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ABSTRACT
Competency-based learning (CBL) is a grading strategy that emphasizes the mastery of content.
At Middle Technical College (MTC), success rates in the college algebra class have decreased.
This study will answer two questions: how will a CBL approach to learning affect student
perceptions of their success and what are student perceptions of after taking the CBL courses
versus what they think of as a traditionally graded classroom? This study’s goal is to not only
help increase success rates in the college algebra course at MTC, but to help students’ math
anxiety when entering and during the completion of the class. A convergent mixed method
methodology was used to answer the research questions. The result will show that students in the
MTC online college algebra course because of the implementation of CBL helped them increase
their confidence, manage their time better, helped increase communication between instructor
and student, and increased their overall understanding of the material. The results could inform
other technical colleges on best practices for teaching math classes, help students entering a math
course combat math anxiety, and bridge the gap between developmental coursework and
students registering for a degree-level course.
Keywords: college algebra, competency-based learning, confidence, math anxiety, math

education, technical college
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Chapter 1
INTRODUCTION
Introduction

Imagine, twenty years out of school and Jacob wants to return to the local technical
college because he is tired of his current job. His passion is to earn a degree in aviation
maintenance technology, one of the many degrees, diplomas, and certificates that Middle
Technical College (MTC) offers to its students. During the first meeting with his advisor when
discussing what classes to take for his first semester, his advisor wants him to take college
algebra. He wonders if he 1s truly ready for college algebra being that it has been almost two
decades since he took a college math course. Further, Jacob must take the class online as he still
wants to keep full-time employment as well as have time to spend with his family at home.
Being an online class, Jacob is nervous that his math instructor will not communicate with him.

Although Jacob is a fictional student, students registered in mathematics classes at MTC
feel unprepared when stepping inside a college algebra course. With an average enrollment of
around 1,000 to 1,200 students every fall and spring term, college algebra is the most enrolled
math course at MTC. In 2020 with the onset of COVID-19, MTC elected to disband placement
exams for mathematics courses. MTC does offer a developmental mathematics course for those
who feel like they need it. Still, since it is a non-credit class, many students understand that they
can use the free tutoring on campus or online instead of paying tuition for the developmental
course. Also, for those students who have been out of school or have not taken a mathematics
course in a long while, there can be gaps in learning that students face inside the classroom that
are hard to overcome in a 16-week semester. For these reasons and more, students are passing

college algebra at lower rates than pre-COVID. With no hope in sight for placement exams to be
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returned to MTC, a change inside the classroom may be needed to help fill the gaps in learning
students are experiencing. While students take online and in-person classes at MTC, this study
will focus on online students. Based on the factors listed above and the need for a change inside
the classroom, a competency-based learning approach may be what online students need to better
succeed in the college algebra course. The ultimate goal is to answer two questions: how will a
competency-based learning approach to a mathematics classroom affect student perceptions of
their success and what student perceptions are of competency-based learning versus what they
may think of as a traditional classroom.

To begin answering these two questions, this introductory chapter will discuss three
different topics. First, an overview of a technical college is given. Next, an overview of the
college algebra course will be given. The chapter will close with a discussion on why a change
may be necessary inside the classroom, a summary of this project’s problem, purpose, and
research questions, and a description of how this paper will be organized.

Literature Review
An Overview of a Technical College

A technical college is a higher education institution that prepares students for a specific
trade or career (New England Institute of Technology, 2020). Additionally, MTC offers students
an associate degree in general studies, which is designed for students to transfer to a 4-year
university. (Middle Technical College, 2022). With the rising costs of tuition rates and the length
it takes to complete academic requirements at universities, community colleges, technical
colleges, vocational colleges, and other more affordable types of higher education are growing in
popularity as other options perspective higher education students have available. For example, in

the years 1978-1979, the average cost of tuition for a nonresident at a public research university
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was $2,018 compared to 2008-2009 when the cost rose to $19,880 (Titus et al., 2015). Compare
that to this study’s research site, Middle Technical College, which in the 2022-2023 academic
year had a nonresident tuition rate of $200 per credit hour (Middle Technical College, 2022).
Financially speaking, 2-year colleges such as MTC are more affordable.

The mission of MTC is that the institution offers credit instruction and business training
to promote community and workforce development (Middle Technical College, 2022). With
workforce development being the primary role of the college, one goal of a technical college, in
the opinion of this author, is to get students to graduate in as little time as possible so they can
not only land their dream job but also produce for the local economy. As Qian et al. (2018)
pointed out, “obtaining a college degree or an industry-recognized credential is necessary to
obtain employment that affords the individual future career advancement and a livable wage” (p.
1). Obtaining a college degree or certificate can increase the salary of an individual in the age
group of 25-34 by $7,300 a year over someone who has only a high school diploma. That
number increases to $9,900 when they reach the ages of 45-54 (Pekow, 2006).

An associate’s degree is a degree that generally takes less time than a bachelor’s degree
and is taken by students to achieve their academic and professional goals by helping them get
qualified in entry-level careers such as healthcare and public service (Staff Writers, 2023). More
specifically, Middle Technical College is a 2-year technical college that offers associate degrees,
diplomas, and certificates. Students can choose 5 different programs of study: aerospace, trade,
and industry, business and computer technologies, health sciences, public safety and professional
services, and general studies (Middle Technical College, 2022). General education faculty,
which includes the author, instruct students from most disciplines across the college as many

programs on campus are designed to include general education classes such as math and English.
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The degree is usually 2-years in length with a combination of general education classes
such as mathematics, English, and humanities alongside core classes in their program of study
(Middle Technical College, 2022). Articulation agreements exist between MTC and 4-year
universities to provide a seamless transfer of credits when students graduate from MTC and
transfer to a 4-year institution (Middle Technical College, 2022). A diploma, on the other hand,
is shorter in length and will have fewer general education classes students must take to graduate.
Students will typically still take a mathematics course as part of the general education core.
Courses are generally not transferable (Middle Technical College, 2022).

Certificates are short programs usually with no general education requirements. Maxwell
and Gallagher (2020) defined these shorter, workforce-oriented credentials as microcredentials.
A microcredential is a “specialized credential that shows a mastery of one or more job
competencies” (p. 9). Although the college algebra course in this study is a degree-level course, a
student can earn microcredentials while still earning a degree. Microcredentials will be discussed
further in chapter 2.

All students at Middle Technical College are offered a chance to take online coursework.
However, in a mathematics classroom, math anxiety may be heightened due to it being online.
Math anxiety is “the feeling of anxiety that one cannot perform efficiently in situations that
involve the use of mathematics” (Furner & Marinas, 2016, p. 26). Just by opening a math
textbook, students may feel nervous, nauseous, or have a migraine, all of which can be quite
debilitating (Fergus & Smith, 2022). During one study, Perry (2004) found that 85% of students
taking an introductory math class (and college algebra would be considered an introductory math
class) felt mild math anxiety. Discussions on math anxiety and how competency-based learning

can help ease it, especially in an online environment, can be found in chapter 2.
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Since students want to graduate within a reasonable period, MTC offers classwork during
the Spring, Summer, and Fall semesters. For the mathematics courses at MTC, students during
the Fall and Spring can take a full 16-week semester or a shortened 8-week semester which still
meets all the standards of the course. Students who take mathematics courses during the Summer
take the 8-week version of the course.

MTC is an open-access institution. An open-access institution offers educational
opportunities for students no matter their prior levels of academic achievement (Daugherty et al.,
2019). Two-year colleges such as MTC have had a massive expansion, especially among
students with financial constraints, academic difficulties, and other factors (Goldrick-Rab, 2010).
According to Goldrick-Rab (2010), more than half of the students who enroll at 2-year
community colleges are employed, more than that of a 4-year institution in which 37% of
students are employed. This results in a diverse set of learners entering and studying at 2-year
institutions like MTC.

Technical colleges are a wonderful place to turn for students who are looking to earn a
degree that will transfer to a 4-year college, an individual wanting to further their career, or even
someone who wants a different career path entirely. For many of these students, college algebra
is a course they will need to take during their time of studying at MTC. If the technical college’s
goal is focused on workforce development, then that also means getting them to pass the college
algebra course hopefully during their first time taking the course. The next section of this
introduction will talk about the college algebra course and statistics surrounding the success rates

of students taking the class.
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The College Algebra Course

College algebra is a degree-level course that students often take to fulfill the general
education requirements brought forth by their program of study. This course is also used in the
health sciences as a selection course for competitive selection (Middle Technical College, 2022).
Students at MTC in the health sciences must be accepted into many of their programs, and one of
the measurements of acceptance is their grade in the college algebra course. For these students,
this makes the pressure to succeed in a mathematics course even higher.

With the pressures to succeed high, students need to make sure they are ready to take
college algebra based on the pre-requisite knowledge they have. Many schools require placement
testing such as the COMPASS and the ACCUPLACER exams. As Moss et al. (2019) described,
since 2-year colleges often admit nearly all students who apply, “institutions typically assess new
students’ skills . . . before placing them in the curriculum” (p. 738). More concretely, a
placement test is administered as an admittance exam to make determinations about college
readiness (Ngo et al., 2021). More information on placement scores and how they affect student
success will be found in chapter 2, but it is important to note at the onset of COVID-19, MTC
disbanded placement testing for students being admitted into the college. With no placement
testing, students can register for college algebra, even though they may not be prepared for the
coursework.

Each semester, the leadership team, which includes the author, at MTC gathers data
about the success rates of students in the college algebra course. MTC defines the attainment rate
to be the percentage of students earning an A, B, or C in the class divided by the total number of
students receiving an A, B, C, D, or F. Withdrawals from the class do not count toward the

attainment rate, nor will they be considered during this study. The attainment rate has seen a
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decrease at MTC in the college algebra course since the onset of COVID-19. For example, in the
Fall 2019 semester the attainment rate was 72% which dropped to 68% in the Fall 2022
semester. This could be because of several reasons including but not limited to COVID-19, the
lack of placement testing, and the decreasing importance of a developmental math course such as
intermediate algebra. These potential reasons for a decrease in attainment rates will be explored
in chapter 2.

While contributing factors from outside the classroom may explain the decrease, it may
be necessary that faculty at MTC develop a new method of instruction to try and provide equity
in the classroom. One such technique is called competency-based learning (CBL). In the next
section, CBL is defined and an example of CBL is given.

Competency-Based Learning

Traditionally, mathematics courses have used grading techniques that require students to
perform successfully the first time they take an assessment. One may think of a traditionally
graded classroom as one that assigns points or percentages for each assessment, and then all
scores will be averaged together to calculate a final course grade (Knight & Cooper, 2019). At
Middle Technical College, the college algebra course has 6 quizzes that students are allowed 2
attempts each, and a midterm and final that only have one attempt. Although the way the quizzes
are administered is the beginning of competency-based learning, students still achieve the
highest grade of the 2 attempts and unless for a good reason, will not get a third attempt.

Competency-based learning (CBL), sometimes called mastery-based learning or
proficiency-based learning, is an approach to learning that emphasizes the mastery of skills and
academic content (Patrick, 2021). Other approaches to learning exist and will be explored in

chapter 2 (i.e., an inquiry-based learning classroom or a flipped classroom), ultimately the focus
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will be on how CBL can positively impact a college degree-level classroom. More specifically,
this study will focus on student perceptions of their success based on the implementation of CBL
in the online college algebra course taught by the author.

Quizzes and exams are a form of assessment. Assessment is defined as a way to
understand and improve student learning (Warren, 2011). Warren goes on to say that assessment
is a way to “develop a deep understanding of what students know, understand, and can do with
their knowledge as a result of their education experiences” (p. 724). In MTC’s mathematics
courses, assessments are used to see if students have achieved proficiency on the outcomes of a
certain module. An outcome is a concise statement of what students will be able to do outside the
classroom with what they have learned in the classroom (Warren, 2011). It is the overall hope
that students will perform well on each outcome on the assessments so that the student will not
only pass, but they can remember the information when they need it for future classes.

As this paper will discuss in chapter 2, competency-based learning, in the author’s
opinion, can be used to help students ease the gap in learning that students may experience when
entering a college mathematics course. To give an example, the author taught Calculus I at a
state university and used CBL. The author taught 2 semesters of Calculus I at the state university.
While not getting into the details about how state university administered CBL in the course,
taking a CBL approach to the Calculus I course was a major success. Here are some of the
comments left by students (State University Office of Analysis, Assessment and Accreditation,
2022).

e “Iloved CBEs instead of traditional tests because I felt I was able to demonstrate my
knowledge better and they were less stressful.”

e “Iloved the infinite chances on CBEs.”
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o “Iespecially liked the CBE-based curriculum as opposed to the exam-based curriculum. I
feel that it helped me focus in on each chapter and master the subject.”

e “Having the CBEs be focused on passing them and understanding the material really
helped me to understand it better.”

Competency-based learning in a mathematics classroom is a concept that should be
further studied. As Henri et al. (2017) argued, “There is an opportunity to quantitatively and
qualitatively examine CBL programs and their impact on student performance” (p. 631).
Although that article was based solely on engineering classwork and CBL, any time a success
story can be published will further the trust that different approaches to learning rather than a
traditional approach will be successful. A secondary goal of this research study is to do just that:
publish a hopefully positive success story so that students in a mathematics course at a technical
college will feel at ease and willing to learn while taking the class.

During chapter 2, strategies for creating a successful CBL environment will be shared
including using a group-based mastery learning approach (Slavin, 1987). For now, the success
story that was described at the state university is a fitting example of why CBL can be an
effective method of teaching a mathematics course. This example, however, was at a 4-year
public university. One of the goals of this report is to see the success of CBL at a 2-year institute
such as Middle Technical College.

Summary of the Research Problem

To conclude, the highest populated mathematics course at MTC, college algebra, has
seen a decrease in attainment rates. This could be for many reasons such as the lack of placement
testing, COVID-19, or an overall gap in learning students may face. Because of the nature of a

technical college, many students are taking courses in their majors with a mastery-based
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approach to them. Further, learning support enrollment numbers have decreased as it is an
optional class for students if they feel unprepared for college algebra. Altogether, Middle
Technical College wants more students to succeed in college algebra despite many of the
obstacles facing their students. A change inside the classroom may be necessary.
Summary of Research Purpose and Questions

Due to the decrease in attainment rates, the purpose of this study is to gather data and
student thoughts on competency-based learning inside the college algebra course with the goal of
increasing attainment rates. Student averages on quizzes will be gathered and compared to
previous semesters. Three surveys will be conducted to gather participants’ thoughts on the CBL
approach. Two questions will be answered in this scholarly research project:

1. How will a competency-based learning approach to learning affect student perceptions of

their success in the college algebra course at Middle Technical College?

2. What are student perceptions after taking the CBL course versus what they think of as a

traditionally graded classroom?

These questions will be answered in chapter 4 and 5 of this report. In the end, this study will
help not only the MTC’s math and leadership team because of the hopeful increase in attainment
rates, but students can feel less anxiety when stepping foot inside a mathematics classroom and
leave knowing they are well on their way to graduation.

Significance of the Study
Overall, the author hopes that students will be more successful and less anxious about
taking a mathematics course at Middle Technical College. If the hypothesis is that students
would feel more comfortable and more successful in an online college algebra course through the

CBL approach, this study can act as an example that will help future students not only at MTC
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but technical colleges around the country learn and be successful in a mathematics course taught
and graded in a non-traditional form. Even if unsuccessful, the mathematics classroom can and
should be analyzed so that students can not only have a higher chance of passing but be better
prepared for their major courses and life situations.
Organization of the Research Report

This chapter introduced the technical college, the college algebra course, and
competency-based learning. There will be four other chapters following the introductory chapter.
Chapter 2 will be an extensive literature review on CBL and its effects on the classroom. Chapter
3 will describe the focus of the study’s research methodology and methods. It will explain what
action research is, how a mixed-methods approach to this report was used, and how CBL took
place at Middle Technical College. Chapter 4 will discuss the study’s findings and results.
Finally, chapter 5 will conclude by discussing different implications that can be used in practice
and offer recommendations for future research.

Chapter Summary

It is the hope of this author that by creating a mastery-based approach inside of the
college algebra classroom, students not only perform better on quizzes but also have less anxiety
while taking a college-level mathematics course. This author has heard multiple times
throughout his career the phrases “I hate math” or “I am super anxious for the upcoming math
exam.” With a decrease in math anxiety, it is the hope that students will be more confident when

taking assessments and better understand the material.
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Chapter 2
LITERATURE REVIEW
Introduction

Middle Technical College is seeing lower attainment rates in their college algebra course.
There could be many reasons why students are failing in the college algebra course including but
not limited to a lack of placement testing, COVID-19, and a gap in learning students may face,
especially with a diverse population that 2-year colleges often experience. This study is
important in that if students feel confident in their success inside the classroom, students may be
more successful in the college algebra course at MTC, while at the same time experiencing a
lesser level of math anxiety. We will begin by introducing and explaining four different
classroom theories that are being used in modern education: a “traditional-style” classroom
approach, an inquiry-based learning approach, a flipped classroom, and a competency-based
learning approach. Based on this review, a competency-based learning approach was chosen for
this study to gather students’ perceptions of their success in the college algebra online classroom.
Math anxiety will be discussed further which may be heightened by multiple sides such as
COVID-19 and no placement testing. Finally, theories on competency-based learning and
successful strategies will be introduced which will lead into chapter 3.

