude questionnaire and essay 

questions, LEDs, teacher observations, and test times are described in greater detail 

below. 

Questionnaire and Essay Questions 

 

 On the fourth day of the course, students were asked to complete Tapia’s 

(1996) Attitudes Towards Mathematics Inventory (ATMI), a validated research instru-

ment which measures four attitudinal factors: self-confidence, value, enjoyment, and 

motivation. Although the ATMI was developed using high school students, it has also 

been validated for use with college students (Tapia & Marsh, 2002).  

 After completing the initial ATMI, the researcher asked the students in both 

course sections to answer two essay questions. The questions encouraged students to 

reflect on their own identity as it arises in a mathematics setting and on their relation-

ship to mathematics. Students who were absent on the fourth day of class or  
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Figure 1: Data collection timeline. 
 
 

who ran out of time to complete the survey and/or answer the essay questions were 

encouraged to do so at home. 

 During the last week of class, students in both course sections were asked to 

complete the ATMI again. Students in the experimental (LED writing) group were also 

  Week 1 

  Week 2 

  Week 3 

  Week 4 

  Week 5 

  Week 6 

  Week 7 

  Week 8 

  Week 9 

  Week 10 

  Week 11 

  Week 12 

  Week 13 

  Week 14 

  Week 15 

  Week 16 

  Week 17 

  Week 18 
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asked to provide written answers to several interview-type questions which investigated 

students’ views on the effects and usefulness of writing LEDs. In each course section, 

several students were absent on this day; these students were asked to complete the 

ATMI (and interview questions, where relevant) either at home or in class following the 

final exam. Completing the survey under different circumstances could influence stu-

dents’ responses, particularly in the case of students who had just completed the final 

exam. But as only a few students fell into this category, any such effects on the data as a 

whole were assumed to be negligible. The questionnaire and both sets of essay questions 

can be found in Appendixes A, B, and C.  

Lived Experience Descriptions 

 

 In addition to the essay questions previously described, students in the 

experimental group spent class time writing LEDs on four different occasions through-

out the semester: one each during the 5th, 7th, 11th, and 15th weeks of class. These students 

received class instruction on writing LEDs. The instructor presented and discussed 

examples of LEDs, encouraging students to focus on documenting, rather than interpret-

ing experience. Students wrote the first two LEDs about their experience working on an 

in-class problem which had been assigned that day. In order to preserve the accuracy of 

the experience as much as possible, students wrote the LEDs immediately after complet-

ing the class work. In lieu of writing, students in the control group were given addition-

al time to work on the problem, or time to attempt a similar problem. Prompts for the 

student LEDs are found in Appendix D.  
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 Not all of the students in the experimental group were present to complete 

the first two LEDs. As a result, the instructor decided to conduct the final two LED 

assignments on days when a course quiz was scheduled, knowing that attendance 

would be unusually high on such days. The quiz itself was used as the subject of the 

third LED: after completing the 15-minute quiz, students wrote about the experience of 

taking the quiz. For the fourth LED, students were given a choice: to write about the 

quiz itself, as in the previous LED, or to write about their experience the previous day 

working on an in-class problem. The control group section spent the extra time discuss-

ing the quiz and reviewing previous material. 

Teacher Observations 

 

 The teacher/researcher observed students throughout the course with an eye 

to evolving student/subject relationships, as well as student attitudes, success, and per-

sistence. This data category was meant to supplement the data collected in other areas, 

rather than to stand alone. Therefore, no formal protocol was followed. Classroom 

behavior, as well as class work and homework (e.g., responses to test and homework 

questions), were noted. The instructor also participated in several unplanned, student-

led discussions about writing LEDs and students’ experience in, and impressions of, the 

course in general. 

Timed Tests 

 

 Thinking that the experience of writing LEDs might affect students’ tolerance 

for cognitive struggle, the researcher collected data on the amount of time students 
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spent working on course tests. The tests for this course were designed to be completed 

within one class period, although the entire 50-minute period is generally longer than is 

needed to complete the work. Students were permitted to use as much or as little of the 

time as they chose, and left class when finished. As course tests were handed in, the 

researcher manually “time-stamped” each student’s paper, thus recording the number 

of minutes the student spent engaged in the work.  

 

Data Analysis 

 

 By the end of the semester, student attrition and elective non-participation 

left a control group consisting of 20 students and an experimental group consisting of 20 

students. The data collected from these two groups included student test scores, test 

times, attitude surveys, and the writing assignments themselves. The data analysis for 

each of these measures is addressed individually in the following sections. 

Analysis of Test Scores  

 

 As is typical for the course, students participated in five major tests through-

out the semester: four smaller tests and one comprehensive final exam. A repeated 

measures analysis was used to look for variation in student test scores in two areas: 

between the control group and the experimental group, and, of most interest, between 

the two groups over time (group by test).  

Analysis of Test Times 

 

 In addition to recording students’ test scores, the number of minutes each 

student spent working on each of the four course tests was recorded as previously 
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described. As students were given twice as much time to complete the final exam, the 

researcher chose not to include test times for the final exam in the analysis. As with the 

test score analysis, a repeated measures analysis was used to look for variation in stu-

dent test times in four areas: between the control group and the experimental group, 

between tests, between students, and between the two groups over time (group by test).  

Analysis of the Attitude Toward 

  Mathematics Inventory 

 

 The sample size for the analysis of ATMI scores varied slightly from the 

sample size used in the analyses of the test scores and test times because two of the sub-

jects in the experimental group did not complete the ATMI administered at the begin-

ning of the course, the “pre-ATMI.” Although these students did complete an ATMI at 

the end of the course, this study’s focus on the change in student attitudes, rather than 

the attitudes themselves, makes a single measure of a student’s attitude useless, as no 

change can be calculated. Thus these students’ data was eliminated from the data set, 

and while the sample size for the control group remained 20 students, the sample size 

for the experimental group used in the analysis was 18 students.  

