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ABSTRACT 

Community colleges are tasked with helping all students regardless of their 
academic background to receive a degree, certificate, or other form of education. Many of 
these students need support in learning the mathematical content necessary to take 
college-level courses. Since a large proportion of students in these developmental classes 
are students of color, and unlikely to be successful, developmental courses are not 
leveling the playing field of higher education. In-class computer-centered (ICCC) classes 
are a possible solution to this social justice issue because they provide students with 
flexible learning opportunities. Students can work independently on a schedule that 
matches their needs and can access the multiple learning tools embedded in the software 
in ways that make the most sense for their own learning. 

Research on ICCC mathematics courses has primarily compared success rates 
with those of traditional lecture classes. These quantitative studies provided a limited 
view of student activity in an ICCC class and did not demonstrate how students were 
navigating these courses or the nature of their experiences. This study uses a qualitative 
research design to explore student actions and their experiences relative to their success. 

In my analysis, I utilized Bandura’s construct of agency, defined as the capacity 
to understand, predict and alter the course of one’s life’s events (Bandura, 2008). My 
framework also considers agency as a temporal phenomenon residing in the past, present, 
and future (Emirbayer & Mische, 1998). Agency is operationalized temporally and by 
using four characteristics, intention, forethought, reflection, and reaction.  

This study uses case study research design where students are interviewed and 
observed in an ICCC class. In it I illustrate the various forms of agency students bring 
and leverage in the ICCC mathematics classroom in their attempts to be successful. 
Findings indicate that the students who were successful were most adept at leveraging a 
variety of resources to help them work towards their goals. There is the assumption that 
students need flexibility and individualized learning in developmental courses; these 
needs are addressed by ICCC and are a way in which the ICCC format perfects the 
traditional lecture. However, this research demonstrates that the question of how to best 
help developmental students remains open. 
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INTRODUCTION 

Community colleges are tasked with educating adult learners regardless of their 
educational background. Unlike four-year colleges whose enrollment policies can be 
more selective, community colleges accept all students including those who are not yet 
ready for college-level courses. Community colleges are supposed to be the spaces in the 
American educational system that are equitable in their structure and mission to provide 
academic credentials to all. Many students who come to community colleges are required 
to enroll in developmental courses, where they review or gain their missing content 
knowledge. Unfortunately, students in developmental courses, particularly in 
mathematics, are largely unsuccessful and therefore have a more difficult time learning 
the foundational knowledge necessary to achieve their goals. This leaves students unable 
to even begin the college-level mathematics sequence. 

When discussing community colleges, and developmental education in particular, 
notions of equity and social justice must be present and considered. A significant 
proportion of community college students are students of color, older, are parents, are 
enrolled part-time, and have their own jobs. These students, marginalized by society by 
their race, ethnicity, and socioeconomic status, may have been previously failed in their 
education but are motivated to receive a college degree. The social justice implications 
for these students, and society as whole cannot be understated because education is a 
pathway to societal equity and full citizenship (Ladson-Billings & Tate, 2006). These 
students believe society’s promise that education is the gateway to economic and 
personal security.  

Students who were not well served in their K-12 education and require 
developmental education need a quality education that will help them learn foundational 
mathematics. However, developmental education, particularly in mathematics, has been 
unsuccessful. With high failure rates and limited resources, over-taxed community 
colleges have searched for a way to help the most students succeed using the least 
amount of resources. A system that provides individualized attention and flexibility, and 
is designed to help students focus on the areas where they need the most support, seems 
to be an ideal answer.  

Technology has been one solution to helping developmental students gain 
sufficient mathematical understanding to enroll in college-level mathematics classes. The 
use of computers allows individualized attention and an ability to target the areas where 
students need the most help. New technologies allow administrators and instructors to 
consider various means of helping students including offering flipped, online, and hybrid 
classes or providing learning resources to explore content in new ways. Traditional 
lecture-based classrooms also leverage the affordances of the information age. 
Homework programs provide instant feedback to students, and extra problems to 
practice. Students have the ability to access online course materials from any computer, 
making information more readily accessible. Websites hosting video content such as 
YouTube contain lectures that students can access at their discretion or as required by the 
course instructor. These lectures can be repeated or paused at the student’s discretion. 
Many of these materials can be accessed when the student is free, allowing students 
overburdened with non-academic responsibilities to better manage their time.  
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This study specifically focuses on in-class computer-centered (ICCC) courses, 
where the software provides at least eighty percent of the course’s content. ICCC 
instruction has grown in the United States (Allen & Seaman, 2011) and is being utilized 
in postsecondary institutions to help students increase their proficiency in mathematics. 
For example, MyMathLab, stand-alone software from Pearson Publishing, has been 
incorporated into at least 400 postsecondary institutions (Anderson, 2013) accounting for 
almost ten percent of such degree granting bodies (NCES, 2011). ICCC classes provide 
video lectures or text on specific content and require students to answer questions as they 
progress through the course. Students have the opportunity to work at their own pace 
through the material using lectures, questions, and various help features in the program. 
They are also encouraged to work on the material on their own time, accessing the course 
materials through the internet. A student therefore has the opportunity to fully access 
their course materials whenever he or she is able. Overall, ICCC courses provide a 
flexible learning environment for students. 

Current research in the ICCC classroom has focused on comparing students’ 
achievement in ICCC courses with traditional courses. Most of these studies are 
evaluative, and can be used as a means to justify whether or not to adopt or modify an 
ICCC course structure. Furthermore, these studies focus on outputs such as passing rates 
and grades and do not provide insight into how or why students may or may not succeed 
in an ICCC classroom. Few quantitative studies focus on the student experience in these 
classrooms. Generally the pedagogical implications of the course structure such as the 
multiple layers of flexibility offered to students are not considered. For example, a 
student who cannot attend their mathematics course for several sessions can continue 
making progress as they can just continue where they left off. How this structure 
positively or negatively affects a student who needs such flexibility has not previously 
been explored. The computer software also provides multiple opportunities to support 
students’ academic learning. For example, students can replay video lectures to clarify or 
review missed material. These types of flexibility are generally not found in traditional 
lecture-based classes.  

This study will take an in-depth look at momentary student actions in an ICCC 
course to understand how students utilize the flexibility inherent in the program to help 
them manage their lives and be successful. Thus this study hopes to explore the ICCC 
developmental mathematics course in the hopes of understanding how this course format 
supports or undermines student success. Since student actions and the choices they make 
will be the main area of focus, a framework of agency will be used to analyze the data. A 
qualitative perspective as well as the use of agency to understand the ICCC mathematics 
student is novel, but necessary to explore student actions in this setting. As this study is 
situated in a developmental course where a large portion of students is marginalized in 
some way, a lens of equity underlies this work. This lens is formed from the fundamental 
assumption that students are agentive beings in their own right, rather than passive 
students, subject to the norms of the classroom. I believe that it is important to recognize, 
and give voice to the agency marginalized students bring and act upon, rather than 
consider them passive actors in the classroom. This stands in contrast to the agency 
frameworks in mathematics education that considers the agency allotted to students based 
on the course structure.  
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Problem Statement 

In this dissertation I use agency as an analytic lens to understand how 
developmental students negotiate this learning environment to attain their mathematical 
goals. This study uses Bandura’s (2008) work, which defined agency as the capacity to 
understand, predict and alter the course of one’s life’s events. This theoretical framework 
draws a balance between operationalizing agency too rigidly, which would ignore aspects 
of the student experience, or too loosely, wherein any and every action and utterance 
made by and around the student must be analyzed as a potentially agentive act. Agency is 
also considered temporally (Emirbayer & Mische, 1998), where an individual’s past and 
envisioned future contribute to their present circumstances and actions.  

In this dissertation, I expand my theoretical framework and use it to answer the 
overarching research question, “How do marginalized students in a developmental-level 
ICCC mathematics class leverage their agency to navigate the ICCC classroom in order 
to achieve their goals?” This study sheds light on how a classroom setting designed to be 
flexible around the needs of as-yet-unsuccessful students can support their aim to reach 
their mathematics learning goals, and use their success in mathematics to advance their 
education, earning academic credentials required by society. By observing students in the 
ICCC mathematics classroom and learning about their lives, motivations, and 
circumstances, I hope to understand more about the developmental community college 
student’s experience and how the ICCC course structure supports their mathematics 
learning.  

Although it is important to embrace technology and incorporate ideas and 
methods that can help students succeed in mathematics, educators and administrators 
must do so with cautious optimism. “Technology is basically neutral. It’s kind of like a 
hammer. The hammer doesn’t care whether you use it to build a house, or whether a 
torturer uses it to crush somebody’s skull” (Chomsky, 2012). This warning is especially 
salient in the developmental community college mathematics classroom, where ICCC 
courses have been introduced as a cost-saving measure with the goal of supporting a high 
number of students of color. This dissertation will then explore how students’ 
circumstances contribute to their successes in this classroom to see how this hammer is 
wielded. My hope is to understand the specific opportunities and challenges that students 
may have where technology acts as the intermediary between the student and instructor. 

Overview of the Dissertation 

This work begins with an expansion of the literature in Chapter Two. I explore 
research on the community college setting, including the challenges specific to 
developmental mathematics education and the social justice implications that accompany 
them. This chapter also explores research on computer-assisted mathematics courses and 
agency in mathematics education. The chapter concludes with an exploration of agency 
as a theoretical framework and operationalizes agency using Bandura (2008), Emirbayer 
and Mische (1998). 

Chapter Three describes my research methods. I begin with the research questions 
explored in this study, as well as the theoretical basis for this work. I then explain the 
strategies for inquiry and my role as a researcher. Next, I describe setting for the study, 
explaining the specifics of the ICCC class where they study took place. The qualitative 
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research design for this study is primarily based on observing students while they work in 
the ICCC classroom and interviewing them to understand their personal circumstances. 
The specifics of the study are disclosed, including how the participants were selected, 
how data were gathered, coded, and analyzed. I conclude this section with a section on 
reliability and validity and ethical and political issues associated with this study. 

Chapters Four, Five, and Six introduce the three participants in this study: 
Eduardo, Hector, and Barbara, respectively. The research questions are answered in these 
chapters. Each of the participant’s experiences is framed with respect to their 
mathematics learning experiences and the agentive actions they took. I also consider their 
environment and how multiple factors contributed to their ultimate success or failure in 
the ICCC classroom. Their mathematics work supports these chapters. 

Finally, in Chapter Seven, I consider similarities and differences between the 
three cases by answering the research questions and use these findings to draw 
implications for researchers, course designers, and instructors. Limitations are then 
outlined and addressed. Recommendations for practice, future research directions are 
outlined, and concluding thoughts complete this work. 
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REVIEW OF LITERATURE 

Community Colleges: Pathways to Equity? 

Community colleges or two-year colleges, appear to be the most equitable1 arena 
in postsecondary education. They are “inclusive institutions that welcome all who desire 
to learn, regardless of wealth, heritage, or previous academic experience” (AACC, 2013). 
Community colleges on average are less expensive than either public or private four-year 
institutions (Provasnik and Planty, 2008).2 They maintain open admissions policies 
enabling all adults, even those without a high school diploma, to advance their education. 
They serve a large population of students, accounting for 35% of postsecondary students 
enrolled in Fall 2006 (Provasnik and Planty, 2008). Four-year institutions are mainly 
located in and near cities, whereas community colleges are more uniformly distributed 
among urban, rural and suburban locations (Provasnik and Planty, 2008), making them 
geographically accessible. Since community colleges may be the only option for students 
who have not succeeded or even entered a four-year college or for those who seek an 
alternative to a “traditional” postsecondary education, they offer great possibilities for 
making higher education truly accessible and egalitarian (Provasnik & Planty, 2008). 

Financial and geographic accessibility in combination with inclusive admissions 
standards suggest that these two-year institutions offer great possibilities for 
democratizing education. They offer viable learning alternatives to a larger swath of the 
community (Provasnik and Planty, 2008) and have more heterogeneous student bodies 
than traditional four-year institutions. Compared to four-year colleges, a larger proportion 
of students at community colleges are women, minorities3, first-time college attendees, 
older students, and of a lower-socioeconomic class. In fall of 2005, almost 20% of 
community colleges had enrollment wherein at least half the student body was a member 
of a racial or ethnic minority. In the same year, this number was 15% at public four-year 
schools and 10% at private institutions (Provasnik and Planty, 2008). Students at two-
year colleges are more likely to be financially independent adults compared to those at 
four-year institutions (Jaschik, 2005) and more likely to be a returning student or 
independent adult rather than a “traditional” college student.  

Community colleges can therefore be a place for academic redemption, giving 
adults the opportunity to alter their destiny by earning skills and credentials to qualify for 
jobs and greater economic security. Indeed, Pennington, McGinty, and Williams (2002) 

                                                
1 I use Rochelle Gutierrez’s definition of equity in mathematics education, where 

student participation or achievement cannot be predicted based on characteristics such as 
race, ethnicity, gender, socioeconomic status, beliefs, or proficiency in the dominant 
language (Gutiérrez, 2007). 

2 Although these statistics are from the 2006-2007 academic year, they come from 
the most recent National Center for Education Statistics (NCES) Condition of Education 
special analysis on community colleges (2008). More recent comparative national data 
are unavailable. 

3 A minority is anyone who self-identifies as Black, Hispanic, Asian, Native 
American, or Pacific Islander. 
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found that enrollment in community colleges increased during times of societal economic 
distress or high unemployment, and decreased when the economy rebounded. Members 
of marginalized populations are more likely to feel the effects from economic distress and 
stagnation and need additional credentials and job training later in life (Bureau of Labor 
Statistics, 2011; DeSilver, 2013). Thus, the opportunities afforded by community colleges 
could explain why more minorities enroll in them. Once again, two-year colleges seek to 
provide alternative structures or pathways to individuals, usually minorities and other 
disenfranchised groups, who want to obtain hitherto inaccessible opportunities.  

In spite of this seemingly egalitarian image of accessible education for all, 
research indicates that two-year colleges struggle to provide adequate opportunities for 
students (Bahr, 2010; Goldrick-Rab, 2010; Provasnik & Planty, 2008). Goldrick-Rab 
(2010) examined rates of success and determined that two-year colleges do not 
effectively open doors to socioeconomic privilege because many students do not 
complete the degree or certificate. Students at two-year colleges do not persist in their 
education; approximately half of all students who intended to complete an associate’s 
degree or certificate were no longer registered or had not completed their intended 
program three years after enrolling. Persistence and completion rates are also a concern 
for those intending on transferring to a four-year college: 39% of community college 
students had neither obtained a degree or certificate or were not registered at their 
community college three years after initial enrollment (Provasnik and Planty, 2008).  

These findings are especially alarming because of the large number of minorities 
enrolled in two-year colleges. If community colleges are designed to provide a means of 
leveling society’s playing field but are not, then some members of our society do not 
have effective access to higher education and their attempts to advance their intellectual 
and economic position are once again meeting a dead end. Thus, one cannot consider 
issues in education at community colleges without also considering the social justice 
ramifications.  
Developmental Education in the Community College 

Developmental education, geared to helping students reach college-level courses, 
is one area where community colleges attempt to mitigate differences in educational 
attainment. Often, developmental coursework is one reason students struggle to complete 
their intended program in community colleges. Forty percent of students enrolled in any 
postsecondary institution and who require remediation are less likely to complete a 
degree (Certificate, Associates, Bachelor’s) within six years (Green & Radwin, 2012). 
Developmental students are not rare, 41.4% of first-time undergraduates in public two-
year colleges required some remediation (Snyder & Dillow, 2013). Other studies indicate 
that these numbers are much higher; sixty-one percent of students who graduated in 1992 
and entered a two-year college between 1992 and 2000 required at least one 
developmental course (Green & Radwin, 2012). Students are leaving high school unable 
to meet the academic demands of college-level courses and therefore must complete 
developmental classes before they can begin work towards their goal. As their progress 
slows, it increases the likelihood that they will not successfully complete their course of 
study. Students who need support in developmental courses are not an anomaly; those 
who succeed in them are. 

The social justice implications for remediation also require special attention. Bahr 
(2010) noted that enrollment in developmental classes and the likelihood of successfully 
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completing developmental courses vary by race. Bahr’s study of remediation rates in 
community college mathematics classes, the most populous developmental subject, 
indicated that rates of remediation are low; less than one fourth of students in such 
classes received a passing grade in a college-level mathematics course within six years. 
Furthermore, educational disadvantages culminate so that by high school graduation, 
Black and Hispanic students were disproportionately placed in developmental classes 
(Bahr, 2010). Second, when developmental classes are stratified, in sequence from more 
basic to closer to college-level, White students are better represented in higher levels of 
developmental classes (closer to a college-level class) whereas African American and 
Hispanic students are disproportionately enrolled in lower-level developmental classes. 
Moreover, Bahr found that students who placed in higher level classes were more likely 
to remediate or received a passing grade in a college-level mathematics course within six 
years. Thus White students who were more likely to be placed in higher-level 
developmental courses were more likely to advance to college-level courses. 
Consequently, a goal of remediation – equalizing potential attainment between 
advantaged and disadvantaged groups – is not successful.  

These inequities have long-term ramifications, as students who do not succeed in 
mathematics courses cannot, for example, complete a STEM (science, technology, 
engineering, mathematics) major. Indeed, mathematics knowledge has been regarded as a 
civil right because of the access afforded by quantitative literacy (Moses & Cobb, 2001). 
Moses and Cobb argue that quantitative literacy is a civil right due to the societal access 
afforded by such knowledge. 

How students place into developmental courses also have consequences for 
marginalized groups (Grubb & Worthen, 1999). Most often, standardized multiple-choice 
exams determine placement into these classes. These test scores are not combined with 
more qualitative assessments, such as counseling or alternative measures, to give a 
holistic picture of a student’s ability and potential (Belfield & Crosta, 2012). For 
example, effects of stereotype threat, which adversely affect standardized mathematics 
scores of African-Americans and women (Steele, 2010), are not considered. Grubb and 
Worthen (1999) indicated that placement exams had no predictive validity in specific 
subjects; the tests were only appropriate to measure readiness for college-level work. 
They concluded that because the exams assess superfluous skills, such as a student’s test-
taking ability rather than measuring the types of errors students make, these exams are 
not an accurate measure of whether a student needs remediation. Furthermore, they found 
that these exams assume fluency in English, which subsequently disadvantages English 
Language Learners as well as students with adequate skills in mathematics but weak 
reading skills. 

Overall, community colleges, including their developmental courses, have the 
potential to mitigate societal differences. However, this goal is not being achieved. 
Access to higher education for many community college students continues to be an 
illusion. Although community colleges provide the opportunity for anyone to succeed in 
higher education, those who benefit the most are not seeing that opportunity. This illusion 
has been labeled as a “cooling-out function” (B. R. Clark, 1960, 1980) wherein students 
in community colleges are diverted from their initial goals to lower status academic 
programs, implying that it is deficits within the student, rather than the institution, that 
prevented their success. It should be noted that this redirection of students to less rigorous 
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or prestigious programs may not be based on the malevolent intentions of advisors, 
instructors, or the institution. Approaches that recognize the challenges these students 
face while building on their strengths could help more students advance. 

Computer-Centered Learning 

A current trend to help remediate students in mathematics is with the use of in-
class, computer-centered (ICCC) mathematics courses, where students are in a computer 
lab and receive their primary instruction and assessments from a computer program that 
incorporates text or video lessons with questions to test students’ knowledge. These 
computer-centered classes are held on campus during a fixed time and instructors, tutors, 
or course supervisors are present to assist students.  

These courses combine student individualization and flexibility with instructor 
support, a step towards personalizing the classroom experience. For example, students are 
permitted to work in the computer lab outside their scheduled class time. This provides 
students with the ability to access the software and receive instructional support from 
faculty and staff. Students can also work remotely if their software is accessible via the 
internet. Students can work at their own pace, in that there is no set timeline for 
completing specific assignments. Consequently, students are not rushed to keep up with 
the instructor but can spend time on topics they don’t understand while breezing through 
topics with which they are already familiar. The increased individualization and 
autonomy or freedom offered by these courses would suggest that students do best with 
all of these opportunities for agency. However, researchers do not yet know how students 
respond to this setting, including how they take up the opportunities afforded by the use 
of computer technology. 
Students’ Mathematics Achievement In Computer-Assisted Learning Courses 

Research on the effectiveness of using computers to teach mathematics dates back 
to the late 1960’s (Atkinson, 1968; Stanford Univ., 1968). The majority of studies on 
computer-centered classes are quantitative and compare students’ performance using 
software with a different form of learning, usually lecture-based, instructor-centered 
learning.  

Researchers have not yet reached consensus on the effects of computer-assisted 
instruction, including ICCC courses, on student learning. Study results vary widely: some 
show that computer-assisted learning leads to improved mathematical understanding or is 
more effective than a traditional face-to-face class (Bishop, 2010; Carrejo & Robertson, 
2011; Hagerty & Smith, 2005; Mevarech, 1993; Stillson & Alsup, 2003; Vassiliou, 2011; 
Wenner, Burn, & Baer, 2011). Meanwhile, there is a conflicting set of research showing 
that traditional classes outperform computer-assisted student achievement while others 
contradict this finding (Walker & Senger, 2007; Wynegar & Fenster, 2009; Xu, Meyer, & 
Morgan, 2009) especially when accounting for variations in instructor grading (Taylor, 
2008). Other findings show no statistical differences between learning modes (Herron, 
Gandy, Ye, & Syed, 2012; Kim, Savenye, & Sullivan, 2003; Walker & Senger, 2007; Xu 
et al., 2009). 

These differences are mainly a result of variations in methodology and the extent 
to which the content delivery method - an instructor versus a computer - and the 
pedagogy are considered in the theoretical framework or methodology. These differences 
vary so much that databases maintain listings to authenticate an individual’s preferred 
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stance on computer-assisted learning (Russell, 1999). By parsing out the methodologies 
and findings, there are indications as to why these findings vary.  

Some examples include the length of time the intervention lasts, whether the 
research design distinguished between the medium of instruction and pedagogy, and the 
effects of confounding variables. Other studies have outlined some of the limitations of 
computer-centered classes. Li and Ma (2010) focused on research in computer-assisted 
teaching in K-12 mathematics classes and showed that short computer interventions, 
lasting six months or less, were more effective than using computers for longer periods of 
time. Fletcher-Flinn and Gravatt’s (1995) meta-analysis of research on computer-assisted 
instruction also found that computers had a positive, but moderate impact on student 
achievement. Although they considered multiple content areas, their findings also 
demonstrated that extended computer interventions did not have an effect on student 
achievement. In addition, Vassiliou (2011) found that computer programs were 
successful when students at risk for placement into developmental courses used 
computer-centered learning for one semester to place into college-level classes.  

Comparisons between computer-assisted courses and traditional lecture courses 
may not highlight differences that may occur with the introduction of technology (eg. 
Hardy, 2004; Stephens & Konvalina, 1999). Xu et al. (2009) found that utilizing 
computers, at times, altered class structure enough so that pedagogical changes resulted. 
In a graduate-level hybrid statistics course, the instructor was able to include “optional 
lectures” with a focus on clarifying students’ questions. Xu and colleagues consequently 
emphasized that their study was not a comparison of how effective a computer is at 
teaching, but rather the differences in pedagogy that results from different modes of 
instruction. Hagerty and Smith’s (2005) study found that students in a hybrid class had 
more class time devoted to developing connections between mathematical concepts and 
reasoning skills than students in traditional classes. The use of computer software 
changed the overall structure of the course allowing for enough differences in student 
experiences and the introduction of additional content to possibly affect achievement.  

 Indeed, when underlying aspects of computer-based learning and instructional 
variables were isolated and compared, there were many differences. Emerson (1988) 
studied two university-level biology classes. Students were randomly assigned to five 
classes, each using a combination of different teaching modes: interactive, computerized, 
or individualized. Although the computer-based instruction was significantly better than 
other forms of instruction, it did not outperform non-computerized instruction when the 
degree of interaction between and among the instructor and students increases. Fletcher-
Flinn and Gravatt’s (1995) meta-analysis of research on computer-based instruction also 
showed that when teacher instruction, materials, and content were held constant, 
computers did not perform better than traditional instruction. In other words, more 
effective teachers, or identical content provided on paper was as effective as computer-
centered teaching. This implies that computer-centered instruction is an adequate 
teaching medium but is not superior to high-quality teachers. 

Russell categorized comparative studies to bring attention to the myriad results 
(Russell, 1999). He concluded that many comparative studies focused more on 
comparing the media, or the mode of content delivery, rather than the pedagogical 
structure of a given form of instruction. As noted above, the introduction of technology 
may alter how material is taught, however Oblinger and Hawkins (2006) warn of the 
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consequences of adding technology without altering pedagogy. The distinction between 
introducing technology and altering pedagogy in many comparative studies is muddled 
without advancing the search for effective instructional modes. 

Although Kim and his colleagues (2003) did not focus on postsecondary 
mathematics achievement, their study requires special attention since it posits why they 
and others sometimes failed to find significant differences between computerized and 
non-computerized courses. They argue that confounding variables, including differences 
in content and instructional methods, make it challenging to compare control and 
experimental groups. They highlighted variables they held constant: differences in 
instructional methods, content, and the novelty of teaching methods that could influence 
students’ motivation and persistence. They concluded that the computer was a means to 
transfer content; there was no significant difference when comparing computer and 
traditional courses with identical content. When accounting for and fixing variables 
associated with learning, there is no difference in achievement. 

Other comparative studies recognized the existence of these variables, listing 
them as limitations (eg. Bailey, 1990; Li & Edmonds, 2005). Bailey’s (1990) study made 
four assumptions: consistent teaching quality among different instructors, consistent 
testing conditions of the students, equal levels of motivation among students, and a 
homogeneous division of ability groups. Such assumptions demonstrate that comparative 
studies may be too riddled with confounding variables to make reliable claims about the 
advantages of either instructional format.  

Concerns for confounding variables were explored by Joy and Garcia (2000) and 
Clark (1983) whose analyses of comparative research found most studies do not take into 
account random sampling, sample size, prior knowledge, instructor abilities, learning 
styles, effects from teaching, time on task, instructional methods built into computer 
programs such as immediate feedback and individualization, and familiarity with media. 
Consequently results from these studies are suspect, leading Clark (1983) to strongly 
advise against comparative studies. 

In looking at the quantitative, achievement-focused research on the computer-
centered classroom demonstrates that few studies provide a theoretical foundation for 
incorporating technology into the classroom (Tallent-Runnels et al., 2006). Consequently, 
current research in the computerized classroom should look to theorize the complex 
relationships between technology and student learning to understand how computers can 
support instruction. One way to do this is to focus on the details and richness of the 
student experience rather than variables such as achievement. This shift in focus is 
important as these courses provide students with options heretofore nonexistent in 
traditional classes and making sense of how students take up (or not) these options can 
help mathematics educators better understand the affordances and limitations of ICCC 
environments.  
Hints of Nuance: Student Actions and Their Sense of Independent Learning  

Many quantitative comparative studies focused primarily on which teaching 
system had better student outcomes. However, embedded in these studies are other 
findings which, when compiled, offer a glimpse into the richness and possibilities of 
student experiences that are ripe for further research. In particular, careful examination of 
the literature suggests much about individual student impressions and reactions to 
computer environments. 



REVIEW OF LITERATURE 23 

For example, some students appreciated the pedantic nature of computer 
programs while others felt that the computer was too demanding (Aichele, Tree, Utley, & 
Wescoatt, 2012). Other researchers found that a sense of accountability within students 
was promoted when holding them accountable for such details as simplifying fractions, 
and providing solutions in a complete, correct form (Hagerty & Smith, 2005). Students 
also held themselves more responsible for their successes and failures in a computer-
assisted classroom (Mevarech, 1985). Similarly, students who worked in a hybrid college 
algebra course demonstrated an increased belief in their own mathematical abilities 
(Hagerty, Smith, & Goodwin, 2010). Students also enjoyed working on their own in an 
ICCC college algebra course (Aichele et al., 2012; Tallent-Runnels et al., 2006). This 
research suggests that we have much to learn about how students experience ICCC 
courses and the implications of those experiences for students’ mathematical learning. In 
particular, the computer-centered classroom provides opportunities for students that are 
not possible in a traditional lecture course. Students can, for example, work at their own 
pace, review material they do not understand, or skip topics they are very familiar with. 
The comparative studies that make up a large body of work in understanding computer-
centered mathematics classes hint at some actions that students take and the 
consequential effects on their achievement. However, research does not yet offer a 
holistic impression of the student experience. A complete picture of the ICCC classroom 
could provide insight into how and when these actions either help or hinder the student 
experience and under what circumstances. 

In particular, it is important to consider students’ actions in computer 
environments. Computer-assisted classes offer students many options for structuring their 
learning activities and yet we know very little about what options students use or why. As 
we learn more about students’ choices, we can assess which student benefits more from 
which pedagogical setting. This would increase the likelihood the student will pass these 
developmental courses and achieve the long-term goals that brought them to community 
college. 

Student Agency and ICCC 

Students come to community colleges in an attempt to better their life’s path. 
However, many of them are likely to find themselves in a developmental level course. In 
some instances, rather than attending a traditional lecture course, they may attend an 
ICCC class. In these classes, the students have varying types and amounts of agency. The 
class’ didactic approach regulates solution methods and answers, greatly limiting the 
mathematical agency of students. As such, while students can study when, where, and as 
much as they want, WHAT they can study and what they have to do to succeed is quite 
narrowly defined. This paradox of limited mathematical agency and unlimited student 
agency provides an interesting tension likely to yield findings on student actions. 

Researchers have documented student frustrations with classes where their 
mathematics agency is limited. Boaler and Greeno (2000) showed that when students had 
little mathematical agency in lecture-based calculus courses, they were limited in their 
capabilities to understand, question, and develop conjectures about mathematical 
problems which would have led to a more conceptual understanding. In ritualized classes 
where procedures are demonstrated and rote problems are presented with little student 
discussion, significant effort on the part of the student was needed to develop this 
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mathematical agency. Indeed, some students reported the reasons they rejected engaging 
in mathematics was the lack of space for their ideas and their passive positioning in their 
mathematics classroom (Boaler & Greeno, 2000; Boaler & Humphreys, 2005). However, 
other students found comfort in the rigorous structure and didactic solutions.  

Similarly, the lack of opportunities for students to engage first-hand in 
mathematics can lead to the development of an oppositional culture where student 
disruptions and conflicts arise (Hand, 2010; Martin, 2000). In Hand’s study, when 
students were not agents of their mathematical development, they chose to disrupt class. 
Over the course of the study, the teacher reduced the amount of mathematics the students 
were actively engaged in by decreasing authentic mathematics activities and student-
centered lessons. This reduced students’ agency as learners, leading them to become 
more disengaged and disruptive; shifting the power they were denied as learners to exert 
their power to disrupt the class. Martin’s (2000) work similarly showed that students’ 
disruptions were inversely related to engagement. Although the teachers used the student-
centered curriculum the Algebra Project, an early algebra curriculum, disruptions were 
based on how engaged the students were with a specific lesson. This engagement varied 
between how well students understood the content and whether the student felt their 
behavior would result in lowered expectations by the teacher. Nevertheless, students who 
were more disruptive were less engaged with content. College students have greater 
agency in that they can choose not to attend class. What about disengaged college 
students who attend class, do they express their frustrations in some way? How? 

By looking at studies in the ICCC classroom, there are indications that students 
have a significant learning agency that they can leverage. One of the oft-cited benefits of 
a computer-centered class is the flexibility afforded to students to work at their own pace 
and outside of class (Aichele, Francisco, Utley, & Wescoatt, 2011; McClendon & 
McArdle, 2002; Vassiliou, 2012; Xu et al., 2009). Providing students with the agency to 
work on material at home guided by the computer, or outside of class time in the 
computer lab with instructional support helps them. Unlike in a traditional classroom, the 
student always has their “instructor” with them in the form of videos, supplements, or 
guided examples. 

Another way in which students are able to control their own learning is through 
pacing. Students can also review topics at their discretion allowing them to take their 
time to understand the material presented, rather than being subjected to an instructor’s 
syllabus and pace (Hagerty & Smith, 2005; Plomp, Pilon, & Reinen, 1991; Stillson & 
Alsup, 2003; Wenner et al., 2011). Thus, in this environment, students have the agency to 
control aspects of their learning. Although programs are based on rote competency, 
students have the ability to work at their own pace until they demonstrate sufficient 
knowledge to advance. 

However, students’ ability to control certain aspects of their experiences may not 
always have fruitful benefits. For example, Trenholm et al. (2012) cited results from 
several studies on e-lecturing in mathematics classes where students who frequently 
paused video lectures did not perform as well as students who watched the videos without 
pausing. Frequent pausers also tended to have learning strategies that focused on surface 
learning, not conceptual understanding.  

In mathematics education research, agency as a framework has been used to 
explore the extent of various types of agency students are given in the classroom. In other 
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words, studies have considered how the format of a class developed or hindered aspects 
of a student’s agency. For example, the degree to which students were expected and 
encouraged to be active developed students’ ownership of their mathematics knowledge 
(Boaler & Greeno, 2000; Boaler & Humphreys, 2005). Studies have also provided insight 
into power dynamics of a class and how students increased their agency to oppose 
classroom cultures when they were disengaged with the content and had little 
mathematics agency (Hand, 2010; Martin, 2000; Miron & Lauria, 1998). Researchers 
have also shown how classroom lessons can not only further learning but can also 
develop their agency as citizens igniting a sense of social consciousness and helping 
students be both politically aware and civically minded (Barton, 1998; Barton & Tan, 
2010; Frankenstein, 1992; Gutstein, 2003, 2007). 

Understanding students’ agentive moves in the ICCC classroom can help 
researchers learn more about student experiences. Thus, rather than considering the 
extent of agency given to a student, I intend to use agency as a framework for analysis. 
Using agency to analyze student actions provides insight into how they work to fulfill 
their learning objectives.  

How agency is seen and operationalized is difficult to elucidate; there are various 
frameworks that focus on agency. Since agency is a dynamic phenomenon that is 
manifested in context, it is essential to consider agency as fluid and individualized. For 
example, agency can be recognized as a means of student resistance (Miron & Lauria, 
1998) or as a co-developed phenomenon along with identity and lived worlds, worlds that 
are socially and culturally constructed by humans (Holland & Skinner, 1996). Arnold’s 
(2011) study of student agency in science classrooms defined agency as a person’s 
intention to bring about change, operationalizing agency using discourse. Wagner (2007) 
used student voice in a mathematics class as a framework to analyze agency in discourse, 
the amount of control one has over how mathematics is done and expressed. For example, 
students may change their language either by changing their voices from passive to 
active, or pronouns from third to first-person, indicating ownership and their positionality 
in the mathematics classroom. 

Martin’s framework (2000) focused on the agency of African-American males 
who were successful in mathematics, encapsulating it in a number of sociocultural factors 
such as sociohistorical, community, and school factors. A major contribution of Martin’s 
work is the demonstration that culture matters in understanding student experiences. 
Students’ success is not just a result isolated from factors such as parental influence, and 
other external forces, rather these factors are central to understanding why students 
succeed. Martin demonstrates that multiple factors contribute to student agency and these 
factors should be taken into consideration when defining agency. Like Martin, I intend to 
build from Bandura to operationalize agency.  
Operationalizing Agency 

According to Bandura (2008), agency is the capacity to understand, predict, and 
alter the course of one’s life’s events. Rather than attempt to understand the potential 
someone sees in altering his or her life, I intend to understand the actual actions that drive 
the person towards a specific intended outcome. I will mainly utilize Bandura’s 
framework to work towards an operational definition since Bandura considers agency 
from a temporal perspective that allows for the consideration of one’s actions through a 
cultural and social lens. Other frameworks such as that of Emirbayer and Mische (1998) 



REVIEW OF LITERATURE 26 

also considered agency as a temporal phenomenon, embedded in an individual’s past, 
present, and future. Considering agency temporally allows one to clearly define agentive 
acts or moments since past experiences affect present actions and future goals affect 
motivation and reflection in a given moment.  