Literature Review

Classroom Theories

This section will outline four different classroom theories and their advantages and
disadvantages. While research into these theories yields more than four types, it will be the goal
of this study to show that competency-based learning is a potential best instructional practice in a

mathematics classroom at a technical college.
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Traditional-Style Classroom

Mathematics has often been taught as a drill-and-practice affair (Van Oers, 2001). As
such, Van Oers (2001) described that the classical approach to communicating and teaching
mathematics followed the sender-receiver model. This sender-receiver model is the idea that the
teacher transmits mathematical content to the students without students discovering
mathematical concepts on their own (Van Oers, 2001). This study will center around Knight &
Cooper’s (2019) definition of a traditional-style classroom which says that this approach assigns
points or percentages for each assessment, and then all scores will be averaged together to
calculate the final grade. In summary, students traditionally have learned mathematical concepts
from the instructor using a sender-receiver model. Students are then expected to practice
homework and demonstrate what they have learned on assessments. An overall grade is given to
the student based on their performance on homework and assessments.

While the traditional method of teaching mathematics may be tried and true for some
instructors, COVID-19 gave the mathematical world a reason to start recognizing and focusing
on new styles of teaching. Rather than lecturing students by giving them facts to remember and
skills to be acquired (Brunetto et al., 2021), active learning has been brought to the forefront.
Active learning is a process that establishes long-term memories gained from experience (Missel
et al., 2022). Missel et al. (2022) commented on a traditional-style classroom by saying that “the
structure of active teachers and passive students has been the norm but there has been some
disagreement on the efficacy of this approach” (p. 15). This disagreement, Missel et al. (2022)

argued, began as early as 1910 when educator Edwin Slosson wrote:
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Lecturing is that mysterious process by means of which the contents of the notebook of

the professor are transferred through the instrument of the fountain pen to the notebook of

the student without passing through the mind of either (p. 15).

Students who work under this model are then graded based on a point value or percentages based
on material from the lecture and how they performed on the assessments.

Missel et al. (2022) focused on active learning strategies for engineering design graphics
courses. The purpose of their article was to give insight and tips on how to promote active
learning in the engineering design classroom. Active learning, they explained, is different than a
traditional approach because active learning is student-focused, and active learning strategies
develop long-term memory. Although being an article for engineers, mathematics and
engineering go hand-in-hand. For example, Missel et al. (2022) explained that teaching
engineering geometry using a traditional approach focuses heavily on figures and equations. In
contrast, active learning challenges students to apply geometry to relevant engineering problems.

Focusing on short-term memory may result in lower assessment scores. Mathematics
builds upon itself, like a story (Wickersham & Wang, 2022). This means that establishing long-
term memories through active learning strategies to succeed in a mathematics class is necessary.
By doing so, content becomes relevant through discovery which facilitates engaged learners
(Missel et al., 2022).

The argument that students do not learn for the long term is a great start on why we
should analyze our classrooms for change. However, faculty need the time and motivation to
make changes in the classroom. One study done by Wickersham and Wang (2022) adopted a
case study approach to studying how math contextualization has been identified as an effective

teaching method in calls to reform community college math instruction. Contextualization is



COMPETENCY-BASED LEARNING IN MATHEMATICS 15

defined as a set of approaches that connect applications that are of relevance to students to
content, knowledge, and skills (Mazzeo, 2008; Wickersham & Wang, 2022). Wickersham and
Wang (2022) drew upon multiple forms of data including interviews and observations of faculty
from two large, comprehensive two-year colleges which offer both developmental and college
math courses. One conclusion from the study was that faculty often feel “depleted of time and
effort in their existing organizational contexts, especially toward evaluating and improving their
teaching” (Wickersham & Wang, 2022, p. 24). Because of this, faculty, according to
Wickersham and Wang (2022), should be given the freedom by leadership to cut back on
meetings and duties so that they can focus on professional development, teaching practices, and
faculty collaboration.

Patrick and Sturgis (2013) agreed with Wickersham and Wang when writing a state
policymaker’s guide to competency education. The authors explained that “leadership has the
most influence and the greatest responsibility to bring forth a new education system by focusing
in on student-centered systems” (Patrick & Sturgis, 2013, p. 4). Leadership must recognize the
need for student-centered approaches to education, otherwise, our education system will be held
back using 19™-century models of education (Patrick & Sturgis, 2013). Patrick and Sturgis
(2013) further argued a movement toward a competency-based model of education will help
modernize education as a competency-based system ensures that every student will become
proficient and that CBL starts with a simple commitment to instructing students based on where
they are in building skills. In all, leaders and faculty alike need to be willing and ready to change
for the betterment of the classroom environment and student success.

Active learning strategies can still be used even in a lecture environment. Imran et al.

(2022) conducted a cross-sectional study at a university in Saudi Arabia. In this study, 658
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students were asked to explore the varied factors that disturbed their interaction during lecture
and interfered with their active participation. Imran et al. (2022) concluded that “it is evident
from the literature that students’ active participation enhances their learning process” (p. 1946).
Negative attributes of lecturing, according to Imran et al. (2022) included lack of eye contact,
offending behavior, and speaking too fast. However, active learning strategies, such as
competency-based learning, can be a better learning tool for many subjects (Imran et al., 2022).
By focusing on a mastery-based approach rather than traditional grading, an instructor can still
use active learning techniques while lecturing.

Creating a classroom environment that works well not only for the instructor, but the
student is important so that all students have a chance to succeed. While a traditional-based
classroom, alongside its grading style, has been most often used in the higher educational setting
(Van Oers, 2001), it is time to think about other ways of learning and/or grading that have the
potential to promote long-term success in and out of the classroom. These learning approaches
will be explored in the next few sections of this review.

Inquiry-Based Approach

One aspect of active learning that can be used while lecturing to students is the use of
more meaningful questioning techniques. The Merriam-Webster Dictionary (2023) defines
inqure as “to search into” and to “seek information.” Inquiry-based learning can not only keep
mathematics relevant to the learner but also make learners stakeholders in their education
(Pittman, 2011). Pittman (2011) used inquiry-based learning techniques in their classroom when
having students build a school garden. Based on the student’s experiences with applying
mathematical concepts to the garden, they concluded that “providing opportunities to apply

concepts and operations in meaningful and natural activities will reinforce students’ skills,
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provide more opportunities to experience success in math, and motivate students to continue to
achieve” (Pittman, 2011, p. 4). Inquiry-based learning is a student-focused theory (Dorier &
Maass, 2020). This idea is quite different than that of a traditional-style classroom.

Formally, inquiry-based learning is defined to be the “process of discovering new
relations, with the learner formulating hypotheses and then testing them by conducting
experiments and/or making observations” (Pedaste, et al., 2012, p. 82). This definition highlights
the fact that inquiry-based learning is a student-centered approach to learning that emphasizes
how mathematicians and scientists work (Dorier & Maass, 2020). The beginning of inquiry-
based learning is attributed to John Dewey (Dorier & Maass, 2020; Blair, 2014). Pedaste et al.
(2012) developed a web-based learning environment using inquiry-based learning techniques.
One question they asked during their study was if this web-based environment improved
students’ inquiry skills. To develop this inquiry-based environment, Pedaste, et al. (2012)
formulated 7 inquiry-learning stages: problem identification, research question formulation,
hypothesis formulation, experiment planning, carrying out an experiment, analysis and
interpretation of results, and drawing conclusions and presenting the findings (p. 82).

In problem identification, “students must observe carefully, take notes, identify
similarities and differences, look for patterns, and understand the order in which the events take
place” (Pedaste et al, 2012, p. 82). Instructors should give students open-ended questions with
multiple solution strategies that can be experienced as real and/or scientifically relevant (Dorier
& Mass, 2020).

By having students research the question formulation in the second phase, students start
to discern between realistic questions and non-realistic questions (Pedaste et al., 2012). These

questions will be the start of the process of forming a testable hypothesis.



COMPETENCY-BASED LEARNING IN MATHEMATICS 18

Students in the third phase will formulate statements that can be tested through
experiments or observations. Normally, these statements are based on observations, questions,
and evidence (Pedaste et al., 2012).

Pedaste et al. (2012) described the experiment planning stage as students gathering
evidence from research and previous data patterns. Then, students will be able to develop more
useful and testable hypotheses. Once the students create a useful and testable hypothesis, they
will move into carrying out the experiment phase.

In carrying out the experiment, students can now “get their hands dirty” and see if their
hypothesis is true. Students will plan their steps to conduct the experiment, conduct the
experiment, and then measure and gather data while controlling variables (Pedaste et al., 2012).
Students can use their everyday experiences which reinforces their natural thinking process
(Blair, 2014).

The sixth stage, analysis and interpretation of the results, requires students to think about
how their data supported the hypothesis that was created (Pedaste et al., 2012). Students can
question their results and fine-tune the hypothesis so that it makes sense to the reader.

Lastly, Pedaste et al. (2012) conclude the inquiry-base process with students having to
demonstrate their new-found knowledge by choosing an appropriate way to transmit it to others
in the classroom.

While inquiry-based learning is a great tool for educators to get students to question and
formulate their ideas, there are some drawbacks. During their report, Blair (2014) explained why
inquiry-based learning in a United Kingdom classroom develops independent learners and is
compatible with teaching mathematics. Blair (2014) also listed three drawbacks to inquiry-based

learning. First, many schools use exams to demonstrate proficiency; therefore, teachers do not
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have the time to let students explore on their own. Second, students may not have the needed
skills to inquire on their own. Finally, students need objectives and a set structure to keep them
on-task, which results in them not being able to manage the open nature of inquiries. As
discussed more in chapter 3 during the methodology chapter, MTC requires students in their
college algebra class to have 6 quizzes and 2 exams. Therefore, an inquiry-based classroom may
not work due to time constraints. Also, students may not be prepared to inquire about certain
topics in the college algebra course. Therefore, this style of teaching, while it has great positives
and should be studied further, will not be considered in this project.

Another reason inquiry-based learning will not be used is due to the technical college
setting. The mission of Middle Technical College is to promote community and workforce
development (Middle Technical College, 2022). Many of the students are in degree fields that
their major courses are built upon a mastery-based approach.

For example, a microcredential is defined by Maxwell and Gallagher (2020) as “a
specialized credential that shows a mastery of one or more job competencies” (p. 9). Maxwell
and Gallagher (2020) reviewed in their article factors that drive interest in microcredentials and
identified trends that community colleges should consider when building them. Maxwell and
Gallagher argued that microcredentials should be awarded based on a student’s knowledge of the
competencies in their field. They name these competency-based credentials, which are given out
based on how students’ progress as they demonstrate mastery of content (Maxwell & Gallagher,
2020). In addition, these competency-based credentials would help with equality, as Maxwell
and Gallagher argued that a credential could be earned from an Ivy League school or a

community college. Finally, Maxwell and Gallagher (2020) argued that defining clear
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competencies about credentialing better aligns with competency-based hiring practices done by
employers.

Warren (2011) agreed in their article reviewing concerns associated with restructuring
curricula, which may involve changing the curricula to outcome-centered learning. Warren
(2011) argued that “curricula need to be continually restructured to fit today’s demands for an
‘educated workforce’” and that “the more that instructors and administrators know about
different models of assessment, the better they will be able to design what will work for their
particular institution” (p. 727). So, again, while inquiry-based learning is a great approach to
learning, the author will be using competency-based learning as it, in the author’s opinion, could
work best for MTC and the college algebra classroom the best. Future research into student
success in a mathematics classroom at a technical college may result in trying an inquiry-based
approach.

Flipped Classroom

Historically, students are learning material in the classroom and applying that information
to homework outside of class (Aidinpoloulou & Sampson, 2017). Students do not, Aidinpoloulou
and Sampson (2017) argued, actively engage in course material inside the classroom based on
the structure of the traditional classroom.

A flipped classroom, by definition, shifts direct instruction outside of class so that
students have more practice opportunities inside the classroom (Zhao, et al., 2021). Forsey et al.
(2013) agreed and added that the model is “committed to shifting the face-to-face engagement
between student and teacher away from lectures to various forms of symposia actively engaging
students in process of discovery and consolidation of knowledge” (p. 471). Flipped classrooms

have multiple benefits, which include reasonings such as learning flips from teacher to student
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(Zhao et al., 2021), the student is required to be prepared when coming to class so that they can
be an active participant in discussions and other student-engaging tasks (Aidinopolou &
Sampson, 2017), students can complete more exercises in the classroom, which results in
teachers being able to quickly discover what difficulties the students are having in their learning
(Zhao et al., 2021), and students have more opportunities to apply knowledge (Zhao et al., 2021).
There are some drawbacks to a flipped classroom environment. First, one study
conducted by Strelan et al. (2020) showed through a meta-analysis of 198 studies involving
flipped classrooms that although flipped classrooms are beneficial regardless of discipline,
student learning performance tended to be better in the social science classroom. Also, students
who do not have the proper guidance for a flipped classroom may have higher anxiety and lower
achievement behaviors (Zhao et al., 2021). Finally, Zhao et al. (2021) explained that especially
for mathematics content, students may not be able to master concepts on their own, and without
the proper guidance, they may feel helpless during class. At Middle Technical College, another
issue may arise with a flipped classroom. Forsey et al. (2013) explained that one issue with a
flipped classroom in the social sciences is that students may feel they can pass the course without
needing to listen to lecture videos online. Middle Technical College uses MyLab Math, which is
an online homework management software that assigns students homework problems, quizzes,
and exams. MyLab Math has multiple hints built in for students as they work on assignments
such as a “View an Example” button and a “Help me solve this” button, which walks the student
through the problem step-by-step. In a flipped classroom environment, a student may feel they
can just do the homework on MyLab Math and get a good score without watching any videos

created by the instructor.
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With the rise of online education, a flipped classroom may be a great instructional model
that benefits teachers and students alike. Studies do show that more research should be done on
flipped classrooms to see their applications (Aidinpoloulou & Sampson, 2017). In this study,
although a competency-based learning style is used exclusively, future research may combine
competency-based learning and a flipped classroom to see if focusing on in-classroom activities,
rather than lecturing, will help students with a mastery-minded approach.

Competency-Based Learning

Competency-based learning (CBL), sometimes called mastery-based learning, is an
approach to learning that emphasizes the mastery of skills and academic content (Patrick, 2021).
Rather than focusing on the course as a whole, instructors can take the different outcomes
students should learn and reinforce them with students. Students, on the other hand, have
multiple opportunities to show improvement to gain mastery of the subject.

There are three types of mastery learning: personalized system of instruction (PSI),
continuous progress, and group-based mastery learning (Slavin, 1987). Slavin (1987) described
PSI in his study as one that “allows students to take exams over pre-established learning
objectives as often as they wish” (p. 1072). In the same article, Slavin went on to describe that
students normally work at their own pace with self-instructional materials. Continuous progress
is defined as a process where students “work on individualized units entirely at their own rate”
(Slavin, 1987, p. 176). Harsy et al. (2021) went on to describe continuous progress as one in
which if a student does not master the material the first time, the teacher will provide
supplemental material. Middle Technical College does not have any self-study sections of
college algebra in which the teacher provides individual supplemental material if the student

does not gain mastery, therefore continuous progress will not be used in this project.
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Group-based mastery learning was the last to be defined. Slavin (1987) defined group-
based mastery learning as one in which “the teacher instructs the entire class at one pace” (p.
176). Then, at the end of each unit, an exam is given in which students need to get 80-90% of the
questions correct to be considered having mastered the concepts. Corrective instruction is given
to students who do not reach the benchmark. This corrective instruction, Slavin argued, may take
the form of tutoring or small-group sessions where students are gaining information they may
have missed from the teacher. In the end, if a student achieved mastery, they received a top score
no matter how many tries it took for them to reach the score (Slavin, 1987). This form of mastery
learning is not necessarily self-paced, so if some students do not master the topics, the class will
still move on to new topics (Harsy et al., 2021).

There are quite a few advantages to a competency-based approach to learning. Harsy
(2020) implemented mastery-based learning in their advanced math classrooms at a 4-year
private university. Harsy (2020) further defined mastery-based grading, or mastery-based testing,
as a way in which “students are graded using a mastery criterion and they have multiple
opportunities to demonstrate master of course objectives throughout the course” (p. 849).
Students were asked to provide responses to how they felt mastery-based testing eased their text
anxiety, developed a growth mindset, and complaints about the course design. One important
observation by Harsy (2020) is that “mastery-learning approaches seem to support changing how
students view mistakes (p. 850). This is because mastery-based testing (MBT) reduced the
penalty of mistakes by giving them multiple chances to re-evaluate and fully understand
concepts that were previously missed (Harsy, 2020). Additionally, Harsy (2020) discovered that
mastery-learning improved a student’s self-efficacy. Self-efficacy is defined to be “the belief one

has about his/her ability to perform specific tasks” (Harsy, 2020, p. 850). Harsy (2020) described
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that by having an improved self-efficacy, students had increased motivation, improved feelings
of self-worth, and that high self-efficacy was a positive predictor of performance.

Another study done at the same 4-year private university analyzed mastery-based testing
in a variety of classes. Students were asked to answer surveys three times throughout the
semester in response to their thoughts on math intelligence, study habits, and test anxiety (Harsy
et al., 2021). They found that a mastery-based approach helped students alleviate test anxiety and
stress as MBT helped student self-efficacy, motivation, and helped develop a growth mindset in
students. Also, students could gradually learn the material at the same pace which helped
decrease test anxiety (Harsy et al, 2021). This study was done at a four-year private institute, so
it will be interesting to know what student perceptions are of a mastery-based approach at a two-
year technical college.

Bell and Mitchell (2000) completed a study on technical education in Canada which
focused on student enrollment in their pre-apprenticeship refrigeration mechanics courses. They
surveyed students in both a competency-based program and a traditionally delivered, cohort-
based program and wanted to see the different student experiences in each program. Overall,
students in a refrigeration mechanics program had a positive outlook on competency-based
education. Compared to a more traditional type of education which in their program emphasized
the idea of theory and practice separately, students in the competency-based program did not see
a distinction between the two (Bell & Mitchell, 2000). Further, students in the traditional
program felt that earlier technical/mechanical experience or ability was essential; however, in the
competency-based program, students felt that their success and learning were under their control.

