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In 2012, a university in the north western United States began offering a redesigned 

college algebra class that had a greater emphasis on active learning. Specifically, two out of four 

class periods were completely devoted to students working together in small groups on carefully 

designed worksheets. Two years later, the university began using a new mathematics placement 

system. Students were required to take the ALEKS placement test before enrolling in a course. 

ALEKS scores determined what classes a student was eligible to take. The purpose of this thesis 

is to examine how students in the redesign courses fared in comparison to students in the 

traditional courses, and to determine how ALEKS test score correlated with grade point value in 

college algebra. First, linear regression will be used to model the relationship between ALEKS 

score and grade point value. Next, the average multiple choice exam score of students in a 

traditional section of college algebra will be compared to the average score of students in a 

redesigned course, using data from one instructor during one term. Then, logistic regression will 

be used to model the relationship between course type and failure rates. Finally, there will be an 

examination of the flow of college algebra students to their next mathematics course. With this 

information, a recommendation will be made for the future of college algebra. 
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1. Introduction 

The United States has an increasing need for adults proficient in Science, Technology, 

Engineering and Mathematics (STEM). In 2013, President Barack Obama said, “We need to 

make this a priority to train an army of new teachers in these subject areas and to make sure that 

all of us as a country are lifting up these subjects for the respect that they deserve” at the Third 

Annual White House Science Fair (Educate to Innovate, n.d.). STEM professionals contribute to 

finding solutions to a multitude of complex global problems including the lack of access to clean 

water in third world countries, climate change, infectious diseases, and many other issues. Not 

only are STEM jobs important to bettering the world, they provide great careers for those who 

choose them. Students that are educated in STEM fields get jobs with better pay and benefits 

than most other degrees. Additionally, STEM occupations are expanding nearly twice as fast as 

those in non-STEM fields (Science Pioneers, n.d.). Despite the advantages of STEM careers, 

approximately half of the students pursuing a bachelor’s degree that began their study with a 

major in a STEM field between 2003 and 2009 switched to a different major or left college 

before completing a college degree (Soldner, 2013).  

At the heart of the STEM crisis lays the mathematics crisis. Galileo once said that “the 

universe … is written in the language of mathematics” (Machamer, 1998, p. 234). Without 

mathematics, one cannot understand the world (Machamer, 1998). Despite the United States’ 

position as a global leader, in 2012 the U.S. ranked 27th in mathematics achievement 

(Programme for International Student Assessment [PISA], 2012). Because of the dependency 

most STEM fields have on mathematics, many STEM degrees require a passing grade in a 

mathematics course, usually college calculus. Unfortunately, many students who begin college in 
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STEM fields never make it to a calculus course, let alone pass it. On average, only half of the 

one million students that enroll in college algebra every year actually pass it, and only 5% go on 

to take an additional course in calculus (Gordon, 2010; Lutzer, Maxwell, & Rodi, 2002). This 

low pass rate means that every year, students hoping to pursue STEM careers are being held 

back or stopped by their struggles in college mathematics courses.  

A few issues that contribute to this high failure rate in college level math classes include: 

the disconnect between high school standards and college standards, poor teaching by faculty, 

unsuccessful attempts at remediation, overly large class sizes, and out-of-date curriculum. Some 

proposed solutions to these problems include reducing class sizes so that more students can 

participate, creating more active learning environments, and using more accurate math placement 

systems to prevent students from being incorrectly placed in classes they are not prepared or are 

overly prepared to take. 

 In a paper written for the Carnegie Foundation for the Advancement of Teaching, Bryk, 

Gomez, and Grunow (2011) outlined a series of steps to solve multidimensional problems, such 

as the high failure rate of college mathematics courses. They suggested that multidimensional 

goals are best solved by first identifying the issue or deciding on a desired outcome. Once a goal 

has been set, researchers should analyze all of the parts that contribute to the problem. Next, 

researchers should find solutions to those smaller problems that were identified and then design a 

strategy to combine all of these ideas into one unified solution. They also proposed organizing 

solutions into classroom, administrator, and government levels. Finally, researchers should 

frequently adjust and reevaluate until the desired goal has been achieved (Bryk, Gomez, & 

Grunow, 2011). 
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With these issues in undergraduate mathematics in mind, a west coast state school 

enacted several solutions to the problem of high failure rates and a general distaste for 

mathematics among students. Since this school will not be named specifically, the west coast 

state school will be referred to simply as WCSS for the remainder of the paper. In the fall of 

2013, the WCSS began offering college algebra classes with smaller class sizes and a stronger 

focus on active group learning with an inquiry base. These classes devoted two class periods per 

week to group work exclusively. Faculty carefully developed activities to guide students to a 

greater understanding of the material. During the class period, the instructor and a teaching 

assistant moved between groups facilitating learning, while still emphasizing student exploration. 

In the fall of 2014, the WCSS began to use the Assessment and Learning in Knowledge Spaces 

placement system, also known as ALEKS, to sort students into mathematics courses appropriate 

for their level of understanding.  

 The purpose of this study is to determine how the redesigned college algebra class 

compared to the traditional version of the course and to determine whether or not the ALEKS 

placement system correlated with student success. First, linear regression with be used to 

determine if there was a significant correlation between ALEKS score and grade point value in 

college algebra. Second, a two sample t-test will be used to see if there was a significant 

difference between the exam scores of students in the redesign and traditional sections of a 

particular college algebra instructor. Next, logistic regression will be used to determine if 

students in the redesign and traditional sections of college algebra earned D, F, U or W grades at 

the same rate, while controlling for term fluctuations. Finally there will be an exploration of how 

students in the redesign and traditional sections fared after college algebra. By determining the 
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differences in the redesign and traditional sections of college algebra, and by understanding the 

relationship between ALEKS score and grade point value, the author hopes to provide a 

recommendation for improving student success in college algebra at the WCSS and possibly 

other institutions considering similar changes to their college algebra course. 
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2. Literature Review 

 In this chapter, I introduce the various components of undergraduate mathematics 

education that inform this study. I first address the factors that contribute to low pass rates in 

college mathematics courses in general. I then introduce the different types of placement exams 

that universities use to place students into courses for which they are prepared, with a particular 

focus on the ALEKS exam. Next, I address different types of group work, such as inquiry-based 

learning and cooperative learning, used in college mathematics classrooms and their impact on 

student learning. Finally, I look at the context of the study at WCSS and introduce my research 

questions. 

2.1 Contributing Factors to the Issue of Low Pass Rates 

One large contributing factor to the obstacle of low pass rates is the disparity between 

high school requirements and college entrance requirements. Most high school students are not 

required to take a math course in their senior year of high school, and some high school seniors 

opt out of mathematics courses in favor of easier courses. Although this switch can result in a 

better GPA, it does not prepare students well for college-level mathematics (Knowlton, 2011). A 

study conducted by Brown & Niemi in 2007 compared California’s Community College 

entrance exams with California’s high school exit exams, and found that California’s community 

colleges tested students on a significantly wider range of topics in mathematics despite these 

exams taking place only months apart. Even though the community college entrance exams 

included these topics, the high school tests did not include concepts such as fractions, whole 

numbers, and higher level topics including those found in trigonometry (Brown & Niemi, 2007). 

The discrepancy between high school and college standards is not unique to community colleges 
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in California. According to a report from Education Week, in 2007 only 6 states had aligned their 

high school and college assessments (Education Week, 2007). 