I seek to understand the actions that purposely drive a person towards their 
specific intended outcome in an ICCC mathematics classroom. Actions provide insight 
into students’ thinking and future goals (Nasir, 2002). Thus, a focus on actions provides a 
glimpse into what students believe will make them successful. 

Agency affects more than the present moment. It also involves the ability to 
visualize future goals and how to reach them, for without a true goal, a person’s actions 
are not agentive. Agency also simultaneously affects and is affected by the agent’s 
environment. For example, in a computer-centered classroom, the environment may 
influence a highly motivated and yet unsuccessful student by encouraging them to ask the 
instructor for help. In turn, if they ask the instructor for help with sufficient frequency, 
then the instructor might approach the student to see if they have questions. Conversely, 
agentive students may alter their behavior as a response to their environment. An 
agentive student in an ICCC class can go to the computer laboratory outside of regular 
class hours when they know fewer students are there so they can receive more attention. 
It should be noted that as students make choices – any choice, they influence and are 
influenced by their environment, which then shifts their agency – or their pallet of next 
possible actions. Consequently, agency is a dynamic notion that changes with time and 
experience. 

Bandura (1989) suggested that human agency was emergent interactive in that the 
individual both defined and was defined by their environment in a dynamic manner as 
outlined above. This interactive nature places Bandura’s notion of agency in the realm of 
social cognitive theory (SCT) (Bandura, 1986) since individuals make a “causal 
contribution to their own motivation and action within a system of triadic reciprocal 
causation” (Bandura, 1989, p. 1175). According to Bandura, a person’s agentive acts 
influence and is influenced by this triad. This triad is composed of behavioral, 
environmental, and personal factors that interact and determine one another. Thus any 
accounting of agency, which resides in the realm of behavior, should consider how these 
three pieces interrelate. Bandura’s definition of agency, placed within social cognitive 
theory, allows the use of this framework with a population of students where issues of 
power are central to their day-to-day experiences.  

Considering agency from a longitudinal perspective (Emirbayer & Mische, 1998) 
allows one to understand the temporal context with which students make decisions, 
providing a means to understand how behaviors, the environment, and personal factors 
interact. We are all at least partly defined by our pasts. Furthermore, our vision of the 
future provides a goal to work towards. Consequently our present actions are most 
understandable in light of past events and future goals. However, considering the past and 
future does not provide subtle enough nuance with which to fully explore a person’s 
present choices, or agency. For example, a person may set a goal to learn to play the 
guitar, but without anticipating how often they can practice, their goal may not be 
realized. Setting a goal and anticipating challenges must be considered to understand a 
person’s agentive acts. This complexity adds nuance that may not be highlighted 
otherwise. 
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Four Characteristics of Agency 
In this study, agency will be analyzed using four characteristics: intentionality, 

forethought, reflection, and reaction (Bandura, 2001, 2006). These characteristics look at 
agency from a temporal perspective where the past, present, and future affect one’s 
agency. Connections with the ICCC classroom will be made to justify the use of this 
specific framework of agency. Thus, this study will be an empirical example of using 
Bandura. 
Intentionality. Intentionality refers to a representation of a future action that will be 
performed, a goal, or outcome to be achieved. It includes one’s desire for a specific 
outcome, along with a skeletal plan of action and strategies for realizing this outcome. In 
the ICCC classroom, students’ intention to succeed in the course is intrinsically based on 
registration. Whether it is out of personal interest or to meet a requirement, registering for 
the course signals some level of intention to complete the necessary requirements to pass. 
Registering also includes, if only temporarily, the plan to attend class for a majority of 
classes. 

One cannot be an agent without having intention. Accidental and serendipitous 
outcomes could not be attributed to one’s agency since the act is not deliberate. 
Accidentally spilling water on a computer and ruining it would not be attributed to one’s 
agency. Unless the actor specifically intended to do so, ruining the computer would not 
be an agentive act. 

Intention requires a commitment to proactively bring about a desired outcome. 
Intention is based on a desire for a future action, and is therefore based in the future. 
Intended outcomes are not characteristics of agentive acts; they are consequences of 
them. Passing a mathematics class is not an agentive act, but a consequence of many 
agentive acts. Thus, future outcomes are the consequences of working towards a specific 
intention, whether or not it is realized.  

An important component of intention is the goal, the objective associated with the 
intention. Challenging goals increase motivation and the level of accomplishment 
(Bandura, 1989). Furthermore, one’s belief in one’s ability to succeed, or their self-
efficacy, influences behavior and ultimate outcomes. Those who strongly believe in their 
abilities to succeed visualize scenarios that provide the means to positively perform 
(Bandura, 1989). When individuals think of themselves as being skillful, their future 
performances can improve. This effect is bi-directional. For example, the stronger one’s 
belief in one’s memory, the more effort one devotes to tasks which utilize memory, 
increasing capabilities in their memory. 

It must be noted that conflicting desires and goals may cause an individual to act 
in ways that may not be help them progress toward their goals. Bandura’s work does not 
make concessions for such situations. Consequently, this study may provide insight into 
when and how conflicting intentions may override one another.  
Forethought. Like intentionality, forethought is also a property of agency that resides in 
the future. Unlike intentionality, which is the setting of a goal and the plan to achieve it, 
forethought allows one to guide their actions by anticipating and curtailing future 
roadblocks and taking advantage of upcoming opportunities. These future scenarios 
motivate someone in the present to regulate their behavior. By anticipating future events, 
an agent guides him or herself toward their anticipated outcomes. By regulating behavior 
based on the expected outcome, individuals take actions that they anticipate will result in 



REVIEW OF LITERATURE 28 

positive outcomes and avoid actions that result in negative and harmful ones. Forethought 
also mitigates how people regulate their behavior by evaluating their behavior and 
progress while choosing their actions based on competing influences. Forethought allows 
people to predict some outcomes of given events and attempt to exert control over them. 
This ability to see varying outcomes and likelihoods is based on previous experiences.  

In the ICCC mathematics class, students are required to complete a set of modules 
in one semester in order to demonstrate successful progress in the material. In order to do 
so, students must anticipate challenges that may occur in their lives and in their academic 
progress. Knowing that an upcoming topic may give them trouble, or that a personal 
event may hinder their attendance, students must regulate their actions with respect to 
their future goals. Here, other students’ knowledge of upcoming challenges or guidance 
from the instructor can provide support in this area, assuming the student accepts and 
heeds their advice. 
Reactiveness. Based in the present, reactiveness is one’s ability to shape their course of 
action, as well as motivate, and regulate the execution of their plan. Reactiveness is the 
monitoring of one’s actions, the cognitive, and environmental conditions under which 
one’s plan is being executed. Reactiveness links thought and action. Reactiveness aligned 
with personal standards gives direction to an individual’s pursuits and creates incentives 
for one to maintain efforts towards attaining a goal. Ideally, agents tend to perform 
actions that provide them with a sense of satisfaction, pride and worth, while minimizing 
behaviors that give rise to dissatisfaction, devaluation, and censure. The challenge and 
temporal proximity of goals serve as guides and incentives that can govern motivation 
and action. Goals set too far into the future without smaller, intermediate goals may not 
provide effective incentives or guides for action.  

Reactiveness is demonstrated in the ICCC classroom when students return to class 
week after week. Furthermore, if a student fails a module, a student may regulate and 
modify their behavior in order to eventually succeed, rather than drop the class entirely. 
Reactiveness is also manifested when a student utilizes a specific feature of the 
MyMathLab software, or decides to utilize a different feature when they are not satisfied 
with its outcome. The student must also recognize when the software is limited in helping 
them and elicit the help of support staff. These features of the ICCC classroom 
demonstrate that reactiveness is vital to successful progress. 
Reflectiveness. Finally, reflectiveness represents the metacognitive capability to consider 
one’s thoughts and behaviors. Here, reflectiveness shows how agency is influenced by 
the past where the person evaluates previous motivations, values, and actions. Reflection 
provides a means for people to judge and correct their predictive and operative thinking 
when compared to the outcomes of their actions, the beliefs and actions of others, and 
their experiences.  

The ICCC course, which will be the focus of this study, is a developmental-level 
mathematics course. The content contains material that students have certainly seen 
before. For example, students begin by learning to work with whole numbers. 
Consequently, previous experiences could affect their current progress. Furthermore, 
affective characteristics such as prior mathematics learning experiences (Hiebert & 
Carpenter, 1992) and anxiety (Tobias, 1993) could contribute to how a student works 
through this course. Other circumstances such as social conditions due to race (Martin, 
2000; Ogbu, 1987, 1992), power (L. D. Delpit, 1988), and academic tracking (Oakes & 
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Lipton, 2007) are a part of the individual’s environment and could determine how 
students act in certain moments as they work through the material. By considering the 
temporal context of students’ actions through the framework of agency, we can begin to 
understand their present progress.  
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METHODS 

This study explored student agency in the special and instructive case of the 
ICCC, developmental mathematics classroom in a community college. The ICCC 
classroom was analyzed using case-study research methods. The goal of this study was to 
answer one research question by addressing three subquestions. The three subquestions 
were formed to consider the three interrelated aspects of social cognitive theory, behavior 
(in this case agency), environment, and personal factors (based on a student’s past, 
present, and future). 

How do marginalized students in a developmental-level ICCC mathematics class 
leverage their agency to navigate the ICCC classroom in order to achieve their 
goals? 

a. What agentive moves do students make when working through a module? 
How do these agentive moves connect with successful completion of a 
module? 

b. How does the environment of the ICCC class contribute to students’ 
choices? 

c. How do a student’s past, present, and anticipated future inform or 
contribute to student agency in an ICCC classroom? 

Strategies of Inquiry 

This study used an interpretive perspective to collect and analyze data and present 
findings as case studies. Interpretive methods helped me understand the specific setting 
of the ICCC classroom as well as the meaning and perspectives of the students in that 
setting (Erickson, 1986). An interpretive frame recognizes that reality is socially 
constructed and multifarious (Merriam, 2009); multiple perspectives and goals come 
together and interact in various ways. Instructors have a duty to help their students 
complete the class as quickly as possible. Students have multiple priorities including 
responsibilities outside of school, their intended degree, and overcoming any prior 
challenges they had learning this same material. These various stories must be taken into 
account when considering this classroom space. Since Bandura’s framing of agency lies 
in the realm of social cognitive theory, a methodological perspective, such as an 
interpretive perspective, that takes into account the social world we create is necessary. 
Finally, an interpretive lens is best used for observational fieldwork to learn more about 
what is happening in a specific place, specifically with a social action that takes place in 
the given setting (Erickson, 1986; Saldaña, 2009). Since a large portion of the collected 
data was visual, an interpretive perspective helped make sense of the social actions in the 
ICCC setting. 

This research used case study methods to focus on individual student agency and 
actions. Case studies are especially heuristic and descriptive and offered a micro-
perspective on each participant while allowing for cross-case comparisons. By examining 
how individual students interact with the computer, their peers, and instructors, the 
findings illuminated how these students interacted in this specific setting, a goal of case 
studies (Dyson & Genishi, 2005).  
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For this project, a pilot study was conducted in Spring 2014 where data from one 
case were collected, coded and analyzed. This pilot study helped refine data collection 
strategies, coding protocols, and research questions. 

Researcher’s Role 

As this is a qualitative study, it is essential that the researcher’s role and biases are 
clearly outlined (Marshall & Rossman, 2006). Thus, I will disclose my previous 
experiences and background to provide a means of accountability in maintaining my 
integrity as a researcher. 

I have taught in community colleges for approximately three years. During this 
time, I have taught developmental (pre-college level) as well as more advanced (calculus) 
courses. I have been moved by the difficulties students have mastering mathematical 
skills due to their previous experiences and feelings of helplessness in the mathematics 
classroom.  

I am also a woman of color. As a mathematics learner, I have first-hand 
experience with instructors supporting or dismissing my academic abilities as a 
mathematics learner based on, what I believe are, characteristics that have nothing to do 
with my abilities. At times, this had strengthened my resolve to further my academic 
accomplishments, other times I have been disinclined to advance. My family and my 
personal support network have always encouraged me to pursue knowledge under any 
circumstances and that has helped me maintain forward motion in my career. I fully 
believe that my knowledge of mathematics has opened the door for me several times. 
Thus, I believe in mathematics as a civil right (Moses & Cobb, 2001) and equity in 
mathematics learning and achievement should be a priority among mathematics 
educators. Any research that helps students of color, low-income students, students who 
are not traditionally successful in mathematics, and any student who aims to further their 
academic career is essential. Since these groups of students generally enroll in 
community colleges, I naturally gravitated to that realm for my teaching and research 
needs. Developmental-level students in community colleges are, from my personal 
experiences, passionate about learning because their experiences have helped them 
fundamentally understand the power of education. These students, like all students, 
deserve the best quality education to make their dreams reality. 

I have also witnessed the introduction of stand-alone software in mathematics 
classes. I believe that the development of ICCC classes for this disempowered population 
requires careful assessment. Personally, I am a lover of technology, but am conservative 
in my implementation. While I would not consider myself a Luddite, I believe that 
technology advances faster than our social consciousness, at times to our detriment. Thus, 
when new technology or the incorporation of new technology is proposed, I believe that 
extensive research should be conducted to ensure that new technologies or new uses for 
technology are implemented in a manner that advances, rather than regresses our society 
and development. That is to say, that I am not against computer-assisted learning, per se. 
However, I believe that new techniques in education should have sound pedagogical 
theory associated with it, and should be incorporated carefully and conservatively in the 
classroom, especially with a marginalized population such as developmental college 
mathematics students. Thus, I begin this research with a skeptical eye but am open and 
willing to see the possibilities for transformation in the classroom. 
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Finally, I must express ethical challenges I encountered while collecting my data. 
During an interview with Hector, one of my participants, he disclosed details of his 
military background that I found uncomfortable and disturbing. His previous military 
experiences and encounters with Muslims and Arabs were difficult to hear, as I am an 
Arab and a Muslim. Consequently, I questioned my neutrality as a researcher, and 
reflected on whether I should continue to collect data from Hector. In our next meeting, I 
did not feel uncomfortable and was not focused on the content of our previous interview. 
Rather, I continued to see a student who was working through this class to improve his 
life in multiple ways. As I processed and analyzed Hector’s data I was highly conscious 
of maintaining my objectivity. I relied on the guidance and oversight of my advisor, and 
we worked to ensure that the contributions made from observing and interviewing Hector 
maintained the same level of integrity and rigor as that made from following the other 
participants. 

Site Selection 

The site of this study was a developmental mathematics class, designated 
MATH075, Foundations in Mathematics, a pseudonym for the course. MATH075 was 
offered at a community college made up of seven campuses located in the Southwestern 
United States. For ease of reading I will call the site Mountainscape Community College 
(Mountainscape). The course was designated developmental because its content covered 
precollege-level mathematics knowledge, as measured by a computerized college-
mandated assessment. Mountainscape was one of the largest community college systems 
in the United States by enrollment and designated a Hispanic Serving Institution (HSI). It 
was chosen as a research site because of the college’s decision to utilize computer-
centered learning for their mathematics developmental courses.  

One campus at Mountainscape was chosen for this study because many college-
wide course policies implemented for MATH075 were initiated at this campus. Data 
were collected in one class each during Spring 2014 and Spring 2015, based on that 
instructor’s willingness to participate. The instructor for the Spring 2014 course was also 
the course coordinator at that Mountainscape campus.  

MyMathLab in Mountainscape  

In the Spring of 2012, all campuses of Mountainscape decided to utilize ICCC 
mathematics instruction in their developmental sequence and introduced the ICCC course 
MATH075. The computer program was MyMathLab, distributed by Pearson Publishers. 
Overall, the course was designed so students worked mainly with a computer, and the 
staff facilitated learning or kept students on track to complete the requisite number of 
modules. 

When students enrolled in Mountainscape, they were required to take pre-
packaged computerized placement exams in mathematics and writing. Students whose 
mathematics score did not place them in a college-level class had the option of enrolling 
in a traditional lecture course or in MATH075, which covered the same material as a 
general developmental mathematics sequence. MATH075 developed students’ 
mathematical knowledge, beginning with notions of place value and working with whole 
numbers (notions introduced early in elementary school) and culminating in advanced 
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topics in high school algebra that prepare students for college algebra such as working 
with rational functions and exponential expressions. The course was a prerequisite for 
College Algebra and covered the content of the four developmental courses: Basic 
Arithmetic, Prealgebra, Basic Algebra, and Algebra. Once a student completed 
MATH075, they received credit in a course equivalent to Intermediate Algebra and 
therefore met prerequisite requirements for College Algebra. 

At the time of the study, enrollment in MATH075 was less than enrollment in the 
traditional (lecture-based) four-course developmental sequence at Mountainscape. In 
Spring 2015, 70 MATH075 courses were offered compared to 103 traditional lecture 
courses. Similarly, 1943 students (43 percent) were enrolled in MATH075; 2565 were 
enrolled in the traditional courses. MATH075 was accepted as an alternative at 
Mountainscape. Since a main objective of this study was to explore the ICCC classroom 
in its own right, data comparing passing rates at Mountainscape were not collected. 

The course content was broken down into 35 modules and personalized by 
Pearson to align with Mountainscape’s standards. A module was similar in scope to a 
chapter in a mathematics textbook; each module was composed of several units. All 
students who registered for MATH075 began with Module 1. The MyMathLabs, 
software required students to master topics before advancing to the next module. Mastery 
can be demonstrated one of two ways. When a student began a module, they had an 
option to take a pre-test on covered material. If they scored at least 80% on the pre-test 
(this cutoff was designated by Mountainscape), they moved to the next module. If not, or 
if the student did not choose this option, they worked through the module, completing 
assignments for each unit. Each unit had three learning components. Videos presented a 
lesson. “Concept Checks” tested vocabulary or procedural ideas. Finally, “Homework” 
was given in each unit. All problems were provided by MyMathLabs. Students wrote out 
solutions in their notebooks but submitted their answers on computer, which recorded all 
grades. The structure of this course is similar to other Pearson “emporium” courses who 
use this model (Aichele et al., 2012; Twigg, 2011). 

In MATH075, the software was accessed via the internet, however students were 
nevertheless required to attend a scheduled class to work through the software and earn 
attendance points, a portion of their overall grade. This ensured students spent a minimal 
amount of time working on mathematics on a regular basis and had access to instructors 
and tutors who answered questions and provided feedback on exams. Classes were 
generally held twice a week for 1 hour, 15 minutes each. Outside these required hours, 
students could work in the computer lab whenever it was open, independently at home, or 
at a different campus. To maintain the integrity of assessments, all exams were proctored 
and taken at Mountainscape. Students were able to take their exams at any campus. 
However, cumulative exams and exams taken during final’s week were required to be 
taken at the student’s home campus. 
Classroom Design 

The computer lab where MATH075 was held had a sign-in station by the 
entrance. When a student entered or left the lab, they recorded their attendance by 
scanning their college identification cards. In the computer lab, there were 80 computers 
set up for students, one instructor station, and a desk for the lab supervisor. Two classes 
could be held simultaneously. 
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The student computers were set up in 39 pairs and two single desks, reserved for 
students with disabilities. Figure 1 is a photograph of the MATH075 classroom. Each 
station pair was composed of a 6-foot x 22-inch table with two identical set-ups. Each 
set-up contained an HP TouchSmart 7320 PC with the Windows 7 Operating System 
installed, a 22-inch monitor, standard business keyboard, and two-button mouse. A 
magnetic hook held a pair of headphones for students’ use, however, students could 
supply their own. 

 

 
Figure 1. Picture of MATH075 classroom 

Twenty-one stations, ten pairs and one single desk, had a red cup placed on the 
monitor; they were reserved for testing. The remaining stations had a blue cup; the 
student placed the cup on top of their monitor to indicate they had a question. The 
monitors blocked students’ view from looking across to different stations. A 26-inch 
divider separated each station pair. The room was decorated with rubber ducks, each with 
the name of a student who completed the course. 
Grading 

Grading in the course was based on three factors, students’ scores, the number of 
modules completed, and their participation / attendance. Student scores was the 
percentage of correct answers for a given assignment or exam. In Spring 2014, students 
were expected to complete nine modules in a semester to ensure a passing grade of “A,” 
“B,” or “C” depending on their scores. Students in the Spring 2015 course were required 
to complete twelve modules so they could finish the course in three semesters. However, 
based on a student’s plan of study, they may not be required to complete all 35 modules; 
this case was rare. Final grades were dependent on the number of modules the student 
completed, his or her grades, and on the student meeting various participation and 
attendance requirements. 

Students were required to answer “Concept Checks” with 75% accuracy and 
“Homework” with 90% accuracy before they could take the associated exam. Students 
must score 80% on module exams to move to the next module. Cumulative exams were 
given every five modules, requiring a score of 70% to pass. All assessments were 
provided through MyMathLabs. Students were expected to write out their solutions and 
submit them to their instructor. If a student did not pass the exam, MyMathLabs provided 
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extra practice problems associated with the concept(s) the student had difficulty with. If 
the student did not successfully pass an exam three times, the instructor was required to 
intervene directly, providing support and supplemental problems until the student 
achieved the requisite grade. 
Getting Help 

Two course instructors (instructors of record), the lab supervisor and up to three 
staff-tutors were present during each class. The lab supervisor helped with technical 
issues, supervised the staff-tutors, and had access to student grades and records. One 
staff-tutor proctored the testing area. All other staff attended to student questions and 
needs; if no student asked a question, the staff was idle. Course instructors reviewed 
previous exams with students, either at their discretion or after a student failed an exam 
three times, and recorded their grades. Although MyMathLab recorded student grades, 
instructors also added in attendance and participation points based on whether a student 
took and / or passes an exam.  

Students had several ways to help them understand the content of a specific unit. 
If a student needed further elaboration or help on a “Homework” question, the software 
had three help options. The first was “Help Me Solve This” where the software 
decomposed the given problem into procedural steps and prompted the student to provide 
answers to intermediate steps. Another help option was “View an Example” where the 
software again breaks down a similar problem into procedural steps. In this case, the 
computer fully works through the problem without the student’s participation, similar to a 
modeled problem in a textbook. In both the “Homework” and “Concept Checks”, the 
software had an “Ask My Instructor” feature that sent an email written by the student to 
the instructor with a link to the specific problem in question. Finally a student could have 
also asked a question anyone on the staff.  
A Flexible Learning Environment 

With only two classes, limited to less than thirty students each, scheduled 
simultaneously, there were at least twenty computers available for other students to use. 
Thus, students were likely to find an available computer if they dropped in to the 
MAT075 to work. The classroom was also available forty-three hours each week, 
including when classes were not scheduled. 

The online nature of the course also allowed students to access the material 
outside of class. Any student could access the course in its entirety through any computer 
with internet access. Furthermore, if a student completed a module, they could work on 
the next module and continue to make progress without having to wait to return to 
Mountainscape to test. If a student nevertheless wanted to continue, student could access 
more modules through a “dummy” account. This dummy account was rarely used and did 
not record student results, but allowed students to continue advancing if they so desired. 
Finally, students were also able to access the course material and test at other 
Mountainscape campuses.  

Participants 

Three cases were collected; Barbara in Spring 2014, and Eduardo and Hector in 
Spring 2015 (all pseudonyms). All students who were interested in participating in the 
study were asked to complete an online survey (Appendix A). From there, cases were 
chosen based on whether participants showed an interest in participating, if they were 
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members of marginalized groups, and if the student had previously failed mathematics 
classes or who indicated discomfort with mathematics. Students talking MATH075 as a 
refresher were not considered. One participant was taking the course for the first time to 
gauge his initial impressions as he navigated the software and course (Eduardo). More 
details about the participants and their circumstances relative to their mathematics 
success will be disclosed in their individual findings chapters. 

Data Collection 

Data were collected from seven sources. The first source was a cluster of data that 
included video recordings of the student’s actions in class, recordings of their computer 
screen, audio of their interactions, and photographs of the student’s written work. 
Because of the flexible nature of students’ attendance, each student was recorded either 
for at least seven days, or the duration of seven regular-length classes (8.75 hours) if the 
student chose to work extensively. Table 1 shows the number of days and total time of 
corresponding video for each participant. Recording began when the student began a 
module.  

 
Table 1. 

Summary of participant class time during video observation 

Participant 
Number of Observation 

Days Total Time Observed 
Eduardo 9 9 hours, 27 minutes 
Hector 5 13 hours, 20 minutes 
Barbara 7 6 hours, 52 minutes 

 
Interactions in this data cluster included informal conversations I had with 

students. Pilot data showed that, oftentimes, students made reference to a previous 
interview or conversation with the researcher, clarifying earlier statements or reacting out 
loud to specific occurrences outside of video recording. Furthermore, since this study 
researched a student’s agentive moves, it was sometimes necessary for the researcher to 
inquire about a student’s actions. As these incidents were based on the researcher’s real-
time observations, there was no preset interview protocol. 

The second source was the set of field notes which provided context not captured 
during recording or “observer comments”, thoughts elicited while taping (Merriam, 2009, 
p. 172). For example, anything not captured on camera, or specific moments that may 
have seemed important were recorded to supplement video data. Two interviews with the 
students comprised the third and fourth sources. The fifth source were the instructor 
interviews that established their perspectives on teaching and expectations for the norms 
and format of the course. Other field notes on the classroom setup included extensive 
photographs and a schematic of the classroom helped describe the classroom. Finally, I 
recorded how the instructor introduced the class on the first day. 

Interviews were recorded with an audio recorder. Instructor interviews were not 
transcribed since they were used to record any differences in the instructor norms and to 
record the nuances of the course structure. All other audio was transcribed traditionally or 
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by using computer software (Dragon Dictate) and verified by the researcher. For the sake 
of readability and clarity, some statements were not transcribed. Turns in conversations 
where the researcher clarified statements by repeating the participant’s statements or 
encouraged conversation with affirming statements (mmhmm, yeah, etc.) were not 
transcribed. Likewise verbal pauses by the participant (uh, um, like, etc.), and repeated 
words were not transcribed. The complete body of data were collected in a series of 
stages. These stages occurred in line with the data collection process. 
Stage 1: Instructor Norms and Recruiting Case Studies  

In this stage, I took extensive photographs and field notes to document the setup 
of the class. These field notes contained a sketch of the classroom, including a detailed 
schematic of the desk setup, with measurements, etc. These notes provided the detailed 
description of the classroom above. The instructors for both classes were interviewed to 
record their teaching perspectives along with their expectations of the structure, format, 
norms and activities of the course, their understanding of the use of the technology as 
well as how they viewed their role. Appendix B has the protocol for this semi-structured 
interview. Since permission to record was not obtained from students, field notes 
recorded how each instructor introduced the course, syllabus, and format of the class on 
the first day. These data provided context as the instructor establishes their perspective on 
expected norms and roles.  

During the first class, I discussed the reason for my presence and the goals of the 
research study with students and handed out consent forms. It was made clear that 
participation in this study was voluntary and confidential. The security protocol for all 
collected data was discussed. Students who consented to participating in the study were 
asked to complete an online survey (Appendix A), to purposefully choose (Merriam, 
2009) the pool of final cases. 
Stage 2: Preliminary Interview  

Subjects targeted for case studies were interviewed at least twice over the course 
of the semester. The first interview (Appendix C) occurred prior to or immediately after 
Stage 3 began. This interview established rapport between the student and researcher to 
gain insight into the participant’s personal and mathematical learning experiences. 
Stage 3: Collecting Data, Recording Video 

All participants chosen for case study were subject to video data collection as 
indicated above. A student’s progress through the MyMathLabs program was recorded 
during this time, compiling a complete profile of the student’s actions over the course of 
video data collection. It was the researcher’s goal to ensure that these data were collected 
with minimal disturbance to the student or course structure. A video camera was set up 
positioned when the participant entered class. I was on hand to adjust the recording 
equipment. Software (Adobe Captivate) recorded the student’s computer screen. This 
provided a complete image of the student’s actions and minimized the amount of missed 
data. An audio recorder was used to record interactions the student made with a 
consenting staff member or student. Pictures were taken of the student’s written work in 
case the camera did not capture it. Contextual field notes were also recorded at this time.  
Stage 4: Final Interview and Follow Up 

Finally, the second interview (Appendix D) gauged the student’s assessments of 
how they were progressing in the class. In this interview, personalized questions 



METHODS 38 

addressed specific incidents or actions during data collection that required clarification or 
elaboration for the researcher. 

After video data collection, the researcher checked with each student for the 
remainder of the semester to continue to gain insight into his or her actions. Pilot data 
indicated that students changed their behavior towards the end of the semester. These 
conversations were not formally structured. In these interactions, the researcher asked 
about particular incidents about the student’s progress.  

Data Analysis 

I used an interpretive frame to analyze this data. In this section, I will discuss how 
the main research question was addressed by answering the subquestions and how data 
answered each specific subquestion. 
Coding 

Data coding protocols were designed and tested during the pilot phase. A coding 
protocol was outlined for each data source. I utilized the qualitative analysis software 
ATLAS.ti to assist with coding and analysis. Student interviews were open coded 
(Appendix E) and underwent template analysis (Ray, 2009). Template analysis, or 
thematic coding utilized preexisting codes to analyze the data. The four characteristics of 
agency, intention, reflection, reaction, and forethought, as well as the codes “past”, 
“present”, and “future” served as the template. Here, I labeled statements made by the 
student that indicated intention (e.g. “I want to…”), reflection (e.g. “I realized that…”), 
forethought (e.g. I need to… because next week I…), and reaction (e.g. “I learned 
that…”). In addition to the template analysis, open coding allowed other forms of 
agentive acts to emerge, such as eating at the student’s desk. The open codes described 
the action or topic (Saldaña, 2009). In other words, these codes were descriptive, rather 
than interpretive of the quotation.  

Videos of the student working were synchronized with the corresponding 
computer-recorded screenshots. The student’s actions were coded in two passes based on 
a main action performed by the student, for example: watching a video, answering 
questions, and activities taken to answer the question. Student actions were also open 
coded and coded for agentive moves. An act was considered agentive if there was 
evidence that the act contained intention, forethought, reflection, or reaction, based on 
statements made by the student, interviews with the student, or by documenting actions in 
the video. In other words, agentive statements or a second source of data for this 
participant must support the determination that a given act was agentive and in what 
capacity. A second pass at coding the videos occurred to highlight actions that could be 
considered agentive based on information in later data sources. For example, if a student 
made a statement that clarified a previous action or statement as agentive, the second pass 
ensured this agentive move was captured. 

Conversations with consented participants, including staff while interacting with 
the student, were transcribed and cross-referenced with the video using the ATLAS.ti 
linking tools. As above, the interactions were coded using both template analysis and 
open coding. Photographs of student work clarified their written work. 

After coding all data, overlapping codes were merged (ex. anticipation, 
forethought). Furthermore, all texts were autocoded for specific codes (ex. Maserati, 
Tutoring Center, etc.). Autocoding is a command in ATLAS.ti that searches text 
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documents for the specific word or string and automatically assigns a code. Autocoding 
allowed for specific words to be coded if emergent themes required a second pass 
through all text. It was also a means to ensure all instances were coded. A feature of 
ATLAS.ti that helped develop themes was the code co-occurrence command. This 
feature allows themes to emerge inductively by counting the number of times any two 
codes occurred simultaneously (see Appendix F for a sample). Codes were also grouped 
by theme if open codes were also associated with any of the thematic codes. For example, 
“career goals” was grouped under “intention”.  
Analytic Memos  

During and after coding, analytic memos were written to help make sense of the 
data. Analytic memos, in line with an interpretivist perspective, allowed me to reflect on 
the coding process, the inquiry process overall, and emergent patterns and themes 
(Saldaña, 2009). These memos were shared with peers to check analysis and findings. 
One analytic memo was associated with each day of data collection. These memos were 
added to each time I worked on the data from that day. They allowed me to consider 
questions such as revisions in data collection, future research, thoughts on code choices, 
connections with codes, or observations made while coding.  

A second type of analytic memo was written after each participant’s data were 
coded. These analytic memos asked and addressed questions of the data. An example of 
such a question is “What did the participant do after answering a question incorrectly?” 
Answering these questions helped sort through the data so themes could emerge. Analytic 
memos were also written to summarize the events that occurred or were discussed during 
data collected. These memos used as many codes as possible to help make connections 
between the codes using the data. Such memos helped themes emerge by arranging codes 
to make sense of the students’ processes as they worked through MATH075. 
Construction of cases  

Individual cases were constructed highlighting experiences and future goals of the 
students (Stake, 1995). Each case was written as an interpretive biography (Denzin, 
1989), emphasizing the student’s story and how it tied to their mathematical experiences 
in the ICCC class. This helped document how a student navigated the present classroom 
setting to achieve their goals. Themes that unfolded within each case were highlighted. 
Across cases, similarities were highlighted as a cross-case comparison to emphasize how 
student experiences and actions helped them succeed in the ICCC developmental 
mathematics classroom (Stake, 2013).  

Validity 

Data were checked for errors. Each transcription was verified at least once. To 
ensure that my interpretations were aligned with the perspectives and actions of my 
participants, I shared analytic memos and supporting data with colleagues, a member of 
my dissertation committee, and my dissertation chair. These individuals pushed back on 
my writing, demonstrating areas where arguments were weak, where data did not support 
the conclusions, or where alternative interpretations may have had more validity. I then 
revised and rewrote these memos, sharing them again with others until I had agreement 
with my interpretations. These memos formed the beginning of the findings chapters.  

Interpretations were shared with two participants, Eduardo and Barbara. This 
conversation with Barbara was not recorded because it occurred by happenstance. Hector 
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had stopped attending class after data collection and I was unsuccessful in meeting with 
him again. Consequently, Hector’s data were not member-checked. Since multiple types 
of data were recorded, findings and interpretations were triangulated between observation 
and interviews. Since data were collected in multiple class sessions, long-term and 
repeated observations allowed for the development of accurate findings.  

Ethical and Political Issues 

Permission to collect data from the Institutional Review Board of the University 
of Arizona and the department of Planning and Institutional Research at Mountainscape 
had been obtained along with permission from the dean, department head, course 
coordinator, and instructor of MATH075. Ethical issues and issues of risk regarding 
subject participation were minimal since data collection were composed of observation 
and interviews of adults. Furthermore, there was no expectation that data collection 
would inflict personal stressors or harm upon subjects. All participants were informed 
that their participation was completely voluntary and they could cease participation at any 
time. Subjects were also informed that any information they shared with the researcher 
would be kept confidential and not shared with the instructor or other staff at 
Mountainscape. Participants were told their names, as well as the name of the institution 
and course would be changed, maintaining anonymity for the individuals. 
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EDUARDO 

In computer-centered classes, the plans students develop in order to achieve a 
specific goal may rely upon assumptions that are supported by the environment. 
However, these assumptions may have fundamental flaws for the specific individuals and 
therefore do not lead to success in the class. Eduardo, a 24 year-old self-identified 
Hispanic male, is an example of such a case. In this chapter, I focus on Eduardo’s plan 
for success centered around working outside of class and relying on the computer to learn 
mathematics. This plan was based on assumptions that were insufficient because of 
Eduardo’s weak mathematical skills. This case also demonstrates how an individual may 
order certain goals, or designate one goal as more important than another. 