While this was done in a technical program, mathematics has both theory and practice. and
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emphasizing mastery over a traditional grade may help students feel more successful because the
learning is in their control.

Henri et al. (2017) gave three reasons why CBL has had heightened interest. First,
departments have needed to improve recruitment and retention rates while appealing to a diverse
population. Second, departments have been needing to improve student achievement. Last, given
the technological advancements in recent years, it has been easier to implement CBL strategies.
With the focus of this scholarly research project being online, Henri et al. (2017) responded to
why CBL may work in an online learning environment. First, one student does not have to
complete material at the same time as another does. Students can work at their own pace, and
they can individually master the objectives without feeling pressure from others. Secondly,
students can more quickly complete work based on already acquired skills, giving them time to
focus on material they struggle with (Henri et al., 2017). Middle Technical College uses Pearson
MyLab Math as an online learning management system. As Henri et al. (2017) described
“modern learning management systems allow for interactive instruction that can provide instant
feedback, direct students to relevant additional content based on responses, and allow them to
advance to more difficult content only after competence has been shown” (p. 611). While MyLab
Math doesn’t quite escalate difficulty like Henri et al. described, it is still a useful tool for instant
feedback for students.

Review of Classroom Theories

Four classroom theories were discussed in this section: traditional-style, inquiry-based,
flipped classroom, and competency-based. The traditional style is the approach MTC is currently
using where students take up to 2 attempts at a quiz, and the highest of the two scores is

achieved. However, as Missel et al. (2022) argued, this type of learning only focuses on short-



COMPETENCY-BASED LEARNING IN MATHEMATICS 26

term memory, and here at Middle Technical College, many students will be using information
learning in college algebra in the future, especially if they are in the health science field taking
the entrance exam to nursing (Middle Technical College, 2022). While students may be more
familiar with a traditional-style classroom, success rates are decreasing at MTC. Therefore, a
new style of classroom may be needed to help increase success rates.

Inquiry-based and flipped classrooms both bring in the idea of putting the learning onto
the student. Pittman (2011) found that inquiry-based puts “students onto the path of becoming
rational problem solvers and effective questioners” (p. 4) while Zhao et al. (2021) explained that
in flipped classrooms, students need to have intrinsic accountability to watch videos outside of
the classroom to prepare themselves for classroom activities.

Competency-based learning is the style that the author will use in this project to try and
help success rates for the college algebra class at Middle Technical College increase. As said in
previous sections, many of the other classroom theories may work as well; however, by
analyzing MTC’s needs and the idea that students often use a mastery-based approach in their
technical courses, CBL was settled on for this project. Before diving into more of the literature
surrounding competency-based learning, we will first discuss literature involving math anxiety
and how CBL may help alleviate this anxiety.

Math Anxiety

Taking a mathematics class can be daunting for many students. This may hold true
especially for those who may have been out of school for a long time or for those who have had
previous negative experiences in a math classroom. As Geist (2010) argued in a study about
combating math anxiety in the classroom, prior experiences are key regarding student attitudes

toward mathematics. Math anxiety is defined to be the “feeling of anxiety that one cannot
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perform efficiently in situations that involve the use of mathematics” (Furner & Marinas, 2016,
p. 26). Furner and Marinas (2016) discussed in their report math anxiety and research-based
practices to provide a solution for math anxiety. They stated that math anxiety is a “well-
documented phenomenon . . . with little being done to address it in our classrooms or the way we
teach math” (Furner & Marinas, 2016, p. 26). In the same article, they argued that because this is
a critical issue, educators need to address it so that students have better success and go into
careers that are STEM (Science, Technology, Engineering, and Math) related.

Fergus and Smith (2022) analyzed mastery-based learning in two middle school
mathematics classrooms. They hypothesized that mastery-based learning could reduce the impact
of a student’s math anxiety because of the lower stakes of each assessment and that mastery-
based learning promotes self-directed learning. Fergus and Smith (2022) described three factors
that students face when dealing with math anxiety: environmental, intellectual, and personality.
First, environmental factors can include but are not limited to a teacher’s instructional practices
and a teacher’s own level of anxiety. Secondly, intellectual factors include spatial reasoning and
general cognitive ability. Finally, personality variables include a person’s attitude toward
mathematics. Fergus and Smith (2022) agreed with Furner and Marinas (2016) that math anxiety
can have an enormous impact on students. However, Fergus and Smith (2022) argued that
proficiency-based learning is a system that may be effective at reducing math anxiety.

Math anxiety can also be high due to the high-stakes nature of taking a degree-level class.
Beiter et al. (2015) argued in a study that investigated potential correlations between depression,
anxiety, and stress in college students at a 4-year private university that an integral part of a
college student’s life is academics, and without a good attitude toward academics, students can

feel stressed. Beiter et al. (2015) continued by saying that “academic pressures of meeting grade



COMPETENCY-BASED LEARNING IN MATHEMATICS 28

requirements, test taking, volume of material to be learned and time management has been
shown to be a significant source of stress for students” (p. 90). Since many students at MTC are
taking college algebra for their degree programs, they innately want to do well in the course.
With the pressures to succeed high, many students may feel anxiety when thinking about the
daunting tasks that may await them when registering for the college algebra classroom.

Overall, this research supports that math anxiety is real, and the way we teach our classes
can help alleviate this anxiety and increase student success. We will now describe factors
contributing to math anxiety at MTC and what the literature says about these anxieties.
Placement Testing

At Middle Technical College, placement testing was suspended since the beginning of
COVID-19 in 2020. A placement test is an admittance exam to make determinations about
college readiness (Ngo et al., 2021).

Ngo et al. (2021) conducted a survey and semi-structured interviews with 21 math faculty
in a community college classroom. Their goal was to “explore faculty views of high school
transcript and placement test data, attributions made with the data, and beliefs about the extent to
which these data are useful for instruction” (Ngo et al., 2021, p. 272). The authors argued that
while placement tests can be an effective tool, research shows that using a multiple measures
policy for college placement has “seen increases in access to and success in college-level
courses” (p. 2). Ngo et al. (2021) went on to say that test-based placement may be problematic
according to recent research. There are a few reasons for this according to Ngo et al. (2021).
First, placement tests have been shown to place students incorrectly. Second, students are often
not aware of the high-stakes nature of the placement test. Finally, faculty and administration rely

on placement testing for its efficiency rather than its accuracy.



COMPETENCY-BASED LEARNING IN MATHEMATICS 29

Bickerstaff et al. (2022) agreed with this in a report which summarized what is known
about improving student outcomes in terms of innovations in developmental education. Rather
than placement testing, students should be granted immediate access to college-level math
courses without assessment data (Bickerstaff et al., 2022). Bickerstaff et al. (2022) argued that as
long as some additional support is provided for some students, evidence suggests that “many
more students would successfully pass introductory college-level courses if they avoided
prerequisite developmental courses altogether” (p. ES-1). One reason this may be true is due to
the different requirements that programs have in place. For instance, Moss et al. (2019)
explained that placement testing in math will test readiness for college-level algebra, but that
knowledge may not be required in all programs of study. Moss et al. (2019) argued that students
do not adequately prepare for placement exams because they lack awareness of the true
consequences of failure. Overall, using placement exams as the solitary way to gauge college
readiness may be troublesome as students may not be as successful as having students be given
immediate access to degree-level courses.

Although students may be more successful by being directly placed into a degree-level
course, they still may not be prepared for the college-level work that is needed from them.
Bickerstaff et al. (2022) found that to increase student access to these college-level courses, two
mechanisms have been used: changes to placement policies and implementation of a corequisite
support model. Bickerstaff et al. (2022) explained a few principles that could be used to alleviate
the concern of students not being prepared. First, departments could provide targeted and tiered
support to address students’ academic and nonacademic needs. In addition, instructors can

employ a contextualized curriculum that engages students in “authentic literacy and numeracy
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tasks like those they will encounter throughout college” (p. ES-2). Finally, departments should
use equity-minded approaches for the design and implementation of developmental support.

Finally, test anxiety is one other reason placement testing may be inaccurate to place
students. In high school, students may have taken some mathematics courses and even remember
most of what they learned. Perry (2004), however, described a scenario where students often
report that while they may understand the class well, students experience anxiety during exams.
As Perry (2004) quoted one student:

I feel confident when the professor is reviewing . . . I think to myself, ‘I got this stuff, this

is easy.” But when it comes to me taking the test, I somehow forget most of the concepts

that I had known so well. This causes me to panic (p. 2).

The student, influenced by math and test anxiety, may not have shown their best ability which
then may cause a student to be misplaced.

By creating a mastery-based approach classroom for college algebra, it is hypothesized
that students will have a decrease in math (and test) anxiety which will increase student
perceptions of their success.

COVID-19

During the Spring of 2020, COVID-19 ravaged the world and in turn, created an almost
seismic shift in how students learn and how teachers instruct. Instead of strictly taking in-person
classes, students were and are still turning toward online education to get a higher education
degree. Instructors had to quickly reinvent classroom culture and procedures to accommodate an
online environment (Brunetto et al., 2021). With this shift toward remote learning, Lanius et al.
(2022) stated that “it is vital to conduct research into issues of math anxiety and avoidance in

science, technology, engineering, and mathematics (STEM) related degrees” (p. 149). This
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research, in the author’s opinion, should include how we are teaching students inside the
mathematics classroom, whether that be online or in-person.

Lanius et al. (2022) completed a study that surveyed 6,761 undergraduate students who
took a Spring 2020 math course at the University of Arizona. They asked the students how
COVID-19 affected math anxiety, especially about online education. For example, if students did
not have access to the internet or computer, students had an increase in anxiety. Additionally,
math anxiety increased with the lack of communication from the instructor some students had
and still experience while taking an online course. This lack of communication included the
availability of the instructor to answer questions outside of class.

Brunetto et al. (2021) used a questionnaire to report university professors’ thoughts on
how their teaching had changed during the COVID-19 lockdown and consequently the move
toward online education. In their study, 48 professors from 13 different countries responded. One
important discovery was that by transitioning online, some instructors created an environment
where the active participation of students was replaced by transmissive lessons (Brunetto et al.,
2021). Transmissive lessons are defined as those in which the instructors focus on mathematical
content rather than the way mathematical concepts are shared and used by learners (Brunetto et
al., 2021). However, if an instructor believed in the importance of student-to-teacher
communication and the acquisition of technological knowledge, students’ voices and ideas
turned out to count more than what was believed at the beginning of the semester (Brunetto et
al., 2021)

With the shift toward online education after COVID-19, Lanius et al. (2022) addressed
further research that should be studied. They argued that “there is a potential for online education

to decrease math anxiety for some students” and that the question that could be asked is “what
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aspects of the online environment can alleviate anxiety?” (p. 168). The author hopes that this
study will show that a competency-based approach to a mathematics classroom taken online will
help alleviate anxiety and increase success rates.
Learning Support

Learning support, or sometimes called developmental support, exists to help students achieve
their goals (Bonham & Boylan, 2011). Bailey et al. (2010) explained that “students who arrive
unprepared for college are provided instruction to bring them up to an adequate level” (p. 255).
This unpreparedness is exacerbated at 2-year institutions since many 2-year colleges are open
access institutions, which are those institutes that offer education opportunities for students no
matter their prior levels of academic achievement (Daugherty et al, 2019). However, literature
shows that there is more to the story than just “bringing them up to speed.” As Bonham and
Boylan (2011) argued, “there is considerable public debate about the underpreparedness of
students entering colleges today and the efficacy of responses to this underpreparedness” (p. 2).
The debate around learning support and its usefulness is argued through a few points. First,
students are prevented from achieving and have a diminished view of their education goals by
taking developmental math courses (Bonham & Boylan, 2011; Royer & Baker, 2018). Second,
experts disagree on what it means to be college-ready (Bailey et al. 2010). Third, students,
especially men, older students, African American students, part-time students, and students in
vocational programs, are less likely to progress through their full remedial sequences (Bailey et
al., 2010; Kosiewicz et al., 2016).

Sometimes, students must take multiple learning support courses before they can enter the
degree-level class. As Royer and Baker (2018) argued, “these courses are very ‘leaky’ with

multiple points of exit for students” (p. 33). Often, because of these multiple exit points and the
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extended length of time a student will be completing their degree (Kosiewicz et al., 2016),
students are prevented from achieving their academic goals. Instead of working on coursework
toward their degree, students are instead forced to take classes that only prepare them for the
degree-level class.

Multiple studies across literature present data surrounding the ineffectiveness of
developmental education. Bailey et al. (2010) found that 33% of students who were referred to
three or more levels of developmental math courses completed the remedial sequence in their
Achieving the Dream program. They further found that 11% of those taking a developmental
math course exited the sequence not having failed the course. In another study, Attewell et al.
(2006) found through a study of students who provided college transcript data through the
National Educational Longitudinal Study that only 30% of students pass all developmental math
courses in which they enroll- Kosiewicz et al. (2016) agreed that these developmental courses are
difficult to pass in the fact that while over 60% of community college students are registered for
a developmental class, only a small percentage of students reach the degree-level class that may
be required for an associate or bachelor’s degree.

For these reasons, a change could make a substantial difference in the learning experience
for these students. As Kosiewicz et al. (2016) argued, “Community colleges across the United
States are developing new or alternative methods of delivery” (p. 206). The same article further
said that these developmental courses are “traditionally administered as a series of lecture-based,
semester-long courses” (p. 206). While this project is focused on a degree-level college algebra
course, further research into competency-based learning may look at how CBL can help students

in a developmental math course successfully pass and register for college-level coursework.
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Review of Math Anxiety

Math anxiety is a real phenomenon that many students all around the country face when
stepping inside the classroom. Students may be facing math anxiety for several reasons including
a lack of placement testing, learning support, COVID-19, and those who are in a dual-enrollment
program. The literature showed, however, that just taking these reasons at face value is not the
full story. Especially with learning support, data showed that letting the students directly into the
college algebra course at MTC may be the right step.
More on Competency-Based Learning

Now that we have developed why, through literature, competency-based learning was
chosen as a focus for this study, we will discuss more on competency-based learning. This
section of the literature review will define growth mindset, how CBL provides equity in the
classroom, the effect of CBL on a student’s time management skills, and how further research
should depend on the collaboration between different academic departments (e.g., the
mathematics department and the automotive technology department) to promote a student-
centered learning environment.
Growth Mindset

One way to learn and grow in mathematics is to make mistakes (Knight & Cooper, 2019).
The idea that one can be successful through effort and learning is called a growth mindset
(Dockterman & Blackwell, 2014). This contrasts with a fixed mindset, Dockterman and
Blackwell (2014) explained, in that a fixed mindset “reflects a belief in natural talent: one is
either good at something or is not” (p. 1). As an example, students will say statements such as

they are not math people (Dockterman & Blackwell, 2014). This is a fixed mindset because it
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makes the student believe that math is a natural talent, not one that is learned through hard work
and determination.

Literature shows that by practicing and making mistakes, students can grow in their
mathematical ability and ease their math anxiety. Knight and Cooper (2019) explored high
school teachers’ perceptions of the effects of standards-based grading on planning, instruction,
assessment, classroom management, and student behaviors. They defined standards-based
grading as having components such as “basing grades on proficiency of specific standards,
removing behavior factors from academic grades, and allowing multiple opportunities to reach
proficiency” (Knight & Cooper, 2019, p. 66). They interviewed and observed seven high school
instructors throughout five high schools. They found that standards-based grading “emphasizes
learning over grading” and that “reassessment opportunities are intended to ‘keep hope alive’ for
struggling students, foster a growth mind-set, and improve long-term learning and responsibility”
(pgs. 67-68). Ultimately, they discovered that SBG created a learning environment that was
conducive to learning and thus mistakes became more acceptable in the learning process.

Francome and Hewitt (2020) studied two schools in the United Kingdom. The authors
studied student beliefs and teacher beliefs and practices when it comes to teaching mathematics
in the classroom. Francome and Hewitt (2020) discovered that many of the math instructors and
students had a growth mindset. It was also shown that using mistakes as a tool for learning
increased mathematics attainment as by having a growth mindset, students valued learning from
mistakes.

Harsy (2020) stated that opportunities for learning and growth happen through mistakes.

However, “students routinely regard making mistakes as demonstrating a lack of competency”
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(Harsy, 2020, p. 850). By creating a structure of multiple opportunities, students can re-evaluate
and fully understand previous concepts (Harsy, 2020).

Attitudes that students have toward mathematics have been shown to affect learning
performance. In a study on measuring student attitudes toward calculus, Huang and Lin (2015)
reported that “with mathematics in particular, researchers have suggested that poor attitudes
toward content can result in poor learning and performance” (p. 109). In fact, Orhun (2007)
found that student perceptions about their confidence in learning mathematics are directly
affected by their attitude toward mathematics. However, building a growth mindset may change
the way that students think about mathematics which will in turn help their perceptions of how
successful they are in their math class.

Having a growth mindset is essential to a competency-based learning classroom. By
making mistakes and learning from them, students should not necessarily worry about getting a
good grade on assessments but rather achieving mastery of the subject.

Equity in Assessment Practices

By using group-based mastery learning, assessments provide a sense of equity in the
classroom. Patrick and Sturgis (2013) defined equity as “a way to ensure that all students are
given the right to be held responsible and supported in pursuit of high expectations that will
ensure they are truly ready for next steps building on the foundation of the Common Core State
Standards” (p. 10). As De los Santos et al. (2020) expressed in a literature review on how the
term equity is used in education, “today’s society . . . requires concrete actions to achieve a truly
inclusive education that offers equal opportunities for all students regardless of their ethnic

background, socio-economic class, or gender” (p. 13). To promote equity in education, De los
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Santos et al. (2020) argued that students should be allowed equal opportunities and equal access
to higher education, no matter what gender or socio-cultural background the student comes from.