Another factor in the problem of low pass rates in college mathematics classes is 

ineffective remediation. In 2007, over 70% of students beginning in a community college were 

placed into a remedial mathematics class (Brown & Niemi, 2007). In four-year institutions, 

nearly 20% of students begin college in a remedial course of some kind, and a good portion of 

those classes are mathematics classes (Complete College America, 2012). As a result of the high 

rate of students placed in remedial courses, there has been a great effort to better prepare students 

in college mathematics courses for subsequent mathematics classes. Unfortunately, some of 

these attempts at remediation are not successful. A study conducted with 100,000 students in 

Florida community colleges compared students slightly below and slightly above the cutoff for 

mathematics remediation and found that students in remedial courses were more likely to take 

extra mathematics classes, but not more likely to graduate or transfer to a four-year college 

(Calcagno-Long, 2008). In another publication, researchers showed that the likelihood of getting 

into a transfer-level mathematics course after beginning in a basic mathematics course is only 

10% (Education Week, 2007). Sadly, yet another study shows that students with slightly less 

than average high school mathematics preparation saw no improvement in their college calculus 

scores if they took pre-calculus in college, a course specifically designed to prepare students for 

calculus. Students that had slightly more high school preparation than average were found to 

have at least a 6% reduction in their calculus grade if they took pre-calculus in college 

(Bressoud, 2014). In summary, mathematics courses at many levels fail to improve students’ 

ability to pass higher-level courses. Remediation is not working as well as desired. In the case of 
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pre-calculus in Florida, the course actually reduces some students’ likelihood of passing a 

higher-level course. 

Another problem that may be contributing to college failure rates is extremely large class 

sizes. Joe Cuseo (2014), in his paper titled The Empirical Case against Large Class Size, stated 

that large class sizes often limit student involvement and feedback from instructors. In his paper, 

he claims that, in classes of approximately 40 students, the same four or five people do the 

majority of the participating in class. In classes of 50 or more students, the number of students 

accounting for the majority of participation in class discussions drops to two or three students. 

Students in large class sizes might not ever interact with their instructor; this behavior is 

worrying because research has shown that interaction with a professor correlates highly with 

important student outcomes like critical thinking (Cuseo, 2014)). As class sizes increase, the 

instructor may lean toward the lecture style of teaching, causing fewer students to become part of 

the learning experience. This is unfortunate as lecturing can be detrimental to students since most 

students stop concentrating after 10-20 minutes of an instructor talking without interruption. 

Additionally, in larger classes, professors are less able to provide prompt feedback which limits 

students’ ability to proactively improve their grades (Cuseo, 2014).  

Another issue in college mathematics classes today is out-of-date curriculum. 

Several years ago educators from 17 disciplines that use mathematics regularly were 

invited to discuss the current mathematical needs of their own discipline (Gordon, 2008). 

Nearly all representatives agreed that mathematics courses needed to stress problem 

solving and conceptual understanding more than they were currently doing. In 2001, in an 

unrelated collaboration, the National Council on Education and Disciplines invited leaders 
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in business, industry, and government to the Forum on Quantitative Literacy to share their 

views on the mathematical needs of citizens today (Gordon, 2008). The overwhelming 

theme of that forum was that students needed to improve conceptual understanding, be 

better able to apply mathematics to the real world, and be able to solve problems 

effectively.  

In a time where calculators can solve elaborate systems of equations, it is much 

more important for students to understand the context and meaning of those solutions than 

it is for them to replicate the steps to get those solutions. In the words of Sheldon P. 

Gordon (2008), “It therefore makes little sense to offer mathematics courses that focus 

primarily on making students into imperfect organic clones of a $150 graphing 

calculator...  Instead, we should be focusing on the intellectual and applied aspects of the 

mathematics that the machines cannot do” (p. 9). Gordon went on to say that if we are 

going to expect our students to have a greater conceptual understanding of mathematics 

we are going to need to change curriculum and teach those ideas in classes like college 

algebra. He also pointed out that students need to see realistic problems often, so that they 

can deal with real mathematics problems later (Gordon, 2008). 

Another obstacle students experience in college mathematics courses is the poor quality 

of instruction. One study looked at 460 students from thirteen different universities with SAT 

scores of 650 or above, or comparable ACT scores (Seymour & Hewitt, 1997). The researchers 

hoped to discover what causes college students to switch out of STEM fields. Roughly half of 

the students in the study had begun in a STEM field and had later switched out, while the 

remaining body of students were seniors about to graduate with a STEM degree. As the students 
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participating in the study were chosen with relatively high SAT or ACT scores they could be 

reasonably expected to handle the workload in a STEM field. After 600 hours of interviews, the 

researchers did not find any major difference between those who switched and those who did not 

switch. The researchers created a list of twenty-three student concerns from the interviews and 

found that both types of students appeared to struggle with the same twenty-three problems. 

Every problem that students were concerned about could be found in every university in the 

study, illustrating the prevalence of problematic university-level mathematics instruction. 

Interestingly, “Non-switchers mentioned an average of 5.4 concerns, compared with an average 

of 8.6 concerns for switchers. Thus, one simple way to distinguish switchers from non-switchers 

is as people who experience rather more of the problems that are also experienced by non-

switchers” (Seymour & Hewitt, 1997, p. 2). Sadly, the third most common reason for switching 

was poor teaching by STEM faculty. On average, 36.1% of a student’s decision to switch out of 

a STEM field was caused by poor teaching by STEM faculty. On the other hand, almost three 

quarters of students that did not switch also referenced poor teaching by STEM faculty. The 

authors point out that only seven of the twenty-three categories that students referenced in their 

interviews were not directly related to the way teachers were teaching. In short, switchers and 

non-switchers agreed that faculty teaching practices were an obstacle for students (Seymour & 

Hewitt, 1997). 

2.2 Mathematics Placement Exams 

Since there is no national standard for college readiness, the body of students entering 

college each year can have an extremely broad spectrum of mathematical ability. Because of this 

diversity in the mathematical backgrounds of students, it is essential to have a reliable and valid 



 
 

 

Active Learning and the ALEKS Placement Test in College Algebra: An Observational Study 

10 

mathematical assessment and placement system. Otherwise people may begin their college 

career in classes that are far beyond their skill level. Some students may even take classes that 

they are over prepared for and then become bored and complacent. Additionally, an accurate 

math placement exam may even help students to avoid the negative consequences associated 

with enrolling in remedial math courses. As Elisabeth Knowlton (2011) notes the important of 

correct placement via assessment: “Assessment is the key to correct placement, and correct 

placement is where the success of any developmental program starts. If you build a building with 

a poor foundation, it doesn’t matter what you put on the top, the building is bound to have 

problems. A wonderful remedial program will not compensate for a weak assessment and 

placement system” (p. 35). In this section, I will discuss different categories of tests: some of the 

most common placement tests and the ALEKS placement test. 

In general, there are two main types of tests: formative and summative. The purpose of 

formative assessment is to evaluate a student’s progress during the learning process so that 

teachers and learners can adjust and improve. In other words, formative assessment is a 

diagnostic tool that teachers can use to aid students during the process of formulating knowledge. 

In contrast, summative assessments evaluate or sum how much a student has learned at the end 

of the learning process. Final exams, SAT tests, and final projects are all examples of summative 

assessment. Most summative tests are considered high stakes tests, because they generally have a 

long-term impact. Enforced placement tests are considered high stakes summative tests because 

they test how much a student knows and that score directly affects a student’s college career 

(Carnegie Mellon Eberly Center for Teaching Excellence and Educational Innovation, n.d.).  
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Along with tests being mainly formative or summative, most tests are also either norm-

referenced or criterion-referenced. Norm-referenced tests determine how a student ranks 

compared to other students. Tests like the SAT and ACT are norm-referenced tests because they 

attempt to compare all test takers to a statistically approximated average test taker. Norm-

referenced tests like the SAT test often remove questions that are answered correctly by the 

majority of students so that questions spread out the rank of students better. Tests like the SAT 

test also often give a certain percentage of test questions solely for the purpose of gauging how 

well a test question will stratify students for the next test group. Although this process does aid in 

ranking students it may not really assess what a student does or does not know. On the other 

hand, criterion-referenced tests judge how well a student meets a certain set of standards. In 

general, criterion-referenced tests evaluate whether or not a student has learned material up to a 

certain level of proficiency. For this reason, most placement tests are criterion-referenced tests 

(Mitchell, 2006). 