Eduardo’s Goals 

For an individual’s acts to be agentive, he or she must have a specific intention. 
Without intention, a person’s actions cannot be agentive since they are not focused on a 
deliberate and specific outcome or goal. Intention is composed of both the individual’s 
goal, or purposeful outcome and a skeletal plan for achieving this goal. This section 
outlines both Eduardo’s macro and micro goals (defined below). These goals are 
distinguished by their priority with respect to one another.  

When a person sets an intention (goal and plan), their general plan may be 
composed of behavioral changes such as “I will reduce my salt intake to reduce my blood 
pressure,” or this plan may be made up of a series of smaller goals “I will run a 5K race 
to prepare for the upcoming marathon.” In the latter case, I define the overall goal as the 
macro goal. Any portion of the macro goal’s plan that can also be considered a goal will 
be defined as a micro goal. In other words, a micro goal is an outcome that a person sets 
as part of their plan towards achieving a macro goal.  

Eduardo’s macro goal was to be a Chief Executive Officer (CEO) of a company 
in any field and own a Maserati. This was a very important goal for Eduardo; over the 
course of data collection, Eduardo discussed owning a Maserati 16 times “I want to make 
a lot of money and then I have a dream car. I want a Maserati. I will get it” (20:137). In 
fact, it is possible from our interviews and discussions that owning a Maserati could have 
been the macro goal and being a CEO was a micro goal. Shortly after the semester began, 
Eduardo brought in a model remote control Maserati and a Maserati lanyard for his keys. 
These tchotchkes were purchased with his financial aid as a way to motivate himself. 
“It’s better to visualize –if you could see it, you already have it. So I’ll see that every day 
and I will kind of change my decision-making throughout the day” (32:1). The toy car 
and lanyard were purchased to keep Eduardo focused on his macro goals, regulating his 
decisions, and using them to visualize his intention.  

After researching how CEOs got to their positions, he decided to enroll in 
Mountainscape to major in Business Administration and Management. To get this degree, 
Eduardo had to complete his mathematics requirements. Results of his placement exam 
placed him in developmental mathematics; he placed out of Basic Mathematics and into 
Prealgebra. However, he registered for MATH075, which begins with topics from Basic 
Mathematics, because  
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I want to learn the basics, the middle part, and the ending… I want to get a full 
understanding of the entire subject so I want to start MATH075, learn my basics 
first and then continue and then move on. (81:186) 

Eduardo demonstrated his determination for learning mathematics. Here, Eduardo began 
his class with a goal of understanding the material in MATH075. Thus, passing 
MATH075 became a micro goal. He enrolled in MATH075 in his first semester at 
Mountainscape. 
Motivation to Learn 

Eduardo’s goals in MATH075 were based on his desire for a Maserati and to be a 
CEO. Nevertheless, he also expressed his own internal motivators to learn mathematics. 
Eduardo began the class stating that he wanted to complete the required 12 modules to 
earn an A in the course, even though nine modules were the minimum necessary to pass 
the class. He began the semester feeling enthusiastic about being back in school. “Right 
now I love college. I love the experience. I’m loving life. (20:43)” This enthusiasm was 
also demonstrated in his motivation to succeed in mathematics. “I definitely want an A in 
the class. So as long as I apply myself and have a can-do attitude and I’m pretty sure I, 
you know, can accomplish math. (22:2)” This motivation and his intention demonstrated 
the positive attitude with which Eduardo began his semester.  

Eduardo’s dedication to his schoolwork and the recognition of the importance of 
completing “Homework” is contrasted with his previous beliefs that school was not a 
priority. In terms of his previous school experiences, Eduardo summarized himself as 
“lazy” (20:58, 20:159, 45:22). In describing his mathematics experiences in high school, 
Eduardo was frank. “I never paid attention. Well, I did pay attention, you know. But it 
[was] just in one ear and out the other. I barely got by” (20:57).  

Eduardo felt that he “didn’t see the importance of it [high school]” (20:57) or his 
schoolwork. He was not particularly concerned about the ramifications of not paying 
attention in school since he never intended to go to college (20:17, 20:69, 20:96). “I never 
wanted to do college ever. I thought I’d just be a police officer, be middle-class and be 
cool” (20:14). Without college as a motivator (a goal), Eduardo was not interested in his 
schoolwork. 

When asked to contrast that belief with the present, “What about now?” he 
responded “I do now. I do especially when it means that that it’s a – between a 4.0 and 
not a 4.0. I want to do ‘Homework’ ” (20:171). Eduardo had a clear motivator for 
wanting to be successful in school. “I want my Maserati and am going to get it. Right 
now I’m doing the college thing” (20:111). Eduardo recognized the importance of an 
education for him to get his Maserati.  

In order for Eduardo to achieve his macro goal of becoming a CEO and owning a 
Maserati, he decided to go to college and pursue a degree in business. Consequently, 
Eduardo enrolled in MATH075 to begin this journey. Passing MATH075 became his 
micro goal.  

Eduardo’s Plan 

Eduardo’s micro goal, passing MATH075 included a plan. “I’ll get my 12 
modules done in 5 months” (20:170). This intention would be achieved by working 
extensively on the course material at home and repeatedly watching videos. This seat 
time, the total length of time spent working on MyMathLabs, was an essential component 
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for him to achieve success because the format of the class required students to work 
independently to pass the course. 
Working Outside of Class 

The first component of Eduardo’s plan was to work on MATH075 outside of the 
course’s scheduled times. When Eduardo was asked, “What’s your game plan for getting 
through your 12 modules?” He replied, “Definitely doing ‘Homework’. As far as doing 
that outside of the classroom. Definitely doing that.” (20:175). Eduardo intended to and 
was certain that he could get an A in the course by working outside of class. MATH075 
classes are scheduled for one hour, fifteen minutes twice a week. In order to pass the 
class, students must work outside the course’s scheduled hours. Eduardo agreed with this 
notion. “I think I’m gonna be doing this more out of class because you get better in math 
if you practice and practice and practice and I don’t think like an hour and a half is much 
time you know to finally get it” (22:1). Eduardo recognized how important it was to work 
on mathematics class outside of his class. He also had a computer and high-speed internet 
at home and therefore had the ability to work at home at his discretion.  
Reliance on Video Lectures and Repetition to Succeed  

The other main component of Eduardo’s plan was his decision to extensively use 
video lectures, which he favored over conventional class lectures. After he finished 
watching the first video in Module one, he immediately reacted and played the video 
again, replaying a large portion of it. This 9:25 minute video introduced whole numbers 
and place value, discussed how to write numbers as words and vice versa, and defined 
expanded notation. It took him almost 37 minutes to watch the first video as he paused 
frequently to take notes. During his replay of this same video, he took 11 minutes to 
watch one portion of the video that was 5:31 minutes long. The majority of his time in 
class was spent watching the same nine-minute video (48 minutes watching, 73 minutes 
in class). 

When he was preparing to leave, I checked in with him to see what his intentions 
were for the days until he returned to class. He responded:  

I’m gonna go over this [video] again at home and then I’ll do the concept 
check. . . . then I’ll do it again like probably two more times until [I] master this 
small piece and then move on to the next one. (5:1) 

Eduardo planned to watch the video at least three more times before progressing to the 
next unit. However, in the time between that class and the next, Eduardo did not work at 
home. Eduardo began his next class watching the unit 1 video again and working through 
the notes a third time. “I started with the first page [of the corresponding text] so I could 
refresh my memory on it because I wanted to do that. I want to learn it” (20:75). By 
starting again with a lecture and associated text, Eduardo was reaffirming how important 
repetition was to him. 

In another instance of Eduardo’s dedication to replaying videos, after data 
collection, I observed Eduardo replaying videos from Module one again both to prepare 
for the exam and after failing the posttest. These actions demonstrated Eduardo’s strong 
belief in repeatedly watching videos as a means to be successful. 
The importance of repetition. Eduardo reflected on how the course structure allowed 
repetition and on the importance of replaying videos and to help him learn. 

I love the structure of it. I think this works out better for me because I could keep 
- go back and back and back, you know. Reread the video or replay the video over 
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and over again. And sometimes, like, well, the way I learn, you have to, like, tell 
me a lot of times for me to, like, learn something new until I really get it. So I 
love it. (5:4) 

The feature of the MyMathLabs software that he used most often, the videos, was a 
feature that aligned with his belief in how he learned best. Theoretically, there was no 
limit as to how many times one can repeat watching a video or redo a question. With the 
course being on the computer, Eduardo had complete control over his learning the 
material, answering questions, and his ability to advance at a comfortable pace.  

Eduardo believed that the video lessons were more efficient than traditional 
lecture, and enjoyed their one-on-one nature where distractions would not occur.  

It’s [how the problem’s explained is] nothing but facts. There’s no side 
conversations when [the lecturer in the program] is talking. It’s to the point and 
short whereas if there’s a classroom, there’d be a distraction… [like] students 
asking questions, maybe the teacher’s explaining too much. But [with] this he just 
says straight to the point. (30:2). 

Eduardo considered classroom discussions of the content to be extraneous and 
unnecessary, detracting from the main point of the lesson. The prerecorded videos 
allowed Eduardo to focus on the material without being distracted by the actions of his 
classmates or the instructor. Overall, Eduardo felt that the ability to replay videos was an 
absolutely necessary component of his plan.  
Effects of the Past on Eduardo’s Plan 

Eduardo’s plan may have been influenced by the course environment and 
structure. However, there were also factors from his past experiences that contributed to 
him developing a plan that was focused on working outside of class and using repetition 
as a means to learn. 
Working outside of class. Eduardo’s plan focused on spending as much time as possible 
working outside of class and reviewing the content to ensure he was comfortable with his 
work before moving to the next topic. This plan was based on his past experiences in 
school that contributed to these beliefs. Eduardo’s past also showed him how computers 
were more trustworthy for learning.  

In high school, Eduardo’s lack of motivation resulted in him barely meeting 
requirements for graduation. He entered his senior year with 11 credits rather than the 21 
necessary for graduation. It was an online program that helped him graduate on time. 

So [graduating on time is] like impossible right, and so one of my friends he was 
in the PAM program; I forgot what it stands for but it’s called the PAM program. 
And pretty much it’s online classes it’s [an] expedient, faster process. And so I 
asked my counselor ‘What about the PAM program, can you get me in?’ She’s 
like ‘Oh yeah we can get you into the PAM program’. . . . And so she got me 
signed up my start of my senior year. I started and it was it was really easy. And I 
got to graduate a month before everybody else did. And I graduated and I still got 
to walk with my class. (20:18) 

Eduardo felt the program was “easy” and “expedient” and he was able to both make up 
his missing credits and complete his last year one month early. Here, success for Eduardo 
came not from struggling with concepts, but by sitting through the requisite material. 
These experiences taught Eduardo that content in computerized courses could be 
mastered through seat time. 
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Trusting Teachers. Eduardo’s reflection on his past also made him realize that his status 
as a student under a teacher’s authority was another reason he did not do well in high 
school. He elaborated, “for the most part I was lazy but then when it comes down to [it] 
now, I don’t like to be told what to do.” (45:23). Eduardo realized that he did not like his 
teachers having authority over him.  

In our second interview, Eduardo discussed his lack of trust in teachers’ 
objectivity as educators, believing that a teacher’s education is undermined by their own 
opinion.  

Because [teachers] could go to school and learn their foundations, right, but 
they’ll also have – they’ll add their opinion into it and so that would kind of be 
molded into what they teach in the classroom. So it wouldn’t be basically facts. . . 
There’s great teachers out there, I know. But as far as – and then being told what 
to do, like there’s deadlines on when essays are due and you have to do this and 
that and I don’t want to do that. (45:19) 

Although they are trained professionals, Eduardo recognized that a teacher’s perspective 
affected how he or she presented content and taught their classes. Furthermore, he did not 
believe he should have to adhere to his teachers’ requirements, a further sign that he did 
not trust their judgment, particularly on how they choose to organize their course. 

These statements stood in contrast to Eduardo’s opinion that the computer video 
lectures are “nothing but facts” (30:2). Eduardo trusted the computer program because 
computers’ views are not affected by opinion or experiences; a computer provides facts, 
not opinions disguised as facts. While MyMathLabs was created by people and the video 
was recorded by a person, John Squires, who introduced himself in each video, Eduardo 
did not consider the computerized portion of the course biased. Eduardo relied heavily on 
the program and video and trusted it to be more objective than an individual in front of 
him. In MATH075, Eduardo looked to MyMathLabs as the most unbiased source for his 
mathematics learning. 

Eduardo’s past experiences significantly set the stage for how he approached his 
time in MATH075. His missing high school credits were patched through an online 
program focusing on expediency and seat time. He did not value or respect his teachers 
because he felt they introduced opinions into their work. His experiences in high school 
left him with an impression that computers, a trustworthy medium, are preferable to 
teachers, an untrustworthy medium, since computers are expedient and success with 
computers was based on working through material on his own rather than submitting 
assignments set by biased instructors. He therefore preferred working independently and 
relying on the computer to support him through this class and to help him answer 
questions he may have.  

Overall, Eduardo decided that working outside of class and relying heavily on 
video lectures was the best way for him to complete the course successfully. This plan 
was based on past experiences that shaped Eduardo’s plan. Together, these two strategies 
were ways for Eduardo to spend more time with the program and ultimately complete the 
required number of modules. As I describe below, there were many signals from 
Eduardo’s instructor as well as the nature and structure of the course that indicated his 
plan was valid. 
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Effects of the Present on Eduardo’s Plan 
Eduardo’s plan to pass MATH075 was validated in two ways, through the design 

of the software and of the course. These two factors let Eduardo believe that he would not 
have difficulty with the course material if he spent adequate time working through the 
course. These factors contributed to Eduardo’s assumptions that seat time and repetition 
were sufficient to ensure his plan would succeed. 
Course design and the instructor’s messaging. There were other aspects of the course 
design that supported Eduardo’s belief in the importance of seat-time. The course 
encouraged students to work as often as possible, placing a stronger emphasis on seat 
time rather than conceptual understanding. The classroom was available for over 40 
hours per week, and was designed so that computers were almost always available to 
students who were not scheduled to attend, so students could feel free to come in when 
their schedule allowed. The online nature of the course also allowed students to work 
outside of class whenever they wanted. Students were also able to work ahead one 
module. 

Shaun, Eduardo’s instructor, expressed how critical it was to maximize seat time 
and reinforced the importance of working as often as possible. Shaun’s interactions with 
Eduardo supported the idea that spending time outside of class was essential to pass the 
course. Their interactions were focused on Eduardo’s pace through the program or 
procedural questions about the course.  

Shaun’s focus on pacing began with their first interaction. When Eduardo began 
the ICCC class he expressed his excitement about the course. “I love it. I love how, um, it 
goes in order and you could rewind it [the video] over and over until you get it. And so I 
love that” (6:3). Shaun responded positively to Eduardo, and reminded him that he could 
also access the software at home. In this exchange, Shaun supported Eduardo’s focus on 
rewinding the video lectures until the relevant idea was understood. He also supported 
Eduardo’s plan of working at home by reminding him that it was possible. Here, Shaun’s 
support of Eduardo reinforced his plan and confirmed the notion that success was 
associated with seat time. 

Shaun tried a number of ways to get Eduardo to work outside of class, giving 
Eduardo a plan or goal to work on outside of class by encouraging Eduardo to increase 
the amount of time he spent with the software.  

[You] might think about what your time is like and can you be in here outside of 
class. Is there time between classes? Is there time after classes where you don’t 
have to be somewhere right away or before? Can you come in early, you know? 
You think about your own personal circumstances and see if there’s more time 
that you can squeeze. Any time you can be here, you’re welcome here, right. You 
don’t have to–it’s not just class time you can be here any time we’re open. (23:20) 

Shaun emphasized to Eduardo that he was welcome anytime the lab was open. He also 
suggested that Eduardo reflect on his schedule to find more time to come to the class. 
Here, Shaun was attempting to help Eduardo with his time-management skills and help 
Eduardo see multiple opportunities during the day where Eduardo could work on the 
class.  

One month into the semester, Shaun tried to encourage Eduardo to come into 
class ready to test Module one, providing him a short-term goal by using his position as 
instructor to motivate Eduardo to work independently. “Do you think you can do the 
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topics, finish the ‘Homework’, over the weekend, and test on Monday?” (33:6). In this 
plan, Eduardo was expected to complete units 1.7 – 1.11 so he could to take the test. 
Shaun’s tone with Eduardo was more imperative than curious, attempting to motivate 
Eduardo rather than inquire if doing that much work was possible. Shaun intimates that 
Eduardo could complete these modules if he put in the time. As these units were focused 
on rudimentary arithmetic, there was no consideration as to the academic challenges that 
these units may have posed for Eduardo. Later, I will show how Eduardo did have 
significant difficulty with these units. These arithmetic problems challenged Eduardo, 
thus completing more than four units in these days would not have been possible. 

As Shaun became more concerned about the lack of time Eduardo was dedicating 
to the course outside of class, Shaun checked in with me to confirm that Eduardo’s 
participation in this study was not hindering his progress and that there was no 
implication from me that Eduardo should only work while being observed. I confirmed to 
Shaun that Eduardo was welcome to work outside of class and I was regularly asking 
Eduardo what work he did outside of class. Shaun’s desire to ensure that Eduardo was not 
discouraged from working outside of class demonstrated his concern at Eduardo’s 
perceived lack of effort outside of class.  
A Self-Contained Program. Eduardo believed the software was fully contained, in that 
all answers to his questions could be found in the video lectures or another part of the 
software. When I asked what he would do if he had a question about the content, Eduardo 
was very direct. “The way he [John Squires] explains it there is no questions; well at least 
for me. You just have to read it. I mean he explains everything. If I did [have a question], 
maybe I missed it when he was talking (30:3)”. Again, Eduardo demonstrated his belief 
that the computer was the source to be trusted and therefore if he was unclear about a 
specific concept, he was at fault for missing that piece of information. This assumption 
supported his belief that by spending more time engaged in the software, he could pass a 
module. 

Eduardo’s belief that MyMathLabs was fully contained and more trustworthy than 
a teacher was apparent by both what he said during interviews and by his actions. During 
his time in MATH075, Eduardo never asked the staff a question about content, even 
when Shaun interrupted Eduardo while he was struggling with a problem.  

During our second interview, I asked him why he never asked questions of his 
instructor or the other staff. He cited his contentious relationship with the staff, which 
will be explored in an upcoming section. He also believed that there was no reason to ask 
questions. “I felt that everything was explained into the video and so I don’t think nothing 
in the video was left out as far as information goes. So that’s why. Everything was 
explained in that video to do the problems.” (46:65). Eduardo reaffirmed his belief in 
MyMathLabs being self-contained.  

Overall, MyMathLabs was designed to be a fully contained program. The 
program had no surprises in that questions presented to students on exams are of the 
exact form given in “Homework” assignments. There are no advanced, conceptual 
questions or questions in forms students have not seen before. This allowed Eduardo to 
work through his difficulties and answer his questions on his own provided he had 
sufficient time to do so. Although the MyMathLabs features helped Eduardo work 
through confusing questions, the amount of time it would have taken Eduardo to do so 
without external support would have been prohibitive. Nevertheless, Eduardo believed 
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strongly that he did not need to rely on any support outside MyMathLabs to pass the 
course. 

Shaun, through his discussions with Eduardo, supported Eduardo’s belief that seat 
time was essential for success in MATH075. The course structure and environment also 
emphasized seat time over understanding. Thus, Eduardo would have had no indication 
that his plan of working outside of class and using the computer’s features to review and 
answer his questions were not appropriate for his needs. Unfortunately, Eduardo had 
tremendous difficulty with the content and would have benefited from support outside of 
the software.  

Intention Thwarted: Eduardo’s Plan Did Not Work 

To reach the goal of passing MATH075 with an A, one part of Eduardo’s plan 
was to maximize his seat time by working outside of class and rely exclusively on the 
computer to learn mathematics. Both of these aspects of the plan challenged Eduardo and 
slowed his progress. His problematic reliance on the computer will be addressed in the 
upcoming section. Here, Eduardo’s focus on working outside of class is explored. 
(Not) Working Outside of Class 

With only two and one-half hours of formal class time, working outside of class 
was encouraged and essential for success. Over the course of the semester, Eduardo did 
not work outside of class and this became Eduardo and Shaun’s focus when explaining 
Eduardo’s lack of progress.  

At the beginning of the semester, Eduardo’s driver’s license was suspended and 
his car had mechanical difficulties. He did not have the money to take care of either until 
he received his financial aid and tax refund. During this time, he relied heavily on his 
brother. “I’ve been going back and forth between my apartment and my brother’s house 
because he’s been letting me – he’s been giving me rides everywhere to work and school 
and back” (20:49). Eduardo’s transportation difficulties led to him spending considerable 
time at his brother’s apartment, which prevented Eduardo from working on his 
assignments in MATH075.  

However, he fully intended to increase his work time when his car was repaired, 
providing him with the ability to control his own schedule and work outside of class. 

So as soon as I get my car, boom! Then all this these two pages [he points to the 
first two pages, the only completed pages in the text] will turn into like you know 
it’ll turn into something better. . . because I have time to be at my house and not 
be on somebody else’s time as far as going over to their house, dropping me off in 
the mornings, or moving all my stuff like my clothes. . .When I get my car, I’ll do 
my own time. I could set up the schedule for myself to go home or stay here and 
study, and I have my computer at my house. But I don’t want to do any computer 
work on their [my brother’s] computer. (20:83) 

Eduardo was limited in his ability to control his own schedule and when he could study 
outside of class because of his reliance on his brother. Consequently, Eduardo did not 
work outside of school because he preferred to use his own computer, rather than his 
brother’s.  

During observation, Eduardo only worked outside of class once. When asked 
what made this possible, he responded, “Things have finally calmed down as far as 
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what’s on my mind. Today I got my car back” (42:2). After receiving the peace of mind 
of having a working car, Eduardo was able to feel comfortable focusing on his studies.  

This previous incident was not the only time he attempted to work outside of 
class. He made at least one other attempt to work that did not come to pass. During 
observation I remarked once that he looked tired. 

Eduardo: I went to sleep late. So I was supposed to wake up at five but woke up at 
like seven. 
Geillan: Why were you supposed to wake up at five? 
Eduardo: Because I was going to get this done. . . I went to sleep late at one or 
two. (38:25) 

Eduardo intended to wake up early to work on his mathematics. However, because he 
was exhausted, he slept through his alarm. This was not the only moment where Eduardo 
demonstrated the motivation and focus of a diligent student. Throughout data collection, 
Eduardo was focused on his schoolwork. He worked at his computer without interruption 
while he was in class. He did not pause to socialize with other students or use his mobile 
phone. Although Eduardo rarely was in class for the full hour and fifteen minutes, he 
nevertheless was attentive to his work while there. 

Eduardo’s focus on success was based on how much time he could work on the 
software at home. However, because of his personal circumstances, he could not fulfill 
the intention of working on his mathematics at home. He felt he was only able to begin 
working outside of class when his transportation problems were solved. Even then, he 
found it difficult to find time to work. Although Eduardo was agentive in his attempts to 
be successful in MATH075 by getting his car working and license reinstated, eliminating 
a major barrier to fulfilling his plan, he was not able to fulfill this intention. 
An Unwelcoming Classroom Environment 

Eduardo intended to primarily work outside of class. However, because his car 
was inoperable, he was not able to do so. When an individual’s plan does not advance a 
goal, the individual reacts to the circumstances and modifies their plan to account for the 
changing circumstances. It would seem that the primary reaction to Eduardo’s thwarted 
plan should have been to spend more time working in the ICCC classroom. In doing so, 
he would have had the added benefit of asking the staff and instructors for help if he felt 
it necessary. However, Eduardo did not feel welcome or comfortable in the ICCC 
classroom. This was due to a contentious relationship that developed between him and 
members of the ICCC staff. He consequently chose to spend as little time as possible in 
class.  

Eduardo did not feel comfortable working with members of the MATH075 staff. 
He mentioned being uncomfortable with approaching certain members of the staff. “I 
don’t like those–that dude with the mustache. That White–that tall White dude. Just 
looking at him irritates me so much” (45:39). Eduardo felt very uncomfortable with one 
of the tutors in the MATH075 classroom. Second, in an act of forethought, he asked 
friends about their experiences with Mountainscape’s mathematics instructors and was 
told the following about the instructor of record of the other class held at the same time.  

I’ve heard some bad things about her as far as how she teaches so that’s why I 
didn’t go with Tompkins at the beginning. And then I tried [Shaun] Philips. But as 
far as Tompkins goes I don’t have no opinion on her because I didn’t even know 
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her… [I heard] that you’re on your own pretty much that’s the idea that I got. 
Maybe it’s wrong information but I just went with it. (45:57) 

Eduardo avoided taking a class with Tompkins, another instructor, because he learned 
that students are left on their own in her class. Although Eduardo remarked how the 
course is self-contained where students did not need support from the staff and he 
discussed his lack of trust in teachers, he still reacted to the presence of one staff member 
negatively and avoided a class where the instructor had a reputation for not engaging 
students.  

Among the staff, Shaun made the poorest impression on Eduardo. The first 
indication of conflict between Eduardo and Shaun appeared when Shaun first made it 
clear to Eduardo that his pace was not adequate. Three weeks into the semester, Eduardo 
was still working on Module one. Shaun’s inquiries into Eduardo’s work were centered 
on working outside of class. 

So you know at this point we are pretty far behind, right? So you get–you do have 
the luxury of going faster when you can and slower when you need to. But you 
probably need to think about doing some stuff outside of class. (23:34) 

Shaun was associating Eduardo’s lack of progress with his lack of work outside of class 
rather than with struggles he may have had with the content. 

After this conversation, Eduardo and I sat down for our first interview. During the 
interview, Eduardo reflected on his conversation with Shaun. He was unhappy with 
Shaun’s demotivating words, but later came to a different perspective. 

There was nothing about his talk that was motivating. I think for some people he 
would have would’ve demotivated someone but because I’m so strong – I’m a 
strong personality. I’m not going to let him affect me. There’s nothing that he said 
that was motivating except ‘I don’t see – you’re not making any progress.’ 
Honestly whenever I heard something negative, I kind of just turned it off. I was 
like ‘Man, it was just one opinion. It doesn’t affect me. I’ma do what I want to do 
on my own time and I don’t care what you say right now. But watch when I finish 
these 12 modules. I know I’ll do it and I’m not trying to prove you wrong or 
anything like that. That don’t matter to me. The most important thing to me is for 
me [is] learning it for myself. I don’t need to show you any progress. I’ll show 
myself progress.’ But that’s okay. Nobody’s perfect. I’m not. But I could see his 
point of view too, you know. I’m on the second page like, ‘Come on. Where you 
at?’ I could see his point of view too. That’s cool. So I accept it. I’m not mad at 
him. I mean if I was mad at him I wouldn’t have said ‘Bye Mr. Philips.’ I’ll 
always be cool with him; with anyone; with all my teachers, you know. Maybe 
it’s hidden in plain sight kind of thing. For him saying that, kind of like triggered 
me to – maybe I should get going. What am I doing? Which I should, maybe it 
was nice. I mean from a different point of view; maybe it was good. Good that he 
said what he said cause I haven’t heard that. So now that I hear it, then I’m just 
like – ok I’m gonna start moving. What am I doing? But I still – I’m still gonna 
learn it; not just gonna speed through it and forget it. (20:99) 

Eduardo’s reflection on his conversation with Shaun began by indicating that he did not 
find anything motivating in Shaun’s words. Because of his strong personality, he was 
going to ignore Shaun’s demotivating energy. However, he recognized that Shaun was 
accurate in his assessment of Eduardo’s progress. Eduardo questioned his own pacing 
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and how quickly he was working through the course. He ended by resolving to work at a 
more acceptable pace without sacrificing his learning. Again, Eduardo was focusing on 
his pacing and time spent with the software rather than other factors that may have 
contributed to his slow progress. 

Although Eduardo said he would “always be cool” with Shaun, after this 
interaction, there was a marked difference in how Eduardo interacted with Shaun. 
Eduardo continued to ask Shaun about various procedures in the class as well as his 
grades. However, these were the only types of interactions Eduardo initiated with Shaun. 
When Shaun came to speak to Eduardo, he asked about where he was in the course and 
what could be done to help Eduardo make more progress. Eduardo’s responses were 
increasingly dismissive or curt. It seemed that Eduardo did not want to “be cool” with 
Shaun. 

As the semester progressed, their relationship continued to deteriorate. At one 
point, while Eduardo was struggling with a division problem, Shaun interrupted Eduardo 
to ask about his progress while Eduardo was replaying the video lecture in reaction to not 
being able to answer this question. Eduardo was very curt in his responses to Shaun. 

Shaun: When do you think you might be able to test mod one? 
Eduardo: I could do it right now. 
Shaun: Well no. You gotta finish the ‘Homework’, right? You’re working through 
the ‘Homework’. 
Eduardo: Well exactly. So then as soon as I get done with the twelve topics, then 
that’s when I’ll take the test. (33:1) 

Eduardo made little eye contact with Shaun. His tone was neutral and his responses so 
curt that it wasn’t clear what Eduardo meant with his statements. Eduardo was possibly 
being sarcastic or simply frustrated that he was interrupted once again to discuss his slow 
progress. Eduardo could also have been attempting to hide his own confusion about the 
question.  

After I observed Eduardo, Shaun did approach Eduardo to discuss content. In 
particular, Shaun wanted to review Eduardo’s failed exam, something he regularly does 
with students. Eduardo’s account was not particularly favorable. 

I know that one time he came and he like reviewed – I think it was the – what was 
it? Maybe it was the first test. And he did the problems or whatever and he 
expected – he went over the problems that I was wrong on. And he expected me 
to know what I did wrong. So I’m just like ‘How am I supposed to know this if I 
got it wrong?’ Obviously I didn’t know how to do it. And so the way he presented 
[his explanation] he didn’t explain it very well. And so after that like I could carry 
a grudge pretty quickly and fast and be done with you. So I don’t know I just 
don’t like Philips. (45:39). 

After Eduardo failed the first exam, Shaun reviewed the exam with him. Eduardo did not 
consider this interaction to be particularly supportive since Shaun was expecting Eduardo 
to find his own errors and explain his own mistakes. Eduardo was frustrated that he was 
expected to do so, recognizing that if he knew where the errors were, they would not have 
been errors. He clearly had great difficulty with this module and did not understand his 
errors, an indicator as to the extent of his mathematical weaknesses. This conversation 
can be contrasted with earlier ones where Eduardo will no longer “be cool” with Shaun, 
rather he indicated that he began to carry a grudge and was “done” with his instructor. In 
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his single interaction with Shaun over content, Eduardo did not find Shaun’s approach 
supportive or helpful. This interaction essentially ended any relationship Eduardo was 
willing to have with Shaun. In our final interview, Eduardo had eliminated the possibility 
of returning to MATH075 at all. “I don’t want to be in that classroom as far as Philips” 
(45:50). His relationship with the staff made Eduardo no longer want to return. 

The deterioration of Eduardo and Shaun’s relationship is even more striking when 
contrasted with Eduardo’s initial feelings about being in school. In our initial interview, 
Eduardo’s initial enthusiasm was hard to overlook. He felt fortunate that he was attending 
college and was looking forward to learning mathematics.  

I want to retain all of this information that I get [in college] and remember it and 
not just pass the class. I want to remember it and just remember it and take it 
wherever I go. So I’m very fortunate and I’m still broke. But I’m fortunate that 
school is paid for [through financial aid]. I get to experience college life and I 
mean I love it. I love college. Everyone’s so nice. The atmosphere, I love it. I love 
coming here. I love the teachers. Everyone’s cool so I mean it’s and especially it’s 
so social you get to meet all kinds of people. (20:29) 

Eduardo’s optimism was hard to contain and he felt grateful to be in an atmosphere 
where everyone was “so cool” and around teachers and classmates whom he “loved”. 

Eduardo may have reacted to his inability to work at home by working at school 
but over time he did not feel the environment in the MATH075 classroom was supportive 
or welcoming. Eduardo’s relationship with the staff left him feeling frustrated. When 
faced with questions he could not solve, Eduardo’s reaction was never to ask help of the 
staff, which he did not trust, but to turn to the software which he considered to be self-
contained and trustworthy. Any possibility that Eduardo would have spent more time 
than necessary in the classroom diminished due to these relationships. He also did not 
pursue other helpful avenues. Some, such as hiring a tutor, may not have been considered 
since it was most likely financially impractical. Since this occurred during his first 
semester at Mountainscape, he likely was not aware or decided against using any of the 
other computer labs or resources on campus where he could have worked away from the 
MATH075 classroom.  

Aside from being able to dedicate time to work, Eduardo had multiple challenges 
and hurdles and few reliable resources with which to overcome them. All possible 
avenues for him to work on the course were ostensibly eliminated. Furthermore, by 
limiting his time in class, Eduardo was not visible to a staff that could have helped him 
think about his math skills or how strategic he was being with his time. Whether Eduardo 
was receptive to the staff, his presence in the MATH075 class could have initiated 
interactions where Eduardo would reflect on what factors other than seat time contribute 
to making progress. With Eduardo avoiding the ICCC class and unable to work at home, 
he limited his time with the software and prevented others from begin in a position to 
help him, furthering the impression that Eduardo’s lack of progress was related to his seat 
time.  

Problematic Assumptions in the Original Plan 

Eduardo planned to achieve his intention to complete 12 modules in his first 
semester of MATH075 by working outside of class and replaying videos whenever he 
had questions about the content. This plan was validated by his assumptions that the 
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computer software stands alone and can help him through any challenges he may have 
and from signals from the course environment that success comes from seat time. 
Eduardo’s plan did not work because he did not work at home, and did not feel 
comfortable in the MATH075 classroom. However, further analysis of Eduardo’s actions 
show that his assumptions in his plan were insufficient to guarantee Eduardo’s success 
because of his weak mathematical skills.  
Eduardo’s Mathematical Skills in MATH075  

Like all students new to MATH075, Eduardo began with Module one, which 
introduced whole numbers, rounding, the arithmetic operations, and orders of operations 
with whole numbers. Shaun strongly encouraged all new students to pretest this module, 
saving them the time of working through “Homework” problems that students can 
probably do. Eduardo chose to work through the module.  

In Module one, and several other early modules, students were not permitted to 
use a calculator; on modules where calculators were permitted, a calculator icon 
appeared. However, students could request a multiplication table (1-12) to reference. 
Shaun did not tell the class about the restricted use of a calculator or the permitted charts 
during the first-day orientation or during observations. Consequently, Eduardo may not 
have known whether the use of a calculator or mathematics table was permitted. 
Nevertheless, he used a calculator, part of the standard accessories in Windows rather 
than part of MyMathLabs, to support his arithmetic. At no time during observation did a 
member of the staff notice Eduardo’s use of the calculator or mention that its use was 
prohibited. However, Eduardo was careful to close the computer’s calculator application 
immediately after each use. 