Competency-based learning, as argued by Patrick and Sturgis (2013), is one way to
provide equity when assessing students. To promote competency-based learning, Patrick and
Sturgis (2013) gave five key elements: students will advance upon mastery, to empower
students, we can use competencies that include explicit, measurable, and transferable learning
objectives, assessment is meaningful and students feel it is a positive learning experience, timely,
differentiated support is given to students based on their individual learning need, and learning
outcomes emphasize competencies. These elements, Patrick and Sturgis (2013) argued, “ensures
that every student will become proficient” (p. 6). Competency-based education meets students
where they are at in their learning process, and by doing so, helps them achieve their potential
(Patrick & Sturgis, 2013).

Knight & Cooper (2019) agreed with Patrick and Sturgis on the notion that competency-
based, or in their eyes a standard-based approach, helped with equity. In their model, students
were allowed multiple attempts on assessments to demonstrate proficiency. By designing
components such as multiple attempts and focusing grading on standards, Knight and Cooper
(2019) argued these components increased the validity, reliability, and equity of grades which
improved student learning. An improvement in student learning-would also help ease math
anxiety for the individual student.

Knight and Cooper’s report which showed this increase in validity, reliability, and equity
of grades ties back into math anxiety. Students come from diverse backgrounds. Some students
may have taken a learning support class while others may have been out of college for many

years. Some students may have been affected by COVID-19 and have been forced to take an
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online mathematics class. Participants in Knight and Cooper’s study praised standards-based
grading (SBG) because it accepted mistakes and unacceptance of failure. As Knight and Cooper
(2019) wrote, “every participant believed reassessment opportunities helped students reach
challenging learning goals” (p. 80). By using the SBG, general academic achievement improved.

A couple of gaps in the literature appear in this section which is explained by Patrick and
Sturgis. First, competency-based education, according to Patrick and Sturgis (2013) “can find a
safe place to develop in areas of the system where students’ needs are not being met, including
increasing access to education through online learning” (p.8). Second, according to Patrick and
Sturgis (2013), “states need to be able to point to schools that are effectively using competency-
based approaches that are benefiting students” (p. 15). Any time a success story can be published
will further the trust that educators have for using different approaches in the classroom.

Time Management

Research has shown that by offering a competency-based classroom, students are more
likely to be in control of how they manage their time while working in the class. For example, in
a study comparing competency-based learning versus traditional learning in a pre-apprenticeship
refrigeration mechanics course at a community college in Canada, Bell and Mitchell (2000)
found that students have greater control of the pace of their learning in addition to how they are
learning when experiencing a CBL classroom.

With MTC being a 2-year college, students have other obligations besides the class
material. According to the Community College Research Center (2024), nearly 75% of students
in the year 2019-2020 worked while they were enrolled in college with 46% of students working
a full-time job. In addition, this study is being done in an online environment. Arens (2023)

stated in a study at a 4-year public university asking students about their experiences with online
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courses that online classes provide a convenience to deal with obligations such as careers and
family. In fact, according to the National Center for Education Statistics (2015), those who have
careers or those who have dependents are more likely to be taking online courses.

With other obligations besides coursework, students may procrastinate on class material.
One way to combat this issue is by creating a well-structured learning environment. This
learning environment, according to Selcuk et al. (2021) in a study surrounding adolescents’
reasonings into why they procrastinate, would help students have higher levels of competence,
effort, and persistence. Selcuk et al. (2021) went on to say that “the more students are involved
and engaged in their class-related duties, the less likely they procrastinate” (p. 1785). In Harsy et
al.’s (2022) study, they found that students’ responses reflected that CBL helped self-efficacy
and motivation. It is hoped that CBL will help the participants of this study manage their time
effectively and procrastinate less.
Collaboration with Other Departments

Competency-based education may also be useful to those students who are getting
degrees in a technical field. In an article about experiences about development education and
how students who test at low levels receive support throughout the Texas community college
system, Daugherty et al. (2019) stressed the idea that cross-departmental collaboration is critical
to the success of many programs. The authors argued that “as is true with many programs and
initiatives within colleges, successful roll-out requires a coordinated effort that involves
instructional departments, advising departments, and other departments within the college”
(Daugherty et al., 2019, p. 20). Further research may show a positive correlation between having
the student face a similar experience in their general education courses such as math and English

as they face in their technical courses.
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Review of Competency-Based Learning

Making mistakes while working on mathematical problems is an essential part of learning
(Knight & Cooper, 2019). By developing a growth mindset and taking on a competency-based
learning style on quizzes in the college algebra online classroom, students will be able to take
these mistakes and apply them to additional chances on quizzes. Instead of focusing on learning
the material for a grade, students can instead focus on growth. Finally, competency-based
learning can provide a sense of equity in the classroom so that all students have the chance to
succeed no matter what background they come from. It is the hope of the author that by taking a
CBL approach to learning in the online college algebra environment, students will feel like they
are more successful in the classroom and demonstrate that other teaching styles, not just a
traditional style, are effective in the mathematics classroom.

Summary of the Literature Review

Education is ever-changing. From a traditional style to having a flipped classroom or a
mastery-based approach, the way mathematics is taught inside the classroom can and should be
viewed as a fluid process. While traditional approaches to learning such as the pure lecture-based
have been the time-tested method of teaching inside the college math classroom, new ways such
as inquiry-based, a flipped classroom, and competency-based learning are taking the forefront.
At the heart of each style is the importance of student-centered learning. The literature revealed
that while all styles of teaching can be useful, competency-based learning may be the most useful
in terms of calming math anxiety and increasing student success.

Wide beliefs shared by faculty at MTC suggest that the lack of placement testing is a
major concern for the success of the student. With the lack of placement testing, they argue,

students may be placed in a course they are not prepared for. However, the literature painted a
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different picture. If a student was placed in a developmental math course, they were less likely to
succeed and more likely to drop out of the remedial work. In fact, students who are granted
access to the degree-level course immediately upon entering college may have better success
(Bickerstaff et al., 2022). COVID-19 may have heightened math anxiety by forcing students to
go online and more research should be done on best teaching practices for online students in a
math college classroom, hence this study.

Lastly, by using a group-based mastery learning method as described by Slavin, the
author hopes that college algebra will be more equal in terms of assessing students. This
methodology will be better described in chapter 3. By creating a growth mindset in the
classroom, students can have unlimited access to complete assigned assessments, which will
make sure, according to Patrick and Sturgis (2019), that students are met where they are in their
learning and help them achieve their academic potential. It is the hope that students feel less
anxious and feel like they were more successful while taking college algebra.

Summary of Research Purpose and Questions

Due to the decrease in attainment rates in college algebra at Middle Technical College,
the purpose of this study is to gather data and student thoughts on competency-based learning
inside the online college algebra course with the goal of increasing attainment rates. Three
surveys will be conducted to gather students’ thoughts on the CBL approach. Two questions will
be answered in this scholarly research project:

1. How will a competency-based learning approach to learning affect student perceptions of
their success in the college algebra online course at Middle Technical College?
2. What are student perceptions after taking the CBL course versus what they think of as a

traditionally graded classroom?
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Chapter Summary
This chapter presented information about different classroom theories, math anxiety, and
further information regarding competency-based learning. Overall, while several types of
classroom approaches are available, it has been decided to use a competency-based approach for
this study. The next chapter of this project will deal with this study’s research methodology and

methods.
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Chapter 3
RESEARCH METHODOLOGY AND METHODS
Introduction
Due to the decrease in attainment rates in college algebra at Middle Technical College
(MTC), the purpose of this study was to gather data and student thoughts on competency-based
learning inside the online college algebra course with the goal of increasing attainment rates.
Three surveys were conducted to gather students’ thoughts on the CBL approach. Two questions
will be answered at the conclusion of this scholarly research project:

1. How will a competency-based learning approach to learning affect student perceptions of

their success in the college algebra online course at MTC?

2. What are participants’ perceptions after taking the CBL course versus what they think of

as a traditionally graded classroom?

Chapter 3 will begin by describing the research methodology. The research methodology will
include explanations on conducting an action research-oriented mixed methods project alongside
details surrounding designing the competence-based learning grading system. Secondly, the
research context will be analyzed by describing the research setting, participant selection,
participants, and researcher positionality. The chapter will conclude with an explanation of how
the data was collected and analyzed.

Research Methodology
A Mixed Methods Approach
To answer the research questions, a mixed methods approach was used. A mixed
methods approach integrates both quantitative and qualitative data within the same study

(Mertler, 2018; Gurenlian, 2023; Shorten & Smith, 2017; Creswell & Creswell, 2018). One
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advantage of using a mixed-methods approach, according to Shorten and Smith (2017) is that it
allows researchers to “explore diverse perspectives and uncover relationships that exist between
the intricate layers of . . . multifaceted research questions” (p. 74). Another advantage to mixed
methods is that it neutralizes the weaknesses of using only quantitative or qualitative data
(Creswell & Creswell, 2018; Shorten & Smith, 2017). Mixed methods allow researchers “to view
their study from a broader perspective and integrate multiple data sources to study complex
problems” (Gurenlian, 2023, p. 70). Mixed methods approaches can also allow participants to
have a strong voice and share their experiences across the research process (Shorten & Smith,
2017).

The practice of completeness was used in this mixed methods study. Bryman (2006)
referred to completeness as the notion that “the researcher can bring together a more
comprehensive account of the area of inquiry in which he or she is interested if both quantitative
and qualitative research are employed” (p. 106). A mixture of Likert scale questions and open-
ended discussions were implemented in the survey. By asking both quantitative and qualitative
type questions, a richer picture of the participants’ perceptions before, during, and after
completing the college algebra course using a competency-based learning grading technique can
be gathered.

Convergent Mixed Methods

Creswell and Creswell (2018) described three mixed methods designs: convergent mixed
methods, explanatory sequential mixed methods, and exploratory sequential mixed methods. For
this study, a convergent mixed methods design was used. A convergent mixed methods approach
is “a form of mixed methods design in which the research converges or merges quantitative and

qualitative data in order to provide a comprehensive analysis of the research problem” (Creswell
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& Creswell, 2018, p. 15). To complete the approach, the researcher will gather both quantitative
and qualitative data at the same time and then integrate the information into the interpretation of
the overall results (Creswell & Creswell, 2018).

Convergent mixed methods contrast both explanatory sequential and exploratory
sequential as both explanatory and exploratory methods happen sequentially rather than at the
same time (Creswell & Creswell, 2018; Gurenlian, 2023). For example, Gurenlian (2023)
described the explanatory sequential type as “occur[ing] when the quantitative data are collected
and analyzed first” and then the qualitative data is gathered afterward to help explain the
quantitative results (p. 71). For this study, survey instruments asked both quantitative and
qualitative data at the same time.

Survey Design

Three surveys were given throughout the semester to students participating in an online
college algebra course. An explanatory survey was conducted as this type of survey is “devoted
to finding casual relationships among variables” (Malhotra & Grover, 1998, p. 409). To
complete the explanatory survey, a longitudinal design was implemented. Longitudinal designs
“are appropriate for studying phenomenon that change . . . by collecting data in the same
organization at two or more points over time” (Malhotra & Grover, 1998, p. 410). Students were
given these surveys at the beginning, middle, and end of the semester having to agree to an
informed consent before being considered a participant in this study.

The decision to implement a longitudinal, explanatory survey was borrowed from a study
conducted by Harsy et al. (2021) which analyzed mastery-based grading in the authors’ math
courses at a private 4-year university. In the study, Harsy et al. (2021) created three surveys and

administered them throughout the semester: one on the first day of the semester, one at
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midterms, and one at finals. Questions asked students to answer a mixture of Likert scale and
open-ended discussion questions ranging from math intelligence, study habits, and test anxiety.
The study at MTC focused on questions such as math anxiety and overall feelings about the
competency-based learning style as compared to a traditionally graded classroom.

Action Research

Action research is defined by Fraenkel et al. (2012) as research “conducted by one or
more individuals or groups for the purpose of solving a problem or obtaining information in
order to inform local practice” (p. 589). This study is classified as action research as research is
being done locally at MTC to obtain information about student perceptions of their success in the
college algebra course. Action research often uses a mixed-methods design because this type of
research often uses both quantitative and qualitative data (Mertler, 2020). The advantages of
action research include ideas such as action research can improve education by incorporating
change, educators can work together to improve their practice, and classroom teachers who
perform action research have direct access to research findings (Mertler, 2020; Rogers et al,
1990).

Another advantage that action research offers is the idea of communicative competence.
Communicative competence is defined as “the ability to participate in the discussion about what
should be maintained and what should be changed in our culture” (Rogers et al., 1990, p. 182).
By developing communicative competence, Rogers et al. (1990) argued that teachers will better
understand themselves, their colleagues, and their practice. In all, teachers who perform action
research can decide to conserve as well as change themselves or their teaching.

Action research is divided into four steps: identifying an area of focus, collecting data,

analyzing and interpreting the data, and developing a plan of action (Mertler, 2020; Fraenkel et
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al., 2012). First, identifying the research question or area of focus involved examining the
situation and identifying a problem (Fraenkel et al., 2012, p. 593). At MTC, attainment rates
were low in the college algebra courses, therefore it was decided to study how a different
learning and grading technique affects students’ perceptions of their own success. Second,
gathering necessary information is needed so that the researcher can “decide what sorts of data
are needed and how to collect them” (Fraenkel et al., 2012, p. 593). Since this study was
completed for online coursework, a survey was decided upon as the best way to gather both
quantitative and qualitative data. Third, by analyzing data, “participants can decide what the data
reveal” (Fraenkel et al., 2012, p. 594). Finally, an action plan should be created so that changes
discovered through the findings can be implemented (Fraenkel et al., 2012).
Practical Action Research

This study used practical action research. Practical action research addresses a specific
problem or needs in a classroom, school, or similar community (Fraenkel et al, 2021; Mertler,
2020; Newton & Burgess, 2008). The primary focus of practical action research is “to improve
practice in the short term as well as to inform larger issues” (Fraenkel et al, 2021, p. 592). For
this study, the specific problem that was addressed was the low attainment rates in the college
algebra class. The hope is to improve success rates in the short term by implementing a
competency-based learning strategy in the college algebra classroom. In the long term, this
action research study will help inform MTC faculty how best to administer exams in all math
courses being offered.
Competency-Based Learning Design

Competency-based learning, sometimes called mastery learning, is a grading scheme with

an emphasis on the mastery of skills and academic content (Patrick, 2021). To assess students
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using a group-based mastery learning scheme, a teacher will instruct the entire class at one pace.
An assessment is then given at the end of each unit, which Slaven (1987) argued that to achieve
mastery, a student should earn a grade of at least 80-90%. A student who does not reach
competency will receive corrective instruction, thought of as tutoring. The cycle of taking the
quiz to reach the mastery criterion and corrective instruction is repeated until a student reaches
mastery. Students who reach mastery are given an A on the unit, no matter how many tries it
took the student to reach mastery (Slavin, 1987).
Research Context

Research Setting

This survey-based, practical action research, convergent mixed methods study will take
place at Middle Technical College. MTC is a 2-year technical college. The total enrollment of
the college at the time of research is approximately 10,000 students with 42% of students
identified as White and approximately 51% of students identified as Black or African American.
MTC offers both online and in-person classes. Approximately 55% of students at the institution
took an in-person class while 39.7% of students took an online asynchronous class. The college
algebra class used for this research is an online asynchronous class. Asynchronous online courses
“enables groups that are separated in time and space to engage in the active production of shared
knowledge” (Gunawardena et al, 1997, p. 410). Students will complete the college algebra
course by using a combination of Blackboard and Pearson MyLab Math mixed with lecture
videos created by the instructor.

Blackboard is a learning management system (LMS) used at MTC. An LMS is “a
software application or web-based technology used to plan, implement, and assess a specific

learning process” (Alias & Zainuddin, 2005, p. 28). According to Alias and Zainuddin (2005),
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instructors use an LMS to create and deliver content, monitor student participation, and assess
student performance online. Further, students can use an LMS to have discussions, video
conferences, or complete assessments (Alias & Zainuddin, 2005). Blackboard is used in the
college algebra course for students to view their grades, complete class requirements, and access
Pearson MyLab Math.

Pearson MyLab Math, sometimes called MyMath Lab (MML), is a homework
management system (HMS). Sometimes referred to as web-based homework, an HMS is used as
an alternative to paper-and-pencil homework which provides instantaneous feedback on
students’ answers (Serhan, 2019). The goal of using such systems is “to enhance students’
understanding and engagement in classroom discussion” (Serhan, 2019, p. 61). In Serhan’s
(2019) study which centered around student perceptions of web-based homework systems,
students felt that an HMS had a positive influence on their learning in the classroom. At MTC,
homework, quizzes, and exams are administered through MML.