The two most common placement tests are the COMPASS test and the ACCUPLACER, 

which are produced by the ACT Corporation and College Board, respectively. Both tests are 

multiple choice, criterion-referenced and adaptive tests. Each answer a student enters into the 

program shapes the rest of the test. If a student answers a question incorrectly the program will 

ask more questions that are similar in an attempt to accurately diagnose what concepts the 

student has not mastered. Immediately after the student has finished the test, a student’s score is 

displayed, and the student can decide which classes to take (Act COMPASS, n.d.; The College 

Board, 2016). However, the ACCUPLACER and the COMPASS test do not provide the student 
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with a list of topics they need to improve upon. Test takers do not know what questions they got 

wrong or what they need to study to improve their score (Knowlton, 2011). 

One newer placement test is given by the Assessment and Learning in Knowledge Spaces  

Corporation, or ALEKS Corporation. The ALEKS test is taken online and is untimed and 

unmonitored. Students enter their answers into a dialog box instead of choosing their answer 

from a list of possibilities. The test is also adaptive, so each test is tailored specifically for that 

test taker. Before the test begins, the student selects the class in which they would like to enroll. 

At the end of the test, the student is directed to a pie chart that illustrates their mathematical 

strengths and weaknesses. Each slice of the pie chart corresponds to a mathematical topic a 

student needs to know in order to be prepared for the class they are attempting to take. Every 

topic displays the percentage of that topic the student has mastered. This pie chart helps the 

student to understand what needs to be done to test into the desired class. The ALEKS test 

provides online remediation modules to help improve placement results (McGraw-Hill 

Education, 2016). 

Since the ALEKS test is less well known than the ACCUPLACER and the COMPASS 

test, very little outside research has been done on the effectiveness of this test. In 2011, Elisabeth 

Knowlton showed that students who were placed in remedial math classes and then used the 

ALEKS learning modules were able to improve their placement score by an average of 11%. 

More than half of students were able to improve their placement, and nearly a third were actually 

placed into a credit earning course. These students also performed just as well as students that 

were originally placed there without remediation (Knowlton, 2011).  
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Ahlgren and Harper (2011) published a paper called “Assessment and Placement through 

Calculus I at the University of Illinois” detailing their experiences and findings with ALEKS 

placement system. Before 2007, the University of Illinois used ACT scores to determine student 

mathematical readiness. Due to a particular high amount of students failing to pass the first 

quarter of calculus, the mathematics department at the University of Illinois began looking for a 

different assessment and placement system and eventually chose the ALEKS test. After instating 

the ALEKS test, they noticed lower failure and withdrawal rates. Using three years of data, 

Harper and Ahlgren (2011) found that the subcategories trigonometry and geometry, radical 

expressions, and exponentials and logarithms correlated highly with final grades. They 

concluded that the ALEKS test effectively estimates student knowledge and can be used to help 

students avoid remediation without future negative consequences. 

2.3 Alternate Methods of Teaching 

Mathematics placement testing is not a panacea for student success in college 

mathematics courses; it is just the beginning of the educational process. The way that teachers 

are teaching and the structure of class time have a large effect on student outcomes. A large and 

growing body of research shows that techniques like active learning, inquiry-based learning, and 

cooperative learning are more successful for students than traditional lecture formats. Active 

learning is a method of teaching that puts the responsibility of understanding and learning on the 

student. This practice is based on the idea that students learn better from doing than from 

passively listening. Active learning requires students to think deeply and actively about the 

material. According to Bonwell and Eison (1991) students must, “read, write, discuss, or be 

engaged in solving problems, most important, to be actively involved, students must engage in 
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such higher-order thinking tasks as analysis, synthesis, and evaluation” (page 5). Active learning 

can be as elaborate as splitting a class period into two brief lectures with a worksheet for students 

to work on in the middle and as simple as requiring students to answer multiple choice questions 

with a clicker during a lecture (Bonwell & Eison, 1991). 

A recent meta-analysis of 225 different studies showed that students who participated in 

active learning performed 6% better on tests than students in traditional class structures 

(Freeman et al., 2014). It was also shown that students in traditional class settings are 1.5 times 

more likely to fail than active learners. This analysis found that these result remain true across all 

class sizes, but active learning does have the most dramatic results in classes with less than fifty 

students. 

Similarly, inquiry-based learning refers to learning that is done through the process of 

asking and answering questions. Inquiry-based learners might first ask a question, or become 

curious about a topic, and then go on to look for outside information, synthesize what they have 

found, and attempt to answer their own question. Teachers who utilize this method of teaching 

might come up with very interesting questions and then guide students through a learning goal 

by continually asking thought provoking questions. Inquiry-based learning can range from a 

worksheet with questions and prompts that guide students through a procedure to allowing a 

student to completely formulate and answer their own questions (The Academy of Inquiry-Based 

Learning, n.d.). 

Laursen (2013) showed in her paper titled From Innovation to Implementation: Multi-

Institution Pedagogical Reform in Undergraduate Mathematics, that students who participated in 

inquiry-based learning “reported greater learning gains than their non-inquiry based learning 
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peers, on every measure, including cognitive gains in mathematical thinking and understanding; 

affective gains in confidence, persistence, and positive attitude about math; and collaborative 

gains in working with others, seeking help, and appreciating different perspectives” (p. 5). These 

students also believed that the skills they acquired during inquiry-based learning could apply to 

other areas of their life. Students in non-inquiry-based learning classes reported a decrease in 

desire to take additional mathematics courses and losses in their confidence in their mathematical 

ability. Laursen also examined how students fared in mathematics classes later on in their 

mathematical career; she found that inquiry-based learning students were just as likely or more 

likely to take additional mathematics courses. Furthermore, inquiry-based learning students, or 

IBL students, earn as good or better grades than their non-inquiry-based learning peers in 

subsequent courses. Interestingly, inquiry-based learning students with a GPA in math courses 

less than 2.5 often increase their final grades in subsequent classes while their equivalents in 

non-inquiry-based learning classes tended to find a decrease in final grades (Laursen, 2013). 

Another method of teaching that has been shown to be effective is cooperative learning. 

Cooperative learning involves grouping students together to work on tasks. In these groups 

students can share their own skills and receive help from other students. This method stresses the 

importance of teamwork instead of competitiveness. In the late 70’s, a graduate student at the 

University of California Berkeley, named Uri Treisman, observed that the African American 

students were failing calculus at an alarming rate. In contrast, the Asian minority students were 

performing particularly well in calculus. In an effort to explain this trend, Treisman (1992) 

followed both minority groups with a camera to see what might be causing Asian students to 

perform better. He found that what set Asian students apart was that they studied in groups, 
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discussing and collaborating on problems. In contrast, the African American students studied 

approximately as often, but they did so separately. With this concept in mind, UC Berkeley 

began offering advanced courses for minorities that modeled the collaborative learning that 

Asian students were already doing. The results of this new class were staggering. African 

American students began to outperform White and Asian students. Many of those early students 

went on to be physicians, scientists, and engineers (Treisman, 1992). 