In an example of how Eduardo relied on the calculator, as well as how weak his 
arithmetic skills were, Eduardo was asked to solve the division problem 7|469 in this 
form. In reaction to this problem, Eduardo opened the calculator application in the 
computer, violating the policies of that module. Eduardo ran the following calculations: 

• 9*6=54 
• 9*8=72 
• 9/6=1.5 
• 469/7=67 
• 7*4=28 
• 9/68=0.13235… 
• 68/9=7.555… 

By observing Eduardo’s calculations, it seems that he may not have understood 
how to enter such a problem into the calculator because the calculations, 9*6, 9*8, and 
9/6 were related mathematically to a different problem. In the text, there was a model 
problem 68÷ 9. Entering 9/68 and 68/9 along with the other entries were likely a means 
to test how to enter data into the calculator. Eduardo may have also been trying to use the 
calculator to develop his number sense and understand the relationship between 
multiplication and division. After these calculations, he entered the answer 67 remainder 
0. The computer marked his answer incorrect because of the syntactic error in his 
response; he should have chosen the answer that indicated that the numbers divide 
exactly with a quotient of 67. This was the second time he made such an error. Thus, 
Eduardo’s syntactic error made him continue working on a problem he was able to 
correctly solve using a calculator. 
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He returned to the calculator and ran the following calculations, again working off 
one of the problems modeled in the accompanying text: 

• 6*6=36 
• 9*8=72 
• 9/68=0.13235… 
• 68/9=7.555… 
• 9*6=54 

At this point, Eduardo must have reflected on his actions and realized he needed 
support to answer this question. In reaction, he closed the calculator window and the 
problem window and replayed the unit’s video on dividing whole numbers. It took 
Eduardo 17 minutes, 11 seconds to watch the video 10 minutes and 40 seconds long on 
dividing whole numbers. While he was watching the video, Shaun came by to ask about 
his progress, but did not ask if Eduardo was having trouble with the material. Eduardo’s 
response was neutral and possibly sarcastic, as was previously discussed. By this time, 
Shaun and Eduardo’s relationship had become strained. It is not surprising that Eduardo 
did not ask him for help. Furthermore, Eduardo likely would not have asked for help 
because of his belief that the program was self-contained. 

Eduardo returned to the video and took extensive and detailed notes on how to 
solve a long division problem, copying and outlining each step of a modeled example, see 
Figure 2.  

 

 
Figure 2. Learning to Divide 

Eduardo then reopened the original problem and started to solve it on a separate 
sheet of paper. The first step required him to divide 46 by 7. He reacted by opening the 
calculator application on the computer and entering the following calculations, again 
starting with an attempt to learn which sequence to enter: 

• 4/9=0.4444… 
• 9/4=2.25 

These calculations, again, purposefully tested how to enter data into the calculator 
and are the first calculations needed to solve the modeled problem in Figure 2. The 
subsequent calculations are the first needed to solve the original problem. Eduardo used 
the calculator and model problem to start answering the division problem successfully: 
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• 7/4=0.1521… 
• 46/7=6.571… 

He paused, referenced his hand-written notes and returned to the calculator: 
• 46/7=6.571… 

He used this answer to find the first digit, 6, in the quotient. He then used his 
calculator to find 6*7=42. At this point he used his calculator for his subtraction in 
consultation with his hand-written notes. He now needed to divide 7 into 49. He used his 
calculator: 

• 4/12=.3333… 
• 12/4=3 
• 49/7=7 

He wrote 7 in the quotient area and used the calculator to do his multiplication 
7*7=49. He submitted the answer again. The quotient is 67 with a remainder of 0. Again, 
the computer indicated this was incorrect. He resubmitted the correct answer; the 
numbers divide exactly with a quotient of 67. At the end of his work he exclaimed 
“finally” explaining to me that in order to solve the problem he had to replay the video 
and take extensive personal notes. This was the first time he encountered a problem that 
was not solved quickly or easily with the assistance of the calculator. 

Eduardo’s heavy reliance on the calculator calls into question whether he knew 
his multiplication and corresponding division facts, or if he was not confident after the 
computer marked his correct answer wrong because of his syntactic error. Furthermore, 
Eduardo did not know the mechanics of dividing a three-digit number by a single-digit 
number until he watched the video. In reaction to the given problem, Eduardo relied 
heavily on his calculator to assist him through the arithmetic steps. When the computer 
indicated that he had the wrong answer, Eduardo replayed the video on division and 
followed his extensive notes on how to perform long division. This single problem, 
including re-watching the video, took over thirty-five minutes to complete. The time and 
efforts demonstrated here stand as a testament of Eduardo’s dedication and resiliency, 
and as an indication of the extent of his mathematical deficiencies and the amount of 
effort necessary to overcome them, particularly when the computer’s responses calls into 
question a correct answer. It was also an indication as to how challenging this course 
could be for someone with Eduardo’s level of content knowledge.  

Eduardo’s difficulty with arithmetic was demonstrated in this problem. Eduardo 
had difficulty dividing a three digit number by a one digit number and relied heavily on 
the video lecture and assistance from the calculator to answer the question. However, his 
initial response to the question was technically correct. Because Eduardo made a syntax 
error when entering his answer, he spent a significant amount of time working through 
this problem. 

In another instance where Eduardo had difficulty, he took significant time to work 
through the problem and some of MyMathLabs help features impeded his progress. In an 
attempt to simplify the expression 4 ⋅ 14+ 7 ! − 5 ⋅ 9− 4 ! Eduardo used the “Help 
Me Solve This” feature that breaks the problem down and asks the student to enter the 
solution for each step (ex. 14+ 7 =, 9− 4 =    ). When he completed the problem, the 
program automatically changed the problem to a similar example. This occurred twice 
before Eduardo realized this and closed the feature. Relying on the calculator for support, 
Eduardo was able to successfully answer the question in 16:28 minutes. Whenever 
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Eduardo was able to solve a problem on his first try with the calculator, he had no 
difficulty making progress. When his answers were incorrect and not easily corrected, 
Eduardo looked to the computer for support and relied heavily on the calculator, taking 
significant time to make progress. 

Over the course of observation, Eduardo had many difficulties with the arithmetic 
skills covered in the units. He had difficulty subtracting with “borrowing”, multiplying 
one-digit numbers, or dividing a multi-digit number by a one-digit number. His extensive 
use of the calculator throughout data collection signified that Eduardo’s mathematical 
deficiencies were likely significant since he often used the calculator to answer these 
questions. This extensive use of the calculator did not help Eduardo develop an 
understanding of arithmetic facts. This reliance on the calculator would also not serve 
him well on the exam which prohibited the use of a calculator on this exam. 
Hyper-linearity. The design of MyMathLabs focuses on student’s mastery of content, in 
that students cannot advance unless they demonstrate sufficient competence of the 
requisite content by getting minimal scores on their assignments and exams. However, 
this structure also can be considered to be hyper-linear in that the content is sequenced 
linearly, but this linearity is exaggerated since students can only access content in the 
next module. Unlike a traditional lecture course where students see advanced content 
regardless of their success, in this course students cannot work for credit on later 
modules, or develop an understanding of earlier content by working through later 
material.  

For Eduardo, the hyper-linear structure of the course did not allow him to advance 
unless he could demonstrate mastery of basic arithmetic. Eduardo would have to work 
through multiple division problems, including problems requiring the order of operations 
with whole numbers. Eduardo would not be able to advance to another module unless he 
could adequately demonstrate on the test his ability to work with whole numbers without 
the calculator. However, if Eduardo was able to work on more complex mathematics 
problems, he could have learned his multiplication using the distributive law, an idea 
introduced in a later module. Hyper-linearity prevented Eduardo from continuing unless 
he could satisfactorily add, subtract, multiply, and divide whole numbers on his own, 
getting over 80 percent on an exam.  
Assumptions Affecting Intentions: Basic Arithmetic was not Addressed 

Eduardo’s progress through the division problem outlined above shows the extent 
to which Eduardo had difficulty with and needed support for his mathematics. His 
assumptions that the program was self-contained and that seat time was sufficient 
affected his progress since they, coupled with an environment where Eduardo did not feel 
comfortable, did not allow Eduardo to make sufficient progress. Furthermore, Shaun’s 
assumption that the first module should be skipped along with his focus on how little 
time Eduardo was spending working at home may have prevented Shaun from 
recognizing the challenges Eduardo was having and intervening to support him. 

The idea that the software was self-contained, that all questions could be 
answered in some way using MyMathLabs, was incomplete. Although all questions could 
be answered based on definitions, examples, or lectures in the software, students were 
expected to have a certain amount of prerequisite knowledge, namely a command of 
addition, subtraction, multiplication, and division facts up to thirteen. This basic 
knowledge could have helped Eduardo with the aforementioned division problem or 
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other problems in this module. In addition, without this basic knowledge Eduardo could 
not advance since the exam did not allow use of a calculator.  

MyMathLabs was able to support Eduardo in working through the problem by 
allowing him to watch online videos as often as necessary to understand concepts. 
However, it did not address that he did not understand how division is a grouping 
operation or recognize that he did not know his basic multiplication / division facts. 
Eduardo may have successfully completed one problem, but this did not ensure he could 
do similar problems without the same extensive support from the computer and 
calculator. This demonstrates how a hyper-linear environment can adversely affect a 
student by preventing them from moving forward. 

Although the features in MyMathLabs helped Eduardo work independently 
through confusing questions, because of Eduardo’s weak arithmetic skills, the amount of 
time it would have taken him to work through the course would have been prohibitive. 
Eduardo’s attendance records show he spent approximately fourteen hours in the class 
and had not yet succeeded in Module one. Assuming Eduardo needed fourteen hours to 
succeed in each module, he would need to work for 126 hours to complete nine modules 
and 168 hours to pass twelve modules. Eduardo completed Module one at the end of 
March, he would then have seven weeks to complete the remaining eleven modules. 
Using fourteen hours as a metric, he would have to work on MyMathLabs for 
approximately 22 hours per week for the rest of his semester, an unlikely work rate based 
on Eduardo’s personal circumstances and his established behavior.  

Although other students could have been successful in one semester, Eduardo’s 
content knowledge did not leave him prepared to do so. Since Module one focused on 
foundational concepts and arithmetic, these calculations likely underestimate the amount 
of time Eduardo would have needed since Module one not one of the more difficult 
modules. If Eduardo worked outside of class, he was still unlikely to be successful 
without altering his plan. 

Eduardo and Shaun’s focus on overall time spent working may have deflected 
attention in the wrong direction. Shaun was consistently focused on Eduardo’s progress 
and did not realize the extent to which Eduardo was having difficulty with the module or 
content. When Shaun initiated a conversation with Eduardo, it was always about 
Eduardo’s pace or progress and Eduardo would indicate he was not working outside of 
class. It would then be reasonable for Shaun focus on Eduardo’s pacing. Since Eduardo 
was spending minimal time working and not asking for help, there may not have been 
reason to focus on any challenges with content. Shaun reasonably assumed Eduardo’s 
lack of progress was due to his sparse seat-time and directed his energy towards 
Eduardo’s area of need.  

At no time did Eduardo’s reflections on his progress in the course focus on factors 
other than whether he was spending enough time with the software. He in fact was not 
working outside of class, and was not implementing that portion of his plan due to 
transportation difficulties and possibly other factors. Yet it cannot be denied that Eduardo 
also had to overcome multiple hurdles due to his extensive arithmetic weaknesses. In 
reaction to his hurdles, he did not look for help beyond the computer. Instead, he 
leveraged multiple electronic avenues to work through the immediate question such as 
using a calculator and replaying a video to further understand the mathematical processes 



EDUARDO 58 

and strategies. However, these avenues did not address his underlying arithmetic 
weaknesses, which were necessary for him to advance.  

Eduardo after ICCC: A Focus on Macro Goals 

I sat with Eduardo for our second interview in late April 2015. By then he had 
stopped attending class for several weeks. We discussed his recent actions and goals. 
Early in data collection, Eduardo changed jobs and began working for an automotive 
parts retailer. As a result, he developed an interest in cars and car repair and he now 
wants to work in the car industry. 

Like I’m [currently] majoring in business management and I think I’m going to 
talk to an advisor right now to change my major. I don’t want to do that [be a 
business major]. I don’t want to do the classes that’s necessary for it. I just don’t 
have the desire and passion to do that. So what I’m gonna [do is] change my 
major [to] is auto mechanic and with the classes that I’ve already taken I could get 
auto mechanic with an associate with science or something like that. So anyways, 
I still want to be a CEO and I figure automotive technology associate of applied 
science. And so here’s the prereqs right, and then here’s the actual core, and it 
jumps right into small engine troubleshooting, suspension, brakes. And that’s 
what I want to do. I want to fix cars and repair them. (45:6) 

Rather than take the requirements and complete his major in Business Management, 
Eduardo decided to change his major to receive an Associative of Applied Science in 
Automotive Technology. Although he changed his major, he maintained his overall goal 
of being a CEO. Eduardo therefore only changed the means by which he was 
accomplishing this goal. Rather than being a CEO by way of a major in business, he 
intended to be a CEO by learning to repair cars.  

With this newfound purpose, Eduardo planned on staying in school and using his 
current courses to meet requirements for his new major. However, he decided he did not 
want to return to MATH075. “I think I’m just going to fail math or whatever. It is not 
going to go” (45:35). He preferred to fail his math class and had three ways by which he 
could achieve his goal of being a mechanic. “You have to have like a C or higher in 
MATH0954 or have Module 26, pass Module 26 in [MATH]075, or I could get a 
certificate [in] auto mechanics. With the certificate, I don’t need to do prereqs” (45:48). 
Eduardo saw the first option as being his best one. 

No I’m gonna go talk to the advisor right now and be like ‘yo let me just get to 
[MATH]095’ and see what happens. If they are going to say no, then I’m gonna 
go talk to somebody else and be like – because don’t you think at MATH095 I 
mean what is MATH095? (45:48) 

Eduardo intended to discuss getting placed into MATH095 rather than retaking 
MATH075 and working to Module 26. If he was not successful, he planned to speak to 
another advisor since he did not believe that MATH095 would be difficult and that his 
persistence could place him in the class. “All I got it do for the prereq is cap a C or better 

                                                
4 MATH095 is elementary algebra. The content of the course covers basic algebra 

including translating phrases into algebraic expressions, working with and solving linear 
equations and linear inequalities, graphing, working with integer exponents and 
polynomials – including factoring and the quadratic equation, and rational expressions. 
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in [MATH]095 in math. That’s it” (45:48). His dismissive statement “that’s it” shows 
that he did not believe that achieving a C in MATH095 would be difficult. However, his 
records indicate that his placement exam would not allow him to register for MATH095. 
At this point, Eduardo would need to return to MATH075 or take the placement exam 
again and score high enough to either place into or out of MATH095. Due to the 
experiences he had with Shaun, he did not want to return to MATH075 and therefore 
reduced his options. When asked about whether he would complete the certificate in auto 
mechanics rather than the Associates degree, he replied “I’ll exhaust all options before I 
do that” (45:49). Later records show that he registered for the Associative degree 
program.  

When I asked Eduardo about where he was in MATH075, he discounted the 
question “I already – just – that sailed. The boat has sailed already where I’m just like – 
I’m done” (45:55). Eduardo wanted complete the Associates degree to achieve his macro 
goal of becoming a CEO using his skills as a mechanic and did not need MATH075 to do 
so. Passing MATH075 became irrelevant since it was not helping him achieve his actual 
goal of being a CEO and also owning a Maserati. Since MATH075 was no longer a step 
towards achieving his macro goal, passing or even remaining in the course was irrelevant. 
Once he found a new plan by which to he could attain his macro goal, he reacted by 
disregarding any components of his previous plan that could not be incorporated into this 
new direction. 

Discussion 

In the MATH075 classroom Eduardo was highly motivated, agentive, persistent 
and resilient, however a perfect storm of factors prevented him from achieving his goals. 
His previous experiences left him with a lack of trust for teachers. While at 
Mountainscape, he did not find the instructional environment supportive from either an 
academic or an affective perspective and avoided working in the MATH075 classroom 
outside of class. He also did not make up for this by working at home. These feelings and 
his belief in the computer being fully contained, in that no outside help was needed to 
work through the material, stopped him from asking for help with difficult problems or 
concepts. In addition, Eduardo had extensive deficiencies in his arithmetic ability that 
made his likelihood of success remote. Eduardo’s beliefs in relying solely on the 
computer coupled with his mathematics abilities greatly reduced his chances for success 
in this course.  

Both Eduardo and his instructor focused on the challenges in his life, particularly 
the loss of his car and license that prevented him from working at home and outside of 
class. Focusing on whether or not Eduardo worked outside of class hours became a 
distracting influence, preventing both Eduardo and Shaun from recognizing and 
addressing Eduardo’s actual challenges with mathematics. Shaun never asked Eduardo 
whether he was having difficulty with the content and Eduardo did not reflect on his 
mathematical skills and how that may affect the assumption that seat time was sufficient 
for him to succeed. His plan also lacked consideration of the conceptual challenges he 
had with foundational topics in mathematics. Eduardo did not pass the exam for Module 
one and later stopped attending class. Afterward, he decided that the way to achieve his 
goal of becoming a CEO was to complete an associate’s degree eliminating the need to 
take MATH075. Rather than accept the idea that he failed MATH075, Eduardo defined a 
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counternarrative where his success will be based on his ability to achieve his macro goal. 
The micro goal of succeeding in MATH075 became irrelevant to achieving his macro 
goal of being a CEO and owning a Maserati.  
Micro and Macro Goals 

This case explores the notion of micro and macro goals and one way in which 
they interact. A person’s intention is composed of a goal, here denoted a macro goal, and 
a skeletal plan that will help that goal be achieved. This plan may be composed of a series 
of smaller goals, defined as micro goals. These micro goals may be altered as a reflective 
or reactive response to new events. In this case, Eduardo determined that the way to 
achieve his macro goal, becoming a CEO and owning a Maserati, was best achieved by 
completing an Associate’s degree in car repair. Thus, he no longer needed to complete 
MATH075, leaving this micro goal irrelevant. After this decision, he stopped attending 
MATH075, preparing instead to take a different mathematics class. Micro goals are set 
relative to macro goals and can be altered or eliminated based on changing 
circumstances. In demonstrating how students in mathematics classes can change their 
micro goal to achieve a more important macro goal, this work shows how an individual 
may change failing strategies to accomplish a larger goal. 

As one sets their intention and begins to actively pursue their goal by working 
through their plan, they find their plan is either incomplete, or the plan must be adjusted 
due to unforeseen factors (Bandura, 2008). These adjustments are made when a person 
reflects on their progress and reacts to adjust actions that limit their progress. It cannot be 
said that Eduardo did not reflect on achieving his goals. When he determined that the way 
to be a CEO and own a Maserati was best achieved by getting his associates in car repair, 
he was reflecting on his current plan and altering his course of action. Again, his macro 
goal overruled and consequently eliminated his micro goal, making reflecting on his 
progress towards achieving his micro goal unnecessary. Reflection may occur in an 
individual, however this reflection may not be directly related to his micro goal, but may 
instead be directed to the macro goal. 

Mathematics classes are, except for mathematics majors, a means to an end. The 
macro goal for post-secondary students is to complete requirements for a degree, 
certificate, or fulfill whatever the requirements are for their academic goals. Mathematics 
classes are a part of those requirements. However, if failure in mathematics classes 
hinders a student’s ultimate success, students may look to eliminate such requirements in 
order to achieve their macro goal. For example harsh grading policies, and an 
unwelcoming environment may deter students from completing a science, technology, 
engineering, and mathematics (STEM) major (Liu & Blanc, 1996; Mendez, Buskirk, 
Lohr, & Haag, 2008; Seymour & Hewitt, 1997; Yasuhara, 2005), however their choice in 
changing majors may not prevent them from completing a Bachelor’s degree altogether.  

Developmental mathematics students must pay for and complete courses for no 
credit before they can begin any college-level courses to achieving their goals. 
Consequently, passing developmental mathematics courses is a micro goal for these 
students. With significant failures in developmental courses, students may attempt to 
achieve their macro goal while bypassing difficult micro goals. In other cases, students 
may not be able to achieve their macro goal if an unachievable micro goal is an absolute 
requirement to do so. Failing developmental mathematics courses prevents students’ 
goals from being achieved. By considering student’s postsecondary agentive moves as a 
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series of micro and macro goals, researchers can further understand how and why 
students consider and change their degree plans. 
Insufficient Assumptions 

This case also demonstrates how assumptions can be insufficient for a plan to 
successfully achieve a goal, consequently leading to intentions not being fulfilled. In this 
case, these preliminary assumptions established the plan, which turned out to be 
problematic and insufficient for student success. Eduardo’s assumptions, that the 
computer alone was a reliable instructor, ultimately doomed his success in MATH075. 
Furthermore his assumption that seat time was important for success was inappropriate 
for his mathematics skills, and was not tested since Eduardo did not follow through on 
spending time outside of class working on MATH075. 

Although his instructor, the course format, and his experiences led him to believe 
this plan was reasonable, none of these factors accounted for how much help Eduardo 
needed to understand and work through basic arithmetic concepts. From an agentic 
perspective, both the plan and the assumptions made, which underlie that plan, would 
have contributed to his success if his arithmetic skills were sufficient, or if he was using 
this course to review or refresh the content. Eduardo’s placement exam results indicated 
he should have been successful in these early modules, however the placement exam, 
unlike the Module one exam, allowed the use of a calculator. The structures in place did 
not provide any signals that Eduardo needed support in his arithmetic. 

Second, Eduardo’s reliance on the computer at times led him astray, indicating 
that his answers were incorrect due to a syntactic error. Support mechanisms in the 
computer also contributed to Eduardo spending more time working through problems. 
Eduardo’s focus on the computer being the ultimate authority on learning was not taking 
into account that the computer did not give more nuanced feedback to Eduardo. At no 
point did the computer indicate that he needed to, for example, focus on learning his 
multiplication facts. Eduardo may have trusted the computer, but the computer was not 
providing Eduardo with the support he needed to succeed. 

Students’ insufficient assumptions may then have devastating consequences. In 
Eduardo’s case, as a student on financial aid, if he cannot succeed in his courses and must 
drop out, he will be left with student loan payments, taking on a financial burden without 
the added economic benefits of a college degree. Community colleges, and postsecondary 
institutions in general must address students’ assumptions about learning, the knowledge 
base they bring, and how success is achieved. 
The Past Influencing the Present 

Students’ past experiences contribute to them being placed in developmental 
courses since their previous mathematics learning experiences did not adequately prepare 
them to place into college-level courses. It was clear that Eduardo was ill served in high 
school; he graduated but did not have a rudimentary understanding of arithmetic. Since 
he did not have this basic knowledge, he placed into a developmental ICCC class and was 
expected to independently determine what his challenges were and how best to address 
them. Since mathematics in MyMathLabs is taught linearly, prior mathematics learning 
experiences contributed to subsequent impressions and placement. Thus, developmental 
students’ past experiences should be examined to see how they contribute to current 
placement. 
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Eduardo experienced an injustice twice as a student. He was failed by a school 
system that allowed him to graduate high school without a rudimentary knowledge of 
mathematics. Mathematics acts as a gatekeeper for society, and Eduardo was not given 
the key in his formative years. However, we cannot discount Eduardo’s own agency 
while he was in school. Eduardo admitted that he did not put in the effort to be 
successful, and therefore is also partly culpable in his lack of knowledge. Nevertheless, it 
was the responsibility of his school to ensure he had the necessary knowledge to 
graduate. It did not. 

The second failure occurred when Eduardo enrolled at Mountainscape. 
Community college should be a space where all adults, regardless of their previous 
educational experiences, can make up lapses in background to move forward towards 
certification or a degree. This did not occur; Eduardo was not able to make up his lack of 
skills in this class. This chapter gives insight to the extent of challenges students in 
developmental classes face and why the chances of them passing basic developmental 
classes are low (Bahr, 2010). Eduardo came from a low-income, Hispanic family. The 
formative academic experiences of such students have been well documented (Anyon, 
1980; Darling-Hammond, 1997; Kozol, 2012) Marginalized students are frequently 
taught to focus on mathematical procedures and memorization versus conceptual 
understanding (Spencer, 2012). This procedural focus leaves students disengaged from 
learning mathematics. Furthermore, with little attention given to marginalized students’ 
mathematical sense-making, mathematics becomes a subject of disparate facts where the 
focus is on the final answer rather than the process of working through a problem. These 
experiences lead to assumptions about mathematics as a procedural discipline, an 
assumption that was inadequate for success in this ICCC environment. 

Overall, Eduardo worked hard to learn mathematics, even if his past and his 
present experiences prevented him from being in a position to do so. Mathematics 
became the gatekeeper for Eduardo, preventing him from succeeding and making it 
difficult for him to achieve his ultimate goal of being a CEO and owning a Maserati. Past 
experiences affect student placement in mathematics classes and how students choose 
their courses of actions and achieve their goals. These experiences provide both strengths 
and weaknesses that contribute to ultimate success, whether or not students are conscious 
of their existence.  

Students are placed into these courses to make up for the negligence and 
incompleteness of their earlier education. This course and the program were supposed to 
rectify this, opening the doors to higher education. Eduardo demonstrates how some 
students may find it difficult to advance, therefore failing them again by establishing 
further barriers without providing the necessary support to break them down.  
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HECTOR 

This chapter focuses on the role of forethought, reflection, and reaction in 
supporting how a student progresses towards their goal. The illustrative case is a self-
described 37 year-old Mexican American man named Hector. Hector used multiple 
strategies to attempt to be successful in MATH075. However, his agentive acts were not 
directed towards certain challenges within algebra because Hector was having difficulty 
identifying exactly what his own challenges were to appropriately reflect on them and 
react to correct them. This challenge with algebra left Hector unable to advance past a 
particularly difficult module.  

A Past Based on Forethought, Reflection, and Reaction 

Hector enrolled in Mountainscape after serving in the military. His experiences in 
the military, as well as those beforehand, demonstrated the extent to which Hector had 
forethought, reflected upon his actions, and reacted to his situation in ways that he found 
to be helpful. These characteristics of agency also appeared while working in MATH075. 

Hector described his past prior to joining the military, as being very fun. He 
discussed how he spent time with his friends “just hanging out, loving life” (35:78). 
Hector was enjoying his carefree life up until his roommate was arrested. When Hector 
was 26, he reflected upon the actions he was taking and where his life would head if he 
continued living as he did.  

One of them [my friends] did [get arrested] and up before he got locked up, we 
were all staying at his house. He’s a really nice guy – just cause he’s a criminal, 
he’s involved in that life, you know he’s a really nice guy. And so I slept there 
and all of the sudden he got locked up. And I became homeless. And I moved 
back with my grandma and then so from that point on I decided just to join the 
military. 

The long-term consequences of Hector’s carefree life were starting to become apparent. 
Hector’s reflection on his friend’s experiences, led him to consider his own. 

Hector’s forethought, where he recognized that his actions and those of his friends 
could lead towards his own incarceration, was his reason for joining the military.  

I was faced with a few challenges, choosing either go that route of being 
incarcerated or go another route so I chose the other route. . . .My peers that I was 
associating with, they were getting incarcerated. And so I had to do something 
with my life. . . . I went to the [military recruiter’s] office and I said ‘Okay here it 
is. I have no criminal record. Nothing.’ (35:10) 

With no criminal record, and at a time where the demand for military recruits was high, 
Hector did not have difficulty enlisting. Hector’s use of forethought, reflection, and 
reaction helped him recognize the potential consequences of living a life filled with 
“fun”. He saw the potential for trouble; consequently Hector chose a life of discipline and 
public service.  
Consequences of Hector’s Military Experiences 

While enlisted, Hector experienced combat situations that left him with 
debilitating anxiety. “I have a. . . disability which I received from the being in combat. . . 
. That was a highly stressful environment for me. I never recovered from that. And so 
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yeah through the VA I’m considered disabled” (35:4). Due to his experiences, and the 
anxiety that resulted, the Department of Veterans Affairs (VA) determined that Hector 
was disabled. He consequently had access to the support provided by the VA. During our 
initial interview, Hector discussed multiple moments in his past that further illustrated his 
reflection in the moment, recognizing challenges he was having, and reaction to those 
realizations.  

Hector discussed the effects his active combat assignment had on him and the 
extent to which his anxiety affected him. His anxiety began as a result of his military 
assignment that affected him in such a way that “sometimes I would go crazy” (35:31). 
He continued by explaining how it led to him having panic attacks.  

It [my anxiety] got so bad I would have panic attacks. My whole face was white. I 
mean I would just have panic attacks, like, daily. . . . I mean, it would be good for 
an hour and then like two more hours I’d get another panic attack. Then I get 
another panic attack. I’m used to panic attacks if I have one I’m like ‘okay it’s 
time to go for a walk.’ (35:31) 

Hector was eventually able to reflect on his physical and mental state, recognize that he 
was having a panic attack, and react by going for a walk. Here, Hector demonstrated his 
ability to reflect and react, even while he was suffering psychologically. 

After leaving the military, Hector found ways to work through his anxiety, even if 
those reactions were not necessarily healthy. “I would medicate myself drinking and stuff 
like that, just doing – like harming my body you know. That stuff’s not all – that stuff’s 
not good for you” (35:28). Alcohol became the way Hector reacted to the psychological 
toll that came from his experiences in combat. Yet, his reactions were still colored by the 
reflection that his drinking was harmful.  

Hector attributed getting help for his anxiety to the television show The Sopranos. 
“You know how cool it was when Tony Soprano would go to his psych doc. And just, I 
thought that was cool” (35:30). Hector identified with the television character Tony 
Soprano, the head of a mafia family who turned to a psychiatrist after experiencing a 
panic attack. Tony Soprano’s example provided a model for someone who looked for 
help with his anxiety. “I went to the VA. I got myself into like classes like psych classes. 
I see a psych doc once every three months or something” (35:28). Hector started working 
on his mental health by reaching out to the VA and working with a doctor on his anxiety 
using both medication and talk therapy. There was no individual who referred Hector to 
the VA, or recognized that Hector had challenges. It was Hector’s own reflections on his 
feelings, and those portrayed by Tony Soprano that helped him see that he needed help. 

Hector’s past demonstrates how he considered the effects and consequences of his 
circumstances and actions. In multiple instances in his past, Hector demonstrated 
forethought, acts of reflection, and reaction, and used these agentive characteristics to 
affect his circumstances and destiny. 

Leveraging Agency to Succeed in Mathematics 

Hector agentively worked to succeed in MATH075 mostly by using forethought 
and continuing to reflect on his experiences and react to them. Hector used a number of 
different strategies to advance through his work. At times, these strategies undermined 
his overall mathematics development but continued to help him advance through the 
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course. Other times, he used strategies to work to understand a specific problem either 
directly or by working backwards from a given answer.  

The VA provided Hector with financial support to return to school. His macro 
goal was to transfer to a four-year institution and ultimately be a social worker “I like the 
feeling of helping people” (35:6). Hector enrolled in Mountainscape to complete the 
necessary prerequisites. At the time of this study, Hector’s mathematics was his last 
requirement for transfer. “My writing’s out of the way, it’s just my math” (38:4).  
Forethought and Scheduling: Maximizing Time Whenever Possible  

I observed Hector during his fourth semester of MATH075. He began that 
semester with Module sixteen. I began my observations while he worked on Module 
nineteen. However, he still had not tested in Module eighteen. When students are 
working on one module, they have the ability to access the next module to encourage 
students to continue working. Hector, in an act of forethought, reflected on how working 
ahead was advantageous.  

I’m supposed to take the eighteen – Module 18 test ‘cause I finished it [Module 
18]. So, like, the whole way I’m comfortable doing it [progressing through 
MyMathLabs], I will do a little bit ahead. Especially if like on a weekend. And 
then if I’m focused on a certain module, I’ll just keep on going, then go and take 
the module [exam of] the one that previous (10:2). 

Rather than stop working over the weekend, in an act of forethought, Hector maintained 
his momentum by starting to work through Module 19. His instructor Shaun further 
supported this action. “You know in a way it’s good [to work ahead] because 19 sort of 
forces you to work on 18” (8:3). Shaun supported Hector’s strategy to work one module 
ahead since it allowed Hector the ability to apply the ideas he learned in Module 18, 
helping him make connections with ideas in the content. 

Hector was also forward thinking about his long-term schedule. He registered for 
a writing class that would begin halfway through the semester. Hector therefore took into 
account how he could prevent this additional commitment from affecting his progress.  

I’m trying to get a lot of it [class work] in because I have a class that begins 
March, this month. I think [the] 23rd. So I’m trying to do a lot because I know the 
time that I’ll be here – it’s going to be occupied with my other class. So once I 
finish that other class I come here, then I’m just trying to get it in (10:10). 

Knowing he was starting a class in the latter part of the semester, and realizing that this 
class would occupy more of his time, Hector worked longer hours in the beginning of the 
semester to account for his upcoming changing schedule. 

Table 2 lists the length of times Hector spent working in the first and second half 
of the semester as recorded by Hector signing in and out of class using the computerized 
attendance tracker. This chart also demonstrates that Hector stopped coming to the 
MATH075 course before the semester ended, the context of which will be explored in a 
forthcoming section. The mean (M) and standard deviation (SD) from each group is 
listed. A Mann-Whitney U test shows that Hector spent more time working before March 
23 than after, 𝑝 < .005. Again, by working on the MATH075 course as often as possible 
in the first half of class, Hector was using forethought to account for his upcoming 
change in scheduling. Rather than procrastinate, or putting his assignments off, Hector 
made a point to complete as many modules as possible in the first half of the semester. 
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Table 2. 

Length of time (in hours) Hector worked in first and second half of semester (before and 
after the mid-semester course began, respectively) 

 
 Before 

March 23 
After  

March 23 
 2.47 0.78 
 1.78 0.28 
 1.93 2.27 
 2.75 2.12 
 2.92 2.12 
 3.37 2.25 
 2.68 0.62 
 3.10 4.67 
 3.35 0.32 
 0.92 1.63 
 1.05 0.78 
 3.30 1.62 
 4.37 

  4.17 
  2.42 
  3.62 
  2.50 
  2.12 
  1.10 
 M 2.63 1.62 

SD 0.99 1.23 
 
 
Aside from planning ahead for the semester, Hector demonstrated forethought 

when given other opportunities to work on his mathematics. “I have one class tomorrow 
and then my second class is canceled. Our teacher told us ahead of time. So after that one 
class, then I’ll just come here” (19:16). Hector was conscious of the opportunities given 
to his schedule, and used those opportunities to advance his progress in MATH075. 

Hector also made sure he was always in the best physical condition to learn. He 
made sure to remain focused on his educational goals during the semester. 

If I’m in school, I just focus 100 percent, you know. Say for instance this Sunday, 
the day before I have classes, I don’t drink. I don’t. I just rest and then I focus 100 
percent. I mean, you know, and that’s all you can do is try. I mean I’m not the 
smartest person, but I’m not the dumbest person either, but I try my best. (35:26) 

Hector previously discussed how he used alcohol as a means to self-medicate his issues 
with anxiety. Here, he demonstrated how he reflected on his drinking by recognizing that 
drinking the day before he was scheduled to be in school was not a habit likely to help his 
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academic progress. Rather than using alcohol as a means to relax, celebrate, or occupy 
his time, in another demonstration of his forethought, he rested and prepared for his 
upcoming week and worked to ensure that his use of alcohol during his personal time did 
not hamper his academic progress. 

Overall, Hector managed his time so that he could work on his academic needs as 
often as possible. The strategies he used ensured that Hector had as much time to work on 
the course material as possible. Hector’s tactics demonstrated some of the various ways 
students could use to ensure they maximized the time they spent on their course 
materials. 
Reflecting and Reacting While Solving Problems 

As Hector worked through the “Concept Checks” and “Homework” problems of 
the modules, he reflected often on his progress and reacted based on how comfortable he 
felt answering the given question. He used several strategies to help him learn the 
procedures to successfully work through each problem. As he answered a problem, 
Hector reflected on the problem and made a determination as to how to proceed. 