Participant Selection

Participants were selected using convenience sampling. Convenience sampling is a
sampling technique used when participants are convenient and easily accessible (Sedgwick,
2013). Students register for the college algebra course by themselves or through their advisor.
When registering, a note on three college algebra online classes taught by the author stated that a
CBL study was being conducted in the course. One week before and one day before the semester
started, a CUHSR-approved email was sent to all students in the online courses detailing the
study and how students benefitted from being a part of the study. All students who registered for
the college algebra online course taught by the author were therefore eligible to participate in the

study.
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MTC has a high enrollment of dual-enrolled students. However, dual-enrolled students
(those who are high-school students taking degree-level courses for college credit), are excluded
from the study and are not allowed to enroll in the three online sections.
Participants

Three online sections of college algebra taught by the author were targeted for the CBL
study. Enrollment in the three sections is 77 students during the first survey, 74 during the
second survey, and 69 during the third survey. The decrease in enrollment per survey was due to
withdrawals initiated by the student. To be eligible to participate in this study, a student had to
answer at least one of three anonymous and confidential surveys throughout the semester.
Students were given the chance to take part in the surveys through links provided throughout the
Blackboard course. Before becoming a participant and answering survey questions, students had
to agree to the informed consent available on each survey which was approved by the Committee
on the Use of Human Subjects in Research (CUHSR) at Bradley University. To agree to the
informed consent, participants clicked “I Agree” before the survey software allowed responses to
any other question on the survey. Following the informed consent, two pieces of identification
were asked of respondents: their age and their gender. The summary for each identification piece

of the survey is listed in Table 1 and Table 2.

Table 1

Number (n) of Student Participants by Age
Survey 18-25 25-35 35-45 45-55 55+ n
Survey 1 28 13 5 3 0 49
Survey 2 10 6 1 2 0 19

Survey 3 4 2 1 0 0 7
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Table 2

Number (n) of Student Participants by Gender

Survey Male Female Prefer Not to Answer n
Survey 1 11 37 1 49
Survey 2 14 3 1 19
Survey 3 3 4 0 7

Researcher Positionality

An action researcher needs to describe the positionality the researcher is taking while
conducting a study. According to Herr and Anderson (2015), “Your positionality as a researcher
means asking the question, Who am I in relation to my participants and my setting?” (p. 37).
Herr and Anderson described both the insider and outsider positions in relation to action
research. Being that this study was practical action research, Herr and Anderson (2015) argued
that those who use practical action research are insiders and “often want to study the outcomes of
a program or actions in their own setting, much like an internal evaluation study” (p. 42). The
author of this study is an insider. While those who take part in action research need to be careful
about potential biases, it is important to remember that action research is just as important as
other types of research. Herr and Anderson (2015) explained:

This type of action research dissertation is more than an amateur researcher

demonstrating a certain level of competency in doing research. It is an account of how

one practitioner goes about learning his or her craft and what was learned in the process.

Such insider accounts generate important knowledge to be shared among practitioners (p.

44).
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While the author of this study is the same as the one who is teaching and assigning grades
to students based on mastery, certain procedures were in place to try to regulate bias. First, all
surveys were voluntary and anonymous. Students were free to respond how they feel, and the
author was not able to use potential negative attributes to influence a student’s grade. In addition,
CUSHR-approved scripts were created that were sent out to students throughout the semester
reminding them to take the voluntary and anonymous survey.

Research Methods
Data Collection
Strategies/Instruments

To implement competency-based learning, Harsy (2020) argued that it is vital to vary the
questions as students may mimic the answers on an earlier attempt on the quiz. For this study,
each attempt at the quiz is randomized so that the question the student sees on one attempt is not
the same question on subsequent attempts.

Harsy et al. (2021) researched student perceptions of competency-based learning at a 4-
year private institution. To complete the research, Harsy et al. (2021) used 3 surveys to gather
student feedback: one given to students at the beginning of the semester, one given at midterms,
and one given after taking the final exam. The study done at MTC offers students the chance to
take an anonymous and voluntary survey three times throughout the semester like that of Harsy
et al.

Google Forms is used to deliver the three surveys given to participants. Bradley
University pays for and grants access to the Google Suite (i.e., Gmail, Google Drive, Forms) for
all faculty, staff, and students. The password needed to access the Google suite is only known by

the author. To maintain anonymity, Google Forms allows the creator of the form to turn off
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collecting email addresses, which it was turned off for this study. In addition to Google Forms,
all data is transferred to a flash drive which is locked in a closet with the key only given to the
author of this study and the maintenance crew at MTC. After completion of the study, students
will not be re-contacted. All quiz data and survey links will be stored both in Blackboard and
MyLab Math, both of which are password-protected and only the author at MTC administration.
MyLab Math and Blackboard data are typically available for up to 2 years before being
permanently deleted. All information that was collected during this study was de-identified.

Each survey was divided into four parts. The first part required participants to agree to
the informed consent before moving on to the content of the survey. The second part gathered
demographic information from the participants that kept their anonymity. The third and fourth
parts of each survey asked a mixture of Likert scale and free-response questions ranging from
their earlier experiences in math courses and participants’ perceptions of their success while
taking the CBL course. Refer to Appendix A for the content of each survey.
Procedures

One week before and one day before the semester started, participants were sent an email
informing them of the study. They were also given a date to withdraw in case they did not want
to be graded based on mastery. Students were graded based on mastery no matter if they were
participants or not. Since all surveys were anonymous, students who did not participated had no
punitive action taken against them.

During the first week of class, students accessed Blackboard to start on the course. Before
being granted access to MyMath Lab, students complete a mandatory assignment, called the First
Assignment, that all students at MTC must complete. During this assignment, students were

given the choice to take the first survey. After completion of the First Assignment, students
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registered for MML and completed the 6 modules of the class throughout the 16-week semester.
Students in an online class work at their own pace and deadlines for each module are
approximately 2 to 3 weeks apart.

At the end of each module, there was one quiz. Each quiz had a time limit of 2 hours.
After a student submitted the quiz, they instantaneously received a numerical score. If a student
received an 80% or higher, mastery was achieved, and the instructor changed their score in the
grade book to 100%. If a student received lower than 80%, mastery was not achieved, and the
student had a chance to retake the quiz as many times as needed until an 80% was obtained. The
time limit for each subsequent attempt was 2 hours.

As Slavin (1987) described, if a student does not achieve mastery, corrective action
should be taken. For this study, after 3 attempts at the quiz and if the student had not achieved
mastery, students were locked out of taking another quiz attempt until they had attended a
tutoring session with the instructor. The instructor then opened 3 more attempts at the quiz. This
process was then repeated until the student reached mastery. Mastery must be obtained by the
due date, in which a calendar of due dates was provided to the students throughout the semester
in Blackboard. If a student did not show mastery at the due date but at a later time in the
semester, a 5% deduction per week the quiz was late was assessed. If a student did not achieve
mastery by the end of the semester, their initial score beneath 80% was recorded in the
gradebook. If they did not complete the quiz at all, a 0% was entered in the gradebook.

During midterm and finals week, students were given a midterm survey and a final
survey. All three surveys were estimated to take approximately 20 minutes to complete. As the
instructor, the author provided feedback on each quiz using the add comment feature in MyMath

Lab. The author also provided lecture videos that were approximately 15 minutes in length on
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each section taught in the class that students had the choice to watch. Announcements were
posted throughout the semester reminding students about due dates and the surveys. The middle-
of-the-semester and final survey links were listed on Blackboard for students before each
respective midterm and final exam.

Timeline

Table 3 offers an in-depth analysis of the timeline that this study followed.
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Table 3

A Timeline of Events

Date

Activity

August 14, 2023

August 15, 2023

August 28, 2023

August 2023 — early December 2023

October 2, 2023
October 22, 2023
Late November 2023

December 8, 2023

Invitation to Participate was sent out to online
college algebra students registered for the
author’s classes.

The First Assignment opened to students
which provided informed consent as well as
the first survey link.

The first survey closed.

Students worked on class material involving 6
modules with 6 individual quizzes graded on
the mastery approach.

The midterm survey opened.

The midterm survey closed.

The final survey opened.

The final survey closed.

Data Analysis

Research Question 1

Both qualitative and quantitative data were collected to answer the first research question.

The first research question was: How will a competency-based learning approach to learning

affect student perceptions of their success in the college algebra online course at MTC? To



COMPETENCY-BASED LEARNING IN MATHEMATICS 57

answer the question quantitatively, Likert scales were given to students. To answer the question
qualitatively, open-ended questions were given.

One potential barrier to the student’s perceptiveness of their success was the length of
time it has been since the student took a math course. In the beginning-of-the-semester survey,
questions 3 and 4 gauged how long it had been since their last math course was taken and if
students felt math anxiety when they registered for the college algebra course. In addition, a
Likert scale question asked if simply registering for a math course created a sense of math
anxiety which might prohibit the student from being successful.

Furthermore, the beginning-of-the-semester survey in questions 6, 7, and 8 asked students
to gauge their perception of CBL from reading the syllabus and the initial email sent by the
author explaining the study in the course. Lastly, a free-response question was asked in question
9 to get a sense of other obstacles students might face that would prohibit them from being
successful. Student responses were grouped to form themes using inductive coding, and similarly
to Harsy et al. (2021), student quotes from the survey were used to reinforce those themes. No
questions in survey 1 are related to research question 2 as research question 2 asked students’
perceptions of CBL after completing the course, and survey 1 was completed at the beginning of
the course.

The mid-semester survey, besides the two demographic questions, also focused on the
first research question. Questions 3, 4, and 5 were a mixture of Likert scales and free response to
gauge student’s anxiety at the middle part of the semester. More specifically, questions 4 and 5
focused on whether CBL has helped ease that anxiety. Question 6 on the mid-semester survey
was similar to that of Question 7 of the beginning-of-the-semester survey in that it used a Likert

scale to have students’ rate if they felt that the CBL style has helped them be more or less
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successful in the course. Question 8 gathered a qualitative response to gain a full picture of why
students at this point in the semester felt they were more or less successful due to CBL. The mid-
semester survey had no questions related to the second research question as research question 2
asked student perceptions of CBL after completing the course, and survey 2 was completed in
the middle of the course.

The final survey asked a mixture of Likert scale questions and free-response questions to
gauge student perceptions of their success after the semester ended. Question 3 was designed to
gauge if students have experienced CBL before the study, and it was reported as a bar graph.
Question 4 was designed as a way for students to reflect on their feelings of anxiousness after
learning about how quizzes were structured using the CBL approach. Question 5 is like Question
4 in asking if the CBL approach helped ease their anxiety while taking quizzes. Question 6 was
an open-ended response to their feelings about the CBL approach easing their anxiety. To
compare answers on whether students felt CBL helped them be successful in the class, questions
9 (a Likert scale) and 10 (a free response) were asked.

To complete the qualitative data analysis, inductive coding was used. Inductive analysis
is an approach that uses “detailed readings of raw data to derive concepts, themes, or a model
through interpretations made from raw data by an evaluator or researcher” (Thomas, 2006, p.
238). Thomas (2006) argued that this approach allows researchers to discover significant themes
inherent in raw data without the restraints imposed by structured methodologies.

Quantitatively, because questions 4 and 5 on the mid-semester and final survey,
respectively, and questions 6, 6, and 9 are similar on the beginning, middle, and final survey,
respectively, a chi-square test was completed to compare the results. According to Creswell and

Creswell (2018), a Chi-square test is a way to test an association between two variables
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measured by categories. To measure students’ responses on Likert scales throughout the 3
surveys, Harsy et al. (2021) also used a chi-square test. To complete the Chi-square test, IBM’s
SPSS statistical software was used.
Research Question 2

The second research question was: what are student perceptions after taking the CBL
course versus what they think of as a traditionally graded classroom? Question 7 on the final
survey asked students if they would have preferred a more standard approach to the quizzes that
are taken at MTC or if they preferred the CBL approach. Question 8 asked students to provide a
written explanation of why they preferred one approach over the other. Question 7 will be
presented as a bar graph in chapter 4, while question 8 will be grouped by themes and student
responses will be given similar to that of Harsy et al. (2021).

Chapter Summary

Chapter 3 discussed the research methodology and methods of this scholarly action
research project. First, the research methodology was introduced by discussing the mixed
methods approach, the survey design, action research, and the competency-based learning
design. Then, the research context was given which included the research setting, participants,
and the researcher’s positionality. Finally, data collection and analysis were discussed in the
research methods section. Chapter 4 will be a discussion of the results which will answer this

study’s research questions.
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Chapter 4
RESULTS
Introduction
To gather participants’ perceptions of CBL in the online college algebra course at MTC,
three anonymous surveys were given at the beginning of the course, at midterms, and during the
final week. Chapter 4 will present the findings to the following two questions:

1. How will a competency-based learning approach to learning affect student perceptions of

their success in the college algebra online course at MTC?

2. What are participants’ perceptions after taking the CBL course versus what they think of

as a traditionally graded classroom?

During chapter 4, both quantitative data and qualitative data will be combined to form
themes based on participant answers to each survey. After sharing the findings, chapter 4 will
progress by discussing each theme and the connections each has to literature. Chapter 4 will
conclude by giving a summary of the chapter and a preview of chapter 5.

Results
Quantitative Data
The beginning-of-the-semester survey, which will be referred to as survey 1, began by
asking participants about their perceptions of their success based on the length of time since their
last math course and their math anxiety when registering. Figure 1 shows the number of
respondents based on whether they have taken a math course within the last year, between 1 and

5 years, between 5 and 10 years, and longer than 10 years.
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Figure 1

Length of Time Since Last Mathematics Course
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Note. The average response was 2.31 where 1 refers to a student last taking a math class less than
1 year ago and 4 being that the last math class was longer than 10 years ago.

With the average response being 2.31, participants’ last time since they took a
mathematics course was approximately between 1 and 5 years ago. As mentioned in chapter 1, 2-
year institutions such as MTC have a great diversity of students who enroll at the college due to
it being open-access. This often means that students have not taken academic classes in quite
some time. So, it is no surprise that many students in this study identified that it had been longer
than 1 year since they had last taken a mathematics course. Participants were then asked to
decide whether they thought the length of time since taking their last math course affected their

chance of success in the online college algebra course.
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Figure 2

Length in Time Since Last Math Course and Feelings about Success
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Note. The average response was 2.37.

Being that the average response was 2.37, participants felt that the length of time since
their last math course would, on average, slightly affect their chance of succeeding. When
completing a Chi-square test to determine if there is a significant difference in the number of
years since a math course versus student perceptions of their success, the test resulted in a p-
value of .069 and > of 15.887. While this test showed that there was no significant difference
between a participant’s chance of success versus the length of time it has been since their last
math course, research does back the idea that prior experiences do impact student attitudes
toward mathematics (Geist, 2010). With that in mind, it is not surprising that many participants
in this study felt slightly affected by their chance to succeed based on their last math course,
especially if they had an unpleasant experience in their previous course. Figure 3 shows the
results when participants were asked to rate their feelings of math anxiety when registering for

the college algebra online course.
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Figure 3

Participant Perceptions of Their Math Anxiety When Registering for College Algebra
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Note. The average response was 2.65.

By having an average response of 2.65, participants on average felt they were somewhat
anxious when registering for college algebra. Figure 3 further pushes the narrative that prior
experiences in math affect a person’s feelings about mathematics. With 42 out of 49 (85.7%) of
participants feeling at least a little anxious when registering for the course, by just knowing that
they were about to enroll in and participate in a math class, participants felt anxious.

Survey 1 asked students if they thought they would be more or less successful because of
the implementation. Surveys 2 and 3 (the middle-of-the-semester and the end-of-semester
surveys, respectively) followed up this question by asking students if they still thought that the
implementation of CBL was helping them be successful in the course. The results across all three

surveys are shown in Figure 4.
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Figure 4

Participant Perceptions of Their Success Based on the Implementation of CBL
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Note. Completing a Chi-square test results in a p-value of 0.188 and x> = 8.747.

Comparing participant perceptions from the beginning of the semester to the end of the
semester resulted in the finding that there was no significant difference. Based on the
quantitative data, participants felt early on that CBL would be helpful to them in passing the
course, and that opinion did not change throughout the semester. Figure 5 shows students’
perceptions of their anxiety and whether CBL had helped that anxiety at the midpoint of the

semester and the end of the semester.



COMPETENCY-BASED LEARNING IN MATHEMATICS 65

Figure 5

Participant Perceptions of Their Anxiety Based on the CBL Approach
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Note. Completing a Chi-square test results in a p-value of 0.742 and x> = 1.245.

No significant difference was calculated in students’ perceptions of their anxiety
throughout the course. Participants in survey 2 recognized that CBL helped ease their anxiety,
and their responses did not change throughout the semester which was reflected in survey 3.

Participants in survey 3 were asked if they had ever experienced CBL in any setting. Out
of the 7 respondents, 6 of them had not experienced CBL before taking the online college
algebra class and 1 responded that they did take a CBL course during high school. Participants
were also asked on survey 3 if after learning about CBL, their feelings of anxiousness were

eased. The results are shown in Figure 6.
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Figure 6
Participant Perceptions of Their Anxiousness After Learning About CBL
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Note. The average response rate was 1.71.

By having an average response rate of 1.71, Figure 6 shows that on average participants
felt that their anxiety was mostly eased because of the CBL. While having low participation in
survey 3, Figure 6 shows that participants did feel that CBL would help ease their anxiety at the
beginning of the course which is in line with findings in Figure 4 and Figure 5. Figure 7 shows
whether a participant preferred the CBL approach or the traditional approach. Six out of 7

(85.7%) students preferred the CBL approach over the traditional approach.
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Figure 7

Participants’ Preference of CBL versus a Traditionally Graded Classroom
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Qualitative Data

While comparing quantitative data may have shown no significant differences,
participants’ qualitative responses painted a different story which will be explored more in detail
during the discussion part of this chapter. Starting with research question 1, four main themes
arose throughout the three surveys on how CBL affected participants’ perception of their
success: confidence, time management, communication, and understanding.