 The ATMI consists of 40 statements; each statement can be categorized into 

one of four aspects of attitude: enjoyment (10 items), self confidence (5 items), motiva-

tion (15 items), and value (10 items). Students use a Likert scale to respond to each 

statement, with choices ranging from “strongly disagree” to “strongly agree” 

(Appendix A).  
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 To interpret students’ ATMI results, the responses were assigned values 1 

through 5. Where appropriate, responses were reverse scored. For example, a “strongly 

agree” response to the statement “I really like mathematics” was coded as a 5, while the 

same “strongly agree” response to the statement: “Mathematics is dull and boring” was 

coded as a 1. In every case, a higher number corresponds to a more positive attitude 

toward mathematics; a score completely comprised of 5s could be understood to repre-

sent a student who thoroughly enjoys mathematics, is extremely motivated in mathe-

matics, has a great deal of self-confidence in regards to mathematics, and highly values 

mathematics. A score comprised solely of 1s represents a student who gets little to no 

enjoyment out of mathematics, is not motivated or self-confident in regards to mathe-

matics, and does not value mathematics. 

 Not all of the students answered every question. If a student failed to answer 

a question in either their pre- or post-ATMI, then, as no difference could be calculated 

for that question, the question was eliminated from the student’s pre- and post-ATMI 

totals and that student’s ATMI scores were calculated using 39, rather than 40 questions. 

For this reason, one question was removed from the ATMI totals of four different stu-

dents in the control group, and one question was removed from the ATMI totals of a 

single student in the experimental group. This, of course, lowered the value of these 

students’ ATMI totals, and, so, rather than compare ATMI totals, the final ATMI scores 

are averages, that is, to calculate a student’s pre-ATMI score the sum of all pre-ATMI 

responses to items for which a student had both a pre- and post-ATMI response was 
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divided by the number of such items. While this method eliminated the numerical dis-

crepancy between typical 40-item scores and the five 39-item scores, it cloaked another 

concern: not all scores had been created equally. Thirty-three of the students’ scores 

were based on the original, unaltered ATMI, and five were based on an individually 

adapted ATMI. In essence, the students had responded to different sets of questions. 

Could their scores be compared? There seemed to be three options: remove the four par-

tially answered items from every student’s ATMI, weakening the instrument, remove 

the five “39-item” students from the data set, substantially shrinking the sample size, or 

assume that the difference between a 40-item ATMI and a 39-item ATMI was negligible. 

Prioritizing an intact instrument and a healthy sample size, the researcher chose to leave 

all 40 questions and all 38 students in the data set. 

 A two-tailed, paired t test was used to compare the pre- and post-ATMI 

scores for both the control group and the experimental group. Hoping to better under-

stand the nature of the students’ attitude changes, the researcher also considered each 

attitude subgroup (enjoyment, motivation, self-confidence, and value) individually, and 

ran two-tailed, paired t tests on the pre- and post-ATMI scores in each of these areas. 

 In order to compare the ATMI changes between groups, an independent two 

sample t test was run on the differences in pre- and post-ATMI scores, where each stu-

dent’s difference was assigned to the proper group. 
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Analysis of the Lived Experience 

  Descriptions 

 

 The students’ writing assignments were first read without any particular 

theme or pattern in mind. Instead, anything that stood out or made an impression was 

highlighted. Rather than organizing the reading schedule by student, the assignments 

were read by assignment group. After reading every student’s first writing assignment, 

the researcher summarized her observations and then moved on to read the second, the 

third, and the fourth assignments, again summarizing observations of each group before 

moving on to the next. 

 From these four sets of observations six themes, or categories, were identified 

which seemed to encompass most of what the students had written and emphasized 

some of the distinct patterns of thought which stood out to the researcher while reading. 

After defining these six themes, the assignments were reread, this time with the themes 

in mind. Using a different color for each theme, any text which met a theme’s descrip-

tion was highlighted. Not all of the text was highlighted, as some of it did not fit into 

any of the defined categories, but most of the text could be categorized. Nearly every 

individual paper included statements from several themes. 

 

Limitations of the Study 

 

 The small sample size and single geographic location of the sample limited 

this study. In addition, the control and experimental groups were not populated by any 

random selection process, but were formed by existing developmental mathematics 
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classes. All participating students were enrolled in Math 108, a Beginning Algebra 

course, at Butte-Glenn Community College in Oroville, California. 
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CHAPTER IV 

 

 

FINDINGS 

 

 

Introduction 

 

 After reading all of the writing assignments the students produced, the 

researcher feels it would be disingenuous to continue to refer to them as LEDs. Con-

vincing the students to write “true” LEDs (pure descriptions of an experience, free of 

analysis and interpretation) proved nearly impossible. Despite continuous efforts to 

communicate and model this ideal, in the end, students wrote what they wanted to 

write: a mix of experience, interpretation, and commentary. This study cannot, therefore, 

report on the effects of writing LEDs, only on the effects of being asked to write LEDs 

and of the writing experiences which followed. 

 The findings of this study are described in four sections, representative of the 

types of data collected: student test scores, student test times, attitude toward mathe-

matics instrument scores, and writing assignments. Although six types of data were col-

lected, the data collected via teacher observations and student responses to essay ques-

tions was deemed insufficient to warrant individual analysis, and was used, instead, to 

support the analysis and interpretation of the other four data categories. 
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Student Test Scores 

 

 The repeated measures analysis used to analyze test scores first compared the 

control group’s aggregated test scores to those of the experimental group and then 

examined the variation between the two groups’ scores over time.  

 When viewed collectively, no significant difference was found between the 

test scores of the experimental and control groups. The average score over all five tests 

for all students in the control group was 72.0%, nearly identical to the average in the 

experimental group: 72.2%. The p value of the analysis of variance between groups was 

0.993.  

 The final component of the analysis of variance compared how the test scores 

of the two groups changed over time. This analysis addressed the question of whether, 

over the course of the semester, participating in the writing assignments had produced a 

measureable effect in the experimental group’s ability to perform on tests. The group 

averages on each test indicated that while the control group began the semester with 

higher test scores than the experimental group, as time went on, the experimental group 

caught up to and then surpassed the control group. The analysis of variance on this data 

produced a p value of 0.029, well below the 0.05 value commonly accepted as sufficient 

to reject the null hypothesis (that the variation between groups in test scores over time 

was due to random factors). Thus the data indicates that there is an interaction between 

group and time, meaning that the groups were affected differently over time. Figure 2 

summarizes these test score results. Table 1 presents both analysis of variance results.  
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Figure 2. Interaction plot comparing average test percent between groups. 
 
 

Student Test Times 

 

 As with the analysis of test scores, a repeated measures analysis was used to 

compare test times. The analysis first compared the experimental group’s aggregated 

test times to the control group’s aggregated test times and then compared the variation 

in the groups’ test times over subsequent tests. 