2.4 College Algebra 

 Although there are obstacles at all levels of mathematics for student success, the focus of 

this paper will be college algebra. Arguably, no class represents the great struggles in 

undergraduate mathematics courses quite like college algebra (Ganter & Haver, 2011). As was 

stated in the introduction, approximately half of the people who take college algebra are able to 

complete it with a passing grade (Gordon, 2010). College algebra is a terminal class for some 

students, but it can also be taken to prepare students for courses like calculus. For this reason, a 

large number of students will take algebra during their college career.  

Although there is no regimented standard for college algebra courses, associations like 

the Mathematical Association of America (MAA) have published suggested guidelines for a 

college algebra class. In 2007, the MAA and the Committee on the Undergraduate Program in 

Mathematics worked together to make recommendations for curriculum changes to college 

algebra classes. They believed that college algebra classes should cover functions, rates of 

change, models, transformations, systems of equations, and a variety of algebraic techniques for 

problem solving. They also suggest that students be able to communicate ideas about functions 
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numerically, verbally, graphically, and symbolically. Throughout college algebra courses, 

students should see real-world mathematics problems (MAA, 2007). 

2.5 The Context of the Study 

2.5.1 College Algebra Redesign 

In 2011, several faculty members in the department of mathematics at a west coast state 

school (WCSS) decided to make changes to their college algebra class due to high failure rates. 

In the decade before, the university had experienced a historical average rate of 40% of students 

either earning a D or F grade or withdrawing from the course. According to some instructors, 

even students that were able to pass college algebra often struggled with the algebra in their 

future mathematics courses. Students disliked the course so much that the school newspaper had 

published two articles describing a general hatred for college algebra. The faculty members 

involved hoped to change student’s negative feelings towards math, improve confidence, and 

minimize the amount of students not passing college algebra by stressing cooperative learning, 

conceptual understanding, and modeling. 

Before the redesign of college algebra in 2012, the course structure was three fifty-minute 

instructor-directed lectures per week for ten weeks. Classes ranged in size from 120 to 210 

students. In addition to regular lectures, students also attended one fifty-minute recitation each 

week in groups of approximately thirty students. During the recitations, graduate teaching 

assistants answered homework questions for students, gave quizzes, and sometimes led group 

activities. In general, there was very little interaction between teaching assistants and course 

instructors. Two midterm exams and one final exam accounted for approximately 75% of a 
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student’s final grade. The remaining 25% varied from teacher to teacher, but was typically based 

on online or written homework and quizzes. 

In the 2012-2013 academic year, the WCSS piloted a redesigned course. With the 

information that was gathered in that year, the aforementioned faculty members decided on a 

class structure that they then implemented on a large scale in the 2013-2014 academic year. 

Specifically, the faculty members chose to structure the redesigned class to have two fifty-minute 

class periods devoted to group work (the second and fourth days of the week). During these class 

periods, an instructor and a teaching assistant moved between groups answering questions, 

guiding students and helping groups work together on worksheets. The other two days were used 

for wrap ups and lectures (the first and third days of the week). All redesigned college algebra 

classes worked on the same worksheets throughout the week, but the format of the two lecture 

days was up to instructor discretion. The college algebra redesign instructors and their assistants 

met regularly to discuss course progression and create group exams. This redesigned college 

algebra course was offered every term from the fall of 2013 to the fall of 2014. During winter 

and spring 2015, the redesigned course was not offered due to budget issues. However, in the fall 

of 2015, all of the sections of college algebra were delivered in the redesigned format. One other 

version of college algebra was taught at WCSS, which will hereafter be referred to as the 

alternate course. As the alternate course is not the focus of the study, no details will be given on 

this course. 

The activities that students did in class were designed to demonstrate real-life 

applications of the material, build foundational knowledge, and demand higher-order thinking 

skills. An example of an activity on function composition is included in the Appendix of this 
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thesis. This activity presents functions through graphs and tables, which helps students to 

broaden their foundational knowledge of functions. The first problem on the activity presents 

two functions that are defined by tables. Students are asked to compose functions and find 

values. Some of the values are not possible to find because the output of the inner function is not 

in the domain of the outer function, this is done to help students recognize the importance of the 

domain and range of functions when doing compositions. The second question defines a function 

that takes UV radiation as an input and gives the number of minutes until sun damage occurs and 

another function that takes as input the time of day and outputs the estimated UV radiation at that 

time. With these two functions, students find the time until sun damage occurs at a given time of 

day. This problem helps students to see how function composition can be used in the real world. 

Finally, the last part of problem two on the activity requires students to interpret in words the 

meaning of the graph. This gives students an opportunity to explain the solution in terms of the 

context of the problem.  

2.5.2 Instatement of the ALEKS Placement System and Enforced Pre-requisites 

Two years after the college algebra redesign was implemented, the WCSS began using 

the ALEKS placement test to put students into classes that they were prepared to take. Before 

this change, the university had an optional placement exam, hereafter called the MPT, which 

students could take in the mathematics department. The test was hand graded and, prior to 2014, 

students could enroll in college algebra despite the results of the placement exam. Scores for the 

MPT ranged from 0 to 100. In addition to the placement exam, the university had a guideline for 

course placement based on GPA, high school mathematics preparation, and courses taken at the 

university that could be found on the math department’s webpage. Once the ALEKS system was 
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implemented, however, students took that exam and from there were presented with specific, 

enforced placement options. Scores also ranged from 0-100. It is worth noting that, compared to 

MPT, the ALEKS test is an online and unmonitored, so it is possible for students to get help 

from the internet and other resources as they take the test.  

2.6 Purpose of the Study 

The main purpose of this thesis is to determine what happened in college algebra at 

WCSS during the college algebra redesign and the implementation of the ALEKS placement 

system. By examining the relationship between ALEKS scores and final grades, the researchers 

hope to gain some insight into whether or not the ALEKS test placed students into courses in 

which they could be successful. The researchers also chose to study the differences in exam 

scores and final grades for students in traditional sections vs. redesigned sections of college 

algebra in an effort to illuminate how the redesigned course differed from the traditional course. 

Finally, an examination of student success in subsequent courses was done to ascertain whether 

or not redesign students behaved differently than traditional students in the long run. Based on 

the research addressed above and the context of the college algebra course at WCSS, my 

research questions are: 

RQ1: To what extent did ALEKS placement scores correlate with grades in college 

algebra? 

RQ2: Did students in redesign sections perform differently on exams than students in 

traditional courses? 

RQ3: Did redesign students earn D, F U, or W grades at a different rate than students in 

traditional sections of college algebra? 
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RQ4: Did redesign students take higher-level math courses at the same rate as students in 

the traditional sections? 

RQ5: Was the average grade point value the same for redesign students and traditional 

students in the most commonly taken next higher level course? 

Data from the last several years regarding college algebra courses and ALEKS scores at 

the WCSS will be used in tandem with linear regression, logistic regression, and two sample t-

tests to explore several different areas of student success. First, the data will be analyzed to 

determine if there was a correlation between ALEKS scores and grade point values. Next, there 

will be an examination of the relationship between the redesign course and exam scores. Then, 

logistic regression will be used to determine a relationship between class type and DFUW rates. 

An examination on the rate at which redesign and traditional students take higher level courses 

will then be performed. Finally, the average grade point values of students in traditional and 

redesign students in trigonometry will be investigated. This information will be used to help the 

WCSS to understand the effects of teaching method and placement testing in college algebra 

classes. 
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3. Data, Methods, and Results 

 In this chapter, I first introduce more details of the context of the study, such as the status 

of the placement exam from 2011 to 2015, as well as demographic information about WCSS. I 

then address each of my research questions and results in order. As I address each question, I 

provide information on and rationales for the data and statistical methods for each research 

question and data set. For each research question, I also present the results of the statistical 

analysis. I address the relationship between ALEKS score and grade point value first, then I 

discuss exam scores in redesign and traditional sections. I also talk about DFUW rates in both 

formats of the college algebra course. Finally, I discuss the success of college algebra students in 

subsequent courses. 