In MyMathLabs, each student is given two opportunities to correctly answer a 
question5, if they cannot respond correctly in two tries, a window opens, displaying the 
correct answer. The student is then given a similar question. When Hector failed to 
answer the question correctly and needed to answer similar questions, in almost half of 
these problems (14), he compared the provided solution with his own answer to work 
backwards to correct his processes. These acts of reflection demonstrated how he was 
discerning in using support mechanisms inherent in the software to help him correct his 
errors. 

Students can also choose to solve an additional, similarly structured problem after 
answering a question correctly; Hector did so 20 times during observation. In this way, 
Hector reflected on whether he felt comfortable doing the problem. If he felt he could 
not, he reacted by redoing a similar problem. These reflective and reactive acts were at 
times also an act of forethought. For example, when Hector failed the exam for Module 
18, he was assigned a “Personalized Homework” assignment. These problems directly 
mimicked incorrect problems from his exam. On this “Personalized Homework” Hector 
did more problems than were required.  

When I have to do the ‘Personalized Homework’ [after failing my first attempt at 
an exam], then after I do the ‘Homework’, then I’ll do a lot of examples at home. 
And then I’ll come back tomorrow and then just do the test. Cause that way so – 
I’m trying to avoid doing the ‘Study Plan’ because it’s a drag. . . . They give you a 
lot of problems you have to do over and over. (19:14) 

Unlike the “Personalized Homework” where a student is assigned one representative 
problem for each question they answered incorrectly, the “Study Plan” gives students 
multiple problems. Consequently, the “Study Plan” can significantly affect how quickly a 
student can turn around and test again since they must work through more problems 
associated with each concept. Rather than take that time, Hector worked on multiple 
problems when assigned the “Personalized Homework” to prevent himself from failing 
the exam a second time and having to work through the “Study Plan.” This forethought 

                                                
5 Except for multiple choice questions with two possibilities, such as “true/false” 

questions. 
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gave Hector the opportunity to immediately practice and solidify procedures with which 
he may have been unsure and worked to hopefully save time by increasing the likelihood 
he would pass his exam on his second try. 

Another type of support Hector used was the MyMathLabs feature “View an 
Example”. In “View an Example” a similar problem is solved with a written explanation, 
resembling a modeled problem in a mathematics textbook. Hector used “View an 
Example” generally in reaction to answering a question incorrectly. Hector did not 
always use “View an Example” immediately before answering a question. For example, 
Hector used this feature after answering a question incorrectly, but before advancing to 
the required similar problem. In other cases when presented with a problem, he used the 
feature then requested help from the staff. This was another demonstration of his use of 
reflection to determine how confident he was in the content and with advancing within 
the material, and how he would react if one help feature did not sufficiently support his 
understanding.  

While working through problems, Hector also asked the staff for help on 
problems he could not solve. Rather than continuing to answer problems on his own, he 
reacted to a difficult problem by asking questions. In these interactions, Hector asked for 
help reviewing a previously covered concept, or more generally asked for clarification on 
a problem he had difficulty answering. Unlike the problems he could work through using 
“View an Example,” these were problems he was unable to answer after working through 
similar exercises. For example, when given a function and a value for the independent 
variable, Hector substituted the given value for the dependent variable, thus answering 
the question incorrectly. He needed a tutor to help explain the solution. Hector also 
looked to the staff to help him with an error he could not see on his own or to get 
clarification on an unclear definition, such as the definition of a function. These problems 
had a specific concept that Hector did not understand and required clarification. The staff 
was one more resource that Hector leveraged at his discretion.  

Hector used multiple ways to react to problems with which he was having 
difficulty to succeed in MATH075. The versatility by which he leveraged these support 
mechanisms helped him not just answer problems correctly, but do so in an efficient 
manner that left him comfortable with the requisite procedures and concepts. 

Mathematical Challenges 

Although Hector was forward thinking, reflective, and reactive in working 
through the modules, he had difficulty making progress when he reached Module 20. 
Hector had procedural difficulties with algebra which were unresolved and limited his 
progress once those concepts were incorporated into more advanced problems. These 
challenges may have been the mathematical reason Hector had difficulty with the course. 

While observing Hector, there were several instances when Hector’s work 
resembled guessing. At times, Hector would enter an incorrect answer, then resubmit 
variations on the answer by changing the sign, entering its reciprocal, or otherwise 
manipulating his original solution. Other times, his work contained algebraic steps that 
did not follow standard procedures, an indication that he may not have understood how to 
algebraically manipulate expressions or equations. These instances foreshadowed 
Hector’s later difficulties solving more advanced algebraic equations.  
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At times, Hector used his knowledge of arithmetic facts to solve his problems. For 
example, while working through problems in Module 19, he was asked to complete a 
table of values where he was given the 𝑥 values and needed to find the related 𝑦 in the 
equation 𝑦 − 4𝑥 = −7. He wrote:  
 𝑦 − 4 −1 = −7 

−11+ 4 (he wrote the 4 first, paused, then added in -11+ ) 
He then entered -11 as the answer for 𝑦.  
Here, he was not using algebraic manipulations to solve this problem, rather he 
understood that -11 would solve the given equation and therefore must be the correct 
answer. Rather than move the 4 to the other side of the equation and combine it with 
the -7, his process suggested he was determining which value would make the equation 
true. In this problem, Hector demonstrated that he did not always move terms from one 
side of an equation to another, but he used effective strategies to be successful. 

The given example may seem trivial and did not require such a pedantic solution. 
Considering that students in MATH075 must use their time efficiently, it is not surprising 
that students may skip algebraic steps if they have reached their answer. However, this 
example illustrates how Hector used strategies to solve problems without moving terms. 
When he did, he often made errors. These practices became important as Hector 
advanced in his work, but Hector did not develop or demonstrate these skills sufficiently 
enough to succeed in solving more complicated equations. By using other strategies to 
solve problems, Hector did not develop necessary algebraic skills. 
Algebraic Manipulation 

Hector had difficulty manipulating algebraic equations. Specifically, he was not 
consistent when moving terms from one side of an equation to another. This error 
appeared with regularity in his work and, although Shaun recognized the difficulties 
Hector had in this area, Hector did not outwardly demonstrate a conscious effort to 
minimize making such errors, demonstrating that Hector did not realize that his algebraic 
manipulations needed special attention.  

Shaun discussed Hector’s difficulty with algebra with me.  
Shaun:  I’ve seen him when he worked. Sometimes he sort of misfires a little bit. 
Geillan: When it comes to? 
Shaun:  Moving things to the other side. 
Geillan: Okay. 
Shaun:  I don’t think I’ve really seen him when he’s trying to – like when he – 
when it’s a multiplication kind of operation [he makes no errors], but when it’s 
addition or subtraction [he will]. (28:1) 

Shaun identified Hector’s difficulties “moving” terms to the other side of an equation 
using addition or subtraction. He also noted that Hector made this error multiple times: 

He struggled to solve linear equations. And I think that’s the kind of error I saw 
him making, where he would sort of do things twice, or do the right idea but 
execute it poorly. . . I recall seeing this before. Particularly, I think it was mod 
[Module] 15 or 16. Maybe it was 16, when he was solving linear equations. (28:5) 

Hector had struggled with solving linear equations since they were introduced. Over time, 
Hector demonstrated that he could not solve linear equations properly because of the 
challenges he had adding and subtracting the appropriate terms on both sides of the equal 
sign.  
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This was Hector’s third attempt at the Module 18 exam. According to Shaun, 
Hector passed the exam “which means that there’s a lot of other things that are right” 
(28:5). Hector was able to either correctly manipulate algebraic equations sufficiently 
enough or use his skills in arithmetic to answer enough questions correctly to pass the 
exam. 

One example that displayed the errors Hector made when manipulating equations 
involved finding the slope and 𝑦-intercept of the equation 7𝑥 + 𝑦 = −8. Hector was 
expected to rewrite the equation as 𝑦 = −7𝑥 − 8 and use that form to determine the 
slope, −7, and the 𝑦-intercept, (0,−8). Figure 3 shows that Hector made an error both in 
moving the term 7𝑥 from one side of the equation to the other and by not keeping the 
negative sign in front of the 8. When writing this second equation, Hector initially wrote 
= − , paused, erased the negative sign, then wrote 𝑦 = 8+ 7𝑥 as shown below. 

 

 
Figure 3. Hector’s Challenges with Algebraic Manipulation 

When the computer prompt asked for the slope, Hector incorrectly responded with 
7. As previously mentioned, when the computer indicated an incorrect response, Hector 
at times modified his answer to “similar” answers. This was such a case where he then 
changed the answer to -7. Hector then answered the second question, asking for the 𝑦-
intercept, by correctly entering (0,−8). Although Hector was able to answer the 
questions correctly, Figure 3 demonstrates that Hector had difficulty with algebraic 
manipulation and made errors when working with equations. These errors became more 
problematic as the equations became more complicated. 

In a further illustration, Hector was working with Anne, a staff instructor, on 
graphing the equation of the line −4𝑥 + 𝑦 = −3. Hector was required to isolate 𝑦, 
writing the equation in slope-intercept form, namely 𝑦 = 4𝑥 − 3. Instead, Hector rewrote 
the equation as 𝑦 = −4𝑥 − 3, neglecting to change the sign of the −4𝑥. Anne corrected 
this error. Hector asked Anne a clarifying question, “If that [4𝑥] was a positive and going 
towards this way [across the equal sign], it would be a negative [the opposite sign]?” 
(19:3). Hector was asking whether the polarity of a term changed as it moved from one 
side of the equation to the other. Here, Hector demonstrated that he was reflecting on his 
understanding of the concept, but Hector did not recognize that this seemingly minor 
error was pervasive in his work and required his special attention. Furthermore, Hector 
continued to make the same mistake in subsequent problems, suggesting that this 
reflection did not cause a lasting change in Hector’s understanding or actions.  
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Although Hector regularly demonstrated that he was careful about the actions he 
took in his life, constantly reflecting on and reacting to how he was working, he does not 
do so here. His lack of reflection, or “appropriate” reaction may have been related to 
whether Hector knew what his specific challenges were, for if an individual does not 
know or recognize what their challenges are, how can someone reflect upon them? 

Known Unknowns and Unknown Unknowns 

Hector’s difficulties with algebra meant that he was not able to successfully pass 
Module 20. Although Hector was reflective in his work, and used multiple strategies to 
help him understand and succeed, at no time did he specifically focus on or reflect upon 
his difficulties with algebra in a manner that helped correct his misunderstandings. It is 
probable that Hector was not aware of the extent to which he had difficulty with algebra. 
He may not have known that he needed to focus his efforts on his algebraic skills. The 
former Secretary of Defense, Donald Rumsfeld, in speaking about predicting future 
outcomes and situations, defined the challenge Hector experienced: 

As we know, there are known knowns; there are things that we know that we 
know. We also know there are known unknowns; that is to say we know there are 
some things we do not know. But there are also unknown unknowns, the ones we 
don’t know we don’t know (Rumsfeld & Myers, 2002). 

Hector addressed his known unknowns using multiple strategies. For example, he spent a 
significant amount of time trying to understand how to graph linear equations. He also 
asked for help when he needed clarification on a procedure. Yet, he had difficulty seeing 
how his algebra skills were affecting his progress. By not understanding what was not 
working, Hector could not appropriately reflect on his errors and react appropriately. The 
challenges Hector had with his algebraic manipulation were unknown unknowns to him.  

When reflecting on the difficulties he was having in Module 20, Hector was 
vague in explaining the difficulties he was having. “I don’t know. It seems like I’m not 
getting the information that’s being taught to me through the computer” (36:3). Hector 
recognized that there was a disconnect between what the computer was attempting to 
teach him and what he was understanding. However, he was unable to identify what he 
didn’t know and so was not able to react appropriately by making corrections to his work 
or eliminating these errors altogether.  
A Lack of Support for Unknown Unknowns 

When a student had difficulty, the MyMathLabs software and the structure of 
MATH075 had multiple structures to help support students. However, many of these 
supports were answer driven, and addressed how to solve specific questions students 
given to students. There was no procedure in place to address larger conceptual 
challenges students had, no way for students to make sense of their large-scale 
misconceptions. 

Hector’s inability to address his unknown unknowns was frustrating as he was 
reacting to his confusion by using many of the available support mechanisms. 

Seems like I gotta do everything on my own. I gotta use the examples a lot 
actually. I’m using them lot and I’m using my steps, but sometimes it doesn’t – I 
mean yes it works but I’m doing double the work besides getting it [a 
‘Homework’ problem] explained to me the right way. . . . I get help [from the 
staff] on yes on one problem, two problems, but what about the rest? I gotta figure 
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them out myself. So it’s kind of like ‘man. You gotta – like you know – you’re on 
your own and you – and you better complete it’ you know. (36:3, 36:4) 

Hector’s challenge was not about getting help, but about getting support that could help 
him see and make sense of what was holding him back, specifically his algebraic 
manipulations. Hector’s frustration was not directed at a lack of support he was getting 
from the staff but at the lack of connections made even after getting the support he 
requested. Hector was frustrated that he had challenges what were larger than an isolated 
question which he could not articulate and the staff did not address. Although he could 
get help on a question, or two, or more, the support he was getting was not helping to put 
his general confusion into perspective where he could use that perspective to answer 
other questions. The extensive time he was spending working on problems was not 
helping him make the appropriate reflective connections, and neither was support from 
the software or the staff. 
Computer support. The computer software lacked a mechanism for identifying patterns 
in student errors. MyMathLabs presented students with solution methods to specific types 
of problems and would indicate to the student if an answer was incorrect. However, 
Hector needed a more careful and nuanced evaluation of his knowledge and a better 
diagnosis of his errors. He needed help identifying his unknown unknowns, which may 
have helped him see some of his more pervasive errors. MyMathLabs has no such 
capabilities and could not recommend that Hector review how to manipulate algebraic 
equations.  

By the standards of the course requirements and the computer program, Hector 
had sufficiently demonstrated his mastery of algebraic topics by achieving passing grades 
in the previous modules. However, there was no protocol for determining if advanced 
students still needed support in earlier topics. Based on the structure of the program and 
course, a student who was able to correctly answer a sufficient number of problems 
related to a concept, was considered proficient in that concept and could and would then 
build upon it.  
Support from the staff. The structure of MATH075 included staff to support students 
with their questions. When a student felt they needed more help than what was provided 
by the mechanisms in the computer software, they could turn to the staff. However, the 
help the staff provided was generally focused on a specific problem, or helping the 
student reach their answer. Again there was no specific mechanism for ubiquitous 
challenges. Furthermore, the help students received did not always address or identify 
underlying challenges students had. 

While working in Module 19, an introduction to functions, Hector was required to 
complete a table of values for the relation 𝑥 = 3𝑦! when 𝑥 = 0, 3, and 27. The problem 
required students to substitute the given value for 𝑥 and then solve for 𝑦. Hector 
immediately entered the correct answer, 0 for 𝑥 = 0. For 𝑥 = 3, Hector opened “View an 
Example”, read the modeled problem, closed it, then made some calculations. He 
attempted to model the example, but erred by not making a substitution for 𝑥, and 
consequently dividing incorrectly (see Figure 4). He entered ±1 as the answer; the same 
answer from the problem modeled in “View an Example”. Up to this point, Hector had 
not needed to perform the square root function or consider the operation since 0 is a 
trivial example and ±1 is the same answer given in “View an Example”. Furthermore, 
the modeled example relied on the student’s mathematical reasoning and knowledge of 
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arithmetic to complete this step, rather than the technical operation of taking the square 
root. 

 

 
Figure 4. “View an Example” (left) compared to Hector’s Work (Right) 

In solving for 𝑦 when 𝑥 = 27, Hector divided 27 by 3 and entered ±9, instead of 
±3, as the final answer. When the computer indicated that his response was incorrect, 
Hector reacted by looking through the text, then asking for help from the staff. The staff 
instructor Keiko responded to Hector’s request and explained the solution for how to 
solve when 𝑥 = 27.  

Keiko: Twenty-seven equals three  𝑦 squared. Divide by... three [she divides 27 by 
3 and 3𝑦! by 3, writing 𝑦! = 9] that gives you nine, right? 𝑦 squared equals nine. 
That means 𝑦 equals plus or minus three. Three times three is nine.  
Hector: Oh that was three yeah.  
Keiko: I think you just wrote down [the] 𝑦 squared value it has to be 𝑦. 
Hector: Okay. Yeah. I get it now. Well I was like I have the concept good, but 
yeah (10:1). 

Keiko helped Hector by modeling the correct solution. This explanation focused on 
finding the answer rather than helping Hector see how critical the square root operation 
was to solving this problem. Keiko also wrote out the solution next to Hector’s work, yet 
did not comment on the number of errors in his written reasoning. Addressing his written 
work could have been an opportunity for Keiko to notice that Hector may not understand 
the nuances of algebraic manipulation. Hector reflected on the entire exchange and 
remarked to Keiko, “I have the concept good”, thinking he made a simple mathematical 
error. In fact, Hector’s work did not reflect that he had a rich grasp on making 
substitutions and solving for unknown values. Furthermore, the support he received did 
not help him see the key part of the problem that he was missing, the square root 
operation. The support Hector received was centered on helping him arrive at the answer 
so he could move on to the next problem, rather than identifying and correcting his 
misunderstandings. 

It seemed that Hector had no specific trigger to help him see the forest from the 
trees and consequently when he turned to the staff he only received help on the 
immediate question of concern. There is no record of Hector asking for more general 
help, if Hector felt that doing so was inappropriate, or if he could not elucidate his 
general confusion. Hector reflected on his work, but it was not fruitful in helping him 
move forward. Furthermore, the resources at his disposal did not help Hector identify 
where he needed help. Staff instructors who reviewed Hector’s work addressed these 
errors in the moment, the computer program did not have a diagnostic component where 
problems with previous concepts could be highlighted and illustrated, and the instructor 
did not consider Hector’s challenges significant since he received passing marks on his 
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exams and was proceeding through the course and modules. Although Hector tried to find 
the key to his lack of progress, and determine this unknown unknown, he was unable to 
do so. By not knowing where some of his mathematical peccadilloes lay, he could not 
appropriately react and respond by addressing them. 

Module 20 

Hector began the semester with Module 16 and by mid-March, seven weeks into 
the semester, he was beginning to work on Module 20, solving a system of two or three 
linear equations by graphing or using algebra (substitution and elimination). Other 
solution methods such as using Cramer’s rule or other applications with matrices were 
not presented to students. Hector was therefore faced with solving systems of equations 
using algebraic techniques in which he, as demonstrated in the previous section, could 
not consistently do correctly. I observed Hector working through Module 20 during the 
last two days of observation. In Module 20, the hyper-linearity of MyMathLabs created 
challenges that Hector could not overcome. 

Module 20 from my own experiences as an instructor in MATH075 was often a 
difficult module for students. Students were initially introduced to manipulating 
equations and solving them for constants or variables in Module 15. This concept was 
elaborated in Modules 16-18; Module 19 introduced functions and therefore did not 
require students to algebraically manipulate equations. In Module 20, the extent to which 
students must accurately manipulate equations, or solve for unknown variables was very 
difficult because they were working with multiple equations simultaneously. Students, 
like Hector, who had difficulty with algebra would find this module difficult, often 
spending weeks or months attempting to pass it and the subsequent cumulative exam. I 
therefore expected Hector to have difficulty with this module since he had difficulty with 
his algebraic manipulations. 

In this module, Hector was also expected to solve systems of equations by 
graphing. Hector had difficulty with these problems because he did not enjoy graphing, 
which he mentioned several times. When Shaun came to review Hector’s Module 19 
exam, they also discussed the upcoming challenges of Module 20. Hector expressed his 
dislike for graphing stating, “I just want to get off with this graphing stuff” (29:5). After 
completing the Module 20 unit on graphing a system of two equations, Hector stated, 
“I’m finished with the graphing. I don’t like that” (38:3). In both instances, he expressed 
his displeasure with graphing, the first required concept in this module. The second was 
algebraic manipulation. As previously indicated, Shaun was aware of Hector’s difficulty 
with algebra. Although graphing was only one small portion of Module 20, the 
conversation focused on addressing Hector’s concern with graphing rather than warning 
Hector to be conscious of his algebra.  

So there will be some graphing here. They’ll be some places where they will want 
you to you know – basically if this is the equation of a line, and this is the 
equation of a line, right – and so the solution to that system is where those two 
lines intersect. . . . So they’ll be some opportunities for you to graph some more 
lines. . . . That doesn’t go away entirely but it’s manageable. (29:16) 

To address Hector’s dislike of graphing, Shaun explained the fundamental concept 
behind solving a system of two linear equations using graphing, referring to the work as 
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“manageable”. Shaun was attempting to assuage Hector’s trepidation by helping Hector 
develop insight into the concept.  

In Module 20, Hector was required to graph not one, but two lines on the same set 
of axes to solve a given problem. Furthermore, in order to get credit for the problem, 
Hector would need to graph both lines correctly. If he did not, the software would 
indicate that the whole problem was incorrect. It would not highlight what portion or 
parts were incorrect until Hector submitted two incorrect attempts. Therefore, Hector was 
working on a module where he must do work he found difficult and was significantly 
more challenging while the software did not provide insight into his errors. Similarly, 
when solving systems of equations, the manipulation of two or three equations 
simultaneously is significantly more difficult than working with one. When a student 
entered a solution, the computer indicated which solution(s) were incorrect. However, 
correcting such an error may result in the student having to rework the problem entirely. 
Overall, this module was based on previously covered concepts, but the added intellectual 
toll levied in solving these problems were significant. Furthermore, a majority of the 
module was focused on solving systems, with very few problems based on foundational 
concepts, such as verifying that a given ordered pair or triple is a solution. Consequently, 
a large portion of this exam required students to solve systems either graphically, or 
algebraically.  
The extent to which Hector had difficulty with this module was demonstrated by 
analyzing Hector’s grades and time spent working. Hector spent a significant amount of 
time working on this module, compared to others, including Module 17 on graphing 
lines. 

Table 3 shows the amount of time spent working on the “Homework” 
assignments in this module compared to others in the same semester, along with their 
mean (M) and standard deviation (SD). Table 4 shows the grades received in the 
corresponding units, along with their mean (M) and standard deviation (SD). Hector spent 
more time working on Module 20 than other modules. Indeed, the total time spent 
working in Modules 16 – 19 was 31.89 hours. In contrast, Hector spent a total of 23.88 
hours working on Module 20 alone. Furthermore, his “Homework” grades in Module 20 
were not perfect. Although they were high, students can only take an exam if all their 
“Homework” grades are above 90%, meaning the lowest acceptable score for students 
was 90%. Compared to the other modules completed in the semester, Hector sat for the 
Module 20 exam after completing the minimal requirements in some units, demonstrating 
the difficulty Hector had with this module. 
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Table 3. 

Length of time (in hours) Hector worked in each module’s unit “Homework” assignment 
over the semester 

Unit 

Module 16 
Solving linear 
equations and 
inequalities 

Module 17 
Graphing lines 

Module 18 
Slope and 

equations of 
lines 

Module 19 
Introduction to 

functions 
Module 20 

Solving systems 
1 1.17 0.32 1.58 1.82 0.60 
2 1.03 1.15 1.70 0.18 5.28 
3 4.13 2.18 0.82 1.67 5.08 
4 1.18 1.25 1.27 0.58 5.22 
5 1.02 N/A 4.92 N/A 4.80 
6 0.57 N/A 3.35 N/A 2.90 
M 1.52 0.82 2.27 0.71 3.98 
SD 1.30 0.86 1.56 0.83 1.88 

 
Table 4. 

Grades (percent) Hector received in each module’s unit “Homework” assignment over 
the semester 

Unit 

Module 16 
Solving linear 
equations and 
inequalities 

Module 17 
Graphing lines 

Module 18 
Slope and 

equations of 
lines 

Module 19 
Introduction to 

functions 
Module 20 

Solving systems 
1 100 100 100 100 100 
2 100 100 100 100 93.33 
3 100 100 100 100 100 
4 100 100 100 100 100 
5 100 N/A 100 N/A 96.67 
6 100 N/A 100 N/A 95 
M 100 100 100 100 97.5 
SD 0 0 0 0 2.94 

 
Reflecting on and Reacting to a Challenging Module 

After I finished my formal observations of Hector, I checked in with him three 
times. The first time we spoke, approximately two-thirds of the way through the semester 
and two weeks after the last day of observation, he stated that he was intending to drop 
the class. His tone was disheartened, and he indicated that he did not want to continue in 
the course. 

I’m pretty behind. I’m not getting one section [20]. . . . Then after I finished that, 
then I gotta take what is it the – . . . the cumulative. And then it’s just. I don’t 
know. I’m gonna see how much I accomplish today. And then I’m gonna talk to a 
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counselor. Yeah I’m like really bad. I’m like – English and everything else – I’m 
good. It’s just my math.  

Although Hector determined that he was making sufficient progress in English and his 
other classes, he did not feel that he was successful in MATH075. His mention of the 
cumulative exam, required every five modules, also indicated his understanding 
(reflecting on his challenges in Module 20) and forethought that he will have to succeed 
in the same material a second time immediately after passing the Module 20 exam.  

As our conversation continued, Hector was nevertheless focused on his overall 
goal of completing the class, he was also aware of his stress level.  

Maybe I just better take a few breaths and sit down and see where I’m at, you 
know. I’m like very jumpy so. . . . If it takes me five years or seven years I’m 
gonna pass it either way. (36:13, 36:14) 

Although Hector was frustrated with his progress, he ended our conversation on a 
positive note. His intention in this moment was to pause and reflect on his progress and 
his goals. His indication that he “just better take a few breaths” is indicative of his 
anxiety affecting his progress, and his recognition of its potential influence. This reaction 
is similar to his previous statements about pausing when feeling his anxiety 
overwhelming him. Overall, Hector reflected on his feelings, recognizing that he was 
“very jumpy” and reaffirmed his determination to pass the course, and be patient with 
himself, even allowing himself to take five or seven years to do so. 

Two days after this conversation I checked in with Hector to follow up on his 
meeting with his advisor. He did not see his advisor; rather he indicated that his anxious 
feelings had passed stating that “I wasn’t thinking clearly” (37:2). With further prompting 
he explained his feelings, “I was stressed out on other classes” (37:3). I asked him what 
brought him back to class, and he replied that he got sleep and rest (37:3). Although he 
indicated previously that he was doing well in his other classes, in this conversation he 
mentioned that he was “stressed out” from his other classes. There was no other data to 
support which statement was more valid, or if they were each valid in the moment he 
stated them, feeling comfortable in these classes one day, then reflecting on his progress 
after resting and recognizing the actual source of his stress. Overall, Hector dismissed the 
stresses he was feeling in MATH075 after resting. Again, Hector was able to reflect on 
his feelings, recognize stress building, and react appropriately by resting. 

In this conversation Hector reassured me that he was no longer stressed, “I’m 
alright now” (37:3). He explained his anxious reaction, “I was venting. Tony Soprano, 
dude” (37:4). Again, Hector referred to the television character Tony Soprano, a mobster 
who experienced anxiety attacks in reference to his stressful criminal activities. Hector 
stated “I just needed somebody to talk to” (37:4), insinuating that after venting his 
frustrations at his lack of progress in mathematics class, he felt better and was able to rest 
and continue working. Hector and I ended the conversation with him maintaining his 
commitment to continue attending class. 

One week later, I checked in with Hector. I was attempting to meet with him to 
schedule our second interview and to follow up on his earlier anxious reaction and 
subsequent alleviation. Hector continued to seem on track, “I’m going finish it [Module 
20] this week and then take the cumulative test so then we’ll go from there” (38:2). 
Hector was focusing again on his intention to complete the course.  
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I just want to pass this MATH075. I’m already to the point where I just want to 
get it over with. And then I’ll have 162 I think. And then I’ll transfer. So all I got 
to do is worry about my math. (38:4) 

Hector was no longer focused on his anxious challenges; he was refocused on his 
intention to pass MATH075 and another course to complete his mathematics 
requirements so he could transfer to a four-year university. His intention to complete the 
course now included passing the Module 20 exam and the subsequent cumulative. 

When Hector took the Module 20 exam, his records show he successfully 
answered 2.5 out of 14 (17.86%) problems correctly. Problems may be marked 
incorrectly if the submitted answer does not match the computer’s answer bank or if the 
problem is not answered. There is no record of how many problems Hector actually 
attempted to answer. Since he did not correctly answer 80% of the problems, he was 
required to work through the “Personalized Homework” for Module 20 before he could 
make a second attempt. 

During this time, Hector and I were discussing when to schedule our second 
interview. Our first scheduled attempt in early May was rescheduled due to a conflicting 
last-minute meeting that I needed to attend. I saw Hector, offered my apologies and we 
planned to meet the next class session. Hector did not attend class, and did not return my 
phone calls or text messages. I attended class every day thereafter hoping to speak to 
Hector but he did not return. Attendance records show that Hector stopped attending 
MATH075 on May 6, 2015, two days before our second attempt to meet and two weeks 
before the semester ended. Shaun confirmed that Hector was no longer attending class. 
Towards the end of the semester and for several weeks thereafter, I sent Hector multiple 
text messages, emails, and left him voice mails in hopes of contacting him. I did not hear 
from him. Hector was also registered for a summer course in MATH075. He did not 
attend that course. 

Although Hector indicated that he was no longer feeling anxious over his progress 
in MATH075, he stopped attending after receiving a poor grade on his Module 20 exam 
and beginning work on the “Personalized Homework”. Hector began working on Module 
20 in mid-March and was sitting for his first exam in early May. He spent seven to eight 
weeks working through this module. The conceptual components of this module, 
graphing and algebraic manipulation of equations, were difficult for Hector and clearly 
caused him confusion and anxiety. It is possible that Hector was discouraged by his 
progress. However, due to Hector’s consistent record of reflecting on his situation and 
reacting in a manner that he thought was best, he may have realized that in the time 
remaining, he would not complete enough modules to receive a passing grade in the 
course and consequently decided to focus his efforts on his other classes. A statement 
made to me when I checked in with Hector in early April supported this notion. 

It’s just like I’ll spend about an hour or two and then I’ll probably get two or three 
problems done, you know reviewing. So it’s just wasting my time. Not wasting 
my time, but I’m learning at a slower pace than probably most people. (36:6) 

Hector’s slow pace in Module 20, as demonstrated earlier in Table 3 and Table 4, was not 
lost on him. Hector was indeed reflecting on his progress and during the end of the 
semester, when students’ time is more precious, it would not be unusual for Hector to 
redirect his efforts towards more fruitful academic endeavors. 
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Hector’s difficulty with Module 20 demonstrates the challenges of learning in a 
hyper-linear environment. Because Hector had difficulty manipulating multiple equations 
to find their solution(s), Hector could not get 80 percent on his exam and subsequently 
advance in MyMathLabs. Without hyper-linearity, Hector could have continued to 
advance with a failing grade, returning to this module later to improve his grade or make 
connections. Until Hector could sufficiently demonstrate his abilities in solving systems 
of linear equations, he was required to continue working in that module. Consequently, 
Hector’s goals could not be achieved if he did not pass this exam. Furthermore, because 
Hector had passed his previous exams, the hyper-linear model does not consider the 
possibility that Hector’s lack of advancement was based on weakly understood concepts 
from previous modules.  

Discussion 

Forethought, reflection, and reaction play very prominently in Hector’s life, 
eventually leading him to Mountainscape. Unsurprisingly, these agentive actions were 
helpful in Hector’s work through many of the modules in MATH075. He considered his 
schedule so that he could make up for any anticipated loss in time. He also used multiple 
features of the course and program to help him work through his challenges and answer 
his questions. However, these agentive moves were insufficient to support Hector 
through Module 20. As much as Hector tried to be successful, his lack of skill with 
algebraic manipulation meant that he struggled to work through the problems. Hector was 
unable to reflect on his lack of understanding because he did not know what he did not 
understand. Without help identifying his unknown unknowns, Hector became stuck. 
Hector is an example of how unknown unknowns as well as the effects of hyper-linearity 
limit a student’s mathematics agency and have consequences on their mathematics 
learning. 
What Do You Reflect On? 

This case demonstrates the challenges students have when they have significant 
misconceptions that they cannot address. Hector knew there was something in his 
mathematics work that was preventing him from being successful. No matter how much 
he reflected, he could not determine what his challenges were and how to react and 
address them. Hector’s mathematical challenges lay mostly in his inability to manipulate 
algebraic equations. Consequently when he reached a module requiring significant skill 
in manipulating equations, Hector was unsuccessful. Hector illustrates how agency is 
limited in helping a student achieve their learning goals if they cannot appropriately 
reflect on their learning challenges.  

Reflection, the metacognitive act wherein an individual considers their actions 
with respect to feedback from the environment, was a familiar action for Hector. 
Incidents from his past show that he reflected upon his actions and thought ahead about 
the consequences of his actions. He was also reflective in his mathematics work, using 
various support features at different times to help him work through his confusion. 
However, Hector’s case demonstrates how reflection may not be sufficient if the 
individual cannot make an appropriate assessment about their specific challenges. Hector 
could not determine exactly what about his mathematics work was holding him back 
from success, he simply knew that there were some algebraic problems in which he was 
unsuccessful. Consequently, he was not able to address his challenges and react to be 
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more successful. Hector’s confusion was an “unknown unknown” where he did not know 
what he did not understand so he could not make corrections and continue making 
progress.  

This study supports work that demonstrates that students “do not know what they 
do not know” (Caleon & Subramaniam, 2010). Students cannot always work through 
their own confusion without support and an external perspective of their individual 
challenges from an expert. In Hector’s case, the support he received was mainly answer-
driven, meaning that his interaction with the staff and computer addressed finding the 
answer to a specific question, rather than understanding more holistic concepts, or getting 
feedback on his overall progress. This type of support did not help Hector come to any 
realizations about his mathematical misconceptions. Students left to work on their own 
through their misconceptions or confusions may not have the tools to reflect on their 
challenges to sufficiently have the necessary intellectual breakthrough.  

In explaining Hector’s inability to pass Module 20, we cannot fully attribute it to 
his inability to reflect. If students could reflect on their own and determine their own 
shortcomings, there would be no need for developmental mathematics classes. If 
concepts, learning, and knowledge only had to be shared once or twice, there would be no 
need for teachers at all. Developmental education could be structured as independent 
learning courses, with students using a textbook or a program such as MyMathLabs to 
reach college-level mathematics. However, students need the support of a more 
knowledgeable individual to support them and help them see what they cannot and work 
with them through their unique challenges to help them succeed (Vygotsky, 1978). The 
support structure of the course should not only focus on helping students address the 
individual question given, but also helped determine any large-scale challenges students 
may have. By addressing student’s needs on a question-by-question basis, there was no 
way for anyone to discern any patterns that could imply significant misunderstanding.  

Overall, a student’s agency may not be enough to guarantee success. Hector 
worked hard. He was constantly assessing and reassessing his progress and his schedule 
to ensure he was making sufficient progress. His forethought helped him address 
upcoming challenges and concerns to help him through. Indeed, Hector’s practices and 
work ethic made him a model student. He did not succeed, not due to his agentive acts, 
but due to his inability to adequately recognize and rectify his misconceptions. This 
should not be attributed to a lack of reflection on Hector, it seems that recognizing his 
algebraic challenges was outside the realm of reflection for him. Students may have a 
difficult time seeing or understanding fundamental misconceptions they possess which 
would prevent them from succeeding. 