 There was a significant difference in the average time spent working on tests 

by the control group and the experimental group. Averaged over all four tests, the con-

trol group spent an average of 41.2 minutes per test, while the experimental group spent 

an average of 48.2 minutes per test. The p value associated with this variance was 0.005, 

emphasizing the distinction between groups. Figure 3 illustrates the difference in the 

groups’ average test times. 
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Table 1 

 

Analysis of Variance of Student Test Scores 

 

Source DF Adj SS Adj MS F P 

Group 1 0.2 0.15 0.00 0.993 

TestNumber 4 7221.9 1805.48 17.14 0.000 

Student(Group) 38 66039.5 1737.88 16.50 0.000 

Group*TestNumber 4 1174.2 293.54 2.79 0.029 

Error 151 15902.8 105.32   

Total 198 90628.4    

Note: The TestNumber and Student(Group) p values indicate the significant variation 

in test scores on different tests and by different students. Although this variation may 

be of some interest, it is not relevant to the purposes of this study. The Group and 

Group*TestNumber p values indicate that while the variation between groups’ 

aggregated test scores was not significant at the p < 0.05 level, the variation between 

average group scores over subsequent tests was significant at the p < 0.05 level. That is, 

there is a statistically significant interaction between group and test number at the 

p < 0.05 level.  

 
 

 The analysis of variance also addresses the question: Is the change over time 

in the amount of time students spend working on tests dependent on group? Or in other 

words, did the experimental group’s test times evolve differently than the control 

group’s test times? The answer appears to be a resounding no. The p value for the inter-

action between group and test number was 0.303, indicating no statistically significant 

interaction between patterns of test time change and group. The p values for the anal-

yses of variance are shown in Table 2. 
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Figure 3. Interaction plot comparing average test time between groups. 
 

 

Attitude Toward Mathematics Inventory Scores 

 

 The pre- and post-ATMI scores for both the control group and the experi-

mental group were compared using a two-tailed, paired t test. The data means indicate 

that both groups’ ATMI scores decreased, implying that, on average, the students’ atti-

tudes toward mathematics had worsened. The control group’s average ATMI score 

decreased from 3.285 to 3.132, a change of -0.153, but, as the p value for this data was 

0.096, this change is not statistically significant at the 0.05 level. The experimental 

group’s average score decreased from 3.525 to 3.271, a change of -0.254. The p value 

associated with this change, 0.030, indicates that this change falls within the 95% 

confidence interval and so could be considered statistically significant. Tables 3 and 4 

report these results. 
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Table 2 

 

Analysis of Variance of Student Test Times: Between Groups and Group by Test 

 

Source DF Adj SS Adj MS F P 

Group 1 1598.7 1598.70 8.80 0.005 

TestNumber 3 530.0 176.67 4.62 0.004 

Student(Group) 38 7061.6 185.83 4.86 0.000 

Group*TestNumber 3 140.8 46.95 1.23 0.303 

Error 106 4054.9 38.25   

Total 151 13730.8    

Note: The TestNumber and Student(Group) p values indicate the significant variation 

in test scores on different tests and by different students. Although this variation may 

be of some interest, it is not relevant to the purposes of this study. The Group and 

Group*TestNumber p values indicate that the variation between groups’ test times was 

significant at the p < 0.05 level, while the variation between groups over subsequent 

tests was not (i.e., there was no statistically significant interaction between group and 

test number). 

 
 

 In addition to comparing the groups’ collective ATMI scores, two-tailed 

paired t tests were also run on each of the ATMI subgroups: enjoyment, motivation, self-

confidence, and value. The only control group change found to be statistically significant 

at the 95% confidence level was an average decrease in motivation, with a p value of 

0.009. The experimental group’s decrease in enjoyment and decrease in self confidence 

were both found to be significant at the 95% confidence level, with respective p values of 

0.020 and 0.028. Tables 5-13 report these results.  

 The preceding tests look for and analyze the change in ATMI scores within 

each group, but for the purposes of this study, the more significant question is how the  
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Table 3 

 

Paired T Test for Students’ Pre- and Post-ATMI Score: Control Group 

 

 N Mean SD SE Mean 

Control post-ATMI 20 3.132 0.574 0.128 

Control pre-ATMI 20 3.285 0.608 0.136 

Difference 20 -0.1531 0.3910 0.0874 

95% CI for mean difference: (-0.3361, 0.0299) 

t test of mean difference = 0 (vs. ≠ 0):  t = -1.75  p = 0.096 

Note: Possible ATMI scores range from a low of 1 to a high of 5; not significant at the 

p < .05 level. 

 
 

two groups compare, or, in other words, not whether any single group’s ATMI scores 

changed, but whether or not the two groups changed in different ways. An independent  

 

Table 4 

 

Paired T Test for Students’ Pre- and Post-ATMI Score: Experimental Group 

 

 N Mean SD SE Mean 

Control post-ATMI 18 3.271 0.663 0.156 

Control pre-ATMI 18 3.525 0.326 0.077 

Difference 18 -0.254 0.457 0.108 

95% CI for mean difference: (-0.482, -0.027) 

t test of mean difference = 0 (vs. ≠ 0):  t = -2.36  p = 0.030 

Note: Possible ATMI scores range from a low of 1 to a high of 5; significant at the p < .05 

level. 
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Table 5 

 

A Summary of the Change in ATMI Scores in Each of the Four Attitude Subgroups 

 

 Enjoyment Motivation Self confidence Value 

Average difference: 

control group 

-0.032 -0.2750* -0.170 -0.188 

Average difference: 

experimental group 

-0.283* -0.211 -0.285* -0.197 

*Statistical significance at the p < 0.05 level. 

Note: Possible ATMI scores range from a low of 1 to a high of 5. 