3.1 Student Population and Data 

 The purpose of this paper is to explore how the college algebra redesign and the 

implementation of the ALEKS placement system has affected student outcomes like pass rates. 

Since the implementation of the redesign varied slightly from year to year and the 

implementation of the ALEKS test occurred at a different time than the implementation of the 

redesign, the table below is provided to clarify the events of each academic year.  

Table 1 The Coordination of the Redesign and the ALEKS Test 

Academic Year Course Type Placement Exam Pre-Requisites 

2011-2012 Traditional MPT Not enforced 

2012-2013 Traditional Pilot MPT Not enforced 

2013-2014 Traditional Redesign MPT Not enforced 

2014-2015 Traditional Redesign* ALEKS Enforced 

2015-2016 Redesign** ALEKS Enforced 
 *Due to budget issues, the redesign was only offered in the fall of 2014-2015. 

 **No traditional sections of the course were offered in fall 2015. 
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 Students at WCSS enroll in classes several weeks before each term begins. Many 

students that enroll in the college algebra redesign do not know that the class structure is 

different than other college algebra classes until the term begins. As of the fall of 2014, students 

who are new to the WCSS must take the ALEKS placement test before enrolling in a 

mathematics course. Students that are not new to the WCSS can only take classes for which they 

have taken the necessary prerequisites. When sections of a course fill, the mathematics 

department adds new sections to which students can enroll. From 2011 to the present, every 

college algebra class takes the exact same three exams at the exact same time as the other college 

algebra courses in that term. Each test contains a body of multiple choice questions and a free 

response section. At the end of the term students can be assigned final grades in the range of A, 

A-, B+, B. B-. C+, C, C-, D, F, S, U and W, where S, U and W stand for Satisfactory, 

Unsatisfactory, and Withdraw, respectively. The failure to complete a course successfully is 

represented by the grades D, F, U and W, since most degrees require a grade of C- or above in 

order for a course to count. Once students pass college algebra they are eligible to take classes 

like trigonometry, business calculus, mathematics for elementary school teachers and 

mathematics for management and the sciences.  

The demographics of the students at the WCSS can be found in Table 2. Since students 

are not separated randomly into redesign courses and traditional courses, this study is strictly 

observational. The data for this observational study was provided by the WCSS’s database and 

consists of grade distributions, ALEKS scores, and term information de-identified to protect 

student and instructor anonymity. 
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Table 2 Student Demographics by Year 

 Fall 2011 Fall 2012 Fall 2013 Fall 2014 Fall 2015 

Women 60.5% 60.3% 61.8% 60% 54% 

Men 39.5% 39.7% 38.2% 40% 46% 

American Indian/Alaskan Native 1.0% 1.2% 2.1% 1.4% .8% 

Asian/Pacific Islander 1.0% 1.2% 1.4% 1.1% 1.6% 

Black 0.1% .9% 0.6% 0.4% 0.5% 

Hispanic 5.2% 6.4% 5.4% 6.5% 8% 

 

3.2 Research Question 1 

The first data set used in this study involved ALEKS scores and grade distributions. 

Specifically, for every student enrolled in college algebra between the fall of 2014 and the fall of 

2015, the researchers received the term, de-identified section number, course type, and type of 

placement test taken, placement test score, and final grade in college algebra. With this 

information we hoped to better understand the role of ALEKS placement testing on grades in 

college algebra. An example of the data we received can be found in the table below. 

Table 3 ALEKS Data Example 

De-

Identified 

Student 

Number 

Term De-

Identified 

Section 

Number 

Course 

Type 
Placement 

Exam 
Score 

 
College 

Algebra 

Grade 

1 Winter 

2014 

6 Redesign ALEKS 47 B- 

2 Fall 2015 4 Traditional MPT 35 A 
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The following research question guided this portion of the study: 

● To what extent did ALEKS placement score correlate with grades in college algebra? 

● Null Hypothesis: ALEKS placement score did not have a statistically significant 

correlation with grades in college algebra. 

● Alternative Hypothesis: ALEKS placement scores had a statistically significant 

correlation with grades in college algebra. 

In an effort to answer this question the researchers chose to use linear regression. While 

examining the data it became apparent that grades varied greatly from term to term. As a result 

of this high variation, the researchers chose to model the effect of both term and ALEKS score 

on college algebra grades. This choice allowed the researchers to determine the correlation 

between ALEKS score on grades while controlling for term variations. Before creating a linear 

model, the grade of each student was converted to a numeric grade point value. Numeric grade 

point value served as the response variable 𝑦 for the model used. Let 𝑥 denote a specific 

students’ ALEKS score. Students that took college algebra in the fall of 2015 served as the 

baseline for this model. The linear regression equation below modeled the given scenario. 

𝑦 = 𝑎 + 𝑏𝑡𝐹14 + 𝑐𝑡𝑊15 + 𝑑𝑡𝑆15 + 𝑒𝑠𝑡 + 𝑓𝑠𝑎 + 𝑔𝑥   (eq. 1) 

𝑡𝐹14 = 1 for college algebra students in the fall of 2014 and 𝑡𝐹14 = 0 otherwise    

 𝑡𝑆15 = 1 for college algebra students in the spring of 2015 and 𝑡𝑆15 = 0 otherwise  

𝑡𝑊15 = 1 for college algebra students in the winter term of 2015 and 𝑡𝑊15 = 0 otherwise  

𝑠𝑡 = 1 for students in the traditional lecture sections of college algebra, 𝑠𝑡 = 0 otherwise 

𝑠𝑎 = 1 for students in the alternate sections of college algebra and 𝑠𝑎 = 0  otherwise 
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The table below clarifies the significance of each coefficient. 

Table 4 Coefficients of Eq. 1 

Variable Significance 

𝑎 the estimated grade point value of a redesign 

student in the fall of 2015 with an ALEKS 

score of 0 

𝑏 The estimated change in grade point value if a 

redesign student in the fall of 2015 had instead 

taken the course in the fall of 2014 

𝑐 The estimated change in grade point value if a 

redesign student in the fall of 2015 had instead 

taken the course in the winter of 2015 

𝑑 The estimated change in grade point value if a 

redesign student in the fall of 2015 had instead 

taken the course in the spring of 2015 

𝑒 The estimated change in grade point value if a 

redesign student had taken the traditional course 

instead. 

𝑓 The estimated change in grade point value if a 

redesign student had taken the alternate section 

of the course. 

𝑔 The estimated change in grade point value for 

an increase of one ALEKS score point. 

 

 As a further explanation of the coefficients, notice that 𝑎 represents the estimated grade 

point value of redesign student in the fall of 2015 with an ALEKS score of 0. This can be seen 

by recalling that for a fall of 2015 redesign student with an ALEKS score of 0, the variables 

𝑡𝐹14,  𝑡𝑆15, 𝑡𝑊15,  𝑠𝑡, 𝑠𝑚 and 𝑥 = 0. 