Each theme had its unique answers from participants. Confidence answers included those
participants who felt that CBL helped their overall confidence when taking quizzes, reduced
stress and test anxiety, and overall lessened the pressures to succeed during their assessment.
Time management included answers such as the self-paced nature of the online course and
procrastination. Communication included answers such as how the instructor communicated with
the students of the class, communicated in an online environment versus in-person, and
technology. Finally, participants answered with many suggestions that CBL helped increase their

understanding of the concepts and helped level the playing field.
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To break down each theme by the number of respondents, Table 1 shows the frequency at

which each theme was answered by a participant in each of the three surveys.

Table 4

Survey 1 Frequency Distribution on Themes for Research Question 1

Theme Survey 1 Survey 2 Survey 3

Confidence

Feelings of Doubt 10 2 2

Getting a High Grade 4 7 4

Text Anxiety 2 6 1

Stress Management 2 0 0

Pressures to Succeed 0 2 2
Time Management

Work at Own Pace 7 4 0

Procrastination 3 1 0

General Time Management 2 0 0
Communication

Instructor Communication 2 0 0

In-person versus Online 3 1 0

Technology 3 2 0
Understanding

Level the Playing Field 4 1 0

General Understanding 9 6 1
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Throughout the three surveys for research question 1, confidence was highly answered by
participants. Survey 1 had multiple participants express feelings of doubt toward mathematics,
which further explains the idea that participants were anxious when entering the class. In
addition, participants expressed that they felt less anxious due to the higher grades they were
achieving throughout the class, making them more confident when taking assessments.
Furthermore, some participants recognized that their test anxiety decreased based on the idea that
grades were built upon mastery. Harsy et al. (2021) reported that many students also had a
decrease in test anxiety due to mastery-based learning. Harsy et al. (2021) also found that
participants in their study thought mastery-based learning helped them understand the material
more deeply. In all three surveys in this study, participants also noted that their general
understanding of the material increased.

Participants further said early on that time management could be an issue including
feelings of procrastination and the fact that by being online, participants could work at their own
pace. As Slavin (1987) mentioned in the definition of group-based mastery learning, students
should be given multiple tries to achieve mastery. If a student is given ample time to reach
mastery, they may wait till the last minute to take the assessment. Finally, participants, especially
during survey 1, were worried about the technology involved in taking the math course online
and the fact they were not in the classroom. As one participant said, “I think something will
prevent me is not being in person. I tend to learn better in person with visual demonstrations
when it comes to algebra.” These feelings seemed to ease throughout the semester, as
participants got used to how the class was structured.

Research question 2 had 3 themes that arose: confidence, equity, and time management.

Table 2 shows the frequency at which participants answered with these themes.
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Table 5

Survey 3 Frequency Distribution on Themes for Research Question 2

Theme Frequency
Confidence

Getting a High Grade 3

Text Anxiety 1

Time Management

Work at Own Pace 1
Equity
Level the Playing Field 1

Participants in this last survey recognized that CBL helped them be more confident when
taking assessments since they saw their grades increase. Because of this, many participants stated
they preferred CBL over a traditionally graded classroom. One participant recognized that CBL
helped level the playing field for students taking a math course. By focusing on mastery rather
than a “one-and-done” assessment, they stated that “CBL is a better system” because “it evens
the playing field between people that have test anxiety and people who don’t.” With the addition
of the quantitative data, participants in survey 3 felt that they preferred CBL over a traditionally

graded classroom.
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Discussion
Research Question 1
Confidence

During survey 1, many participants answered that they felt that CBL would help them
become more confident in their own abilities. For example, one participant stated that “I was
scared at first, but after reading through what CBL means from the syllabus it makes me feel
more confident! ” Many others wrote that they felt that they were either terrible at math or had
not done well in earlier math courses. For example, one participant stated, “I’m truly terrible at
math and especially how my high school teachers taught it so maybe this approach will be more
understanding for my brain.” Another wrote that “I feel it [CBL] would decrease my anxiety
about math as I already have tried and not done well in math classes.” A fourth participant on
survey 1 mentioned “I feel like I’ll be more successful because of the chances we are given to
make a good grade on a quiz.”

Especially when registering for the math course, many students felt at least some anxiety
about having to take a math course. In this study, it is seen that students already felt anxiety
about the class based on prior learning experiences in a math classroom. This echoes Geist’s
(2010) study that prior learning experiences are key toward their feelings about mathematics.
However, as seen in chapter 2, Fergus and Smith (2022) argued that CBL would help in reducing
math anxiety, and even within the first survey participants in this study felt that CBL would help
them ease their anxiety and be more confident when entering the class.

During surveys 2 and 3, confidence answers increased, which may be because of the
pressures to succeed in the college classroom. Looking at survey 2 first, one participant answered

why they feel more or less successful because of CBL by stating “I feel more successful, because
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I make the grades to pass but it’s an even better feeling on confidence when you see that boost to

"’

your grade!” Along those same lines, another participant in survey 2 stated that CBL “gives you
the opportunity to learn from your mistakes.” Survey 2 also had a response related to test anxiety
and CBL in that they said, “I think that it takes some of the test anxiety away, knowing that if
you don’t do well, you will get another shot.” Participants in this study at the midpoint part of the
semester recognized that their grades mattered and that by being given multiple chances to
succeed, they felt less anxiety. One participant said that they like the CBL approach because “not
all students are good test/quiz takers and this approach help ease the mind of trying to achieve a
passing grade.”

Survey 3 had similar responses when it came to confidence. One participant mentioned
that “the CBL approach eased my anxiety because I didn’t have to worry about a ‘one take and
done’ quiz. It is also extremely helpful because I only needed to reach a high grade for the each
[sic] quiz and not have to worry about my grade dropping from certain amount of points.”
Furthermore, another participant said that “it made the test anxiety go away almost completely.
Knowing that if I didn’t pass I’d get another shot.”

Participant responses in this study about their confidence in taking mathematics back up
the results that Beiter et al. (2015) showed. Beiter et al. (2015) reported that the pressure of
meeting graduate requirements is one factor in a college student having stress. Participants in this
study throughout the second and third surveys constantly referred to the fact the CBL helped
them feel more confident as CBL gave them multiple opportunities to perform well on the
assessment. Harsy (2020) reported comparable results in their study that mastery-based learning
helped students with their test anxiety. In Harsy’s study, students reported that it helped with

anxiety because they would get more chances to achieve mastery thus alleviating stress.
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The pressure to succeed is high in any college environment whether it is in an online
college algebra course at a 2-year technical college or an in-person class at a 4-year university.
However, it is important to remember that at a 2-year technical college, the majority of students
are not in a math course to eventually major in mathematics. They want to complete degree
requirements on their way to becoming, for example, nurses, mechanics, or even a hairdresser.
This leads to many students coming into the 2-year college with different feelings toward
mathematics. By focusing on mastery, students felt throughout the course more confident in their
ability to perform well on quizzes, which led to their perceptions of their success to increase.
Time Management

Being that this study was done in an online class, many participants during the first
survey brought up that they are happy that CBL gets to let them work at their own pace. For
example, one participant stated that CBL helps in that “it lets us tell you what we have learned
and its at my own pace.” Another participant in survey 1 said that “when I truly wish to learn
something, I like to spend time also teaching myself how to do something in order to master it.”
In terms of managing time, one participant in survey 1 said that they predicted that CBL would
help them be more successful as “to help me learn how to manage my time better and learn to be
more comfortable with learning topics I struggle with.” Like understanding, by the student
having control of what and how they learn, they get to practice more on their weaknesses to grow
to mastery level.

Survey 2 brought up some negative comments toward CBL when it comes to time
management. One participant stated that “the quizzes are quite complex, it is very challenging

preparing for them while working a full-time job as well as taking care of a family.”



COMPETENCY-BASED LEARNING IN MATHEMATICS 74

In response to why CBL has not eased this participant’s anxiety, they said that “I typically take
the test 4 hours before the deadline due to my work and family schedule.”

As instructors, we want students to be diligently studying and working on homework.
However, for this participant and many other students in both online courses and at technical
colleges, they simply do not have time to spend hours on the material. As chapter 2 described,
students taking online classes deal with obligations such as careers and family (Arens, 2023).
Furthermore, students have other extracurricular activities they may be involved in such as sports
and clubs. Due to the multiple chances that CBL allows, a student may not have the time to
develop mastery in certain areas, as this participant pointed out that they take the test 4 hours
before the deadline. Any instructor needs to take to take into consideration not only the time it
takes for students to achieve mastery but also the time students spend on material outside the
classroom. Creating smaller assessments so the students have less to study and be assessed on
may be beneficial to help overcome the vast amounts of information a student is exposed to
throughout the class.

In addition to other obligations as a barrier to achieving mastery, one student pointed out
during survey 2 that due to the nature of CBL, it was easy to procrastinate. They stated that “as I
thought, I procrastinated quite a bit on assignments, but it was rather easy to catch up when I
finally started doing my work.” Survey 1 also offered some insights into participant concerns
about procrastination. One participant was quoted as writing that “I wouldn't have to rush myself
to do assignments and thus less stress about it, but I did take one point off simply because I have
a feeling that there is a chance I would procrastinate on certain assignments because of this
flexibility. I hope I don't actually do so, but the possibility is still there.” Another participant on

survey 1 stated that “I haven't taken a math course in quite some time, so the unlimited number
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of retries on quizzes sound like they will be helpful early on in the course while I am still getting
back into the swing of things.”

Being in an online class may provide difficulties for students to stay actively engaged in
the coursework. To create an online course that is actively engaging especially for those
designing a CBL classroom, it is suggested to constantly provide feedback on student work, send
out announcements to the entire class to remind them of upcoming deadlines, and create a space
for students to ask questions as needed similar to office hours in-person.

While the last comment doesn’t necessarily speak to procrastination, it is important to
recognize that students enter any class with varying backgrounds. So, while the student may not
be procrastinating, it may still take them some time to get used to being in a college classroom or
get used to the college-level material. Many students in survey 1 had not taken a math class in
quite some time. Again, creating a well-structured learning environment so that all students have
the chance to succeed is essential so that students do not fall behind trying to learn pre-requisite
material alongside new material.

No responses were given in terms of time management on survey 3. It is suspected that
by the end of the class, most students who responded were more concerned with their grades
rather than managing their time since the final exam had already been completed by these
students.

Overall, a well-designed classroom should help students who feel they might
procrastinate during the semester. While instructors cannot have control of external factors in a
student’s life, they can be accommodating in case factors such as full-time jobs or children take
the forefront of a student’s learning experience. In the end, data from chapter 4 showed that

students felt more successful and had less anxiety because of CBL, and one reason offered by
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student respondents was because of time management in the sense that the online course offered
a chance for self-paced work. By being able to learn at their own pace, participants used that
time to try and achieve mastery on each of the six quizzes presented to them during this study
which helped them boost their confidence when taking assessments.

Communication

Being that this study was completed in an online course, instructor communication is
vital to the success of students. During survey 1, some participants noted that they were worried
about the technology and growing accustomed to taking an online course. When asked about
other obstacles that will prevent them from being successful, one participant answered that one
obstacle is “not being the best with technology.” Another participant said that “my lack of
knowledge on blackboard and this being my first year in college” would prevent them from
being successful. One other participant answered that “Relying mostly on technology and
internet forums for learning and teaching tools to communicate and complete assignments I feel
can be compromising.”

Communication between the college and the instructor is equally as important to make
sure that students are aware of the technology that they will be faced with and then comfortable
with using said technology. For example, MTC offers a phone number to call in case students
have questions about Blackboard. Instructors in math courses at MTC offer multiple guides on
how to register for and complete assignments in MyMath Lab. In addition, students can drive to
the MTC campus to get help from faculty, the library, or other academic services.

Communication can also come in the form of how the instructor is delivering online
content. For example, one participant during survey 1 stated “I think something that will prevent

me is not being in person. I tend to learn better in person with visual demonstrations when it
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comes to algebra.” On the same question, another participant shared that “I would say make sure
I ask for help when I need instead of waiting to the last min.” Further, one participant on survey
2 when asked why they feel more or less successful because of CBL stated “I feel like I do better
in person with math instead of online but as far as learning something I feel like I’ve learned a
little bit of things not as much as I think I would’ve in person.”

This discussion goes back to the advice of Selcuk et al. (2021) that creating a well-
structured learning environment is essential to student success. In this study’s online classroom,
videos talking about and visualizing concepts taught in the college algebra were posted and
narrated by the instructor. Before starting graded assignments, students had to complete a
MyMath Lab orientation assignment walking them through how to properly use MyMath Lab. In
addition, the instructor had online and face-to-face office hours so that students could get help if
needed. Providing a line of communication for online students will help them feel more at ease
and ready to study the curriculum itself rather than be faced with anxiety regarding technology
issues.

Utilizing technology and helping ease the anxiety brought on by online coursework
showed up in survey 2 as well. For example, one participant responded by saying that “The
homework is interactive in a great way, so if I don’t understand a problem it will walk me
through something similar, greatly helping with the problem at hand.” By survey 3, no
participants commented on the technology potentially showing that they were used to how the
class and MyMath Lab operated.

The combination of math anxiety plus having to learn the technology can be
overwhelming to students taking an online college algebra course. Instructors, no matter the type

of classroom, should be responsive to students’ needs, questions, and concerns throughout the
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class. Speaking specifically about CBL, Slavin (1987) stated that by using group-based mastery
learning, those who do not reach mastery should be given corrective instruction which may take
the form of tutoring. Communicating these corrective actions is imperative so students feel less
anxious about not only the math but also the overall pressures to succeed in the class.
Understanding

Harsy (2020) explained that one big advantage of mastery-based learning (MBL) that
participants recognized was that MBL “helped them with their understanding of course
objectives” (p. 865). Even before participants in this study experienced CBL, many answered
during survey 1 that their initial thoughts on CBL were that it would help increase their
understanding of the material. One participant argued that “Instead of punishing people for not
knowing the material, it [CBL] seems like it pushes everyone to learn it.” Another participant
recognized “that it was a way to make sure students genuinely understand the material.” In
addition, a third respondent on survey 1 responded by saying “I hope that this concept can be
used to further someone’s education at the point they have mastered the knowledge needed
versus just moving along.”

During survey 2, some participants answered that the CBL has helped them better
understand the material presented in college algebra. One participant responded by saying that
CBL “has been great so far and I feel like I’'m actually learning the problems and how to solve
them.” Another responded by saying that CBL “gives you the opportunity to learn from your
mistakes.”

In survey 3, only one participant mentioned that CBL helped them better understand the
material. On how CBL helped the participants ease their math anxiety, this participant answered

that “Better understanding on areas I need help.”
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While it may seem disappointing that not many mentioned understanding at the end of
the class, as suggested during the time management discussion, many participants focused on the
fact that CBL helped their grades increase. When asked about why they thought they were more
or less successful with CBL on survey 3, one participant offered that they were “guaranteed
100% if I make at least 80 on quizzes.” Another argued that “It forced me to reach 80% while
giving me the chances. Finally, one participant suggested that “I feel my grade would have
suffered severely” if it was not for the CBL implementation.

Harsy (2020) had related results in that participants in that study stated that MBT helped
with their text anxiety. As one student in Harsy’s (2020) study stated:

A major strength of this class is the mastery-based testing because the fact that you can

retest on concepts throughout the semester helps relieve students of text anxiety and

allows time for the student to truly learn the concept and be able to master it in the end (p.

863).

During Harsy et al.’s (2021) study, participants mentioned that “MBT helped them focus on
understanding the course material since MBT forced them to go back and continue working on
objectives” (p. 1083). In addition, participants in Harsey et al’s (2021) study helped them not feel
discouraged as “if they didn’t understand a course concept right away . . . they could continue to
work on it until they fully understood the concept” (p. 1083). For this study, CBL certainly
helped participants ease their anxiety. Based on participant responses on why so, by focusing on
understanding and mastery versus a “one-and-done” assessment, students felt that their grades
increased.

By focusing on understanding, some participants noticed that CBL helped “level the

playing field” for students who may not be as prepared for college algebra as others. As one
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student answered when asked on survey 1 their initial thoughts on CBL, “It seems to put
everyone on a level playing field.”

Another participant on survey 1 stated when asked about their initial thoughts on CBL that “I
honestly think it’s a great idea so students can see where they are, where they should be and what
they should be looking for.” A third participant said that “I don’t know much about it [CBL] but
it sounds like it would help based on the individual’s needs.” During survey 2 when asked about
current thoughts on the CBL approach, one participant answered, “I like this approach because
not all students are good test/quiz takers and this approach help ease the mind of trying to
achieve a passing grade.”

One principle that Bickerstaff et al. (2022) suggested when colleges think about
reforming developmental education is to use an equity-minded approach. While this idea will be
discussed during the review of research question 2, one way to promote an equity-minded
approach according to Bickerstaff et al. (2022) is to use student-centered pedagogy. As Patrick
(2021) argued, “a competency-based structure is built upon personalized learning experiences
tailored to each student’s strengths, needs, and interests and requires student voice and choice in
what, how when, and where they learn” (p. 23). As both researchers show and how participants
in this study responded, competency-based learning helps improve equity in the classroom by
being student-centered and helping those who struggle with topics in the college algebra course
focus on mastering the material rather than being anxious about a “one-and-done” exam.
Especially at MTC where anyone can register for the degree-level course, it is vital to have

policies in place that promote a growth mindset.
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Review of Research Question 1

The first question was how would a competency-based learning approach to learning
affect student perceptions of their success in the college algebra online course at MTC?
Participants felt that their anxiety decreased because of CBL and that they felt more successful
because of the implementation of CBL. Participants’ anxiety decreased and they felt more
successful because CBL gave participants more confidence when taking the assessments, they
could learn the material at their own pace, the technology and the instructor communicated to
participants’ clear instructions on how to improve, and ultimately CBL helped them increase
their understanding of the material.