 

 

two-sample t test on the differences in pre-and post-ATMI scores was used to address 

this question, comparing between groups. Although an evaluation of the mean differ-

ences in Table 5 might suggest that the experimental group’s attitudes worsened more  

 

Table 6 

 

Paired T Test for Students’ ATMI Enjoyment Score: Control Group 

 

 N Mean SD SE Mean 

Control post-enjoyment 20 3.125 0.641 0.143 

Control pre-enjoyment 20 3.157 0.696 0.156 

Difference 20 -0.032 0.507 0.113 

95% CI for mean difference: (-0.270, 0.205) 

t test of mean difference = 0 (vs. ≠ 0)  t = -0.29  p = 0.777 

Note: Possible ATMI scores range from a low of 1 to a high of 5; not significant at the 

p < .05 level. 
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Table 7 

 

Paired T Test for Students’ ATMI Enjoyment Score: Experimental Group 

 

 N Mean SD SE Mean 

Exp post-enjoyment 18 3.083 0.749 0.177 

Exp pre-enjoyment 18 3.367 0.504 0.119 

Difference 18 -0.283 0.467 0.110 

95% CI for mean difference: (-0.515, -0.051) 

t test of mean difference = 0 (vs. ≠ 0):  t = -2.57  p = 0.020 

Note: Possible ATMI scores range from a low of 1 to a high of 5; significant at the p < .05 

level. 

 

 

than the control group’s attitudes worsened, according to the t tests the distinction is 

statistically insignificant. The p values for the ATMI as a whole, and for each of the four 

attitude subcategories, range from 0.121 to 0.965, as seen in Tables 14-18.  

 

Table 8 

 

Paired T Test for Students’ ATMI Motivation Score: Control Group 

 

 N Mean SD SE Mean 

Control post-motivation 20 2.508 0.849 0.190 

Control pre-motivation 20 2.783 0.807 0.181 

Difference 20 -0.2750 0.4191 0.0937 

95% CI for mean difference: (-0.4712, -0.0788) 

t test of mean difference = 0 (vs. ≠ 0):  t = -2.93  p = 0.009 

Note: Possible ATMI scores range from a low of 1 to a high of 5; significant at the p < .05 

level. 
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Table 9 

 

Paired T Test for Students’ ATMI Motivation Score: Experimental Group 

 

 N Mean SD SE Mean 

Exp post-motivation 18 2.914 0.747 0.176 

Exp pre-motivation 18 3.125 0.439 0.104 

Difference 18 -0.211 0.816 0.192 

95% CI for mean difference: (-0.617, 0.195) 

t test of mean difference = 0 (vs. ≠ 0):  t = -1.10  p = 0.288 

Note: Possible ATMI scores range from a low of 1 to a high of 5; not significant at the 

p < .05 level. 

 
 

Writing Assignments 

 

 Although the methodology described in Chapter 3 outlines a procedure for 

analyzing student LEDs, the procedure is designedly incomplete. Categories of thought  

 

Table 10 

 

Paired T Test for Students’ ATMI Self Confidence Score: Control Group 

 

 N Mean SD SE Mean 

Control post-self confidence 20 3.100 0.642 0.144 

Control pre-self confidence 20 3.270 0.711 0.159 

Difference 20 -0.170 0.620 0.139 

95% CI for mean difference: (-0.460, 0.120) 

t test of mean difference = 0 (vs. ≠ 0): t = -1.23, p = 0.235 

Note: Possible ATMI scores range from a low of 1 to a high of 5; not significant at the 

p < .05 level. 
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Table 11 

 

Paired T Test for Students’ ATMI Self Confidence Score: Experimental Group 

 

 N Mean SD SE Mean 

Exp post-self confidence 18 3.248 0.839 0.198 

Ex pre-self confidence 18 3.533 0.482 0.114 

Difference 18 -0.285 0.505 0.119 

95% CI for mean difference: (-0.536, -0.034) 

t test of mean difference = 0 (vs. ≠ 0):  t = -2.40  p = 0.028. 

Note: Possible ATMI scores range from a low of 1 to a high of 5; significant at the p < .05 

level. 

 
 

can only be detected and defined after the assignments have been written and read. This 

analysis, therefore, is divided into two sections: “Approach,” which fleshes out the 

methodology previously described, and “Analysis,” which uses that methodology to 

present findings. 

 

Table 12 

 

Paired T Test for Students’ ATMI Value Score: Control Group 

 

 N Mean SD SE Mean 

Control post-value 20 3.498 0.689 0.154 

Control pre-value 20 3.686 0.903 0.202 

Difference 20 -0.188 0.745 0.167 

95% CI for mean difference: (-0.537, .0.161) 

t test of mean difference = 0 (vs. ≠ 0):  t = -1.13  p = 0.273 

Note: Possible ATMI scores range from a low of 1 to a high of 5; not significant at the 

p < .05 level. 
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Table 13 

 

Paired T Test for Students’ ATMI Value Score: Experimental Group 

 

 N Mean SD SE Mean 

Exp post-value  18 3.667 0.713 0.168 

Ex pre-value  18 3.864 0.475 0.112 

Difference 18 -0.197 0.509 0.120 

95% CI for mean difference: (-0.451, 0.056) 

t test of mean difference = 0 (vs. ≠ 0):  t = -1.64  p = 0.119 

Note: Possible ATMI scores range from a low of 1 to a high of 5; not significant at the 

p < .05 level. 

 
 

Approach  

 

 A first reading of the writing assignments produced six themes, categories 

which accounted for most of what students had written and identified prominent 

patterns of thought: 

 1. Statements which characterize, rate, or define either a specific set of problems or 

math in general. (Examples: “An extremely easy math problem,” “Math is still hard,” 

“The quiz seemed to be an easy one.”) 

 2. Statements in which a student defines him- or herself in regard to math. (Exam-

ples: “I suck at math,” “I’m not good on fraction [sic],” “How bad I am at math.”) 

 3. Writing which characterizes or rates the interaction between the mathematical 

task and the students themselves. Although this might seem similar to the defining 

statements of the first two themes, statements in this category do not label a  
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Table 14 

 

Two-sample T Test for ATMI Change 

 

 N Mean SD SE Mean 

Control group (C) 20 -0.153 0.391 0.087 

Experimental group (E) 18 -0.254 0.457 0.11 

Difference = μ (C) - μ (E) 

Estimate for difference: 0.101 

95% CI for mean difference: (-0.181, 0.384) 

t test of mean difference = 0 (vs. ≠ 0):  t = 0.73  p = 0.470  df = 33 

Note: Not significant at the p < 0.05 level. 