Also notice that, (𝑎 + 𝑏), (𝑎 + 𝑐) and (𝑎 + 𝑑) represent the estimated grade point value 

of a redesign student with ALEKS score 0 in the fall of 2014, winter of 2015, and spring of 2015 

respectively. Furthermore, 𝑎 + 𝑔𝑥, (𝑎 + 𝑏) + 𝑔𝑥, (𝑎 + 𝑐) + 𝑔𝑥 and (𝑎 + 𝑑) + 𝑔𝑥 give the 

estimated grade point value for a redesign student with ALEKS score 𝑥 in the fall of 2015, the 

fall of 2014, winter of 2015, and spring of 2015 respectively. 
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The data retrieved from the WCSS’s database was entered into R, the statistical 

computing software. R estimated 𝑎, 𝑏, 𝑐, 𝑑, 𝑒, 𝑓 and 𝑔 and gave a statistical 𝑝-value for each 

estimated value. These values will be used to interpret how ALEKS scores are affecting grades 

in college algebra in the next chapter. For example, if 𝑔 = .33 with a statistically significant p-

value, then an increase of one point on the ALEKS test correlates with an increase of .33 in grade 

point value. Essentially, one extra point on the ALEKS test correlates with improving grades by 

a third of a letter grade. This would imply that higher ALEKS scores correlate with higher grade 

point values. 

3.3 Results of Research Question 1 

Linear regression did not show a statistically significant correlation between ALEKS 

score and grade point values, although the trend was negative, meaning that the software 

estimated that higher ALEKS scores correlated with lower grade point values. The values 

returned by the statistical computing software can be found in the table below. Course type did 

not have a statistically significant effect on grade point averages. Interestingly, the estimates 

indicate that students in the traditional course had lower grade point values on average than 

redesign students by about .209 points, however this result is not statistically significant.  

Table 5 Estimated Coefficients of Eq. 1 

 

Variable Interpretation Estimated 

Value 

p-value 

𝑎 The estimated grade point value of a redesign student in 

the fall of 2015 with an ALEKS score of 0 

2.159056 <2e^-16 

𝑏 The estimated change in grade point value if a redesign 

student in the fall of 2015 had instead taken the course in 

the fall of 2014 

-0.251939 .00439 

𝑐 The estimated change in grade point value if a redesign 

student in the fall of 2015 had instead taken winter 15 

.330865 .03799 
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Table 5 (Continued) 

 

Upon further exploration of the data, the researchers noticed that students with an 

ALEKS score between 60 and 100 earned D’s, F’s, withdrew, or received an unsatisfactory 

grade at a rate of approximately 42% while students with ALEKS scores between 0 and 59 

earned D’s, F’s, withdrew or received an unsatisfactory grade at a rate of approximately 33%. 

The developers of the ALEKS test recommend that students with ALEKS scores between 0 and 

59 take college algebra, and the WCSS recommends that students with ALEKS scores between 

46 and 59 enroll; in college algebra. This means that students between 60 and 100 opted to take 

college algebra despite testing into more advanced math courses. A Welch Two-Sided t-test 

showed that this difference in population averages was statistically significant with  

𝑝 = .004908.  

3.4 Research Question 2 

During a single term one instructor, hereafter called Pat, taught students in both 

traditional and redesign sections. Since all college algebra courses in a term take the same two 

midterms and final, Pat’s students in the two types of courses took the same tests. The second set 

𝑑 The estimated change in grade point value if a 

redesign student in the fall of 2015 had instead taken 

the course in the spring of 2015 

-.597309 .00223 

𝑒   The estimated change in grade point value if a 

redesign student had taken the traditional course 

instead. 

-.208900 .11023 

𝑓 The estimated change in grade point value if a 

redesign student had taken the alternate section of the 

course. 

-.108650 .66105 

𝑔 The estimated change in grade point value for an 

increase of one ALEKS score point. 

-.002482 .36952 
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of data used in this study was the score distributions for Pat’s classes on the multiple choice 

portion of two of those three exams. Since we do not know how instructors assigned final grades 

at the end of each term, the comparisons we can make about student outcomes in the redesign 

versus traditional sections are somewhat limited. Here, however, the exam data from one 

instructor teaching both types of the course provides us with more fine-grained analysis that will 

allow more reliable conclusions.  

An example of the data can be found in Table 4. This data was necessary to explore how 

the redesign course affected student exam pass rates. 

Table 6 Scantron Data Example 

Course Type Score Number of Students that 

Received that Score 

Redesign 30 3 

Redesign 29 0 

Redesign 28 10 

 

The following research questions and the associated null and alternative hypotheses, guided 

this portion of the study: 

● Question 2: Did students in redesign sections of college algebra perform differently on 

exams than students in traditional courses? 

● Null Hypothesis 2: Students in redesign sections of college algebra perform performed 

the same on exams as the students in traditional courses. 

● Alternate Hypothesis 2: Students in redesign sections of college algebra did not perform 

the same on exams as the students in traditional courses. 

On the first exam Pat gave three different forms to both her redesign students and 

traditional section students. For this reason, a linear model was used to predict average exam 
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score 𝑦, based on the factors test form and course type. The exam was out of 33 points. Redesign 

students that took exam form 1 served as the base line for this model. The linear model used to 

examine the data is below. 

𝑦 = 𝑞 + 𝑟𝑓2 + 𝑠𝑓3 + 𝑡𝑥   (eq. 2) 

 𝑓2 = 1 for students who took the second form of the exam and 𝑓2 = 0 otherwise 

  𝑓3 = 1 for students who took the third form of the exam and 𝑓3 = 0 otherwise   

 𝑥 = 1 for students in the traditional and 𝑥 = 0 for students in the redesign 

The data retrieved from the WCSS’s database was entered into R, the statistical 

computing software program. R estimated 𝑞, 𝑟, 𝑠 and 𝑡  and gave a statistical 𝑝-value for each 

estimated value. The interpretation for each value that will be estimated can be found below. 

Table 7 Coefficients of Eq. 2 
 

Value Interpretation 

𝑞 The average score of students in the redesign 

on form 1. 

𝑟 The change in average score if the redesign 

students had taken exam form 2 instead of 

exam form 1. 

𝑠 The change in average score if the redesign 

students had taken exam form 3 instead of 

exam form 1. 

𝑡 The change in the average score if the 

redesign students had instead taken the 

traditional course. 

 

As an example suppose that 𝑡 = 5 and the associated 𝑝-value is statistically significant, 

then the traditional course corresponds to a statistically significant average score increase of five 

points on the midterm exam. 
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On the final exam Pat did not give multiple exam forms to students. For this reason the 

researchers decided to simply use a Welch Two Sample t-test to determine whether or not there 

was a statistically significant difference in the averages of the two bodies of students. A Welch 

Two Sample t-test is distinct from other t-tests in that a Welch test does not assume that the 

variance in the data is the same in each group (Spector, n.d.).  

3.5 Results of Research Question 2 

 For the first midterm, linear regression showed a statistically significant course type 

change in exam scores. Students in the traditional course had an average exam score that was 

3.66 points smaller than the students in the redesign sections, which is about 11.1% of the total 

exam score. However, the form number that a student took did not have a statistically significant 

impact on exam scores. The values computed by R can be found in Table 11. 

Table 8 Estimated Coefficients of Eq. 2 

Value Interpretation Estimation 𝒑-value 

𝑞 The average score of 

students in the redesign on 

form 1. 

19.7885 <2e^-16 

𝑟 The change in score if a 

student had taken exam 

form 2 instead of exam 

form 1. 

-0.1428 .894 

𝑠 The change in score if a 

student had taken exam 

form 3 instead of exam 

form 1. 

.1259 

 

.908 

 

𝑡 The change in the average 

score if a redesign student 

had instead taken the 

traditional course. 