This work supports and expands on how agency as one’s capacity to alter their 
life can be limited (Hitlin & Elder, 2006). Hitlin and Elder distinguish between existential 
agency and the opportunity structure of agency. The former is the entire set of actions and 
behaviors open to an individual. This set encompasses the full extent of possible actions 
an individual can take. The opportunity structure of agency is a subset of existential 
agency defined by the individual. This is the complete set of actions that a given 
individual can undertake. This distinction is important because the potential of an 
individual is based on their previous experiences, self-efficacy, and other individual 
factors. The case of Hector is an illustration of how reflecting on his understanding of 
algebra was outside his opportunity structure of agency, even if it resided in the realm of 
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existential agency. Thus, unknown unknowns are actions outside one’s ability to act, or 
one’s opportunity structure of agency. Agentive acts cannot address realities that are 
simply not known to the individual. Consequently, there are necessary actions for success 
that are not a part of a person’s realm of actions. Agency is the capacity to change one’s 
life. Unfortunately, capacities may be limited and therefore limit their ability to succeed 
on their own. 

It is important to note that recognizing that Hector’s agency was limited does not 
imply that Hector was at all lacking. There is no intent to view Hector or other such 
students with a deficit perspective. Recognizing that an individual’s agency is not 
sufficient to guarantee success implies that educators must help provide students the tools 
they need to reach their goals by supporting their agentive acts, or expanding their 
opportunity structure of agency.  
A Hyper-Linear Learning Environment 

This case shows how although ICCC mathematics courses may seem like an 
efficient way to help remediate students, they in fact can levy an undue burden on these 
students, leaving them to make sense of mathematics alone or in piecemeal fashion. 
Hector used multiple parts of the course structure to understand why he was not making 
progress in Module 20. However, he did not need the ideas in Module 20 to be successful 
in later modules. Ostensibly, the hyper-linear environment of MyMathLabs became a 
gatekeeper for Hector, preventing him from advancing when he reached this challenging 
module. A hyper-linear course structure is problematic because it builds barriers for 
students rather than helping them break barriers down, can further undermine 
developmental students’ ability to learn mathematics, and limits their agency to succeed 
in classes and achieve their larger goals by limiting their visibility to the broader 
connections within mathematics. 
Building Barriers. It is feasible that if Hector was able to work on more complex 
mathematics problems, he could have realized how his algebra was contributing to his 
struggles. Hyper-linearity limits students’ opportunities for advancement by setting each 
module as a wall to advancement; unless the student can climb that wall, they cannot 
advance. Furthermore, the ability to solve systems of equations in Module 20 was not 
prerequisite knowledge for any of the modules following Module 20. Hyper-linearity was 
not a necessary component of the course, and unnecessarily prevented Hector from 
advancing.  

The following example is one of the major ways in which MyMathLabs differs 
from another popular computer-centered mathematics program, Assessment and Learning 
in Knowledge Spaces (ALEKS). ALEKS uses knowledge space theory (Albert & Lukas, 
1999; Doignon & Falmagne, 1998) to help students progress through a course. ALEKS 
structures content linearly according to prerequisite knowledge, but does not prevent a 
student from progressing along one line of study if they cannot succeed in another since 
topics in any one course may be composed of multiple linear strands, with each content 
line being a sequence of requisite topics. These linear strands may intersect, but do not 
interfere with one another. If a student has difficulty working through one content strand, 
it does not hold back their progress in another.  

Consequently, a student who has trouble solving systems of equations can 
continue making progress in another set of modules that does not require that knowledge. 
ALEKS removes the limitations generated by hyper-linearity. By completely preventing 
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students from advancing unless they can meet expectations, the hyper-linear component 
in MyMathLabs can prevent students from making further progress even if later topics do 
not require knowledge of the an earlier topic that gave them difficulty. Hyper-linearity 
thus demarcates how far each student was able to advance. Rather than break down walls 
for students, this program builds walls and leaves students unable to advance in both the 
content and their academic trajectory. 
Undermining mathematics learning. This study aligns with other mathematics 
educator’s calls to reconsider the linearity with which mathematics is taught. Nasir’s 
(2002) work contrasts learning mathematics with learning to play basketball in that 
students who learn basketball learn to play the game in their entirety, they do not focus 
on dribbling, then making foul shots, then learning how to make a layup. Similarly, a 
hyper-linear environment may not support rich mental connections between concepts, 
limiting mathematics learning (Hiebert & Carpenter, 1992). Limiting student progress 
because students are not able to master a concept in a given moment is ostensibly like 
telling a student they cannot read because they had difficulty with one book.  

Hyper-linearity demonstrates a very specific construction of what mathematics 
learning is, isolated and linear. It forces students to work through topics in the course in 
one prescribed sequence, rather than giving students the freedom of opportunity to 
consider various orderings. The hyper-linearity of the software lets students work through 
the content as if it were out of a textbook where a student cannot turn the page unless 
they fully understand the material on the current page as presented. This construction 
negates the idea that students can make connections from seemingly disparate concepts, 
that new ideas can solidify the understanding of previous ones, or that outside knowledge 
or experience can help illuminate student learning. MyMathLabs, through the hyper-
linear structure, does not reflect the interrelated nature of a complete discipline and is not 
aligned with the discourse of the discipline (Lampert, 1990). By not allowing problems to 
be approached in different ways, a hyper-linear structure could limit the opportunities of 
those with different perspectives.  

Marginalized students come from an educational background that is non-
privileging. They were not exposed to an accessible mathematical resources or a breadth 
of mathematical knowledge to call upon when they are challenged. In particular, 
marginalized students are more likely to be exposed to hyper-linear procedural learning 
and are therefore more likely to experience the detrimental affects of such an 
environment. In a hyper-linear environment, limiting mathematical approaches to solving 
problems does not allow these students to succeed, particularly when they cannot move 
forward in the one direction they are exposed to. Hyper-linearity also challenges students 
when they encounter procedures, connections, or lessons that differ from their previous 
math learning experiences. Without a conceptual view of the content, marginalized 
students may not see how two paths of learning are related.  

A hyper-linear structure benefits students whose ideas of learning mathematics 
may align with those of the course designers but it may not benefit non-privileged 
members of a culturally, linguistically, and economically diverse society. For 
marginalized students, whose perspective likely differs significantly from those of course 
designers and instructors, providing multiple access points to learning mathematics 
allows students to approach their learning in a way that is both meaningful to them. 
Hyper-linearity discourages flexibility in thinking and problem solving. Providing 
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alternative learning pathways helps students if they have difficulty making sense of a 
particular approach.  
Limiting agency. In an ICCC class with a hyper-linear learning environment, students 
who have difficulties with one unit cannot advance and can be paralyzed, preventing 
them from moving forward, thus limiting their agency. Hyper-linearity demonstrates 
another way in which MyMathLabs does not offer alternative learning pathways, or allow 
students to freely explore other topics with the possibility of reflecting on modules with 
which they had difficulty. For example the module on solving quadratic equations occurs 
after Module 20 and could have helped Hector see the difficulty he was having in his 
algebra. This module contains several problems where students are required to do the 
types of algebraic manipulations that caused Hector trouble, including moving terms 
across the equal sign before factoring and solving the equation. Leaving students to fend 
for themselves or requiring them to take the initiative to clarify their own misconceptions 
or confusions while limiting the content they can study may alienate students or leave 
them with significant misunderstandings while missing opportunities to see similar 
concepts in new terms, impeding the student’s progress.  

Hyper-linearity is another way that limits students’ mathematical agency. By 
preventing students from freely exploring the modules, course designers narrow the 
possibilities for learning by dissecting mathematics into a series of prescribed procedures 
that are limited in their scope and application. This structure not only undermines 
students’ agency, but it also intimates that developmental students are not agentive in 
their own right because they are unable to make sense of a complex, interwoven subject. 
Furthermore, the bank of questions in each MyMathLabs module is limited, even if the 
configuration of the actual questions is not. Consequently, students who have difficulty 
working through one module can only work through various iterations of the same type 
of problem, with the same videos explaining the content, etc. There is no way for students 
to gain a new perspective on the topic. 

By preventing students from exploring mathematics on their own, students cannot 
see how multiple topics may be related. A suggested alternative to hyper-linearity would 
give students the opportunity to decide which module they would like to explore, so long 
as they understand any necessary prerequisite topics. This would allow their curiosity and 
agency to control how they advance, while giving a broader overview of how the content 
within each module connects to concepts found in other modules and mathematics in 
general. 

A student’s agency is limited if they are unaware of what they need to do to 
succeed. Without support to make student’s unknown unknowns into known unknowns, 
they may feel the negative consequences of hyper-linearity and be unable to continue 
progressing to their goals.  
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BARBARA 

The case of Barbara contrasts with that of Eduardo and Hector in that Barbara 
successfully completed her required modules and the course. Barbara’s success was 
based on her abilities to leverage multiple aspects of her environment that could help her. 
At times, Barbara’s agentive moves were detrimental to her mathematics learning, 
focusing on learning how to answer the questions rather than the mathematical concepts 
behind the problems. Barbara’s case raises questions about whether progress in 
MATH075 was based on a student’s mathematical knowledge or their ability to 
successfully navigate the software by providing correct answers. 

Barbara, a self-described 22 year-old African-American woman, enrolled in 
Mountainscape when she was denied entry to the local four-year university. She 
attributed her denial to her mathematics background, “that’s why I didn’t get into the 
university, because I was missing that [mathematics] class” (31:12). Reflecting on her 
academic record, Barbara realized that she was short one high school mathematics class 
and therefore was not able to enroll in a four-year university. Barbara saw her 
coursework as credits and prerequisites for more courses, rather than as a means to gain 
knowledge. 

Barbara enrolled in Mountainscape to complete this mathematics requirement. 
Her mathematics placement exam required her to complete the developmental sequence. 
After receiving a D6 in her initial class, MATH073, Barbara enrolled in MATH075 
because “I just kind of put it on my schedule. I was like maybe I can take [MATH]075 
now even though I didn’t pass [MATH]073. And I got into this class” (31:38). 
MATH075 was a concatenation of all three developmental courses offered at 
Mountainscape. Thus, the course number was misleading, as it did not indicate that this 
course repeated the content of MATH073 before advancing to cover more advanced 
developmental courses. Thinking MATH075 was more advanced because of the higher 
course number, and unaware of the computerized structure, Barbara enrolled in the 
course rather than retake MATH073. This is the first of several examples where Barbara 
attempted to achieve her goals by deftly navigating the system rather than through the 
conventional course of action, repeating MATH073. 

Since this was her third time in MATH075, Barbara began the semester in 
Module 23. She intended to complete the course (Module 35) before the end of the 
semester. “I don’t want to take this class another semester I want to get the 35 done this 
semester” (33:33). To achieve this goal, Barbara used multiple strategies to help her 
through the course, including any strategy that would make efficient use of her time and 
help her be successful.  

By Any Means Necessary 

Through the use of reflection, reaction, and forethought, Barbara was able to meet 
her objective and complete the course. She was also creative in how she leveraged 

                                                
6 Although a D is a passing grade, it is not sufficient to meet prerequisite 

requirements for any course. Students must earn a grade of C or higher to qualify for a 
more advanced course. 
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resources to achieve her goal. At times her agentive moves were almost Machiavellian in 
her quest to complete the course.  

Barbara was motivated to work as efficiently as possible because of her dislike for 
mathematics, stating things like “this [math] is stupid” (7:8), “dumb” (18:12), 
“ridiculous” (30:10), and “I don’t like math” (18:15, 31:3). Barbara also had a desire to 
stop taking mathematics classes as quickly as possible “I’m trying to find something that 
doesn’t really have to do with math” (22:7). She also altered her academic trajectory 
because of the mathematics requirements. “I was gonna do business but it’s too much. 
Too much math” (22:9). Barbara had both an academic and emotional purpose behind 
getting through the course as quickly as possible. 
Pretesting to Advance 

By early March, Barbara had completed Module 25; her intention was to 
complete the remaining ten modules in the approximately ten weeks before the end of the 
semester. Her plan was to pretest as often as possible. In order to pretest a module, a 
student could watch the videos and complete the “Concept Checks”, which tested the 
student’s understanding of vocabulary and basic procedures. Students were not permitted 
to complete any “Homework” assignments in the module. The only problems a student 
would encounter are those in the text and those solved in the videos. 

I’m on a time limit now since I want to finish up to [Module] 35. Actually [I] 
have to kick it into second gear and actually if I’m gonna try to pretest out of all 
these ones, I actually have to study and watch and listen to the guy in the video. 
(31:70) 

To be able to pretest, Barbara watched the video lectures and learned the procedures 
necessary to pass the pretest. In doing so, Barbara did not have to complete the 
“Homework” assignment for the units in each module, thus saving her time and helping 
her advance more quickly. 

Barbara’s instructor Dan was aware of her plan to pretest and encouraged her to 
do so whenever possible. While she was working on Module 26, Dan was answering a 
question on factoring and simplifying rational expressions. At one point he asked her if 
she had taken the pretest for this module. Barbara responded negatively. “I should have 
though, but no, I didn’t like – I don’t like seeing me failing test after test. It gets 
depressing after the third time” (7:13). Barbara reflected that she should have attempted 
to pretest, potentially bypassing the assignments for Module 26. However, she did not 
because she was depressed after “failing test after test.” Barbara in this statement was 
indicating how regularly she was pretesting and testing. Pretesting gave Barbara the 
chance to bypass the material in a given module, advancing her progress, and helping her 
move quickly enough through the modules to complete the course. 

Rather than rely exclusively on the limited number of problems accessible when 
trying to pretest, Barbara had the foresight to leverage Dan’s knowledge. While working 
on Module 27, Barbara requested help. A tutor came to check on her and she said “I just 
wanted to know if Mr. Jones [Dan] can write me problems before I take the test so I don’t 
have to do them – so I could try to pretest out of it” (18:25). Barbara’s request for Dan to 
write her problems shows agency (forethought) since the idea of pretesting was to allow 
students who are already familiar with the topic to skip the modules in order to make 
better use of their time. Here, Barbara was demonstrating her agility in using the structure 
of the course and software so she could complete the course expeditiously, bypassing the 
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expected protocol of working through every module in which she was unfamiliar. 
Barbara was also maximizing her resources for her benefit, using the idea of pretesting, 
designed to help students bypass familiar material, as a method by which she can work 
quickly. 

Barbara’s focus on pretests showed how she creatively leveraged her 
environment. Barbara was not remaining true to the original intent of the pretest, to skip 
over modules in which she already had adequate content knowledge. However, working 
problems and then pretesting gave Barbara the opportunity to advance quickly. This 
benefit did have the drawback that Barbara may not fully understand the associated 
content. 
Working Around Work 

Barbara was working two jobs, one in the library at Mountainscape and one as a 
hostess and waitress at a local restaurant. She was also the caregiver and supporter for her 
younger brother since their mother was not living with them because she moved to 
another city for work. Consequently, her time was limited and did not give her many 
opportunities to work at home.  

I don’t usually do ‘Homework’ at home because when I get home from work I 
usually just want to go to bed, so I usually just take a shower and go to bed… 
Over the weekend, like Saturday and Sunday, I like to try to sleep in but then if 
we get busy at work they’ll call me to come in earlier. Or I’ll wake up. I try to 
wake up earlier but I go to church on Sundays at nine and then I get off at eleven. 
And I have to go home and change and then go to work. So I usually don’t have 
time and when I do it has to be like late at night like eleven, twelve so I try to not 
to do that or I try to come to school earlier (31:45). 

Barbara’s work and personal schedule left her few opportunities to work at home on her 
mathematics; the only work she could do was at school. This required her to find as much 
time as she could to study at school.  

Barbara’s priority was focused on completing her schoolwork, even if it meant 
sacrificing her work.  

I was supposed to be at work at three but I couldn’t. . . . I was still in here. I was 
still doing ‘Homework’ and so I wanted to finish my ‘Homework’ before [I] went 
to work. And so I went to work late but they got mad. But whatever. My 
schoolwork comes first. That’s my main thing, putting school before work. Before 
anything actually (31:49).  

Barbara stayed in class to complete her “Homework”. Disregarding her boss’ anger, 
Barbara was focused on her schoolwork and prioritized her work over the other elements 
in her life. Barbara’s forethought balanced the consequences of being late to work with 
the benefits of spending more time working on MATH075.  

In another instance, Barbara learned that the computer lab was going to be closed 
over Spring Break, and had the forethought to make up for the missed class time by 
maximizing how often she worked before the lab closed for Spring Break. Barbara 
indicated she planned to return to the computer lab in lieu of working at her job: “If I’m 
allowed off of work then I’ll be here like 2:05” (18:3). Barbara had intended to request to 
leave work early so she could return to the computer lab and continue working. Barbara 
was purposefully manipulating her work schedule to find as much time for her 
mathematics. Her agentive moves focused on the effort she put into altering her schedule 
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with no regard for her supervisors or coworkers because she was focused on achieving 
her goal of finishing before the end of the semester. 

Other times, Barbara did not go to work at all, “I’ve already called off work at in 
the library so I can spend more hours and time in here” (31:42). “I took off today and 
tomorrow [to work on MATH075] and I took off a week too a couple of weeks ago” 
(33:6). Reacting to her desire to spend more time working on her math, Barbara requested 
time off from her job to increase her seat time in MATH075. 

Even when Barbara had to be at work, she made sure to make efficient use of that 
time. “[I’m copying] these problems so I could do it at work so I don’t have to keep 
looking at the book. So I could try to do it on my own” (24:1). By copying problems, 
Barbara could work without referencing her textbook or a computer. Again, her 
forethought increased her opportunities to work through problems and practice 
procedures for her upcoming exams.  

To be successful in MATH075, Barbara needed to work on MATH075 as often as 
possible. Oftentimes, Barbara chose her schoolwork over her jobs. Consequently, 
Barbara’s forethought and reactions to changes in her schedule maximized her seat time. 
Minimizing Environmental Distractors 

The MATH075 classroom was a bustling space. Even when few students were in 
the classroom, there were multiple distractors. Everyone entered and left the classroom 
through a squeaky door. Students spoke to one another or to a staff member. Instructors 
and staff people also spoke with one another and socialized when they were not occupied 
with student questions. Barbara noted the noise in the MATH075 classroom:  

I couldn’t focus. And when it’s really quiet that’s when I can focus more. In the 
math lab, people are always walking around. They’re clicking on their computer 
boards. I could hear – I’m just really – I can’t just focus. And then I think about 
being frustrated. And then I start thinking about the time limit that I have. And 
then I just – I’m like alright. I’m done I’m out of here. And then I leave. (33:2) 

The constant background noise in the MATH075 classroom distracted and frustrated 
Barbara, causing her to feel anxious over the looming goal to complete the course before 
the end of the semester. This anxiety would cause her to then walk away from her work, 
undermining her intention.  

Barbara discussed the extent to which she struggled to remain focused when she 
attempted to study.  

I just feel like I’m just not focused. Like every little thing I see, I look and I just 
get distracted easily. And I even tried sitting in [a] little cubicle room but it didn’t 
work. I’m still like catching myself looking at corners of the wall or looking at the 
ceiling it’s so hard. 

The extent of these distractions led Barbara to try working in a small study cubicle to 
help her focus. This reaction did not help, since she still found it difficult to focus. 
However, Barbara reacted by using multiple strategies to minimize these distractions to 
remain focused. 

One method Barbara used, particularly in reaction to the classroom’s ambient 
noise, was listening to music. “That’s why I listen to music sometimes. So I can try to 
ignore the footsteps I hear, or when people [are] opening doors or coughing.” (31:6). 
Barbara listened to music in four out of seven days of observation. In two other days, she 
was watching videos, listening to the lecture.  
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Barbara also considered pharmaceutical measures to help her focus but ultimately 
decided against their use: 

I was thinking about taking pills… [Adderall] to focus but my mom said no 
because then I’m gonna get addicted. . . . My friend said if you smoke weed –
 because I’m already a hyper-like person – so he’s like ‘maybe it’ll calm you 
down’. I was like ‘Yeah I’m not gonna try that. Especially if my major’s criminal 
justice and I have that in my system.’ That’s definitely a no go. (31:46) 

Forethought immediately eliminated marijuana from consideration as a support 
mechanism for focusing. The idea of taking Adderall, the medication prescribed for 
attention deficit hyperactivity disorder (ADHD), was discussed in our initial interview. In 
our second interview, six weeks later, Barbara had indeed seen a psychiatrist because she 
was still considering how Adderall could help her focus on her schoolwork: 

The psychiatrist said he’s not gonna prescribe me any because he hates the way it 
makes kids feel like – they start to become addicted to it. If you take it so much, 
then your body’s gonna get used to it. You’re gonna feel like you need more 
cause it’s not working. So I was like ‘wow that’s insane’ so I didn’t get it. It 
sucks. (33:54) 

Barbara’s visit to the psychiatrist after her mother warned her against the use of Adderall 
and her statement about the doctor’s reluctance to fill the prescription, “it sucks,” 
illustrated how she considered multiple means to help achieve her goal. Nevertheless in 
thinking about the possible ramifications (forethought) Barbara decided against the use of 
pharmaceuticals.  

After attempting to get Adderall, Barbara again sought the counsel of her mother 
on her inability to focus. “She was just like ‘eating right and getting enough sleep will 
help you [focus] too’. And like in the mornings instead of like eating snacks and junk 
food, I’ll have a banana or an apple” (33:55). Barbara relied on non-medical methods to 
maintain focus on her schoolwork. “I’m changing my diet. So I’ve been eating healthier, 
like fruits and vegetables. And I’m trying to go to bed early but it’s kind of hard because 
I go to – I get off of work at 10:30 at night” (31:6). After changing her eating and 
sleeping habits (reaction), Barbara felt a difference in her abilities. “Maybe there is a 
mental thing, but I like this mental thing because I feel like – it’s like ‘oh okay this 
banana’s working’ so I’m like focusing now” (33:55). These changes seemed to help 
Barbara focus and work toward her goal. 

Barbara found focusing on her work difficult, particularly due to the distractions 
in the MATH075 classroom. Barbara attempted multiple ways to mitigate her distractions 
and maintain her focus. There were limits in what she considered since both her mother 
and a psychiatrist counseled her against the use of pharmaceuticals, and she understood 
the long-term consequences of using marijuana.  
Leveraging Personal Resources 

Barbara also reflected on how the staff could best support her work through as 
many modules as quickly as possible. Barbara relied on the staff to help her learn how to 
answer the MyMathLabs problems because of her intent to pretest as often as possible. In 
order to pretest, a student cannot answer any “Homework” questions. Therefore Barbara 
needed to learn how to correctly answer the module’s questions without seeing them. She 
did not rely exclusively on the video lectures to help her because she considered the voice 
in them to be boring (18:5, 18:7, 18:14, 31:54, 33:3, 33:21, 33:24). “It’s just too boring I 
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can’t even listen to it [the lecture]. . . . I just wait for the examples” (18:5). By 
eliminating most of the video lectures and “Homework” problems as resources, Barbara 
needed react to balance this loss with another resource. She chose to optimize the staff as 
that resource.  

As demonstrated above, Barbara had intended to ask Dan for extra problems to 
help her pretest. Overall, she had a very strong relationship with Dan. “We have this 
relationship like I’m his daughter” (33:9). This relationship was evident in their 
lighthearted interactions where they would tease one another, make jokes, and laugh 
during class (3:1, 3:4, 18:23, 22:2, 22:14, 22:19, 27:1). Dan was also very supportive of 
Barbara, building up her confidence to succeed in the class. When Barbara discounted 
being able to successfully answer a question by saying it is “easy”, Dan reassured her that 
“it’s that easy all the time (30:17) or that “they’re all easy. I just told you they’re all easy” 
(22:14). Dan was even supportive by giving Barbara chocolates he kept in his drawer 
(3:2, 33:56). Overall, Dan’s presence in the classroom was positive for Barbara and 
encouraged Barbara to rely on Dan for support and help in the course. 

Dan’s positive support for Barbara led Barbara to trust him. This trust was 
apparent when Barbara specifically chose to enroll in Dan’s class that semester. “When I 
first got to [MATH]075 I was with Mr. Jones. And then last semester I had – what’s her 
name – Sara Tompkins. We didn’t get along too good so I made sure this semester I had 
Mr. Jones again” (33:10). Reflecting over her two course experiences, Barbara did not 
take the chance to be in a classroom with a teacher whom she did not find to be 
supportive. 

Her decision to enroll in Dan’s class a second time was based on her relationship 
with Sara as well as on how Dan interacted with her and how helpful he was.  

He’s easier to talk to. He doesn’t make me feel like I’m someone less, you know. 
Because other teachers they’ll be like ‘Well, What. Don’t. You. Get?’ [said with 
stern emphasis on each word] and I try to explain. And it’s – and they’re still just 
like ‘I don’t understand why don’t [you] get this kind of thing’ and I’m just like ‘I 
don’t get it I can’t explain more how much I can’t get this.’ But Mr. Jones, I feel 
like I feel like when I try to explain something he’s like ‘Oh okay. I know what 
you mean.’ He understands more. 

In reflecting on how other instructors spoke with Barbara, she gravitated toward Dan who 
understood her questions and confusion and could therefore help her. Her forethought in 
enrolling in his class would benefit her when she would need extra support. 

Barbara, after being in the MATH075 classroom for three semesters, also knew 
which members of the staff, aside from Dan, she felt comfortable asking questions. When 
students had questions, they signaled the staff by placing a blue plastic cup on their 
computer monitor. Any available staff member would then walk over and help the 
student. In one instance, Barbara was about to place her cup, but paused and waited. 
After a few moments, she placed her cup on the monitor and Julius, a staff member came 
to help her (28:10). I asked Barbara if there was intent behind that action. “There are just 
like specific tutors I could understand and who I can’t. Like that guy [WHISPERS 
INAUDIBLY]. The last time he helped me I really didn’t get it” (30:7). Barbara reflected 
on the staff member’s previous explanations and realized that she did not understand his 
explanations. Rather than risk precious time listening to an explanation she would not 
probably understand (forethought), Barbara was proactive and reacted to his presence by 
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waiting until he was not in sight to see her ask for help. “I have specific tutors well not 
tutors but … the staff to help me” (33:11). By pausing to ask for help, Barbara 
demonstrated how she reflected and reacted to the helpfulness of each individual staff 
member. Barbara reacted by leveraging the classroom structure to minimize interactions 
with unhelpful staff.  

If an unhelpful staff person came to answer her question, Barbara would politely 
listen and find another way to eliminate her confusion. In one instance, after Hanah, a 
member of the staff, answered a question for Barbara, she asked Dan the same question 
(10:2). She later reflected on the incident.  

I don’t really understand her. And she – I ask her a question and she’s like – she 
explains something else. And I’m like ‘that wasn’t my question’ but I just go 
along with that. And I’m just like ‘yeah I get it. Thank you’ kind of thing and wait 
for another tutor to come by and ask the same question. (33:57)  

Barbara again used her mental dossier of the strengths and weaknesses of each of the 
staff members to help her with what she needed. In doing so, she was not spending 
precious time listening to someone she found unhelpful.  

Barbara was a very personable student. It is clear that she enjoyed working with 
her favorite tutors, and they enjoyed working with her. These personal interactions 
allowed her more leeway in the course, leading Dan and others to be supportive in 
helping her know what to look for on tests, or to help her prepare.  
Going Outside the MATH075 Classroom 

Rather than rely exclusively on the MATH075 classroom, Barbara used other 
academic support services at Mountainscape. Barbara found the campus’ Tutoring Center 
to be a more conducive learning environment than the ICCC classroom and reacted by 
working on her coursework there. This was an unusual action for students to take and 
demonstrated the extent to which Barbara reflected on available resources and used them 
in whichever capacity would help her be successful. 

In the prior semester, Barbara began studying in the Tutoring Center. “Last 
semester when I was running track, I had to do four hours a week in the Tutoring Center” 
(33:58). Barbara continued to work in the Tutoring Center even though she could have 
just continued working in the MATH075 classroom. “I’m just so used to being in the 
Tutoring Center. . . . [In] the math lab, I just go during classes or if I’m going to take a 
test” (33:31). Overall Barbara claimed she spent approximately nine hours per week 
working and studying in the Tutoring Center (33:30), more time than the recommended 
seven to eight hours for successful completion of MATH075.  

In the Tutoring Center, Barbara’s actions were similar to hers in the MATH075 
classroom. She preferred to work with Matt over other tutors, “I always have Matt help 
me. I don’t even ask the other tutors” (33:29). Barbara reflected on Matt’s ability to be 
more helpful and supportive to her learning needs.  

That kid’s [Matt’s] really smart, yeah. And he gets it. I feel like he personally 
knows what I’m going to ask. He’s used to me asking questions in a weird way. . . 
. He makes it easier to talk to I guess. (33:30) 

In the Tutoring Center, as in the MATH075 classroom, Barbara looked to Matt for help 
over other tutors because she admired his intelligence and felt he could relate to her 
confusion. The reference to Matt being a “kid” emphasized the extent to which Barbara 
felt familiar and comfortable working with the director of mathematics tutoring. 
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Barbara’s use of the Tutoring Center also helped Barbara streamline her problem 
solving. In the MATH075 classroom, the staff was familiar with the content of each unit 
and module and generally pushed students to use a procedure specific to the module even 
if the computer only considered the final answer, rather than the steps to the solution. In 
the Tutoring Center there is no such expectation. “I went to the Tutoring Center and 
talked to Matt and he showed me a shorter, less stressed way to figure out a problem. 
And then oh my gosh it was a lot easier!” (33:4). Barbara preferred the techniques and 
skills emphasized in the Tutoring Center as they helped her progress through the 
problems. Again, Barbara used as many opportunities as she could to advance her 
progress through her modules. 
Unsanctioned Acts 

As discussed, the MATH075 classroom allowed flexibility in how students made 
use of their time. However, the MATH075 classroom had specific rules of conduct and 
procedures in place. Barbara frequently disregarded these rules. Even when she was 
reminded of specific policies that she was violating, Barbara continued to flout them if 
doing so helped her advance. 

With a difficult and active schedule, and an inability to focus in the MATH075 
classroom, Barbara looked for ways to help keep herself on task. One way she did so was 
by eating at her desk. “I feel like it [eating] kind of energizes [me]. It doesn’t energize 
me, but having a snack will kind of help me focus more” (33:38). However, since the 
MATH075 class is a computer lab, students were not allowed to eat and drink at their 
desks. Barbara was well aware of this rule. When asked if she broke any of the class 
rules, she immediately replied, “Oh yeah. I always break rules. I always eat in class” 
(33:37). Although students could not eat at their desks, the class was structured to support 
students’ needs. There was a table near the entrance where students could leave bottles 
and food, and return to them at their discretion. Barbara did not follow this rule “I don’t 
feel like getting up to go eat a snack and people are – will look at you to see what you’re 
doing” (33:38). Barbara justified her disregard of the class norm because she did not want 
to feel self-conscious.  

Occasionally, Dan would remind Barbara of the class rules, and she would 
laughingly disregard him,  

Mr. Jones will look at me I’ll just act like I don’t see him and put my food away. . 
. . If he catches me he’ll point at the sign that says ‘no food or drinks’ and I’ll say 
‘What? Where’d that sign come from? I don’t remember seeing that.’ He’s like 
‘it’s been there all semester.’ ‘Oh I don’t remember.’ (33:38) 

Barbara used her relationship with Dan to continue to break class rules and snack in class, 
a reaction to not remaining focused, with the goal of staying on course. Barbara was 
intent on using all means to help her continue to advance. 

She broke other classroom rules to help her own progress. As stated earlier, the 
use of a calculator was not permitted in certain modules. Barbara nevertheless used the 
calculator both while working on the module and while proctored. “I wasn’t allowed a 
calculator and it made me angry because I would overthink my adding and subtracting 
and multiplying. I snuck a calculator in” (33:39). Not only did Barbara react to the class 
rule by using a calculator, but in reflecting on her feelings she felt “angry” that she was 
not allowed to do so. Her anger was associated with fear that she would not be successful 
without the calculator. 
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Because if I didn’t [have a calculator], then I would’ve gotten all my answers 
wrong. Cause it’s just like, I get self-conscious – not self-conscious, but I doubt 
myself sometimes. Or all the time. I’m just like oh that doesn’t look right” 
(33:59).  

Not having a calculator at Barbara’s disposal made her doubt her work and her progress. 
This reflection led her to react by using a calculator, even if she knew it was forbidden. 
Barbara did not seem ready to abide by rules that interfered with her ability to readily 
progress through the course. 
Streamlining the Process 

MyMathLabs determines students’ mathematical knowledge by presenting a set 
of problems that students must successfully solve. Barbara learned the various forms of 
the problems that were given and how to solve them. In MATH075 there were no 
unexpected or conceptual problems. A student did not need to understand the ideas 
behind the problems to be prepared to answer different types of problems. They just 
needed to understand the procedure associated with the given set of problems. 
Consequently, if a student learned how to solve the canon of MyMathLabs problems, 
they could be successful without understanding the concepts supporting them. Barbara 
worked to learn how to solve as many questions in the canon as possible. 

Barbara found some of the problem solving techniques taught in the Tutoring 
Center to be easier than what was presented in the MyMathLabs classroom. In this case 
Barbara was demonstrating her tendency to focus more on efficiently solving the specific 
problem presented to her. On several occasions, Barbara’s actions were centered on 
getting through problems while not necessarily focusing on the mathematical objective. 
Barbara’s tendency to focus on the video lectures when examples were modeled and look 
for patterns in her answers supports this claim. 

John Squires narrated the video lectures, which included discussing the requisite 
concept and the procedures to solve model examples. As stated earlier, Barbara 
repeatedly said she found John Squires boring. Nevertheless she watched the videos, 
paying attention when examples were being modeled and explained. Even when 
distracted, Barbara would still make sure to give her attention when examples were being 
explained. 

When I’m doing math homework, I try not to look at my phone but if I’m 
watching the videos I’m just sitting there. Oh my gosh! And he’s just going over 
stuff I really don’t care about and it’s not like he’s not showing me an example of 
the problem. When he showed me an example of a problem that’s when I put my 
phone down and like actually pay attention. But when he’s just talking, that’s 
when I pull my phone out. (33:42) 

The video lectures were another distractor that made it difficult for Barbara to focus. 
However, Barbara would focus when an example was being displayed and would ignore 
material she did not “care about”, including the supporting lecture, ideas, and any 
connections made to other units.  

Barbara also looked for patterns in the problems to help her answer her questions. 
At times, understanding these patterns did not help further her understanding or practice 
of certain concepts, but helped her advance by learning the answer patterns. She would 
calculate or enter an answer, then open “View an Example” to see a similar problem and 
scroll quickly through the modeled example to the answer to check her work (1:18). If the 
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answer(s) were of the same form, for example, a complicated expression simplifying to 1 
(6:17), she would submit her correct answer. Other times, she read “View an Example” 
and entered the final answer from the modeled problem after getting her own incorrect 
answer (1:16). Here her understanding that the problems were patterned helped her skip 
working on the problem a second time or gave her the opportunity to check her own 
work. 

In another instance, Barbara used answer patterns to save her from doing extra 
work. In a problem requiring Barbara to simplify the rational expression  

 
24𝑤! − 40𝑤
3𝑤 − 5  

 
Barbara made errors and entered an incorrect response. She asked for help and Julius 
came to help her work through the problem. As he proofread her solution, he did not 
notice an error in her work and when they entered the problem in the computer again, it 
was marked incorrect. They redid the problem a third time and did not factor the 
numerator completely. Thus when Barbara entered the answer, it was once again 
incorrect. Because this was her third incorrect error, Barbara was required to simplify a 
similar expression: 
 

36𝑧! − 30𝑧
6𝑧 − 5  

 
This was a lighthearted point of contention with Julius. “Julius! Now I have to do the 
problem all over again. Ok this one I’ll know” (7:7). Julius again reviewed the concept 
with her “You know the drill though you want to factor out the highest –” (7:7). In the 
time Julian said those words, Barbara entered the correct answer, 6𝑧 without working out 
the problem. Barbara realized the greatest common factor in the numerator was the 
answer, following the pattern for the answer in the previous problem. Julius even noticed 
how quickly she worked through the problem “Ok so you figured out that this system is 
[LAUGHTER]” (7:7). Rather than rework the problem, Barbara understood that similar 
problems were patterned and did not necessarily need to be solved completely if the 
pattern can be discerned. The evidence suggests that Barbara was willing to work 
expeditiously whenever she could, eliminating further opportunities to practice. These 
opportunities were unnecessary to Barbara who was focused on learning patterns to the 
correct answers. 