 
 

mathematics problem as intrinsically “hard” or “easy,” nor do they define the student as 

either “good” or “bad” at math. Instead, the focus is on the experience, viewed as a stu-

dent/mathematics interaction. Students acknowledge their own part in the ease,  

 

Table 15 

 

Two-sample T Test for Enjoyment Change 

 

 N Mean SD SE Mean 

Control group (C) 20 -0.032 0.507 0.11 

Experimental group (E) 18 -0.283 0.467 0.11 

Difference = μ (C) - μ (E) 

Estimate for difference: 0.251 

95% CI for mean difference: (-0.070, 0.572) 

t test of mean difference = 0 (vs. ≠ 0):  t = 1.59  p = 0.121  df = 35 

Note: Not significant at the p < 0.05 level. 
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Table 16 

 

Two-sample T Test for Motivation Change 

 

 N Mean SD SE Mean 

Control group (C) 20 -0.275 0.419 0.094 

Experimental group (E) 18 -0.211 0.816 0.19 

Difference = μ (C) - μ (E) 

Estimate for difference: -0.064 

95% CI for mean difference: (-0.505, 0.378) 

t test of mean difference = 0 (vs. ≠ 0):  t = -0.30  p = 0.768  df = 24 

Note: Not significant at the p < 0.05 level. 

 
 

difficulty, or other aspects of the experience. (Examples: “If I put my mind to it, it was 

quite easy,” “Forgot what degree of the expression is had trouble multiplying on 

question #9 [sic],” “There were some things that I didn’t completely know.”)  

 

Table 17 

 

Two-sample T Test for Self Confidence Change 

 

 N Mean SD SE Mean 

Control group (C) 20 -0.170 0.620 0.14 

Experimental group (E) 18 -0.285 0.505 0.12 

Difference = μ (C) - μ (E) 

Estimate for difference: 0.115 

95% CI for mean difference: (-0.255, 0.486) 

t test of mean difference = 0 (vs. ≠ 0):  t = 0.63  p = 0.532  df = 35 

Note: Not significant at the p < 0.05 level. 
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Table 18 

 

Two-sample T Test for Value Change 

 

 N Mean SD SE Mean 

Control group (C) 20 -0.188 0.745 0.17 

Experimental group (E) 18 -0.197 0.509 0.12 

Difference = μ (C) - μ (E) 

Estimate for difference: 0.009 

95% CI for mean difference: (-0.409, 0.427) 

t test of mean difference = 0 (vs. ≠ 0):  t = 0.04  p = 0.965  df = 33; 

Note: Not significant at the p < 0.05 level. 

 
 

 4. Writing in which a student reflects on, analyzes, or philosophizes about his or 

her mathematics experience. Students may recount personal histories, attempt to explain 

the underlying reasons for their success or difficulty on a recent problem, or contemplate 

the origins of their own relationship to the subject. (Examples: “In third grade graphing 

was introduced to me and I never understood it other than seeing a picture if I conected 

[sic] the dots or oh there’s a bunch of dots that I located,” “I think I did well but if not it 

was because I didn’t study for too long,” “Working in a group helps a lot for me,” “I 

believe that my attention falls more toward the process of using y=mx+b.”) 

 5. Statements of emotional release. Occasionally the writing assignments seemed to 

serve a cathartic purpose for students, giving them an avenue to express some relatively 

intense emotion. The feelings commonly expressed included frustration, excitement, and 
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relief. (Examples: “This was bullshit,” “This new material amazes me,” “Blehhhhhh I’m 

glad it’s over.”) 

 6. Messages for the instructor. Some students used the writing assignments to 

speak to the instructor: giving feedback, expressing appreciation, or writing for enter-

tainment purposes. (Examples: “If this class was 1½ or 2 hrs long 4 days a week the stu-

dents (myself) would benefit from the lessons more,” “Thank you Miss Lloyd for all 

your hard work, it shows I have a great teacher,” “Then you came over and confirmed 

that I am a genius!”) 

 Both the choice of themes and the process of categorization are admittedly 

subjective, and often a piece of writing seemed to fit in more than one category. For 

instance, in the last example given (“Then you came over and confirmed that I am a 

genius!”), the student both addresses the instructor (“Then you came over”) and defines 

himself (“I am a genius!”) thus meeting the criteria for both theme 2 and theme 6. But is 

this student genuinely calling himself a genius, or is the statement sarcastic, in which 

case he might be actually deriding himself? There is also the possibility that the student 

is not making a statement about himself at all, but alluding instead to a comment the 

instructor made with which he was either pleased (if the statement is genuine) or dis-

pleased (if the statement is sarcastic). If the statement is sarcastic, then perhaps it should 

be categorized as an emotional release. Or is he merely making a joke? In cases like this, 

the researcher used her personal knowledge of the student and memory of the experi-

ence to determine the meaning. In this example, it was decided that while the student 
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was trying to entertain the instructor (and so the sentence should not be taken at face 

value), the statement “I am a genius!” is also reflective of his high level of self-belief. The 

statement was placed in two categories: messages for the instructor and definitions of 

self. 

 Analyzing test times, test scores, and survey results is a systematic, imper-

sonal endeavor. A computer program does most of the work. But analyzing students’ 

writing (and, in particular, one’s own students’ writing) can be an intimate, human 

undertaking. LEDs are designed to reveal an individual’s inner world. Both as a reader 

and, in this case, as a character in the story, the researcher becomes involved and invest-

ed, bringing her personal experience, observations and intuition to the table. For this 

reason, the following sections are written in a less formal tone, a tone which acknowl-

edges the researcher/teacher’s part in the analysis process. 

Analysis 

 

 The writing assignments offer a rich area for study. I was given the privilege 

of experiencing my course through my students’ eyes, a perspective which will inform 

my presentation and assessment style in the future. I was also able to take part in some 

of the cognitive and emotional struggles my students experienced, which lent insight 

into the sources of student confusion and frustration. But my focus in analyzing the 

writing assignments necessarily recalls the purpose of this study: to understand the 

effect writing LEDs has on remedial algebra students. In other words, I looked for 
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change: as the semester progressed, how did the writing itself (and, in turn, the students 

whom the writing revealed) evolve? 

My first impression after reading the writing assignments was that students 

began the course defining mathematics and themselves in very firm, flat terms, and fin-

ished the course instead describing their own complex interaction with mathematics, 

having left simple labels behind. To investigate this further, and with the hope of dis-

covering other patterns of change, I counted the number of individual assignments with-

in each group which had at least one “theme 1” piece of text. As yellow was the color I 

had used to identify theme 1 text, I counted the number of papers in each assignment 

group with any yellow on them. I then did the same for each of the other themes, collect-

ing by group, by theme frequency data. Note that choosing to count the number of 

assignments in which a theme was represented as opposed to counting the number of 

representations of a theme emphasizes the evolution of the students as a group, prevent-

ing one student from distorting the data with multiple pieces of on-theme text within a 

single writing assignment. Table 19 (and Figure 4) summarize the results of this analysis. 