-3.6690 5.52e^-05 
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On the multiple choice portion of the final exam the redesign students earned a mean 

score of approximately 57.25%. The average score for traditional students was approximately 

51.73% According to the Welch two sample t-test there was a statistically significant difference 

between the average score of the traditional and redesign final exam. With 95% confidence, 

redesign students scored an average of 1.08 to 9.96 points higher than traditional students on this 

final exam. A box plot for the final exam can be found in Figure 1 below. The redesign course 

achieved higher scores than the traditional course. Similarly, the traditional course achieved 

lower scores than the redesign students.  

Figure 1. Box Plot of Final Exam Multiple Choice Scores 

 

3.6 Research Question 3 

The third set of data that was used in this study consisted mainly of grade distributions. 

Specifically, for each college algebra student between the fall of 2011 and the fall of 2015, we 

received the term they took college algebra, the grade that student received, the section they were 
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enrolled in (de-identified), and the course type they took. This data was necessary to establish a 

relationship between class-type and passing rates. With this data, we hoped to illuminate the 

effect that the redesigned college algebra class had on student success. An example of the data 

table we received can be found below. 

Table 9 Redesign vs. Traditional Data Example 

De-identified 

Student 

Number 

Term College 

Algebra was taken 

De-identified 

Section Number 

Course 

Type 

Grade in 

College 

Algebra 

1 Fall 2011 5 Redesign B 

2 Spring 2015 3 Traditional F 

  

The following research question guided this portion of the study 

● Question 3: Did redesign students earn D, F U, or W grades at a different rate than 

students in traditional sections of college algebra? 

● Null Hypothesis 3: Redesign students earned D, F U, or W grades at the same rate as 

students in traditional sections of college algebra. 

● Alternative Hypothesis 3: Redesign students did not earn D, F U, or W grades at the same 

rate as students in traditional sections of college algebra. 

In an effort to answer this question, the researchers decided to use logistic regression. 

Logistic regression was chosen over linear regression because several assumptions are made 

when using linear regression that cannot be made with the data at hand. Some assumption of 

linear regression models are that the error terms are normally distributed or that the errors are 

heteroskedastic, both assumptions are hard to justify with categorical data. Another issue is that 

linear regression models assume that the outcome is a continuous variable; this is obviously not 
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the case. Since, a straight line attains values larger than one and smaller than zero linear 

regression might imply that more than 100% of students or less than 0% of students of a certain 

type will fail the course (Nau, n.d.).  

Logistic regression solves many of the problems associated with linear regression. 

Instead of modeling whether or not a student failed college algebra with a straight line, logistic 

regression models the log odds of failing, or logit of failing, with a straight line. One of the 

benefits of the taking the logarithm of the odds is that ln (
𝑝

1−𝑝
) = −ln (

1−𝑝

𝑝
), which means that 

the log odds of passing is exactly opposite of the log odds of failing (McDonald, 2015). 

While examining the data it became apparent that term had a significant effect on final 

grades, as a result the researchers chose to control for term in the model. Take 𝑝 to be the 

proportion of students with a specified course type and term that dropped, failed, withdrew, or 

received an unsatisfactory in college algebra. The model used to answer this research question is 

given by the equation 

ln (
𝑝

1 − 𝑝
) = 𝑎 + 𝑏𝑡𝑊12 + 𝑐𝑡𝑆12 + 𝑑𝑡𝐹12 + 𝑒𝑡𝑊13 + 𝑓𝑡𝑆13 + 𝑔𝑡𝐹13 + 

ℎ𝑡𝑊14 + 𝑖𝑡𝑆14 + 𝑗𝑡𝐹14 + 𝑘𝑡𝑊15 + 𝑙𝑡𝑆15 + 𝑚𝑡𝐹15 + 𝑛𝑥   (eq. 3) 

  Let 𝑡𝑊12 = 1 for students in the winter 2012 term of college algebra and 𝑡𝑊12 = 0 

otherwise. Similarly, 𝑡𝑆12, 𝑡𝐹12, 𝑡𝑊13, 𝑡𝑆13, 𝑡𝐹13, 𝑡𝑊14, 𝑡𝑆14, 𝑡𝐹14, 𝑡𝑊15, 𝑡𝑆15 and 𝑡𝐹15 represent the 

term a student took college algebra. Take 𝑥 = 1 if a student took the traditional version of 

college algebra and 𝑥 = 0 otherwise. 

Where a represents the log odds of a student failing the redesign course in the fall of 

2011. This can be made clearer by taking 𝑡𝛼 = 0 for all 𝛼 and letting 𝑥 = 0. Notice that (𝑎 + 𝑏) 
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represents the log odds of a student failing the redesign course in winter 2012, this can be made 

clearer by noticing that 𝑡𝑊12 = 1 and 𝑥 = 0. The values (𝑎 + 𝑐) through (𝑎 + 𝑚) can be 

interpreted similarly. Finally notice that (𝑎 + 𝑏 + 𝑛) represents the log odds of a traditional 

student failing college algebra in winter 2012 because 𝑡𝑊12 = 1 and 𝑥 = 1. The table below 

clarifies the meaning of each value that was estimated. 

Table 10 Coefficient of Eq. 3 

Coefficient Interpretation 

𝑎 The log odds of a student failing the redesign 

course in the fall of 2011. 

𝑏 … 𝑚 The change in the log odds of failing if a 

student who took college algebra in the fall of 

2011 had instead taken the course in winter 

2012, spring 2012, fall 2012, etc. 

𝑛 The change in log odds if a redesign student 

were to have taken the traditional course 

instead. 

 

The data retrieved from the WCSS’s database was inputted into R. R estimated values for 

𝑎 𝑏, 𝑐, 𝑑, 𝑒, 𝑓, 𝑔, ℎ, 𝑖, 𝑗, 𝑘, 𝑙, 𝑚 and 𝑛 and gave a statistical 𝑝-values. We will use these values to 

interpret how the redesign course is affecting college algebra pass rates. For example if  𝑎 = 1.5, 

𝑛 = −.5 and the statistical 𝑝 values are significant, then for a student in the traditional course in 

the fall of 2011 the log odds of getting a DFU or W is 9given by ln (
𝑝

1−𝑝
) = 𝑎 + 𝑛 = 1.5 − .5. 

And the odds of getting a DFU or W are given by 
𝑝

1−𝑝
= 𝑒1.5−.5 = 𝑒1.5 ∗ 𝑒−.5 = 4.5 ∗ .6 = 2.7. 

Which means that when the odds of failing in the redesign are 4.5 to 1, the traditional students 

have an odds ratio of 2.7 students failing to every 1 student passing. It can also be said that 

traditional students have .6 times the odds of a DFUW grade in the redesign. 
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3.7 Results of Research Question 3 

For the third research question and associated model, the values determined by R can be 

found in Table 12. Logistic regression revealed a statistically significant difference between 

failure rates in the redesign and failure rates in the traditional course. The coefficient n was 

estimated to be .39628, which means that students in the traditional sections have a higher 

probability of getting a D,F,U, or W than the redesign students. In particular, the log odds of 

getting a D,F,U, or W is .39628 higher for traditional students. In other words, the odds of failing 

in the traditional group are 𝑒 .39628 = 1.48 times the odds of getting a D,F,U, or W in the 

redesign. However, the term a student took college algebra also has a statistically significant 

impact on student pass rates.  

There is some risk of overstating the results of this model due to the observational nature 

of this study. Specifically, since some terms featured only redesign courses while other terms 

only featured traditional sections, and term has a huge effect on failure rates there may be a bias. 

Although observational studies have advantages, like the ability to determine a trend without 

interfering with a group’s routine activities, observational research does have some drawbacks. 