Did Barbara Learn or Did Barbara Just Successfully Navigate MyMathLabs? 

By the end of the semester, Barbara had completed all 35 modules and therefore 
passed the class. Consequently, she was an example of success in MATH075. However, 
based on her actions and interactions, it is reasonable to question Barbara’s understanding 
of the mathematics covered in the modules. Many of Barbara’s statements and actions 
left doubt as to the extent of her knowledge of mathematics. 
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Learning Mathematics = Memorizing  
To Barbara, learning mathematics was about memorizing how to solve specific 

problems and recognizing patterns to help her answer questions. When asked about how 
she saw herself as a mathematics student, Barbara stated that she found mathematics 
confusing, when asked to be more specific, she discussed her inability to memorize. 

Memorizing formulas [is confusing]. And I think like I can sit in the classroom 
and the teacher can talk to me and I’ll take notes I’m okay. I get it. I understand it. 
And then I leave class and I’ll come back the next day and I’m like oh [I] just 
forget everything. I think it’s just maybe when I leave class and before I get to 
class I just have to study and memorize the material more. I think that’s just my 
biggest problem too. 

Barbara believed that success in mathematics comes from memorizing. Therefore, rather 
than reason through problems, she memorized procedures to help her answer the 
MyMathLabs questions.  

For example, she described her challenges in making sense of how to simplify an 
expression using the least common denominator (LCD). A complex rational expression (a 
fraction in a fraction) may be simplified in several ways, one of which is to multiply and 
divide the entire expression by a common term, in particular, the least common 
denominators (LCD) of both internal fractions. This multiplication eliminates the 
complexity of the rational number without changing the value of the expression. Barbara 
was unsure about why or when to use the LCD. She stated, “I didn’t know when to 
multiply the LCD by the numerators. So now I have to memorize when the question says 
simplify by multiplying, then I’ll remember to multiply the LCD by the numerators” 
(22:22). Barbara did not see how multiplying a rational expression by the LCD divided 
by the LCD was related to simplifying the rational expression. Rather, she just learned to 
associate the process with the directions given. Her blanket statement that she would 
learn to associate multiplying the LCD when she saw the directions “simplify by 
multiplying” would work for complex fractions, but not for other problems with the same 
directions. 

Barbara discussed several examples where she focused on memorizing the 
appropriate procedures and answers associated with problems in order to help her 
succeed. Her understanding of mathematics was not central to her mission, but rather she 
focused on her number sense, recognizing answer patterns, and associated clues to help 
determine which procedure to consider. For example, Barbara explained how to know if 
she was required to factor a rational expression or solve a given quadratic equation for an 
unknown variable. 

There’s a question with the same one [a quadratic expression or equation] that 
goes with no value and undefined, or write the answers, or use a comma to 
separate the answers. And that gives me a hint to set the value to zero. So I’ll get 
like a negative or positive number, or two negatives or two positive numbers. 
(31:59) 

In working with problems using quadratic expressions, Barbara used the answer prompt 
to determine what procedure she should follow. If the instructions told the student to use 
a comma, Barbara knew to set the value of the equation to zero so she could find the 
solution set. Without the instructions for how to enter the answer, Barbara may have 
struggled to figure out whether she should solve or factor. Figure 5, Figure 6, and Figure 
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7 are examples of various types of exercises associated with quadratics and the 
instructions for entering solutions that Barbara used as prompts. These prompts did not 
require Barbara to understand the concepts behind the problem or see how the question 
was related to the problem solving strategy, but helped Barbara understand which 
procedure was associated with each problem. Barbara did not need to know the various 
nuances of working with quadratic expressions, or understand the meanings of various 
instructions. All she needed to consider was the prompt for the answer and its associated 
procedure. 

 
Figure 5. Factor a quadratic (factored answers require parentheses). 

 

 
Figure 6. Solve a quadratic (prompt says use a comma). 

 

 
Figure 7. Solve a quadratic in an application (prompt says use a comma). 

A similar type of pattern recognition helped Barbara understand when -1 appeared when 
simplifying rational expressions. Several problems involving simplifying or dividing 
rational expressions required students to cancel terms in the form of the fraction (𝑎 − 𝑏) 
over (𝑏 − 𝑎) to −1 since 

𝑎 − 𝑏
𝑏 − 𝑎 =

−(𝑏 − 𝑎)
𝑏 − 𝑎 = −1 

 
When Barbara encountered such expressions she learned that certain patterns of problems 
result in these terms canceling to −1 and certain problems did not. “I had to memorize 
and write down was that I don’t have to put a negative if I’m simplifying but I do if I’m 
dividing. So I had to write this little note on my test” (31:34). Seeing the instructions 
asking students to simplify or divide told Barbara when she should substitute the terms 
for −1.  
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To illustrate her point, Barbara showed a problem where she was asked to 
simplify and therefore cancel terms for a −1. The given rational expression was 

 
36𝑥! + 12𝑥 + 1

1− 36𝑥!  
 
Barbara factored and simplified the expression correctly: 
 

(6𝑥 + 1)(6𝑥 + 1)
(1− 6𝑥)(1+ 6𝑥) =

6𝑥 + 1
1− 6𝑥 

 
However, Barbara made a note to the left “Don’t have to put −1 when simplifying” 
(32:01). She explains her reasoning, “Weren’t you supposed to multiply by −1? I think, 
see that’s why I got confused because you’re supposed to multiply −1 here when you’re 
dividing. So it’s negative you put a negative sign before” (31:33). To try to understand 
Barbara’s reasoning, I asked her to compare this answer with another problem and 
answer in the same problem set: 
 

𝑥! + 5𝑥 + 6
5− 5𝑥 ÷

𝑥! + 𝑥 + 30
4𝑥 + 16 =

(𝑥 + 6)(𝑥 − 1)
(1− 𝑥)5 ⋅

4 𝑥 + 4
𝑥 + 6 𝑥 − 5 = −

4(𝑥 + 4)
5(𝑥 − 5) 

 
I don’t know the like – the math terms but I had to memorize – because if I’m 
multiplying or dividing, I can put a negative if it’s, if the problem is like one 
minus or if the problem’s like five minus five 𝑥 [5− 5𝑥] then I can put a 
negative. But if I’m simplifying and the problem’s like that one minus thirty-six 
[1− 36𝑥], I can’t put a negative I don’t know why. 

Barbara was clearly adept at factoring and canceling, however, she did not understand the 
nuance of seeing terms that differed by a factor of −1. Rather, she determined that when 
directions said to multiply or divide the rational expressions, similar looking factors 
cancel with a −1, but if she was asked to simplify, they did not. Again, she successfully 
learned the patterns in the software, even if she did not correctly understand the 
associated mathematics. 
The Consequences of Memorizing 

Although Barbara worked diligently to memorize procedures to use with various 
problems and developed associations when she saw certain patterns or instructions, her 
understanding of mathematics was not very deep. When she faced problems she could not 
easily fit into a given pattern, she had significant difficulty answering the relevant 
question. 

While working to solve the equation  
 

2𝑥
𝑥 − 3 =

6
𝑥 − 3+ 3 

 
Barbara got the result – 𝑥 = 3. At that point, Barbara asked Dan to help her complete the 
problem. Dan helped her see that 𝑥 = −3. He then asked her a follow up question “What 
happens if you would’ve got an answer of 𝑥 equals 3” (30:8), reviewing a concept 
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covered earlier in the module where answers that would leave an expression undefined 
needed to be eliminated. Barbara, after clarifying the question, responded, “then that 
would’ve been the answer” (30:8). Dan followed up, “if you got 𝑥 = 3  so over here 
[pointing at the answer to the problem] you got 𝑥 = 3 instead of −3. If your answer was 
𝑥 = 3, would it work?” (30:8). Barbara starts flipping through her text, looked at another 
problem, then answered “Oh that’s a trick problem” (30:8). Dan asked her to elaborate 
and she started to consider the other example “Because look 𝑦 − 2 it’s just equal to 
𝑦 + 20. Wait these ones didn’t change though.” As Barbara started to discuss an 
unrelated problem and concept, Dan tried to keep her focused on his overall question of 
what happens when the calculated solution makes the original equation undefined (the 
solution makes one term undefined and is therefore an invalid answer). Using a similar 
example where the calculated answer is 𝑥 = 2 but it must be eliminated since 𝑥 − 2 is in 
the denominator of the original equation Dan pressed her: 

Dan  Mm mm what happens if you plug two into there? 
Barbara I’d get a positive number. 
Dan  No you don’t get a positive number. What’s two minus two? 
Barbara Oh it’s a zero. 
Dan  What’s two divided by zero? 
Barbara Zero. 
Dan  What’s two divided by zero? 
Barbara Zero. 
Dan  What’s two divided by zero? 
Barbara It’s two. Zero. 
Dan  No. No. No. More no. 
Barbara One.  
Dan  No. 
Barbara Seven. 
Dan  No. 
Barbara What’s your question? 
Dan  What’s two divided by zero? 
Barbara Two divided by zero is no solution. Undefined. 
Dan  Why is it undefined? 
Barbara [CHUCKLES] Because the limit does not exist. 
Dan  Exactly. That was a very calculus answer. Yay. 
Barbara I got it from Mean Girls. [LAUGHTER] (30:14) 

Barbara then described a scene from the movie Mean Girls where the protagonist, 
Lindsay Lohan, recalled that the limit of a given function does not exist. The line “the 
limit does not exist” was the climactic moment of the scene and allowed Lindsay Lohan 
to win a mathematics competition for her school. Although Barbara used the line from 
the movie accurately, it was clear that Barbara did not understand the notion of an 
undefined value based on her laughing and the increasing randomness, one and seven, of 
her answers. Her use of the line was the climactic moment for Barbara and the light-
hearted reference ended the interaction in laughter and halted further inquiry into her 
(mis)understanding of potential solutions needing to be eliminated because they leave the 
original equation undefined. 
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Barbara was able to pass her module exams after immediately completing the 
module or problems. However, she had difficulty succeeding in the same problems in her 
cumulative exams. Cumulative exams, which covered content from the previous five 
modules, required a grade of 70% or higher to pass. When asked if she had difficulty 
passing her cumulative exams, Barbara responded “this last one it took me five times. . . . 
It was horrible” (31:67). Barbara’s speedy completion of the modules through pretesting 
often caused her difficulty when she needed to take her cumulative exams, likely because 
of her focus on superficially and quickly advancing through problems. However, working 
through a pretest and taking multiple cumulative exams still gave Barbara a temporal 
advantage. Barbara’s difficulty with these exams further demonstrates that she focused on 
short-term retention of procedures rather than fully understanding relevant concepts. 

Discussion 

The case of Barbara demonstrates how forethought, reflection, and reaction can 
help students leverage their environment to be successful in passing an ICCC class. 
However, she also shows that passing the course may not also imply understanding 
mathematics. Overall, Barbara was adept at moving through modules using whatever 
means she could to complete the MATH075 course before the end of the semester. By 
learning how to think about the mechanics of the software and how the software defined 
success, Barbara was able to use the environment to her full benefit, and complete the 
developmental sequence in order to qualify her for college-level mathematics courses. 
Answer-Driven Course Format 

Community college students, having multiple responsibilities, must consider 
where to spend their time and energy. Barbara had multiple responsibilities outside of her 
academic ones. Consequently, she needed to manage her time while being able to, at least 
minimally, meet her other responsibilities. To do so, Barbara reflected on the structure of 
the software and realized that achieving her goal in MATH075 did not mean learning 
mathematics, or understanding, but entering the correct answer. Barbara, like many 
students in procedurally-based classes, may not have seen that there was more to 
mathematics than providing answers to questions.  

The structure of the course allowed Barbara to be answer-driven, rather than 
focusing on pondering the underlying foundations and connections within mathematics. 
Barbara’s actions and agentive acts were directed to what would help her pass the course, 
thus she actively disregarded anything that would take time and effort away from making 
the most progress in the shortest amount of time, including ignoring the video lectures 
unless model examples were demonstrated. Barbara also developed her own ways of 
understanding mathematics that, although did not make sense to her, allowed her to 
successfully advance. In this way, Barbara is a success story for MATH075 because she 
completed the course in the appropriate amount of time. Barbara, like many students, will 
meet the expectations given, the expectations inherent in the design of the course. 

These findings are supported by similar findings in other research on 
individualized mathematics learning. For example, Erlwanger (1973) described the 
mathematical learning of one student, Benny. Benny was a sixth grade student, working 
through an Individually Prescribed Instruction in Mathematics. Benny was regarded as 
one of the most successful students in the course, thus his teacher assumed that Benny 
understood his work. However, with scrutiny Erlwanger learned that Benny had created 
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his own mathematical world. His significant misconceptions aligned with the behaviorist 
program, and he was able to answer the necessary questions. Barbara is similar to Benny 
in that Barbara was able to progress through her mathematics curriculum with great 
success. Over forty years later, Barbara’s progress, while not as extreme, is similar and 
reinforces the limitations of the behaviorism inherit in MyMathLabs. 

Both programs sequenced the mathematics curriculum linearly wherein concepts 
were built from previous ones, required 80% mastery on exams to advance, and allowed 
students to advance at their own pace. Like Barbara, Benny had a very limited conceptual 
understanding of mathematics. When both students were pressed to explain their 
thinking, they each had developed their own set of mathematical rules. However, 
Barbara’s rules were centered on applying procedural steps based on the instructions, 
whereas Benny created his own mathematical world. Barbara, like Benny, warns of the 
consequences of focusing on answers rather than explanations. Both were successful in 
the course because they had learned how to answer correctly, not because they 
fundamentally understood the subject. While Benny may be a more extreme case, both 
students demonstrate a desire to put the seemingly unrelated ideas into perspective and 
use their agency to create a mathematical world to make sense of their studies. These 
students worked to make meaning of the arbitrary rules and procedures in their courses. 
An individual’s agency helps them achieve their goals, rather than making meaning out 
of their work and create mathematical understanding. 

In both cases the environment dictated that the answer was what is most 
important. Neither program required the student to explain their thinking or 
understanding. Without these mechanisms, Benny and Barbara focused on what they 
believed would help them pass the course. Therefore, both students directed their efforts 
to entering correct answers, to the point where they developed their own math rules, such 
as Barbara’s rules for canceling terms.  

Agency is based on reaching a goal. For many students, the primary goal in a 
mathematics class is to earn a passing grade. In MATH075, a student does so by entering 
correct answers. Consequently, students will focus on entering correct answers in ICCC 
classes. This supports research on student perceptions where 20% of surveyed students 
indicated that they could correctly answer MyMathLabs questions by guessing or 
mimicking the support features (Aichele et al., 2012). This encourages some students to 
focus their agentive acts on what the environment tells them will bring them success. In 
doing so, the expectation that students demonstrate their mathematical understanding by 
entering correct answers is faulty since students can learn how the software is 
programmed and enter correct answers. The assumption that correct answers is the same 
as mathematical understanding is faulty when students can “game the system”. 

When students reflect on the structure of an ICCC course and how to be 
successful, they may not see the value of understanding the concepts rather than 
memorizing rules the program is teaching since conceptual understanding undermines the 
ability to advance quickly. This course encouraged students to advance through the 
content by learning to work the system rather than understanding the content. This case 
of Barbara illustrates that students will direct their energy appropriately to meet their 
goal, particularly those who understand mathematics as entering the correct answer. 
When students become answer-driven, working through a challenging set of problems 
that requires significantly more time and effort is irrelevant. Without internal or external 
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motivators to have students focus on understanding, the structure of the course leaves 
little encouragement for students to focus on inefficient learning strategies that are not 
answer-driven. There was no reason to consider anything but the path of least resistance, 
particularly if other paths seemingly did not exist, and may be a distraction from the 
actual goal. 

This path of least resistance is a result of the assumptions inherent in 
MyMathLabs and many procedurally-based mathematics curricula. There is an 
assumption in procedurally based courses that mathematical manipulation will lead to 
conceptual understanding. MyMathLabs seems to support such a hypothesis but does not 
include conceptually focused activities, save for a multiple-choice test on vocabulary in 
the “Concept Checks”. Underlying this assumption could also be the belief that a more 
conceptually focused program is unnecessary for developmental students who need to 
master basic mathematics. Not only are these students not in a course where asking 
“why” is never a central question, but the content is deconstructed and prescribed to an 
extreme extent that asking such a question would be unnatural.  
Which Means are Necessary 

Barbara’s ability to leverage her environment in MATH075 demonstrates the 
various aspects of agency a student needs to be successful. Agency, the capacity to 
understand, predict and alter a person’s life, can be made more specific in this setting to 
see the types of agency Barbara needed to succeed in an ICCC course. Barbara managed 
to maximize all the resources of the software, her instructor, the staff, her job, the campus 
Tutoring Center, and even her diet to help her through the course. Barbara’s case 
demonstrates that agency might be parsed into mathematical, social, and affective 
agency.  
Mathematics agency. Barbara had a strong number sense and was easily able to discern 
patterns. She worked to develop connections in the problems, seeing how to apply one set 
of answers to another. It was Barbara’s skill in arithmetic and pattern recognition that 
helped her be successful in MATH075. 

Mathematics agency, or the capacity to understand mathematics is a necessary 
skill to be successful in this course. Without at least some minimal mathematics skills, 
Barbara would have had a difficult time working through the modules as quickly as she 
did. Barbara didn’t have an area in the course where she was significantly challenged. 
She stumbled, and had difficulty, but there was nothing that was overly difficult for her. 
This case demonstrates the advantage that students with some mathematical capabilities 
have. Having arithmetic skills and algebraic understanding helps students focus on 
manipulation and processes that are necessary in an environment where much of the 
content must be worked through independently.  

It is possible that ICCC classes are more appropriate for students with a 
fundamental understanding of basic arithmetic and algebra and need to review the content 
to meet requirements than for students who lack basic mathematics skills. This may 
explain why short computer interventions are successful (Li & Ma, 2010).The touted 
success of ICCC classes for developmental students could be due to, not the ability to 
help struggling developmental mathematics students improve their mathematics agency, 
but because students may be erroneously placed in developmental mathematics classes 
(Belfield & Crosta, 2012). Belfield and Crosta’s analysis of reading and mathematics 
computerized placement scores found that up to one-third of students placed in 



BARBARA 101 

developmental courses had the ability to succeed in college-level courses. Students who 
are succeeding in ICCC mathematics courses may already possess the necessary 
mathematics skills and agency to pass these courses. 
Social agency. Barbara also had tremendous social agency, her capacity to interact with 
others to achieve her goal. Her ability to interact with the staff and her supervisors at 
work contributed to her ability to be successful.  

Barbara deftly balanced her needs and pushed her environmental (interpersonal) 
resources to their limits which helped her continue to work on her mathematics. For 
example, if Barbara’s jobs did not allow her to manipulate her schedule as she did, she 
could have been fired. Barbara’s use of her social skills to manipulate her work schedule 
is a testament to how well her relationships with her supervisors helped her achieve her 
goals since most employees do not have such privileges. Barbara was aware of the 
various limits in her life, and although she may have come close to them, she did not 
push them to the point of suffering from adverse consequences.  

In this environment, students need the help of support staff to sort through their 
confusion or answer their questions. The ability to feel that staff understands your 
questions and get them to spend time working to help you succeed is helpful for success. 
Staff helps sort through problems, provide encouragement, gives insight into the course. 
All of these factors help the student advance. 
Affective agency. Along with Barbara’s social and mathematical agency, Barbara had 
the ability to leverage her own affective agency to help her be successful. By calling on 
her affective strengths, Barbara was able to maintain her resolve to be successful. 

Barbara had a strong sense of determination to finish. She also had the ability to 
consider her own personal stumbling blocks, for example, her inability to focus, and work 
through / around it. In this way, Barbara’s case demonstrates how various needs must be 
balanced in order to achieve a given goal. 

Students in a course where they work relatively independently must be able to 
persevere and motivate themselves to keep working. Barbra demonstrated a sense of 
affective agency that could be characterized as “a passionate commitment to a single 
mission and an unswerving dedication to achieve that mission”, namely grit (Tough, 
2012, p. 74). Grit is a term that encompasses characteristics such as perseverance and 
self-control. These characteristics helped Barbara maintain her focus on her studies, and 
supported her success. Affective agency was significant in helping students succeed by 
allowing them to balance their personal needs with their objectives. 

Agency may be parsed into at least three different types that support students’ 
ability to succeed in MATH075. Mathematical, social, and affective agency were a 
means of understanding the various capacities of students and their ability to succeed. 
How these various agencies work together or are necessary is a line of further 
exploration. 
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DISCUSSION 

This study explored student’s agentive moves in a computer-based instructional 
setting. Three students, Eduardo, Hector and Barbara, were observed and interviewed to 
understand their agentive acts as well as how their previous experiences and future goals 
contributed to their progress through the course. In this chapter, I discuss my findings 
relative to my participants in a cross-case analysis that responds to my research questions. 
Implications for research are included. Limitations of the study, and how they were 
addressed follow. I then discuss recommendations for instructors and administrators who 
are considering or are using a similar ICCC mathematics model. The chapter concludes 
with future research questions and a conclusion. 

Major Findings 

The purpose of this study was to address the research question: How do 
marginalized students in a developmental-level ICCC mathematics class leverage their 
agency to navigate the ICCC classroom in order to achieve their goals? To do this, I 
focused on three subquestions: 

a. What agentive moves do students make when working through a module? 
How do these agentive moves connect with successful completion of a 
module? 

b. How does the environment of the ICCC class contribute to students’ 
choices? 

c. How do a student’s past, present, and anticipated future inform or 
contribute to student agency in an ICCC classroom? 

Each of these subquestions will be discussed separately, culminating in a response 
to the general research question. 
Students’ Agentive Moves  

What agentive moves do students make when working through a module? How do 
these agentive moves connect with successful completion of a module? 

This study uses student’s agentive moves to understand students’ efforts toward 
success in MATH075, where success was based on navigating MyMathLabs and 
advancing in MATH075. Findings indicate that the students who were most successful 
were most adept at leveraging a variety of resources to help them work towards their 
goals. Barbara’s success and the progress Hector was able to make to Module 20 were 
based on the variety of resources they used in the software, their ability to rely on the 
staff, and their range of responses when challenged. Both students used intention, 
reflection, reaction, and forethought to play a role in negotiating the environment and 
circumstances that arose.  

Intention helped drive the students by specifying their goals and the general plan 
by which the goal will be accomplished. Intention shapes the student’s progress and is a 
necessary first step for actions to be agentive since agency is one’s capacity to act in a 
deliberate manner. Without intention, the student’s actions cannot be considered 
agentive. Whether an individual publicly declares their intention is irrelevant. However it 
was each individual plan that shaped how the student proceeded. Barbara’s plan was 
focused on passing pretests, or being as efficient as possible. Eduardo’s plan was 
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centered on being independent by working outside of class and relying on the software 
for help. Hector’s plan was not specific, but seemed to have been based on his previous 
successful experience in the class. Each student’s plan outlined how he or she would 
leverage the structure of the course to achieve his or her goal. MATH075 provides a 
framework for how students should work through the course. However it is up to the 
individual student to create his or her own goal and plan for the course. This is one of the 
strengths of the course. Students could pretest often as Barbara did, work when their 
schedule would allow as Eduardo did, or leverage multiple resources to ensure they 
understood the material as Hector did. Individualization and flexibility helped the 
students construct their plan based on their personal needs. Although intention is 
necessary for one’s actions to be considered agentive, Eduardo demonstrates how 
intention cannot stand alone. His focus on his macro goals, and the plan to achieve his 
micro goals did not help him when his circumstances were changed.  

Forethought helped anticipate and stave off potential barriers that would prevent 
the goal from being accomplished. In the case of MATH075, students’ forethought was 
mainly focused on maximizing seat time by anticipating one’s upcoming schedule to take 
advantage of upcoming opportunities, or stave off incidents that would limit time. Hector 
also used forethought to work on extra problems to pass his exams so he would not have 
to complete extra assignments. Barbara’s intention to complete the course was also an act 
of forethought since she was trying to save the time and money of registering for the 
course again. This agentive characteristic requires a level of familiarity with the setting. 
Eduardo did not display as much forethought as either Barbara or Hector, perhaps 
because he was new to both MATH075 and Mountainscape. Without the previous 
experience, he may not have realized how important it was to manage his progress 
irrespective of his personal challenges with transportation.  

Reflection helped the students consider their actions with respect to their progress. 
For example, Hector used reflection to consider his progress and whether he felt he 
understood the material well enough to progress or to work through his anxiety and 
personal challenges. Barbara’s reflective acts were focused on answering problems 
correctly. Again, Eduardo was rarely reflective, unless he was focused his macro goals. 
His limited reflection did not even help him, as demonstrated after his conversation with 
Shaun. Reflection helped each student place his or her actions into perspective, with 
respect to their overall plan. This perspective helped the student realize how their 
previous actions shaped their situation.  

Finally, reaction helped the students negotiate any moments of challenge in real 
time. Reaction also is seen in the small decision-making moments that students make to 
progress towards their intention as it is the response to information the student receives 
with respect to their intention. Reaction could be as incidental as using a calculator, or as 
significant as ceasing to attend class. Overall, reactivity actively drove the student 
towards or away from their overall goals. Eduardo’s focus on intention did not help him 
react when his fundamental plan of working at home was no longer tenable. Here 
Eduardo demonstrates the effects of not reacting to changing circumstances.  

Overall these agentive characteristics worked in tandem to help the student 
progress through the course. Students who did not rely on, or did not have the experience 
to leverage one or more of these characteristics limited their capacity to act when 
challenged. Intention established the student’s progression. Forethought required the 
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student to be reflective on the effects of the upcoming challenge and then react to respond 
to it. Oftentimes, reflection was a precursor to reaction, since students would consider 
their progress and then react appropriately, such as practicing more questions to solidify a 
procedure. Reaction can also alter intentions as Eduardo changed his micro goal in order 
to maintain focus on his macro goal. These agentive acts did not always stand alone and 
may have triggered others based on circumstances. 

All four agentive characteristics were necessary for students to succeed; however 
some were more essential than others. A student establishes his or her intention when 
they register for a course, one can assume that they have the goal of passing the course. 
Their plan can be dictated by the structure and norms of the course. Consequently, 
although intention is essential for agency, in an ICCC course registration could be the 
first and only act of intention a student takes. Similarly, forethought is required for 
anticipated challenges and opportunities. Thus, students whose lives are generally stable 
do not need forethought to help with their successes. However reflection and reaction 
overall were the acts that contributed to success or failure. Barbara’s constant reflections 
on and reactions to incorrect answers and how best to leverage her environment helped 
her make progress. Hector’s greatest challenge occurred when he could not adequately 
reflect on and react to the algebraic challenges he had. Eduardo’s minimal reflection on 
his progress and reaction to his inability to progress were significant barriers for him. 

These findings also demonstrate how a student’s agentive moves were limited. 
When a student’s ability to act is limited, they cannot respond to challenges that occurred, 
thus limiting their ability to advance in their studies. Hector was not able to complete the 
course because he could not appropriately reflect on how to transform his unknown 
unknowns into known unknowns. His repertoire of agentive moves did not help him 
make that change, and he was not able to get the appropriate support from MyMathLabs 
or the staff. Hyper-linearity also limited students’ agency by determining what content 
they could access, even when they had the mathematical capabilities to succeed in that 
area. By limiting student’s agentic possibilities, the student’s ability to work around new 
barriers, and achieve their goals are diminished. An imbalance in student’s agentive 
moves may prevent them from continuing to make progress. 
Implications 

The case of Eduardo has significant implications for this work. Eduardo, who 
made very little progress while he attended MATH075, was focused on his intentions but 
failed to engage in other agentive moves. In the previous chapter where Eduardo was 
introduced, I discussed how his assumptions about the course structure did not align with 
his weak mathematics skills. However, there may be other reasons that contributed to his 
lack of success. Although Eduardo did not consider Shaun’s actions trustworthy, the 
subtleties in their interactions suggested that there were further explanations for 
Eduardo’s lack of progress. Eduardo may have underestimated the challenges of enrolling 
in Mountainscape, and was frustrated to be told about how little he was getting done. 
Thus his inability to cope with his struggles may have contributed to his challenges, 
particularly since seeking support helps students cope with stress (Phinney & Haas, 
2003). Eduardo may have also been so committed to his macro goal that he did not 
consider the feasibility and need to consider challenges in his plan, including the micro 
goal of passing MATH075 (Bandura, 2008). Eduardo’s framing that he had altered his 
micro goals and no longer needed MATH075 may have helped him save face (Goffman, 
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1967). Overall, Eduardo’s case requires further scrutiny to further explain his challenges. 
Other framings that could help explain Eduardo’s challenges are outlined below.  

MyMathLabs and the structure of MATH075 provided students multiple 
opportunities to advance in their work, yet when students encountered significant 
challenges, they were unable to overcome them. Course designers need to be able to 
identify and provide resources that can help students when challenged. Instructors are 
required to intervene when a student fails an exam multiple times. How can we identify 
when a student’s capacity has reached a limit? What resources can we provide for 
students? Should those interventions occur more often? There is a balance that needs to 
be met between students being provided too many resources, and too few.  
The Environment and Student Choices 

How does the environment of the ICCC class contribute to students’ choices? 
The software of MyMathLabs and the structure of MATH075 have inherit 

assumptions that can adversely affect student progress. There is a significant amount of 
reading required for students who use MyMathLabs and students must therefore have the 
ability to read and make sense of these texts, limiting their ability to advance 
mathematically. Oftentimes this is not the case as many students in developmental 
mathematics also have difficulty reading (Bahr, 2007). Although all students are required 
to work on their coursework outside of class, MATH075 assumes that students are able to 
work at home or in the computer lab when it is open. A student balancing a full load of 
classes, and a job may not be able to work on MyMathLabs until the evening. It would be 
difficult for that student to find time to work if they do not have a computer and high-
speed internet at home, something which is not uncommon for marginalized populations 
(Katz & Gonzalez, 2016). Thus there is an assumption of resources. Students are assumed 
to know the basics of arithmetic by not allowing a calculator on early modules. Although 
the course structure has a protocol to support such students such as access to a 
multiplication chart, that information was not passed to Eduardo, limiting his opportunity 
to access the support necessary for him to advance. Shaun also assumed that Eduardo’s 
progress was related to seat time, but did not consider challenges he had with content, 
leaving Eduardo unsupported. These assumptions limited the choices students had to 
work through the program. 

The MyMathLabs software is behaviorist and procedurally focused and 
decomposes the mathematics content so that students do not have the opportunity to 
make connections between ideas. Hiebert and Carpenter (1992) argue that understanding 
in mathematics occurs when students make connections between ideas, procedures, or 
facts. Such connections are difficult to make when the student is required to keep 
working on a set of problems until they can correctly respond to the problems using a 
specified procedure. 

Hector was able, with varying degrees of support, to work through the content, 
but could not realize that his understanding of algebra was the cause of much of his 
trouble. This structure assumes that the tools in the software can help students make 
connections between topics or to clarify confusions that are clear enough for students to 
make sense of them and use them. Eduardo was able to work through individual 
problems, but did not recognize that he needed to focus on his arithmetic. The content of 
MyMathLabs was so precise and prescriptive that students had a difficult time seeing the 
larger picture of the mathematics. By establishing a problem-by-problem approach, the 
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unifying ideas underlying mathematics are eliminated. Consequently, students may have 
a difficult time making progress if underlying challenges are not addressed, leading to 
failing the course. This failure has a long-term effect on the choices they have at 
Mountainscape. 

One aspect of the environment that contributed to students’ choices was how the 
staff, including instructors, focused their attention on the students. In particular, although 
the environment of MATH075 allowed all students to ask for help in a very equitable 
manner, by placing a blue cup on their monitor, the support they received was not always 
equitable. Although instructors were not required to interact equitably with students, the 
differences in student-instructor interactions can have significant effects on their progress 
(Lisa D. Delpit, 1992). Barbara’s interactions with Dan and the rest of the staff were an 
anomaly in MATH075. The attention paid to Barbara to support her progress was 
dissimilar to how Dan interacted with his other students. Although Dan did speak to and 
work with other students, his time with Barbara was noticeably longer. Shaun’s 
interactions with Hector addressed his mathematical challenges, and were generally 
encouraging. His interactions with Eduardo were centrally focused on progress and were 
increasingly brief due to Eduardo’s attitude. The attention each student received differed, 
and helped support or discouraged students from maintaining their progress. Although it 
is unnatural to treat everyone we counter in an equitable manner, this study demonstrates 
the effects of treating students differently. Barbara’s ability to progress was certainly 
enhanced by the attention and encouragement received both by her instructor and other 
members of the staff. Eduardo’s isolation was due to his reluctance to rely on others, but 
was also due to Shaun’s focus on Eduardo’s lack of progress.  
Implications 

The assumptions in the MATH075 environment, including those outlined above, 
may contain factors that are not related to students’ understanding of mathematics but can 
significantly affect their progress. Uncovering these assumptions in the classroom can 
further help students fully leverage their agency to help them advance in their studies. 
How these assumptions affect student success should be further explored. By researching 
such areas, further inequities that contribute to student failure can be addressed. 

Both Hector and Eduardo indicated their positive feelings about MATH075. 
However, when they experienced challenges, both students indicated a sense of isolation 
about the course environment. Since students were able to work at their own pace, there 
was no peer to turn to for support. These feelings of isolation may contribute to students 
feeling alienated, ultimately leading them to stop attending the course (Barnhardt & 
Ginns, 2014). How the course environment, designed to help the student work 
independently (another assumption), could foster a sense of alienation is an area where 
further research is needed.  
The Influence of a Student’s Past and Future 

How do a student’s past, present, and anticipated future inform or contribute to 
student agency in an ICCC classroom? 

This research question was initially composed while collecting the pilot data for 
this dissertation. The subject of the pilot, John, had two very significant occurrences in 
his childhood that strongly contributed to his experiences in MATH075. These 
occurrences were so influential to John’s identity that John’s successful progress through 
MATH075 played a significant role in redefining his identity. Consequently, the initial 
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intent of this research question was to explore significant actions in the past or motivators 
in the future that could contribute to or influence the student’s agency. 

In contrast, none of these three case study participants demonstrated the same 
connection to past incidents. The only such incident that shaped student actions was 
Eduardo’s focus on his intention to own a Maserati and be a CEO in the future, which 
was discussed earlier. This desire first brought him to Mountainscape and was the central 
motivator that Eduardo had to be successful. However, Eduardo’s macro goal was 
situated so far into the future that the micro goal of passing MATH075 was not essential. 
Indeed, attending Mountainscape did not have to be a necessary component of his overall 
plan. This finding supports the notion that student’s goals must be scaffolded sufficiently 
so each micro goal is both achievable and contributes to the larger plan (Bandura, 2001). 