 The data in Table 19 and Figure 4 appears to support my initial impressions. 

The downward trends of theme 1 and theme 2 demonstrate that, as time went on, fewer 

and fewer students used the writing assignments to assign fixed definitions to either 

themselves or mathematics. Simultaneously, more and more students used the writing 

assignments to observe, analyze, and reflect upon their interaction with mathematics, as 

indicated by the upward trends of themes 3 and 4. The portion of students whose  
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Table 19 

 

Percentages of Students Whose Writing Assignment Included Theme-related Text 

 

Theme 

 Assignment 

 1 2 3 4 

1 Defining mathematics 33 40 33 11 

2 Defining self 39 13 10 0 

3 Characterizing subject/self interaction 28 60 86 68 

4 Reflection and analysis 28 53 67 68 

5 Emotional release 17 27 43 21 

6 Messages for the instructor 17 27 19 11 

 
 

writing assignments included statements of emotional release (theme 5) or messages for 

the instructor (theme 6) remained relatively stable, with the exception of assignment 3, 

in which an unusually high number of students made statements of emotional release. 

 This data describes only the portion of students who mentioned a theme, it 

does not represent the prevalence of a theme within students’ individual writing 

assignments. In one case, this seems worth mentioning. Although the number of stu-

dents whose fourth writing assignment held either theme 3 (characterizing the mathe-

matics/student interaction) or theme 4 (reflecting on and analyzing mathematical experi-

ence) material is the same, the quantity of writing on each theme was very different. In 

the process of reviewing the data, I spread all of the fourth writing assignments on the 

floor in front of me. My impression while viewing the fourth assignment was of a sea of  
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Figure 4. Theme representation by assignment. 
 
 

blue, the color I had chosen to represent theme 4. The assignments did not just touch on 

theme 4, theme 4 was the predominant motif of these assignments. 
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CHAPTER V 

 

 

DISCUSSION 

 

 

 Both the limitations of this study and the open-ended nature of the research 

questions prevent them from being answered in any final, definitive way, but the data 

collected clearly indicates change. The ways in which attempting to write LEDs changed 

my students surprised and intrigued me. I found change in unexpected places, and 

found no change in places where change was expected. 

 

Discussion of Individual Research Questions 

 

Research Question 1 

 

 How does writing LEDs affect remedial algebra students’ performance on 

course tests? Analyzing the change in students’ test scores was almost an afterthought to 

this study; it seemed unlikely that the students’ writing activities would affect their per-

formance on course tests. But as the data was so easy to come by, “test scores” was add-

ed to the list of measures to be investigated. To my surprise, this data provided some of 

the strongest evidence of change. During the course of the algebra class, the average test 

scores of students in the experimental group first caught up to and then surpassed the 

scores of those in the control group. This distinct difference between groups was under-

scored by a p value of 0.029. 
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 The increase in the experimental groups’ test scores is simpler to document 

than to explain. The experimental and control groups’ classes were similarly sized, simi-

larly skilled, and came into the course with similar attitudes toward math, so it seems 

reasonable to attribute the distinctive pattern of improvement to the main distinction 

between classes, the writing assignments. And as the effect was gradual, it is likely due 

to the cumulative, rather than immediate, influence of being asked to write LEDs. But to 

understand how completing the writing assignments might have affected test scores we 

should first understand how completing the writing assignments affected students. With 

this in mind, the question of how being asked to write LEDs might have increased test 

scores will be discussed after research question 4 has been addressed. 

Research Question 2 

 

 How does writing LEDs alter the attitudes of remedial algebra students? At 

the outset of this study, changes in student attitudes seemed the most likely conse-

quence of writing LEDs. However, the data collected from student attitude surveys indi-

cated that although some attitude changes were observed within each group, the two 

groups’ attitude changes were statistically indistinguishable from one another.  

 Why did the perspective changes observed in students’ writing assignments 

not correlate with measurable attitude changes? As discussed in the literature review, 

student success is more dependent on students’ response to emotion rather than the type 

or degree of emotion a student experiences. Debellis and Goldin (2006) emphasize the 

importance of meta-affect, or affect about affect. Perhaps the changes observed in the 
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writing assignments describe a secondary response to emotion, a new affective pathway, 

while the ATMI is only able to measure the original, unchanged emotion. Future studies 

might focus on this secondary change, identifying and characterizing student responses 

to initial emotions.  

Research Question 3 

 

 How does writing LEDs alter remedial algebra students’ persistence in the 

face of cognitive struggle? The experimental group consistently spent more time work-

ing on tests, on average working for approximately seven minutes, or 15%, longer than 

the control group. The p value associated with this difference was 0.005. But since the 

difference, while pronounced, did not evolve over time, it is difficult to attribute it to the 

intervention. At the time of the first test, students in the experimental group had been 

introduced to the idea of LEDs, but had yet to write one of their own. Even so, their 

average test time was almost eight minutes longer than that of the control group.  

 What then, might explain the additional time spent by the experimental 

group? One possibility relates to scheduling: the control group’s classroom was sched-

uled for immediate use by another class, while the experimental group’s classroom was 

vacant following class. This may have made the control group feel more pressure to fin-

ish quickly. Measurement error is another, although unlikely, possibility. Since the first 

several minutes of class before a test were usually spent making announcements and 

passing out scratch paper, to record test times I needed to subtract out those minutes. 

Perhaps I was less consistent in making that adjustment in the experimental group, or 
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perhaps that class regularly took more time getting started on tests. Whatever the rea-

son, further research could attempt to explain or duplicate this result. 

Research Question 4 

 

 What alterations in students’ relationships to mathematics do LEDs reveal? 

Reading students’ writing assignments was easily the most interesting component of 

data analysis. Despite my initial concern that the results would be overly subjective, 

clear patterns emerged. Students began the semester describing mathematics and them-

selves in flat, inflexible terms:  

 “How bad I am at math.”  

 “I’m good but not THAT good.”  