Overall, CBL was successfully implemented in the college algebra online class at MTC
with many participants feeling like they were more successful due to its implementation.
Research Question 2
Confidence

In chapter 4, 6 out of 7 students preferred CBL over a traditionally graded classroom. Out
of the 6 that answered positively about CBL, 3 of them answered that they preferred CBL
because it helped increase their confidence. On their thoughts on which approach they preferred,
one participant answered that “with the numerous attempts, I feel more confident and
comfortable about being able to reach the proficiency mark.” Another stated that “I prefer the
competency-based approach simply because it helps my confidence when taking a test.”

Throughout the study, it was clear that participants’ attitude toward mathematics greatly
impacted their confidence as if they saw their grades increase, they became more confident when
taking a test. Attitudes such as having a growth mindset and being more confident make a

significant difference in assessment performance. As suggested by Orhun (2007), student
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perceptions regarding their confidence in learning mathematics are directly affected by their
attitude toward mathematics. In participant responses during this study, students felt more
confident when taking quizzes because of the CBL approach.

One participant answered that they preferred the traditional approach. On why they
preferred the traditional approach, they stated that they “prefer the traditional-approach because I
think that’ll give students more time to get the help that they need, as well as giving them
multiple chances to do it correct.” While this response seems counter to what the research shows
about CBL, instructors still should take the time to communicate why CBL can and should be
effective. During this study, the benefits of participating in the study were given during the
invitation to participate, which was sent to students one day and one week before the semester
started. In addition, statements on how the assessment would be taken and graded were published
under the course announcements in the online course and on the syllabus. At least for the
purposes of this study, giving explicit reasons why CBL was beneficial could influence the
responses of the students. Therefore, no reasons why CBL may or may not be beneficial to
students were given to students in hopes of having unbiased responses from students.

In addition to increasing confidence based on giving participants multiple chances on
assessments, this participant mentioned that CBL will “give students more time to get the help
that they need.” This brings up time management as a theme, which others have mentioned while
answering research question 1. While this participant is referring to a more traditional approach,
the author believes that CBL would give more time for students to get help with what is needed.
While there are still deadlines to meet, CBL gives any student the chance to make mistakes and
retry an assessment multiple times to achieve mastery. Ultimately, the student is in control of

their own pace at which they master the material using CBL, especially during an online course.
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Equity

One participant in survey 3 brought up the fact that CBL helped “level the playing field.”
They argued that “if it’s supposed to be about learning, CBL is a better system. Because it evens
the playing field between people that have text anxiety and people who don’t.”

This comment brings to light the idea that CBL can help provide equity in the classroom.
As mentioned in chapter 2, De los Santos et al. (2022) argued that students should be allowed
equal opportunities and equal access to higher education. In response to reforming
developmental education, Bickerstaff et al. (2021) stated that “institutions should seek to identify
and address institutional- and classroom-level structures, policies, and practices that create or
maintain racial or economic inequities in access to and completion of introductory college-level
courses” (p. ES-3). This principle, according to Bickerstaff et al. (2022) means that institutions
should design and implement policies and practices using an equity-minded approach. Even
Patrick (2021) defined part of CBL as “strategies to ensure equity for all students are embedded
in the culture, structure, and pedagogy of schools and education systems” (p. 24). As MTC is an
open-access institution, students from all backgrounds can attend and take classes at MTC. It is
vital that institutions, especially those that are open access, provide a classroom in which learners
from all backgrounds can grow and succeed. Research shows and participants in this study
recognized that CBL helps all students in completing and succeeding in their math courses.
Review of Research Question 2

The second research question asked what participants’ perceptions are after taking the
CBL course versus what they think of as a traditionally graded classroom. Six out of 7
participants answered that they preferred CBL, and qualitative responses were positive toward

CBL because of the confidence increase it provided and how it provided more equity when
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taking assessments. Confidence increased in participants because they saw the benefits of
multiple tries leading to a better grade. Equity was enhanced as CBL helped level the playing
field for those who may not be ready for a college math class. To conclude, students preferred
the CBL class over what they thought of as a traditionally graded classroom.
Chapter Summary

Chapter 4 presented both the qualitative and quantitative data for this mixed-methods
study. The results showed that students while quantitatively there was no significant difference
throughout the semester on participants’ perceptions of their success and math anxiety,
qualitatively participants felt that both their feelings of success increased, and their anxiety
decreased. In addition, the majority of students felt that they preferred CBL over a traditionally
graded classroom. Chapter 5 will conclude this scholarly action research project by discussing

implications for practice and offering recommendations for future research.

84
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Chapter 5
CONCLUSION
Introduction
This action research project gathered participants’ perceptions of CBL in an online
college algebra course at MTC. Three anonymous surveys were given at the beginning of the
course, at midterms, and during the final week to gather participants responses to the following
two research questions:

1. How will a competency-based learning approach to learning affect student perceptions of

their success in the college algebra online course at MTC?

2. What are participants’ perceptions after taking the CBL course versus what they think of

as a traditionally graded classroom?

Chapter 5 will begin by discussing the results from chapter 4 and fully answering this study’s
research questions. Then, implications for practice and the limitations of the study will be
explored. The chapter will end with suggestions for future research.

Answers to the Study’s Research Questions

The first question of this research asked how a competency-based learning approach to
learning affects student perceptions of their success in the college algebra online course at MTC.
The data showed that participants felt they were more successful in the online college algebra
course because of the implementation of CBL. Qualitatively, participant responses showed four
major themes surrounding their feelings toward CBL: confidence, time management,
communication, and understanding. For confidence, participants felt that their grades were
higher because once they reached mastery, their grades were boosted to an A. In addition,

participants felt less anxious and stressed while taking assessments in the class as they had
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multiple opportunities to reach mastery. Overall, participants’ confidence increased due to the
implementation of CBL.

Next, participants felt that they could manage their time better as they could spend the
time needed to gain mastery of the course standards. However, students need to understand that
getting to the level of mastery may take multiple attempts at an assessment, time in which some
students do not have. This held true especially with this study being conducted at the 2-year
technical college level since many students come from varying backgrounds and may have other
responsibilities outside the classroom including a full-time job, other classes they are taking, or
providing for their families. Students may also procrastinate in taking assessments, but clear
communication from the instructor can help remedy that concern. In this study, participants felt
they could manage their time better to try and achieve mastery on each of the 6 quizzes.

With communication, participants were worried about taking the course online as some
stated in the qualitative response of survey 1 that they were not the best with technology. As
argued by Selcuk et al. (2021), instructors must create a well-structured learning environment for
student success. In addition to being well-structured, instructors should take the time to
communicate with students about how the class is structured. This can be done by creating
announcements in the course, outlining the structure via the syllabus, or crafting a before-the-
semester starts e-mail discussing CBL. Especially in online classes, instructors should create
videos, provide online office hours, and provide constant feedback on assessments to promote
learning experiences from students’ mistakes. Overall, communication with students should be a
high priority for any online instructor wanting to use CBL in their classroom.

Finally, participants felt that their chance of success increased due to CBL because their

overall understanding of the material increased. This was because of multiple factors which
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included leveling the playing field for those who did not feel they were adequately prepared for a
degree-level course and a decrease in test anxiety. By giving participants multiple chances to
master course objectives which in turn helped understanding, participants felt more prepared to
be successful in the college algebra online course. Through confidence, time management,
communication, and understanding, participants throughout the study felt more successful
because of the implementation of CBL.

The second question of this research asked what participants’ perceptions were after
taking the CBL course versus what they think of as a traditionally graded classroom.
Quantitatively, 6 out of 7 students preferred CBL over a traditionally graded classroom. Two
themes were prominent in why they preferred CBL in that it helped increase confidence and
provided equity in the classroom. The increase in confidence was often attributed to the increase
in grades participants experienced after earning mastery. Similar to that of Harsy’s (2020) study
which showed that anxiety decreased due to having more chances to achieve mastery,
participants in this study recognized that CBL offered multiple chances to earn an A. By seeing
an increase in their grade, participants felt more confident when taking a future assessment.

CBL promoted equity in the classroom as no matter what pre-requisite knowledge a
student entered the class with, they had multiple opportunities to achieve mastery of course
standards. Middle Technical College is an open-access institution that offers educational
opportunities for students no matter their prior levels of academic achievement (Daugherty et al.,
2019). Multiple participants recognized that by allowing multiple opportunities, students could
focus on their deficiencies. This idea aligns with Patrick (2021) arguing that the competency-
based structure is built to tailor to student’s strengths, needs, and interests. No matter what level

of academic achievement a student brings to the classroom, a CBL classroom would offer them a
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way to develop the competencies needed to be successful either in future coursework or on the
job. Students ultimately preferred the CBL classroom over a traditionally graded classroom both
in their quantitative and qualitative responses.

Implications for Practice
CBL and Technical Education

The mission of Middle Technical College, and many other technical institutes like it,
involves workforce development. According to the Office of Disability Employment Policy
(n.d.), two skills that are needed for workforce readiness include professionalism or work ethics
and critical thinking or problem-solving skills. These soft skills needed for workforce readiness
can be taught and reinforced by implementing CBL on activities such as the quiz as students use
what they learn from earlier failing attempts on the quiz to gain a better understanding of the
material and apply their new-found knowledge on future attempts.

For example, the health sciences department at MTC has some of the more popular
programs with approximately 1,800 students enrolled in a degree, diploma, or technical
certificate program. Taking the associate degree in nursing as an example, in the field, a nurse
will engage with a patient, document a list of concerns and symptoms, and work alongside
doctors to administer medication and monitor patient recovery (Mayo Clinic, n.d.). It may take a
student multiple opportunities to master job responsibilities such as administering the correct
medication, inserting an I'V, or checking blood pressure.

The development of these necessary critical thinking skills and work ethics in instructors’
students can carry over into a mathematics course. The student may get a wrong answer a few
times, but after hard work and dedication to understanding the content and concepts, mastery of

the standard is possible. By beginning to teach students a growth mindset while taking their math
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requirement, students may be more confident to embrace failure in their program classes with the
knowledge that failure leads to growth, experience, and success in not only those classes but also
in future job requirements.

If the goal of technical education is workforce development, CBL is a great idea for
colleges to discuss to see if they want to implement it in their programs. CBL could be
implemented throughout the program to build not just mastery in the content area, but the
essential soft skills needed for the workforce.

Math Anxiety

Both Harsy et al. (2020) and this study showed the participants’ responses indicated they
had a decrease in math anxiety due to the implementation of CBL. In fact, the data showed that
often, a participant already experienced math anxiety when registering for the college algebra
course. To combat this anxiety, Fergus and Smith (2022) represented that CBL could help. For
many participants in this study, CBL did just that by giving participants opportunities to learn
from their mistakes and get another opportunity if the assessment was not passed.

As with one participant who could only take the assessment at certain times of the day, it
is essential that the instructor communicates the importance of completing work in a prompt
fashion. Math anxiety could potentially increase for a student in a CBL classroom if, for
example, that student was stuck on mastering certain standards and was unable to move on in the
class due to a failure to reach the appropriate level of mastery in the key assessment for the
content. In addition, multiple attempts without success may lead the student to quit. In these
scenarios, it is recommended that the instructor impose a cap on the number of attempts a student

can take the assessment until an intervention has occurred (such as meeting with the instructor
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during office hours or tutoring). In this study, the cap was three attempts, but as will be discussed
in the limitations section, it is believed that two attempts are sufficient.
Developmental Education

With placement testing at MTC not being required as an admissions requirement,
developmental education has seen a decrease in enrollment. As an example, in the fall 2020
semester when placement testing was needed, 115 students were enrolled in a math
developmental education course. In the fall 2023 semester with no placement testing
requirements, 9 students were enrolled in a developmental education course. This is because
developmental math courses that were required based on the placement test score are now
optional for students to register for no matter what background or skill level they are entering
college.

This study has shown that by implementing CBL in a degree-level math course, students
who are not quite ready for the degree-level class have multiple attempts on each assessment to
earn mastery to move on to the appropriate course level. Participants in this study felt that their
confidence and understanding of the material increased, which helped level the playing field for
those who are entering the class with a lower math skill.

Following the advice of Bickerstaff et al. (2022), students should be allowed to take
degree-level classes immediately. Colleges should employ contextualized curriculum that
“engages students in authentic literacy and numeracy tasks like those they will encounter
throughout college, foregrounding higher level competencies that students need to master to be
successful in college-level courses” (Bickerstaff et al., 2022, p. ES-2). In addition to
contextualized curriculum, colleges should focus on student-centered pedagogy such as CBL,

which Bickerstaff et al. (2022) argued is particularly important for math.
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With enrollment in developmental education at MTC at an all-time low, it will become
increasingly important for MTC math faculty to analyze their degree-level courses for inequities
in the curriculum. This study showed that CBL could be a strong resource to engage student
learners as well as equal the playing field for students who feel underprepared to take a degree-
level math course.

Limitations
Office Hours Limitations

In describing group-based mastery learning, Slavin (1987) mentioned that students who
did achieve competency should receive corrective instruction. Especially given that CBL allows
multiple opportunities for students, corrective instruction is needed so the student does not get
frustrated if they require multiple attempts to get to mastery. In this study, to combat that idea, a
limit of 3 attempts was given to students, and after the third attempt, they had to attend office
hours with the instructor to receive extra assistance on mathematical content and concepts being
taught at that time before earning more attempts at the assessment.

Over the course of the semester, no students attended office hours with the instructor to
open more attempts. A couple of theories on why no students participated in office hours include
time and their overall grade. As mentioned by one participant, they did not have the time to take
the assessment multiple times to try and earn mastery. If an instructor wants to use CBL in their
online classroom, it is recommended to communicate to students the importance of managing
their time throughout the week so that they spend the time needed to master the content and the
idea that the multiple attempts on the assessments are encouraged as a way to not only improve
on their grade but help build confidence and understanding in the material. In addition, the class

is conducted over 16 weeks; therefore, if a student does not reach mastery after the first or
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second attempt, they may decide to just keep moving forward in the class rather than falling
behind.

This idea leads to another theory in that some students were not concerned with their
overall grade in the sense that even if they did not reach the mastery criterion of 80%, there was
a lack of motivation to improve their content mastery further. In this study, if a student did not
reach 80%, the grade that they earned was entered into the gradebook.

With relation to office hours, as stated previously, it is highly recommended to make sure
the instructor communicates the idea of CBL and its benefits to learning throughout the semester.
In addition, putting holds on the number of attempts before a student can earn additional attempts
is recommended so that corrective instruction can commence. Instead of capping the number of
attempts at 3, it is recommended that students must attend office hours after their second attempt
at the quiz to receive corrective instruction.

Limitations on Time Constraints

This study was only able to be conducted for one semester. Ideally, CBL in the algebra
courses at MTC could be expanded into not only the author’s sections but in all other online
sections taught by any instructor employed by MTC across multiple semesters. In addition,
students taking a math class in person rather than online could have provided an even deeper
understanding of the effects that CBL has on math anxiety, confidence, and the overall
understanding of course content.

Survey 3 Sample Size Limitations

Unfortunately, only 7 students participated in survey 3. While conclusions could be made

based on the larger sample sizes from survey 1 and survey 2, it is still disappointing that very

few students registered in the course participated in survey 3. One such reason this could be the
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case is because participant responses throughout the 3 surveys showed that they were highly
motivated by their grades increasing, which makes sense through research by Orhun (2007)
which showed that student perceptions of their confidence were directly affected by their attitude
toward mathematics and Beiter et al. (2015) which stressed that meeting graduate requirements is
a factor of a college student having stress. It is theorized that because of the higher grades,
students in the online algebra class were either happy with their grade or were not in a position to
pass the course, which both resulted in a lack of responses being that it was the end of the
semester. This study used a mixed methods study, which was advantageous in that a fuller
picture could be gathered without having to use only 7 data points for survey 3.

Suggestions for Future Research
Technical Education

The author believes that instruction in technical education is a world that should be
studied further. Considering that the cost of earning a higher education degree is on the rise,
earning either a technical certificate, diploma, or degree from a technical college can help
students from all backgrounds graduate and fulfill their professional dreams.

From a math education standpoint, instructional culture and practice in the math
classroom must be studied to increase the number of students who can experience success in
their program coursework. One future study could determine how many students take the next-
sequenced math course that would historically be taken after the one they originally took. If the
results from that study discovered that students generally only take one math course while
earning their college degree, it may be more beneficial for students to learn applications of the

math they are learning rather than mathematical theory. If the emphasis was on mathematical
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applications, classroom theories such as CBL could help train students to develop the
mathematical skills needed for the workforce.

In addition to math education, the concept of developmental education should be further
explored at the technical college level. Enrollment in developmental coursework at MTC is at an
all-time low. The effectiveness of developmental education and some research indicates that
students should be granted immediate access to degree-level coursework (Bickerstaff, et al.,
2022). In addition, with workforce development at the core of the technical college mission,
students seem to want to expedite graduation which contradicts the idea of taking multiple
developmental classes as taking these classes extends the length of the program of study to
complete their degree (Kosiewicz et al., 2016). This study showed that CBL could be a great
possibility for degree-level classes to help students from all backgrounds be prepared for the
rigorous material that students will see in a degree-level math course. However, more work
needs to be done with development support, so all students have a chance to graduate and realize
their dreams.

Longitudinal Study

Many students at MTC take their general studies classes such as math and English before
enrolling in their program-specific courses. Introducing students to CBL in their general
education classes could develop students’ skills earlier in their college careers. These skills
would support student future success in the workplace, such as the development of a growth
mindset and enhancing critical-thinking skills, which could bode well for performance in their
program-specific courses.