Overall these students’ present experiences, like those of many others, are a result 
of small incidents and occurrences in their past, rather than major milestones in their 
history. These incidents contributed to their general present circumstances. One major 
component of their personal history was their previous mathematical learning that 
contributed to their placement in developmental mathematics. Both Eduardo and 
Barbara’s previous mathematical experiences left them challenged and unable to place 
into college-level mathematics. Hector did complete an algebra sequence in high school, 
however his weak algebra skills demonstrate how he was poorly served by his education. 
These previous mathematical experiences were likely procedurally based and contributed 
to understanding mathematics by focusing on answers. 

The messages students received in their formative education about where they 
belonged also likely contributed to their agency in the MATH075 classroom. For 
example, Eduardo’s previous experiences with a computer program that helped him work 
through his high school courses may have contributed to his impression that 
MyMathLabs was self-contained, leading him to shun Shaun’s attempts to support him. 
Barbara’s attempts at enrolling in college demonstrate a certain understanding of how to 
navigate postsecondary institutions (Cole & Espinoza, 2008). Neither Hector nor Eduardo 
had indicated a long-held desire to attend college. Thus, Barbara’s past may have 
provided her with the cultural capital necessary to understand the difference between 
understanding the content and entering the correct answer, which would help her 
progress. For Barbara, completing the course was more important than understanding the 
content. In this study, the only student to pass, Barbara, was the one who had initially 
intended to go to college. Whether or not Barbara was on a college-track in high school, 
that initial intention may have provided her with knowledge or skills that contributed to 
her success. 

Finally, since students come to MATH075 with little mathematics capabilities, 
they drew upon their affective agency to help support their learning. Barbara’s work 
schedule and responsibilities required her to consider how precious her time was and how 
she could make the best use of it to progress in MATH075. Her social agency helped her 
build relationships with her instructor and the staff to support her mathematical learning. 
Hector’s ability to reflect on and react to an anxiety attack allowed him to develop coping 
mechanisms for his stressors. Eduardo had the family support that helped him come to 
Mountainscape while his car was inoperable. Each of these students leveraged their own 
personal resources from their present circumstances to provide them with the space, time, 
or ability to advance in their mathematical progress. 
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Implications 
Students need to consider how achievable their goals are. Business practices 

suggest that goals should be specific, measurable, assignable, realistic, and time-related 
(SMART) (Doran, 1981). SMART goals provide a framework to consider the feasibility 
of the goal. If goals are too far into the future, or are not realistic, which we could argue 
that Eduardo’s macro goals were, then the likelihood of achieving the goal is reduced. 
Consequently, students may need support to consider the aspects of these goals.  

Barbara’s academic capital, her “social processes that underlie family knowledge 
and educational options, strategies to pursue them, and career goals that require a college 
education” (John, Hu, & Fisher, 2010, p. xiii), were based on her initial intention to 
attend college, and demonstrated in her ability to navigate Mountainscape’s resources. 
This study demonstrates how academic capital affects student agency. Agency, defined as 
the capacity to change a person’s destiny, is in part related to the capital students possess 
in that environment. If an individual has significant academic capital, they possess the 
knowledge and ability to successfully act, influencing the extent of agency the student 
possesses. That academic capital may, in part, be gained from access to middle class 
norms and institutions. Those denied such access become marginalized.  
General Question 

How do marginalized students in a developmental-level ICCC mathematics class 
leverage their agency to navigate the ICCC classroom in order to achieve their goals? 

The previous subquestions address the three aspects of social cognitive theory 
(SCT) by focusing on a student’s agency (behavior), their environment, and personal 
factors (through their past experiences and future goals). SCT posits that an individual’s 
environment, behavior, and personal factors effect and are affected by one another. 
Agency, according to Bandura, resides in the realm of SCT. This study demonstrates how 
environment and personal factors interplay with behavior (agency) in the MATH075 
classroom. The agentive acts of Eduardo, Hector, and Barbara illustrate these claims. 
Here, these findings are revisited, specifically exploring the interrelationships between 
the questions. 
Personal factors and behavior (agency). Personal factors were focused temporally on 
the student’s past, present and future. Behavior was explored using the four 
characteristics of agency, intention, forethought, reflection, and reaction. The findings 
demonstrate how the frameworks of Emirbayer and Mische (1998) and Bandura (2008) 
interact by demonstrating how an individual’s past, present and future (their personal 
factors) contribute to and inform their agentive acts (behavior). Although an initial 
consideration of the future, in the form of intention, is necessary, once the student begins 
MATH075, the student’s perspective on the future, in the form of forethought, takes a 
more minimal role compared to their focus on the past and present, through reflection and 
reaction. Overall, reflection and reaction, or the past and present circumstances, 
contributed significantly to Eduardo and Hector’s lack of success.  
Behavior (agency) and environment. One malleable area of the MATH075 
environment that effected and was affect by student agency was staff interactions. Both 
Barbara and Eduardo’s interactions demonstrate a feedback loop between the individual 
and the environment. Barbara’s interactions with the staff helped her advance in her 
work. Her personality led to Dan initiating multiple conversations that positively 
contributed to her progress. Contrasting this was Eduardo and Shaun’s relationship that 
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deteriorated after Shaun provided Eduardo with constructive feedback on his lack of 
progress. Eduardo consequently felt alienated and was not responsive whenever Shaun 
initiated a conversation. Over time, Shaun continued to make attempts to reach Eduardo, 
but spent less time speaking with him since Eduardo’s actions discouraged interactions. 
The level and quality of the interactions between students and members of the staff were 
co-created.  
Implications 

This research question considers how students leverage their agency to navigate 
the ICCC classroom. Overall, this work demonstrates that agency related to being a 
student is different from agency related to being a learner, in particular a learner of 
conceptual mathematics. In particular, this work emphasizes how goals affect agency in 
that success (the goal) was defined based on working through MyMathLabs and passing 
MATH075 rather than learning conceptual mathematics. Barbara was a successful 
student because she passed the course, but was not a successful mathematics learner. 
Hector attempted to be a successful learner, but was unsuccessful at both being a student 
and a learner. Eduardo did not have success in either category. Although the focus in this 
study was on how students navigated this classroom structure, not on mathematics 
learning, it begins to answer Jeremy Kilpatrick’s (Alexander, Spencer, Kilpatrick, & 
Berliner, 2016) call to further address student learning in mathematics education. 

Limitations 

While collecting data for both the pilot and this study, a significant portion of 
students in the class declined to participate. These students indicated that their fear of 
math and anxiety made them uncomfortable being observed. Consequently, the 
experiences of students with mathematics anxiety were not captured in this study. It is 
possible that many students in developmental courses may suffer from significant 
mathematics anxiety or may have had previous experiences which would likely limit their 
agency that researchers should explore to help support these students. Eliminating this 
population of students also removes the ability to explore any possible feelings of shame 
that may be associated with taking developmental classes and how that contributes to 
students’ agentive acts. To include such students in future studies, I suggest that data 
collection be modified to eliminate or minimize the presence of the researcher by 
observing the student from further away, recording student writing and actions using a 
body camera or other recording device.  

As this was a study on agency, another limitation could be how students modified 
their behavior because they were being observed or asked to reflect on their actions and 
experiences. To mitigate the effects of my presence on my participants’ actions, I 
attended class on days I did not collect data so I was available to help students and make 
them feel comfortable with me. I also positioned myself as a safe person to speak to 
about mathematics by answering students’ questions and making note of the difficulty of 
the material.  

Another challenge posed during data analysis was the challenge of discerning 
whether datum should be labeled as an act of reflection or reaction, particularly when 
analyzing a participant’s mathematics work. These specific instances were consequently 
not labeled as agentive, rather datum was used to illustrate the student’s mathematics 
work and how their agentive acts contributed to his or her progress. Further development 
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of this framework would need to consider whether learning is a metacognitive act 
(reflection) or a response to previous experiences (reaction). Since this study equated 
learning with success in MyMathLabs, this limitation does not significantly challenge the 
findings of this study. 

Finally, students’ agentive moves were categorized as such based on their 
behavior and utterances. For example, Barbara ate often at her desk, violating one of the 
class rules. When she ate, I labeled that action as “reaction and forethought” because she 
indicated her reason for eating was a source of energy (forethought) and a way to help her 
focus on her work (reaction) (33:38). Although Barbara was the only participant to snack 
at her desk, both Eduardo and Hector had water or a drink at one time or another at their 
desk. Only Barbara and I discussed the circumstances around her eating, thus allowing 
me to label her actions as agentive. Consequently, the participants in this study could 
have been more agentive in their behavior without any outward indication, preventing me 
from labeling the action.  

Similarly, this study by way of eliciting students’ thoughts and experiences 
through interviewing may have made students more reflective in their actions or 
considerations. For example, Eduardo was asked about his previous learning experiences 
in the initial interview. In our second formal interview, several weeks later, Eduardo 
revisited the topic to share new insights over his high school experience. Whether this act 
of reflection was triggered by my initial interview or by thinking about his current 
experiences as a college student, I cannot say. However, interviews by nature request that 
the participant reflect on their experiences. Since reflection is a major component of my 
theoretical framework, the increase in reflective acts must be elucidated. 

Recommendations for Practice 

The design of MATH075 provided students with a way to work through a 
developmental mathematics sequence by providing individualized content and flexibility. 
However, there are multiple aspects of the course design that limited student’s agentive 
acts or otherwise prevented them from making progress in their learning. The challenge 
of developmental education is real. Students also carry their previous learning 
experiences and anxieties into this setting. MyMathLabs was designed in an attempt to 
rectify these challenges through a behavioristic procedural format. Indeed, I believe that 
MyMathLabs is the perfection of the lecture-based mathematics classroom rather than 
being a student-centered environment. Content is presented, usually in small increments. 
Students do not have the opportunity to experiment or develop their own knowledge. 
Rather they, once again, see mathematics as being focused on rules and procedures. This 
research demonstrates that MyMathLabs is not the “silver bullet” (Twigg, 2011) it is 
purported to be. How then can we improve this course? 

MyMathLabs and MATH075 provided significant opportunities for students to 
practice their mathematical mechanics. Both Hector and Eduardo’s work demonstrate this 
need. However, Hector and Barbara also demonstrate how mathematical understanding 
can be missed or completely ignored in this setting. By incorporating MyMathLabs into a 
course setting that can leverage its affordances while balancing its shortcomings, perhaps 
we can continue to help developmental students succeed. Such a balance could be 
achieved in a hybrid course that could provide structures and activities to develop 
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conceptual understanding while using MyMathLabs to help students practice the 
mechanical aspects of mathematics, including algebraic manipulation. 

This research suggests that using MyMathLabs in a course where students must 
make sense of their mathematics learning can help them answer their questions and 
develop connections in the topics. One way to do this would be to assign MyMathLabs as 
the course text and assignments, as it is in MATH075, but require students to also meet to 
explore richer problems to place the work in context. Such problems would have multiple 
access points and be solvable through different means using various procedures. Since 
students would be working through MyMathLabs at their own pace, these projects could 
be considered in a group setting (Cohen, 1994; Lotan, 2003). Such a setting could also 
explore activities to develop mathematical reasoning and provide a feedback mechanism 
where students can make sense of their learning and provide a way to illuminate 
confusion. Such a course format may also reduce the perception of mathematics being an 
answer-based subject and would better align this developmental mathematics curriculum 
with the skills students will need in higher-level mathematics courses. 

It cannot be emphasized enough that for such a course format to be successful, 
advanced experienced instructors should prioritize working with developmental students. 
All too often, community colleges rely on adjuncts and part-time faculty to service their 
developmental courses (Datray, Saxon, & Martirosyan, 2014). These instructors may not 
have the appropriate pedagogical content knowledge to address student challenges and 
needs. The students with the greatest needs should also have the opportunity to learn 
from the best faculty; their success could depend on it. 

Future Research 

There are multiple directions for future research that this study inspires. The 
discussion sections in all three findings chapters as well as the implications outlined 
above include ways in which agency can be further used as a framework to explore the 
computer-centered mathematics environment.  

Bandura’s framework lists four characteristics of agency. However these four 
assume that the individual has some ability to pursue or act upon them. For example, an 
individual cannot travel through time irrespective of their intention, forethought, 
reflection, and reaction. However, that intention may lead to other serendipitous gains. 
An individual may not yet have the mathematical ability to succeed, and be able to 
bypass needing those skills through their agentive acts, as Barbara did. Other times, there 
may be indeed physical or cognitive limits that would prevent an individual from 
achieving their goals, such as an individual in a mathematics class with severe 
dyscalculia. Yet, there are other instances where actions reside just beyond an 
individual’s capacity to act, such as Hector’s unknown unknowns. Further exploration 
into these differences, and how these limits of agency can be distinguished are necessary. 
Research can also explore how to support determining a student’s unknown unknowns 
and how to make them into a known unknown.  

Although this study recognizes issues of equity that are underlying in this work, a 
framework which centralizes issues of equity, social justice and access can also be used 
to analyze these data. The challenges that students encounter in a text heavy environment 
may be a barrier for some students as discussed above. Such challenges would affect 
English Language Learners as well as students with reading difficulties. Another barrier 
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results for rural schools or individuals who may not have high-speed internet access to 
easily work through the software. Further barriers could include access for students of 
varying abilities, such as those who are blind or deaf. Computerized software needs 
significant attention to be more accessible for differently-abled individuals. I believe both 
MATH075 and MyMathLabs would benefit from an analysis of the software’s 
accessibility features. The structure of this course could also be explored using critical 
race theory. Such a study would consider how this structure continues to maintain 
societal inequities, particularly since procedurally focused ICCC courses are more likely 
to be found in developmental courses, where many students of color are placed.  

Along with considering issues of equity and access in the ICCC space, further 
explorations could consider issues of gender. In particular, there were many indications 
during data collection where Eduardo’s reluctance to ask for help could have been 
explained by a masculine sense of independence, which rejects displaying weakness 
through uncertainty. The main way a student can signal a need for help in MATH075 is 
by placing their cup on a monitor, or by having a member of the staff sit with them. Such 
a mechanism is an equitable way for students to request help. However, these public 
displays may dissuade students from participating, feeling uncomfortable with such a 
public display for help. As we make progress in a classroom environment, for example by 
providing a mechanism which equitably helps students ask for support, we must continue 
to ask what students are being marginalized and how can we support them as well.  

Finally, this dissertation was not focused on student learning but on how students 
progressed through MyMathLabs and MATH075. However, this work lays the 
foundation to further explore where learning resides from an agentic perspective. 
Barbara’s learning was demonstrated by her ability to react to various questions and 
provide the correct answer. Hector’s learning was more reflective, focused on his overall 
body of work and how he was unable to progress even if he was successful on individual 
questions. When working with students, is learning a reflective or a reactive act? How 
does learning as a reflective act, contribute to learning as a reactive act and vice versa? 
MyMathLabs, and many other curricula are procedurally based, focusing on helping 
students learn the correct process to answer a question. How does such a reaction-based 
pedagogy lead to reflective thinking about mathematics as a whole? 

Conclusion 

But little Mouse, you are not alone, 
In proving foresight may be vain: 
The best laid schemes of mice and men 
Go often askew, 
And leave us nothing but grief and pain, 
For promised joy! 
 
Still you are blessed, compared with me! 
The present only touches you: 
When—ouch! I backward cast my eye, 
On prospects dreary! 
And forward, though I cannot see, 
I guess and fear! 
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Robert Burns’ (1785) poem was a letter written to a mouse after Burns destroyed 
its home, which was necessary for its survival. In this translation, Burns demonstrated 
pessimism towards agency, where foresight was in vain, intention went askew, reflection 
was dreary, and reaction pushed an individual forward. The field mouse was susceptible 
to incidents beyond its control that could destroy its home, leaving the mouse unable to 
survive the winter. Burns demonstrates how agency can be limited or removed altogether 
by outside forces. This feeling of futility must not accompany this work or other work 
focused on the developmental student. Rather, this work should demonstrate how the 
ICCC structure detrimentally affects student agency and work to remedy it. 

My goal in this dissertation was not to write about the culture of failure (Martin, 
2000). These cases were not recruited in an attempt to highlight how students fail in 
developmental ICCC mathematics classes. Rather, this exploration was an attempt to 
understand student actions and agency. This research demonstrates the various forms of 
agency students bring and leverage in the ICCC mathematics classroom in their attempts 
to be successful. Overall their efforts may be limited, or directed inappropriately due to 
the structure of the software and course. Research should explore such results to 
reconsider how to make student’s experiences even better. Such research must consider 
how the overall structure of the course and institution continues to promote a culture of 
failure by not building on students’ existing agency to help them achieve their goals or 
expecting previously unsuccessful students to possess the academic capital necessary to 
succeed. In doing so, legitimate attainable opportunities for all students may be provided, 
allowing the actual inequities in community colleges to disappear.  

When significantly modifying the format of a course, educators and course 
designers must abide by an educator’s Hippocratic Oath to “do no harm” and to learn 
from errors (Stewart, 2014). This is accomplished by not accepting failure for any 
students, not focusing on passing rates while discounting failure rates. I believe this 
directive is particularly important for developmental students. These students oftentimes 
take a significant risk, both economic, in the form of school loans or missed wages, and 
emotional, by the amount of time and effort dedicated, in the hope of passing these 
courses and working towards the degree, certificate, or credential of their choice. By 
virtue of being in developmental education, such students clearly require all possible 
supports to make their intentions a reality. 

There is the assumption that students need flexibility and individualized learning 
in developmental courses; these needs are addressed by ICCC and are a way in which the 
ICCC format perfects the traditional lecture. However, this research demonstrates that the 
question of how to best help developmental students remains open. Like the field mouse, 
students in developmental courses are susceptible to external forces outside their control, 
such as hyper-linearity or not having critical supports when they reaching the limits of 
their agency. However, unlike the field mouse, educators can help to control such 
external forces, supporting students and helping them leverage and expand their agency 
so they can achieve their goals. It is the educator’s role to do so. This work demonstrates 
how these assumptions may be necessary for some, but others are still being weeded out, 
rather than being nurtured. Failing students in developmental mathematics defeats the 
purpose of developmental education; we must continue to strive to help these students 
build on and use their agency for success in developmental education and beyond. 
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APPENDIX A: 

INITIAL STUDENT SURVEY 

This survey will help provide information for the study “Student Agency in a Computer-
Centered Mathematics Class.” This information will primarily be used to recruit students 
for further case study. 
 
* Denotes a required question. 
 
*What is your CRN? 
 
About you... 
Help me learn about you for this research project. 
 
*Name 
*Age 
*Gender 
Race / Ethnicity  
*What was your approximate income last year? Mark only one oval. 

• Less than $10,000  
• Between $10,000 and $15,000  
• Between $15,000 and $20,000  
• Between $20,000 and $25,000  
• Between $25,000 and $30,000  
• Between $30,000 and $35,000  
• Between $35,000 and $40,000  
• Between $40,000 and $45,000  
• Between $45,000 and $50,000  
• Between $50,000 and $80,000  
• Greater than $80,000  
• I am supported by someone else (parent, partner, etc.)  

*Phone Number 
Enter your phone number as (XXX) XXX-XXXX so I can contact you for further 
participation in this study. 
*Email Address  
Please include an email address so I can contact you for further participation in this study. 
 
About your parents... 
For these next questions, you should think of your primary parental figures. This may 
include a mother, father, grandparent, step-parent, adoptive parent, relative, etc. These 
parental figures were the people who raised and supported you growing up. 
 
*Do you currently live with or are you supported by your parental figures? Mark only 
one oval. 
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• Yes  
• No  

 
About your first parental figure... 

The following questions are about the first parental figure you are thinking of. 
 
*What is this parental figure's relationship to you? 
*What is the highest level of education this parental figure completed? Mark only one 
oval. 

• I do not know  
• Less than High School  
• High School / GED  
• Completed Certificate Program  
• 2-Year College Degree (Associates)  
• 4-Year College Degree (BA, BS)  
• Master’s Degree  
• Doctoral Degree (PhD)  
• Professional Degree (MD, JD)  

*What is this parental figure's occupation? If they are retired, please write in what they 
did before retiring. 
*What was this parental figure's approximate income last year? Mark only one oval. 

• I do not know  
• They are currently retired  
• Less than $10,000  
• Between $10,000 and $15,000  
• Between $15,000 and $20,000  
• Between $20,000 and $25,000  
• Between $25,000 and $30,000  
• Between $30,000 and $35,000  
• Between $35,000 and $40,000  
• Between $40,000 and $45,000  
• Between $45,000 and $50,000  
• Between $50,000 and $80,000  
• Greater than $80,000  

*Did you grow up in a single parent household? Mark only one oval. 
• Yes Skip to question 19. 
• No  

 
About your second parental figure... 

The following questions are about the second parental figure you are thinking of... 
 
*What is this parental figure's relationship to you? 
*What is the highest level of education this parental figure has completed? Mark only one 
oval. 

• I do not know  
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• Less than High School  
• High School / GED  
• Completed Certificate Program  
• 2-Year College Degree (Associates)  
• 4-Year College Degree (BA, BS)  
• Master’s Degree  
• Doctoral Degree (PhD)  
• Professional Degree (MD, JD)  

*What is this parental figure's occupation? If they are retired, please write in what they 
did before retiring. 
*What was your parental figure's approximate income last year? Mark only one oval. 

• I do not know  
• They are currently retired  
• Less than $10,000  
• Between $10,000 and $15,000  
• Between $15,000 and $20,000  
• Between $20,000 and $25,000  
• Between $25,000 and $30,000  
• Between $30,000 and $35,000  
• Between $35,000 and $40,000  
• Between $40,000 and $45,000  
• Between $45,000 and $50,000  
• Between $50,000 and $80,000  
• Greater than $80,000  

 
About your goals at Pima... 

 
*What is your current major? 
*What degree / program are you currently enrolled in? eg. Associates, CNA, Certificate 
in Computer Programming 
What is your current GPA?  
How many semesters have you taken classes at Pima? (Including this semester)  
 
About you and MAT 089... 

 
Why are you taking this course?  
What is one challenge you have had learning math?  
What is one success you have had learning math?  
What challenges, if any, you have had working towards a college degree?  
*Which module are you currently working on? 
*How many semesters have you taken this course (including this semester)? 
Have you taken another computer-assisted course before? Mark only one oval. 

• No  
• Computer-centered (similar to MAT 089)  
• Online Course  
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• Hybrid Course (independent computer work and classes with an instructor)  
Do you intend to work with a classmate to help you in this course? Mark only one oval. 

• Yes  
• No  
• If so, who?  

 
About your confidence... 

 
Use the following scale to respond to the statements below. Answer these questions on a 
scale of 0 to 9 where 0 indicates no confidence in your ability to complete the given 
number of modules and 9 indicates complete confidence in your ability to complete the 
given number of modules. Mark only one oval. 
 
NO Confidence 

0 2  4 5 7    
Complete Confidence 

9 
 

• * I will complete fewer than 9 modules by the end of the semester. 
• * I will complete exactly 9 modules by the end of the semester. 
• * I will complete more than 9 modules by the end of the semester. 
• * I will complete at least 12 modules by the end of the semester. 
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APPENDIX B:  

INSTRUCTOR INTERVIEW PROTOCOL 

Record interview; remind subject that interview is being recorded. Indicate date, 
time, and location of recording. Remind subject that their information will be kept 
completely confidential, no information will be shared with the others, and their name 
will be changed after data collection. Interview should be semi-structured. 

 
• Tell me about the structure of the class and how MathXL is a part of it. 
• How many times have you taught this format? Do you like it? Why? 
• Tell me about the activities in the class.  
• Let’s talk about classroom activities, when you are (working with the computer 

on a unit, taking an exam, working with another student, include other activities), 
what are your, your student’s, and other students’ doing? 

• What characteristics does a student need to succeed in this class compared to a 
traditional class? 

• How does the student’s own sense of responsibility play into their success? 
• How does this class compare with traditional lecture classes? 
• Do you have specific rules in the class for student activities / behavior? 
• How do you think MathXL helps / hinders student learning? 
• What are some benefits of MathXL for students? What are some challenges? 
• How do you help struggling students work through concepts they do not 

understand? 
• How do you help students who are frustrated, or students who do not like this 

classroom format? 
• What is your role in helping students successfully complete this course?  
• How do you define student success? 
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APPENDIX C: 

STUDENT INTERVIEW I PROTOCOL 

Objectives 

• To develop rapport and help the subject feel comfortable. 
• To understand the subject’s backstory and frame their past experiences. 
• To understand why they came to this course. This will include learning about 

their previous math learning experiences as well as their personal story. Their 
personal story will help frame their agentive moves. 

• To understand current challenges the student has that can contribute to their 
success / failure in the class. 

 
Record interview; remind subject that interview is being recorded. Indicate date, 

time, and location of recording. Remind subject that their information will be kept 
completely confidential, no information will be shared with the instructor, and their name 
will be changed after data collection. Interview should be semi-structured. Student will be 
asked to complete the self-efficacy scale attached at the end of this protocol. 

Questions 

• Why are you taking classes at Pima? Where else have you gone to college? 
• Tell me about yourself and your background? 
• Tell me about your life outside of class? What do you like to do? Do you have a 

job? Who do you live with? What is a typical week like for you in / out of 
school? 

• Tell me about taking math classes in the past. How would you describe yourself 
as a math student? 

• What is your first memory learning math? 
• Discuss an especially challenging time you had learning math. 
• Discuss an especially encouraging time you had learning math. 
• What are your (short) long-term math learning goals? 
• Why are you taking this course instead of a traditional lecture course? 
• What challenges have you faced working towards a college degree? 
• Do you have a computer at home? High speed internet? What kind of 

electronics do you use on a regular basis? Are you comfortable using a 
computer? 

• Who do you talk to about school? Who do you talk to about math? What do you 
talk about? What kind of advice do they give you? Is it helpful? 

• What challenges have you had in previous math classes (getting homework 
done, passing quizzes, showing up on time to class (at all))? 

• Name some challenges you encountered before that could be hard for you this 
time as well? How are you planning on working through them? 

• Think across this coming semester, what challenges do you see coming up 
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related to the course or anything outside of this course?  
• How many modules do you think you will complete this semester? How 

confident are you that you will complete 9 modules? 
• What is your game plan for completing XXX modules? 
• If you were talking to someone else on the differences between this course and a 

traditional lecture course (ex. 086, 092), what would you say? 
• What are you hoping to accomplish by the end of this class? / What are you 

hoping to get out of this class? 
• How can I contact you on a regular basis to keep tabs on what is happening in 

and out of class 
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APPENDIX D: 

STUDENT INTERVIEW II PROTOCOL 

Objectives 

• To understand what the student thinks of the course / how they are faring so far.  
• To ask them specific questions about what I deem to be agentive moves during 

data collection. This portion has no protocol and is based on previous video / 
audio data collected. 

 
Record interview; remind subject that interview is being recorded. Indicate date, 

time, and location of recording. Remind subject that their information will be kept 
completely confidential, no information will be shared with the instructor, and their name 
will be changed after data collection. Interview should be semi-structured. 

Questions 

• How did this semester go? Tell me about a time when you were particularly 
(un)successful.  

• What challenges have come up for you this semester? 
• What do you think of this class’ format? What do you like / dislike? 
• How does this class contribute to you being an independent learner? 
• Tell me about John Squires. 
• What features of MathXL do you like / use most often? 
• Let’s talk about when you work through a module (working with the computer on 

a unit, taking an exam, working with another student, include other activities), 
take me through the beginning to the end, what does it look like? What things do 
you do as you work through it? What is your instructor doing? What are your 
classmates doing? 

• If you could change anything about the class format what would it be? 
• Do you feel you get enough instructor attention? When do you ask your instructor 

for help? Do their responses satisfy you? Can you think of a time when you asked 
for help and you don’t think you received it? What do you do if you’re not 
satisfied with their help / support? 

• Are you making sufficient progress? What is contributing to this? 
• How do you decide when you should seek help from the instructor? Can you give 

me an example of a time when you asked the instructor for help and they did not 
satisfactorily answer your question? Or when they went above and beyond 
answering your question? What did you do? 

• What do you do if you are still confused after an instructor helps you? 
• Are you working with other students? What do you do together? Why? 
• How much time are you spending working on math this semester? Is this more or 

less than in other (traditional format) math classes? (if more) Are you seeing 
benefits from increasing your study time? How? (if less) Why? 
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• If you were talking to someone else on the differences between this course and a 
traditional lecture course (ex. 086, 092), what would you say? 

• Was there something you tried to do in class but weren’t able to or felt you 
shouldn’t? 

Personalized Questions 

 
Questions were included that were specific and particular for each participant 

based on observation before interview. 
 

Personalized Questions for Eduardo 
 

• Do you think that some of your classes are holding you back from your 
accomplishments? Do you feel that some of your requirements are unnecessary 
hurdles you have to jump through? 

• You’ve mentioned that you have difficulty reading. How has your reading 
affected you? 

• I see you use a calculator often. What benefits does a calculator give you? Do you 
have difficulty with calculations such as multiplication and subtraction? 

• What would you do to buy a Maserati? Would you sell deal to get it? Why is 
education / a job in the top floor of a building the way to get one? 

• When you asked about the blue cup, you rolled your eyes at it, what made you do 
that? 

• There were a couple of times where you looked like you were stuck. Why didn’t 
you ask for help? 

• What does it say about you if you complete 12 modules? What does it say if you 
don’t? 

• You’ve mentioned how important it is to have good health, why? Is there 
someone in your world that doesn’t have good health? 

• You watch the videos multiple times. What do you get out of that? What do you 
think is the best way to learn math? 

• How do you define learning? How do you know you’ve learned something? 
• How are you doing so far with completing Module 1? You failed the first exam. 

What did you do after that? How did you prepare for your second attempt? Did 
you try anything different / new? 
 

Personal Questions for Hector (Not Used) 
 

• You go ahead one module before you test. Why? Do you think it helps you do 
better? How? 

• You’re allowed a calculator but you don’t use it often. How do you feel about 
using a calculator? When do you decide to use I, under what circumstances? 

• Why do you want to avoid study plans? 
• I’ve noticed that your handwriting changes when you get frustrated. Did you 

notice that? Can you talk about that? 



APPENDIX 123 

• When you started working on Module 20, you were having a tough time with the 
questions. You put your cup up and no one came by, then you put it back down. 
Shaun then stopped by for a moment, why didn’t you tell him you had questions? 

 
Personalized Questions for Barbara 

 
• Tell me about your relationship with Dan. 
• Why do you use 1 pencil and 1 pen while you work? 
• Under what conditions do you think you work well, when do you get the most / 

least done? 
• Tell me about your relationship with Sara Tompkins. 
• You said you want to like math. Why is it important to like / learn math?  
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APPENDIX E: 

CODEBOOKS 

Eduardo’s Codebook 

Advice Age Aspirational Environment 
Business Plan CEO Career Goals 
Challenge Self Challenge: Finances Challenge: Memory 
Challenge: Multiplication Challenge: Reading Challenge: Transportation 
Closes problem without 
submitting answer 

College Major Completes Guided 
Examples 

Computer Program Correct Response Deserving 
Diligence in learning Doesn't like asking for help Doesn't like structure 
Doesn't want to pay dues Easy Enters Response 
Environment Expectation Fail Math 
Feelings about ICCC: 
Apprehensive 

Financial Aid Forethought 

Forethought: Lack thereof Future Good Quote 
Grades: Progress Gratitude Happiness 
Health ICCC leaves no questions Importance of Education 
Importance of networking Incorrect Response Independence 
Influence of girlfriend Influence of parent Instructor initiated plan 
Intention Intention: Goal: lots of 

money 
Intention: Goals 

Intention: Thwarted Intention: Plan Interaction: Student 
Initiated 

Interaction: instructor 
checking in 

Interaction: instructor 
initiated 

Interaction: with researcher 

Job Learning Math Limits to goals 
Makes Calculation Maserati Math for major 
Motivation Moving Need to know basics to 

move forward 
Needing Reassurance Never wanted to go to 

college 
New Problem 

No Relevant Experience Not good at math Optimism 
Past Persistence Poignant Moment 
Possible Sarcasm Previous experiences in 

school 
Problems Trusting 

Problems with Authority Pushing Reflection Reaction 
Reaction: Change Goals Reaction: Change Jobs Reaction: Computer 

Trouble 
Reads Study Guide Reattempts Problem References "Help Me Solve 

This" 
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References "View an 
Example" 

References Notes Reflection 

Reflection: Research Relationship with staff Repetition 
Right decisions lead to 
success 

Self Efficacy Starting College 

Support Syntax Error Take Initiative 
Takes Notes Unsanctioned Act Uses Calculator 
Validation Visualization Wants to help people 
Watching Video What is learning Work at home 
Work scheduled around 
school 

Works in workbook difference btwn ICCC and 
lecture 

feelings about ICCC: 
Positive 

intention: previous goals interaction: procedure 

interest in ICCC Pacing Present 
pretest for the experience Pretesting pretesting: when to pretest 
problem solving   

Hector’s Codebook 

Algebra Work Anxiety Appropriate Progress 
Asks for help from staff Benny Challenge: Family 
Challenge: Math Check in with Instructor Clarification on concept 
Closes without completing 
problem 

Cognitive Load Colleagues 

Compared solution with 
problem 

Compares different 
problems 

Computer centered class vs 
lecture 

Correct Response Corrected Error Effort 
Focus Following Rules Forethought 
Future General Math Rules Good Quote 
Grades History in math 075 I'm learning it by myself 
ICCC vs traditional Importance of education Incorrect Response 
Instructor initiated 
interaction 

Instructor initiated plan Intention: Plan 

Interaction: Clarification on 
specific question 

Interaction: Student and 
researcher 

Learning with the computer 

Limits of software Listens to music Math Error 
Mechanical vs conceptual Military Module 20 
Moving Terms Never thought I would go to 

college 
Not good at math 

Pacing Parents Past 
Past College Past: Math Pauses Video 
Persistence Perspective Positive Attitude 
Positive experience with 
math 

Preferences in math Procedure 

Program Reaction References Text 
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References View an 
Example 

References another problem References Notes 

Reflection Relationship with instructor Researcher initiated 
interaction 

Resilience Reviews completed 
problems 

Self-efficacy 

Similar Exercise - By 
Choice 

Similar Exercise - Required Social Life 

Staff initiated interaction Student Initiated Interaction Syntax Error 
Tip to remember concept Uses Calculator Vocabulary / Concept 
Wants to help people Watches Video Working on your own 
Works in Workbook intention: goal intention: thwarted ■ 
interaction: with student Present works at home 

Barbara’s Codebook 

Age Asking about syntax Asks for help from staff 
Avoiding Math challenge: finances Challenge: Work 
Closes problem without 
completing 

college major computer centered class 

Confidence Correct Response Dorothy 
Eating at desk Family Focus 
Forethought Good Quote Incorrect Response 
Instant Feedback Instructor initiated 

Interaction 
Instructor initiated plan 

Intention: Goal Intention: Plan Intention: Thwarted ■ 
Interaction: Content Interaction: Student and 

Researcher 
Interaction: Social 

John Squires Listens to music Learning Strategies 
Math Requirement Math is stupid Math Past 
Memorizing Motivation Neat Notes 
On Mobile Pacing Past 
Pattern Recognition positive attitude Pretest 
Procedure vs conceptual Reaction References View an 

Example 
References Notes References previous 

examples 
References previous 
problem 

Reflection Relationship with other 
staff 

Requests Calculator ■ 

similar Exercise ‐ By 
Choice 

Similar Exercise -Required Socializes with another 
student 

Student initiated interaction Syntax Error Time Commitments 
Trust in Instructor tutoring center Understanding Math 
Unsanctioned agentive act using a calculator Watches Video 
Works in Text   
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