 “This shit is hard.”  

As the semester progressed, these types of one-dimensional statements were replaced 

with statements that acknowledged the interaction between student and subject, the give 

and take:  

 “The substitution method was a challenge for me.”  

 “This test was quite easy for me.”  

 “I managed to understand.”  

The final writing assignments were replete with reflection and introspection, often 

directed at providing constructive criticism for themselves:  



62 

 

 “It’s stressing [sic] trying to find common denominators to me. I can go through a 

whole problem feeling like I did OK and then get to the end and feel like the answer is 

completely wrong or doesn’t look right.”  

 “I have no idea how to figure this stuff out on my own. I use examples for home-

work and in class we figure it out together … I need a tutor.”  

 “I was a little mad at first, but I told myself to stay calm and just concentrate.”  

 My sense, after reading the writing assignments in chronological order, was 

that many students had repositioned themselves in regards to math. Students wrote 

their first assignments from the point of view of commentator, offering definitive 

assessments of the nature of math and of their own abilities. In later assignments, stu-

dents appeared to have evolved from commentator to participant, an influential element 

of the student/subject interaction. By the end of the semester, many students wrote from 

the point of view of an activist, an intelligent, contemplative instrument of change. 

 Is it possible that students in the control group experienced this same evolu-

tion? Certainly. In this case, the intervention and instrument are one and the same, so 

there is no way to compare these writing assignments to ones written by the control 

group. Yet even if this type of transformation is typical of remedial math students, the 

act of writing gave the experimental group an opportunity to contemplate their mathe-

matical interactions, likely developing their reflection and insight abilities beyond those 

of the control group. 
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Further Discussion 

 

 Identifying individual aspects of student change immediately prompts fur-

ther questions, some of which have been addressed: Why did students who were asked 

to write LEDs spend more time taking tests? Why did the perspective changes observed 

in students’ writing assignments not correlate with measurable attitude changes? Why 

did students who were asked to write LEDs outperform others on course tests? Consid-

ering the observed changes as a group, asking how one change relates to another, might 

begin to illuminate the essence of the supposed evolution, producing hypotheses which 

could direct future research. 

 The results of research question 1 are particularly intriguing. Student test 

scores are intended to be a measure of student understanding, but, in practice, the scores 

are also influenced by a student’s test-taking ability and other factors. High levels of 

anxiety, low levels of engagement, and difficulty concentrating all affect the final score. 

Were the experimental group’s increasing test scores a result of improved mastery of the 

material? Or were they reflective of a change in test-taking ability, perhaps a byproduct 

of an affective shift? 

 Several aspects of the findings lead me to believe that the students’ improved 

scores should be attributed primarily to increased understanding. First, according to the 

ATMI results, these students’ enjoyment of mathematics and self confidence in regards 

to mathematics both decreased over the course of the semester. Their motivation and 

value scores also decreased, although not by any statistically significant amount. If the 
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higher test scores are associated with a more positive, optimistic outlook, with improved 

self belief or greater determination, then surely this would have shown up in the ATMI 

results.  

 Secondly, although the experimental group’s average score on the final exam 

was still significantly higher than the control group’s average score, the difference was 

somewhat less pronounced than it had been on the previous test. If their superiority 

were due simply to better test-taking abilities, their advantage should have been similar 

on the final exam. But unlike previous tests, the final exam was decidedly cumulative; it 

included questions which were nearly identical to those on all four previous tests. On 

test 1 and test 2, the control group’s average score was higher. Thus, it seems likely that 

the experimental group’s slightly depressed scores are reflective of earlier shortcomings 

in comprehension, supporting the argument that the improved performance is not likely 

due to enhanced test-taking skills. 

 And finally, the changes documented in students’ writing assignments 

describe a process of evolution. These victims of “hard” math and inferior mathematical 

talent became instruments of change; they ascribed success and failure to their own 

choices and, in so doing, gained power. Their mathematical experience was within their 

control. Students used the later assignments to diagnose their own mathematical weak-

nesses and prescribe treatments: more study time, relaxing self-talk, and participation in 

study groups. Although we have no way of knowing whether students took their own 

advice, it seems reasonable to assume that some did. This sort of LED–inspired self-
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treatment describes the mechanism by which increased understanding might evolve. 

While writing LEDs, students observed their own failings, found reasons for or solutions 

to those failings, and then resolved to do better. Future studies might look for LED–

inspired changes in student behavior, both in and out of class.  

 

Recommendations 

 

 In addition to attempting to duplicate the results of this study, future studies 

might try to explain the results. If improved test scores are typical of students who are 

asked to write LEDs, then identifying the ways in which the intervention works could 

inform application of the intervention. This study asked how writing LEDs affected stu-

dents. Future studies might investigate the ways in which reading LEDs affects teachers, 

or could use the descriptions to inform research in cognitive/affective processes. The use 

of LEDs in mathematics classrooms is new and promising territory.
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MATHEMATICS ATTITUDE INSTRUMENT 

 

 

(SD=Strongly disagree; D=Disagree; N=Neither agree nor disagree; A=Agree; 

SA=Strongly agree) 

 

  SD D N A SA 

1. I get a great deal of satisfaction out of solving a mathematics 

problem. 

 
� 

 
� 

 
� 

 
� 

 
� 

2. I have usually enjoyed studying mathematics in school. � � � � � 

3. Mathematics is dull and boring. � � � � � 

4. I like to solve new problems in mathematics. � � � � � 

5. I would prefer to do an assignment in mathematics than to 

write an essay. 

 
� 

 
� 

 
� 

 
� 

 
� 

6. I really like mathematics. � � � � � 

7. I am happier in a mathematics class than in any other class. � � � � � 

8. Mathematics is a very interesting subject. � � � � � 

9. I am comfortable expressing my own ideas on how to look for 

solutions to a difficult problem in mathematics. 

 
� 

 
� 

 
� 

 
� 

 
� 

10. I am comfortable answering questions in mathematics classes.  � � � � � 

11. I am confident that I could learn advanced mathematics. � � � � � 

12. I would like to avoid using mathematics in university. � � � � � 

13. I am willing to take more than the required amount of 

mathematics. 

� � � � � 

14. I plan to take as much mathematics as I can during my 

education. 

� � � � � 

15. The challenge of mathematics appeals to me. � � � � � 

16. Mathematics is one of my most dreaded subjects. � � � � � 

17. My mind goes blank and I am unable to think clearly when 

working with mathematics. 