One such research project could track students over time from their general studies

courses through their program-specific courses to see how CBL affects their learning and their
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success. It could be interesting to track students after graduation to see if the skills they learned
in their math class from CBL are translated into the workforce. Gauging student perceptions of
how they feel about their learning could show dividends in how instructors teach both general
education classes and program-specific classes.
Other Classroom Types

Both inquiry-based learning and flipped classrooms could be alternatives when trying to
create student-centered classrooms. In that MTC is focused on workforce development, it is
essential to study the curriculum so that it fits today’s demands for an educated workforce
(Warren, 2011). As Warren (2011) argued, the more instructors know about the several types of
models, they will be able to better design what will work for their institution. Future research
with inquiry-based learning, flipped classrooms, and other student-centered approaches could
find that one or more of these approaches benefit students in the classroom, get them to
graduation, and be successful in the workforce.
Math Course Success

As seen in the research and in this study, math anxiety is real and can affect a student’s
perception of their success by making them feel less confident and have a negative attitude
toward learning mathematics. It would be interesting to study how many students would be
satisfied with “just passing” a mathematics course even if CBL was implemented giving a
student multiple opportunities to earn an A. If a student was happy with earning a C, they would
feel no need to take an assessment multiple times to earn the 80% needed to reach mastery. This
idea 1s emphasized at a 2-year technical college like MTC where the focus is centered on
workforce development and having a deep understanding of mathematics may not be necessary

to be successful in the workforce. It was found in this study that by using the CBL approach,
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participants were more confident in taking assessments and minimized math anxiety due to the
rise in the grades that they experienced by reaching mastery. If a future study found that students
using a more traditional approach to learning were satisfied with just passing the class rather than
earning an A, it could be seen whether a student-centered approach like CBL could persuade
students to achieve a higher goal such as earning an A.

Conclusion

Students like Jacob from the introduction are not rare. Technical colleges like MTC
enroll students of all backgrounds, many of which may not feel prepared for degree-level classes
such as college algebra. This study was completed to determine if students’ perceptions of their
success in college algebra would increase if the focus of assessing students was built upon
mastering the material rather than a “one-and-done” approach. In the end, participants felt more
confident, had better management of their time, communication increased between students and
instructor, and their overall understanding of the material increased.

While this study was overall successful in its implementation in the college algebra
online class, more work is needed to be done to ensure student success both in their math courses
and their overall program of study at the technical college level. The author hopes that other
technical colleges discuss their student needs to see if CBL can be implemented in their classes.
By beginning the conversation, math educators can transform the classroom into one where
students may enter with math anxiety but leave knowing that they overcame challenges,

developed a growth mindset, and are set up to graduate and realize their dreams.
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APPENDIX A
INVITATION TO PARTICIPATE
Hello all,
Welcome to College Algebra! I am extremely excited to have you in class this semester.

My name is Zachary Youmans, and I will be your instructor this semester. Alongside
being your instructor, I am also an Ed.D. candidate at Bradley University doing research on
different approaches to learning in a mathematics classroom. By registering for this online
course, you have a great opportunity to help shape research regarding learning and assessing
mathematics.

This semester, I will be utilizing a competency-based learning approach to the six
different quizzes that you will take throughout the semester. Competency-based learning is an
approach to learning that emphasizes mastery. In other College Algebra sections, students will be
taking the same 6 quizzes as you but only having 2 attempts with the highest grade being
recorded. In our class, you will have unlimited attempts to reach an 80% or above proficiency on
each quiz. More information on how this will work is given in the attached informed consent and
the attached syllabus.

Three anonymous and voluntary surveys will be given throughout the semester. If you
wish not to complete these surveys, it will not be held against you by your instructor. Surveys
will ask you a mixture of Likert scale and open-ended responses based on your experiences with
math anxiety and competency-based learning. They will take approximately 20 minutes a piece
to complete.

If you wish to be a part of a course section that does not grade on mastery-based learning,
you are free to move sections without penalty until [date]. Please contact your instructor if this is
the case.

Please read the following Invitation to Participate as it provides critical information on the study.

INVITATION TO PARTICIPATE

You are invited to participate in a study being conducted at Central Georgia Technical College
(CGTC). This research is in conjecture with Bradley University and is being done under Dr.
Scott Estes in the Department of Education, Counseling, and Leadership at Bradley University.
The title of the study is “Student Perceptions of Competency-Based Learning in an Online
College Algebra Course.”

The purpose of this study is two-fold: to see how will a competency-based learning (CBL)
approach to learning affect student perceptions of their success in the college algebra course at
CGTC and what are student perceptions after taking the CBL course versus a traditionally-
graded classroom.
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You are eligible to participate in this study as a student registered in a Mr. Youmans’ college
algebra online section at CGTC. Participation on the surveys given throughout the semester is
voluntary. By signing up for Mr. Youmans’ sections, you will be graded using the mastery-based
approach. If you wish to be graded upon a more traditional approach, please switch sections,
which you are allowed to do so without penalty until [date]. If you have any questions, please
contact the researchers which their contact information will be below.

You will be asked to complete 6 quizzes, just like any other College Algebra course, throughout
the 16-week semester. Each quiz will have a time limit of 2 hours to complete. Each additional
attempt to reach mastery on each quiz (which will be set at 80% or above) will also have 2 hours.
Three times throughout the semester you will be asked to complete an anonymous, voluntary
survey which will take approximately 20 minutes to complete. The study starts on the first day of
class which is Tuesday, August 15™ and ends on the last day of class, Friday, December gt

There are no incentives or compensation being offered for participating.
We thank you for your time, and I look forward to your participation.

Student Principal Investigator

Zachary Youmans

zyoumans @mail.bradley.edu

478-471-5186

Ed.D. Candidate

Department of Education, Counseling, and Leadership
Bradley University

Co-Principal Investigator

Scott Estes, Ed.D.

tsestes @fsmail.bradley.edu

309-677-3197

Assistant Professor in Residence /Educational Leadership and Administration Program Director
Department of Education, Counseling, and Leadership

Bradley University

For general questions about conduction research involving human subjects:

Committee on the Use of Human Subjects in Research (CUHSR)
Bradley University

1501 W Bradley Avenue

Peoria, IL 61625

(309) 677-3877


mailto:zyoumans@mail.bradley.edu
mailto:tsestes@fsmail.bradley.edu
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APPENDIX B
INFORMED CONSENT

) i e

" Youare invited to participate in a study being conducted at Central Georgia
Technical College (CGTC). This research is in conjecture with Bradley University
and is being done under Dr. Scott Estes in the Department of Education,
Counscling, and Leadership at Bradley University. The title of the study s
“Student Perceptions of Competency-Based Leamning in an Online College
Algebra Course.”

The purpose of this study is two-fold: to see how will a competency-based
learning (CBL) appreach to learning affect student perceptions of their success in
the college algebra course at CGTC and what are student perceptions after taking
the CBL course versus a traditionally-graded classroom.

You are cligible to participate in this study as a student registered i a Mr.
Youmans® college algebra online section at CGTC. Participation is voluntary. 1f
you wish to participate in the study, you will answer “True” when completing the
First Assignment in the course. If vou do not wish to participate, you will answer
“False.” Answering False will not be held against you. If you have any questions,
please contact the researchers which their comtact information will be below.

You will be asked to complete 6 quizzes, just like any other College Algebra
course, throughout the 16-weck semester. Each quiz will have a time limit of 2
hours to complete. Each additional attempt to reach mastery on cach quiz (which
will be st at 80%% or above) will also have 2 hours. Three times throughout the
semester you will be asked to complete an anonymous, voluntary survey that will
be which will take approximately 20 minutes 1o complete. The study stants on the
first day of class which is Tuesday, August 151 and ends on the last day of class,
Friday, December ﬂth'.

Completion of this First Assignment must be completed by [date] otherwise you
will be dropped from the course roster without penalty, per CGTC policy.

There are no incentives or compensation being offered for participating.

ralgatech blackboard comfeebappstlackboard/conferdlisiConteniEdiable jspPoourse_id=_Z3158_&contend_id=_2211045_1Amode=re:

T AM Lessons = MATH110M - MATHEMATICAL MOOELIMG - MASTER |

We thank you for your time, and I look forward to your participation.

Student Principal Investigator

Zachary Youmans

ryoumansiz mail bradley.edu

4TEAT1-5186

Ed.D. Candidate

Department of Education, Counseling, and Leadership
Bradley University

Co-Principal Investigator

Scoitt Estes, Ed.D.

tsestes(a fsmail. bradley.edu

I-67T-3197

Assistant Professor in Residence /Educational Leadership and Adminisiration
Program Director

Department of Education, Counseling, and Leadership

Bradley University

For general guestions about conduction research involving human subjects:

Committee on the Use of Human Subjects in Ressarch (CUHSR)
Bradley University

1501 W Bradley Avenue

Peoria, IL 61625

(309) 677-3877
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APPENDIX C

BEGINNING-OF-THE-SEMESTER SURVEY

1/25/23, 4:25 PM Competency-Based Learning Beginning Survey

Competency-Based Learning Beginning
Survey

Your instructor, Zachary Youmans, is an Ed.D. candidate at Bradley University working under
Dr. Scott Estes in the Education, Counseling, and Leadership Department. The goal of the
study is to two-fold: to see how will a competency-based learning (CBL) approach to learning
affect student perceptions on their success rates in the college algebra course and what are
student perceptions after taking the CBL course versus what they think of as a traditionally
graded classroom.

Completion of this survey will take approximately 20 minutes. This survey is only being taken
by students in Mr. Youmans' college algebra courses and your participation in this survey is
completely anonymous and voluntary. In no way will your completion of this survey affect
your grade in the course. If identifying information in a short-answer section is given, your
answer will either not be published or redacted so that the identifying information is not
shown.

We greatly appreciate your time and effort in completing this survey. If you would like more
information on the study, please feel free to contact your instructor, Zachary Youmnans, at
zyoumans@mail.bradley.edu, or the principal investigator, Dr. Scott Estes,

at tsestes@fsmail.bradley.edu

Student Principal Investigator

Zachary Youmans

zZyoumans@mail.bradley.edu

Ed.D. Candidate

Department of Education, Counseling, and Leadership
Bradley University

Co-Principal Investigator

Scott Estes, Ed.D.

tsestes@fsmail.bradley.edu

Assistant Professor in Residence /Educational Leadership and Administration Program
Director

Department of Education, Counseling, and Leadership

Bradley University

* Required
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1. Please state your age *

Mark only one oval.

) 18-25
) 25-35
) 35-45
) 45-55
) 55+

2. Please state your gender. *

Mark only one oval.

) Male
) Female

) Prefer not to say

3. How long has it been since you have taken a mathematics course? *

Mark only one oval.

) Less than 1 year

) Between 1 and 5 years
) Between 5 and 10 years
) Longer than 10 years

) Other:
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4. Do you feel that the length in time since you have taken a mathematics course has *
affected your chance to succeed in this course? Please rate your feeling from 1
being that it did not affect your chance to succeed to 4 being it affected your
chances greatly.

Mark only one oval.

Did not affect

Greatly affected

5.  Math anxiety is defined to be the feeling that one cannot perform efficiently in *
situations that involve the use of mathematics. When registering for College
Algebra, were you anxious over the fact of having to take a mathematics course?
Rate your feeling of anxiousness when entering the course on a scale of 1 being
the least anxious and 4 being the most anxious.

Mark only one oval.

Less anxious

More anxious

6. Competency-based learning (CBL) an approach to learning that emphasizes *
mastery of content. Please describe your initial thoughts on CBL as described to
you via the syllabus and the informed consent document read in the First
Assignment.
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7. Do you feel as if you will be more successful or less successful because of the *
implementation of CBL in this class? Please rate your feeling of successful with 1
being the least successful and 5 being the most successful.

Mark only one oval.

Least successful

Most successful

8. Why do you feel you will be more or less successful? *

9. If any, please describe other obstacles you think will prevent you from being
successful in the course.
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APPENDIX D

MIDTERM SURVEY

Competency-Based Learning Mid-
Semester Survey

Your instructor, Zachary Youmans, is an Ed.D. candidate at Bradley University working under
Dr. Scott Estes in the Education, Counseling, and Leadership Department. The goal of the
study is to two-fold: to see how will a competency-based learning (CBL) approach to learning
affect student perceptions on their success rates in the college algebra course and what are
student perceptions after taking the CBL course versus what they think of as a traditionally
graded classroom.

Completion of this survey will take approximately 20 minutes. This survey is only being taken
by students in Mr. Youmans' college algebra courses and your participation in this survey is
completely anonymous and voluntary. In no way will your completion of this survey affect
your grade in the course. If identifying information in a short-answer section is given, your
answer will either not be published or redacted so that the identifying information is not
shown.

We greatly appreciate your time and effort in completing this survey. If you would like more
information on the study, please feel free to contact your instructor, Zachary Youmnans, at
zyoumans(@mail.bradley.edu, or the principal investigator, Dr. Scott Estes,

at tsestes@fsmail.bradley.edu

Student Principal Investigator

Zachary Youmans

zyoumans(@mail.bradley.edu

Ed.D. Candidate

Department of Education, Counseling, and Leadership
Bradley University

Co-Principal Investigator

Scott Estes, Ed.D.

tsestes@fsmail.bradley.edu

Assistant Professor in Residence /Educational Leadership and Administration Program
Director

Department of Education, Counseling, and Leadership

Bradley University



COMPETENCY-BASED LEARNING IN MATHEMATICS 114

1. Please state your age. *

Mark only one oval.

) 18-25
) 25-35
) 35-45
) 45-55
) 55+

2. Please state your gender. *

Mark only one oval.

) Male
) Female

) Prefer not to say

3. Now that we are at midterms, what are your current thoughts about the *
competency-based learning (CBL) approach we are taking to quizzes?
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4. Has the CBL approach to quizzes eased your anxiety coming into the class? *
Please rate your feeling of anxiety from 1 being that the approach has not eased
your anxiety to 4 being it has greatly eased your anxiety

Mark only one oval.

Not eased anxiety

Greatly eased anxiety

5. Please give an explanation on your answer above to whether or not the approach  *
has eased your anxiety.
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6. At this point in the semester, do you feel as if you have been more successful or  *
less successful because of the implementation of CBL? Please rate your feeling of
successfulness on a scale from 1 to 4, with 1 being the least successful and 4
being the most successful.

Mark only one oval.

Least successful

Most successful

7. Why do you feel more or less successful? *
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APPENDIX E

FINAL SURVEY

Competency-Based Learning End-of-the-
Semester Survey

Your instructor, Zachary Youmans, is an Ed.D. candidate at Bradley University working under
Dr. Scott Estes in the Education, Counseling, and Leadership Department. The goal of the
study is to two-fold: to see how will a competency-based learning (CBL) approach to learning
affect student perceptions on their success rates in the college algebra course and what are
student perceptions after taking the CBL course versus what they think of as a traditionally
graded classroom.

Completion of this survey will take approximately 20 minutes. This survey is only being taken
by students in Mr. Youmans' college algebra courses and your participation in this survey is
completely anonymous and voluntary. In no way will your completion of this survey affect
your grade in the course. If identifying information in a short-answer section is given, your
answer will either not be published or redacted so that the identifying information is not
shown.

We greatly appreciate your time and effort in completing this survey. If you would like more
information on the study, please feel free to contact your instructor, Zachary Youmans, at
zyoumans@mail.bradley.edu, or the principal investigator, Dr. Scott Estes,

at tsestes@fsmail.bradley.edu

Student Principal Investigator

Zachary Youmans

zyoumans(@mail.bradley.edu

Ed.D. Candidate

Department of Education, Counseling, and Leadership
Bradley University

Co-Principal Investigator

Scott Estes, Ed.D.

tsestes@fsmail.bradley.edu

Assistant Professor in Residence /Educational Leadership and Administration Program
Director

Department of Education, Counseling, and Leadership

Bradley University

* Required
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1. Please state your age. *

Mark only one oval.

11825
) 2535
) 3545
) 45-55
) 55+

2. Please state your gender. *

Mark only one oval.

| Male
) Female

) Prefer not to say

3. Competency-based learning is a strategy that was used for administering quizzes
during the college algebra course. The approach emphasized mastery of the
subject matter rather than a more traditional-approach of taking an exam for a
certain amount of points. Before taking this college algebra course, have you ever
experienced competency-based learning in the past?

Mark only one oval.

) Yes, during high school.
) Yes, in another college class.

) No, | have not experienced CBL before.

118
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4.  After learning about how quizzes would be structured, was your feeling of *
anxiousness eased? Please rate your feeling of anxiousness when learning about
the quiz structure on a scale of 1 being less anxious and 4 being more anxious.

Mark only one oval.

Less anxious

Mare anxious

5. After completing the course, do you feel that the competency-based approachto  *
quizzes eased your math anxiety? Please rate on a scale of 1 to 4 with 1 being it
did not ease your math anxiety and 4 being the CBL approach helped extremely in
your math anxiety.

Mark only one oval.

Did not help

Extremely helped

6. Please give your thoughts on how the CBL approach eased your anxiety. *
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7. Ultimately, would you have preferred a more standard approach to the quizzes that *
CGTC offers where 2 attempts are given on the quizzes and the highest attempt of
the two is recorded in the gradebook? Or, did you prefer the CBL approach of
trying to reach proficiency (80%) in each topic in the class by having as many
attempts as needed?

Mark only one oval.

1 prefer the traditional-approach.

Pl prefer the competency-based approach.

8. Please provide a written response on why you prefer the traditional-approach or <

the competency-based approach.

9. Do you feel that you were more successful in this class because of CBL? *
Mark only one oval.

) Yes

3 No

10. Why do you feel that you were either more successful or less successful? *
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11.  Are there any other comments, concemns, or suggestions you would like to add?