 
� 

 
� 

 
� 

 
� 

 
� 

18. Studying mathematics makes me feel nervous. � � � � � 
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  SD D N A SA 

19. Mathematics makes me feel uncomfortable. � � � � � 

20. I am always under a terrible strain in a mathematics class. � � � � � 

21. When I hear the word mathematics, I have a feeling of dislike. � � � � � 

22. It makes me nervous to even think about having to do a 

mathematics problem. 

 
� 

 
� 

 
� 

 
� 

 
� 

23. Mathematics does not scare me at all. � � � � � 

24. I expect to do fairly well in any mathematics class I take. � � � � � 

25. I am always confused in my mathematics class. � � � � � 

26. I have a lot of self-confidence when it comes to mathematics. � � � � � 

27. I am able to solve mathematics problems without too much 

difficulty. 

 
� 

 
� 

 
� 

 
� 

 
� 

28. I feel a sense of insecurity when attempting mathematics. � � � � � 

29. I learn mathematics easily. � � � � � 

30. I believe I am good at solving mathematics problems. � � � � � 

31. Mathematics is a very worthwhile and necessary subject. � � � � � 

32. I want to develop my mathematical skills. � � � � � 

33. Mathematics helps to develop the mind and teaches a person 

to think. 

 
� 

 
� 

 
� 

 
� 

 
� 

34. Mathematics is important in everyday life. � � � � � 

35. Mathematics is one of the most important subjects for people 

to study. 

 
� 

 
� 

 
� 

 
� 

 
� 

36. College mathematics lessons would be very helpful no matter 

what I decide to study in the future. 

 
� 

 
� 

 
� 

 
� 

 
� 

37. I can think of many ways that I use mathematics outside of 

school. 

� � � � � 

38. I think studying advanced mathematics is useful. � � � � � 

39. I believe studying mathematics helps me with problem 

solving in other areas. 

 
� 

 
� 

 
� 

 
� 

 
� 

40. A strong mathematics background could help me in my 

professional life. 

 
� 

 
� 

 
� 

 
� 

 
� 
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SHORT ESSAY 1 

 

 

Sometimes we bring different versions of ourselves to different activities. For example, 

someone who knows you only from your English class might describe your personality 

differently than someone who knows you only from your PE class. Try to describe the 

persona you bring to mathematics (not just math class), both in terms of how you see 

yourself and how you think others (classmates, teachers) might see you. 

 

 

 

 

 

 

 

 

 

We tend to use the word relationship to mean the connection between two people, but 

we can also use it to describe the connection between a person and a subject. Describe 

your “relationship” to mathematics in a few sentences, using the metaphor of 

interpersonal relationships as a starting point. 
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SHORT ESSAY 2 

 

 

During this course you were asked to write detailed descriptions of mathematical 

experiences. What did you think of the assignment? Does anything about the experience 

stand out?  

 

 

 

 

 

 

 

 

 

Did you get anything out of the write up exercises, and if so, could you explain?  
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WRITING PROMPTS 

 

 

1. Think back upon a time when you had a particularly strong emotional response—

positive or negative— in relation to mathematics. It could be in a classroom setting or 

outside, as long as it’s related to mathematics. Please write in the present tense, focusing 

as much as you can on what was happening for you emotionally and even in your body 

(e.g., sweating, heart beating, etc). Also, make sure to focus on the kinds of thoughts that 

are running through your mind. 

 

2. Take a moment from the past week or two in this class when you were either 

struggling with or frustrated at learning mathematics. Please write in the present tense, 

focusing as much as you can on what was happening for you emotionally and even in 

your body (e.g., sweating, heart beating, etc). Also, make sure to focus on the kinds of 

thoughts that are running through your mind. 

 

3. Take a moment from the past week or two in this class when something made sense 

for you, or when you were able to have a feeling of understanding. If you cannot think 

of an episode like this, then focus instead on a moment when you were either struggling 

with or frustrated at learning mathematics. Please write in the present tense, focusing as 

much as you can on what was happening for you emotionally and even in your body 

(e.g., sweating, heart beating, etc). Also, make sure to focus on the kinds of thoughts that 

are running through your mind. 

 

4. During the lesson, I had asked you to pay particular attention to a portion of the 

lesson which I marked by ringing a bell. Please write about your experience following 

the ringing of the bell. Please write in the present tense, focusing as much as you can on 

what was happening for you emotionally and even in your body (e.g., sweating, heart 

beating, etc). Also, make sure to focus on the kinds of thoughts that are running through 

your mind. 

 

5. During today’s lesson you were given the opportunity to work on a problem first 

independently and then with other students. Please describe that experience as it 

happened, in the present tense. In addition to narrating what you were thinking, be sure 

to describe what you were feeling, both in terms of emotions and physical sensations. 

The more completely and accurately/honestly you are able to capture/paint the 

experience, the better. 
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6. During today’s lesson you took a short quiz. Please describe that experience as it 

happened, in the present tense. In addition to narrating what you were thinking, be sure 

to describe what you were feeling, both in terms of emotions and physical sensations. 

The more completely and accurately/honestly you are able to capture/paint the 

experience, the better. 

 

7. Try to recall an experience from the past week when you had a particularly strong 

emotional response—either positive or negative—in relation to mathematics. Please 

describe that experience as it happened, in the present tense. In addition to narrating 

what you were thinking, be sure to describe what you were feeling, both in terms of 

emotions and physical sensations. The more completely and accurately/honestly you are 

able to capture/paint the experience, the better. 

 

8. Try to recall an experience from the past week when you had a particularly strong 

positive emotional response in relation to mathematics. Please describe that experience 

as it happened, in the present tense. Include any relevant back story (for example the 

experience may have started out negative before it became positive). In addition to 

narrating what you were thinking, be sure to describe what you were feeling, both in 

terms of emotions and physical sensations. The more completely and 

accurately/honestly you are able to capture/paint the experience, the better. 

 

9. Try to recall an experience from the past week when you had a particularly strong 

negative emotional response in relation to mathematics. Please describe that experience 

as it happened, in the present tense. In addition to narrating what you were thinking, be 

sure to describe what you were feeling, both in terms of emotions and physical 

sensations. The more completely and accurately/honestly you are able to capture/paint 

the experience, the better. 

 

 