One particular drawback is that observational researchers cannot control the extraneous factors 

that influence the phenomenon to be studied. In the case of this research question, since students 

and teachers were not assigned to courses at random there may be many factors that influence the 

results of this study. For example, a particular type of student might be more likely to enroll in a 

particular teacher’s course or prefer to take a mathematics course at a particular point in the 

academic year.   
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Table 11 Estimated Coefficients of Eq. 3 

Value  Interpretation Estimation p-value 

𝑎 The log odds of a student failing the redesign course in the 

fall of 2011. 

-1.52392 <2e^-16 

𝑏 The change in the log odds of failing if a student who took 

college algebra in the fall of 2011 had instead taken the 

course in winter 2012 

-.0.03551 .763 

𝑐 The change in the log odds of failing if a student who took 

college algebra in the fall of 2011 had instead taken the 

course in spring 2012 

0.71994 4.54e-08 

𝑑 The change in the log odds of failing if a student who took 

college algebra in the fall of 2011 had instead taken the 

course in fall 2012 

0.44883 5.13e-05 

𝑒 The change in the log odds of failing if a student who took 

college algebra in the fall of 2011 had instead taken the 

course in winter 2013 

0.55197 2.74e-06 

𝑓 The change in the log odds of failing if a student who took 

college algebra in the fall of 2011 had instead taken the 

course in spring 2013 

1.22295 1.69e-12 

𝑔 The change in the log odds of failing if a student who took 

college algebra in the fall of 2013 had instead taken the 

course in winter 2012 

0.71609 4.82e-09 

ℎ The change in the log odds of failing if a student who took 

college algebra in the fall of 2011 had instead taken the 

course in winter 2014 

1.47846 <2e^-16 

𝑖 The change in the log odds of failing if a student who took 

college algebra in the fall of 2011 had instead taken the 

course in spring 2014 

1.46095 <2e^-16 

𝑗 The change in the log odds of failing if a student who took 

college algebra in the fall of 2011 had instead taken the 

course in fall 2014 

1.27290 <2e^-16 

𝑘 The change in the log odds of failing if a student who took 

college algebra in the fall of 2011 had instead taken the 

course in winter 2015 

0.15537 .228 

𝑙 The change in the log odds of failing if a student who took 

college algebra in the fall of 2011 had instead taken the 

course in spring 2015 

1.24543 1.39e-15 

𝑚 The change in the log odds of failing if a student who took 

college algebra in the fall of 2011 had instead taken the 

course in fall 2015 

0.77231 1.40e-07 

𝑛 The change in log odds if a redesign student were to have 

taken the traditional course instead. 

0.39628 5.92e-06 
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3.8 Research Question 4 and 5 

Finally, the researchers were provided the term a student took college algebra, the de-

identified section number the student was enrolled in, the course type, and their final grade in 

college algebra, as well as the next math course that student took, the final grade they received in 

the next math course, and the term the next math course was taken. This data was necessary for 

determining the effect that the redesign had on long term student success in mathematics classes 

at WCSS. An example of the data collected can be found below. 

Table 12 Next Course Data Example 

De-

Identified 

Student 

Number 

Term 

College 

Algebra 

was 

taken 

De-

Identified 

Section 

Number 

Course 

Type 
Final 

Grade 
Next 

Math 

Course 

Taken 

Term Next 

Math 

Course 

was Taken 

Grade in 

Next 

Math 

Course 

Taken 

1 Fall 

2014 

5 Redes. B+ Different

ial 

Calculus 

Winter 

2015 

B 

2 Fall 

2014 
6 Trad. A- Business 

Calculus 
Spring 

2015 
A 

 
The following research questions, null hypotheses, and alternative hypotheses guided the study: 

● Question 4: Did redesign students take higher-level math courses at the same rate as 

students in the traditional sections?  

● Null Hypothesis 4: Redesign students took higher-level math courses at the same rate as 

students in the traditional sections. 

● Alternate Hypothesis 4: Redesign students did not take higher-level math courses at the 

same rate as students in the traditional sections. 

● Question 5: Was the average grade point value the same for redesign students and 

traditional students in the most commonly taken next higher-level course? 
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● Null Hypothesis 5: The average grade point value was the same for redesign students and 

traditional students in the most commonly taken next higher-level course 

● Alternate Hypothesis 5: The average grade point value was not the same for redesign 

students and traditional students in the most commonly taken next higher-level course 

For the fourth research question, the researchers chose to use a Welch two sample t-test to 

determine whether or not the proportion of redesign students that take higher-level mathematics 

courses as their next course is equal to the proportion of traditional students that take a higher-

level mathematics course as their next course. The data was entered into R, and R returned a t-

value, the degrees of freedom, p-value, and the proportions of students that take higher-level 

courses. If the p-value is statistically significant, then the proportion of students in the redesign 

that take higher-level mathematics courses as their next course is not equal to the proportion of 

traditional students that take higher-level math courses as their next course.  

 For the fifth research question, the researchers will determine which higher-level course 

is most commonly taken after college algebra. Then, the researchers will use a Welch two 

sample t-test to determine whether or not the average grade point value in the traditional course 

is equal to the average grade point value in the redesign course. The data was entered into R, and 

R returned a t-value, the degrees of freedom, p-value, the average grade point value in the 

redesign and the average grade point value in the traditional. If the p-value is significant that will 

mean that two groups of students do not have the same average grade point value. 

3.9 Results of Research Question 4 

A Welch Two Sample t-test determined that the proportion of students in the redesign 

sections that take a higher-level course as their next course is lower than the proportion of 
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students in the traditional sections that take a higher-level course as their next course. 

Specifically, 56.5% percent of traditional students that take a next course take a higher level 

course while only 52.7% of redesign students take a higher level course as their next course. 

These populations are different with a p-value of 0.0061. In short, traditional students were 

significantly more likely to take a higher-level mathematics course than their counterparts in the 

redesign. 

Table 13 gives the proportion of students in the redesign and traditional sections that took 

mathematics courses after college algebra. It is apparent from the table that redesign students 

retake college algebra at a higher rate than traditional students. Redesign students also regress to 

earlier math courses at higher rates. It should be noted that Introduction to Contemporary 

Mathematics is not considered lower or higher than college algebra. Furthermore, redesign 

students took a subsequent mathematics course at a slightly higher rate. The most common 

higher level subsequent course was a trigonometry course.  

Table 13 Flow of College Algebra Students to Subsequent Courses 

 No Recorded 

Next Math 

Course 

Intermediate 

Algebra 

Algebraic 

Reasoning 

Introduction to 

Contemporary 

Mathematics 

Redesign .234 .004 .016 .035 

Traditional .268 .002 .009 .018 

 College Algebra Trigonometry Excel for 

College Algebra 

Foundations of 

Elementary 

Mathematics 

Redesign .184 .310 .01 .006 

Traditional .138 .320 .008 .007 

 Discrete 

Mathematics 

Calculus for 

Business 

Mathematics 

for 

management, 

life, and social 

sciences 

Differential 

calculus 

Redesign .001 .100 .060 .032 
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Table 13 (Continued) 

Traditional .002 .108 .080 .029 

 Integral 

calculus 

Vector calculus Matrix and 

Power Series 

Math LDT 

Redesign .002 0 0 .006 

Traditional .002 .001 0.001 .006 

 

3.10 Results of Research Question 5 

The results returned by R with regard to the Welch two sample t-Test were that  

𝑡 = −6.2795, 𝑑𝑓 = 1028, 𝑝 = 5.003𝑒−10, the true difference in means is not equal to 0, and a 

95% confidence interval (−.4802262, −.2515533). This means that redesign students that took 

trigonometry after college algebra had higher grade point value than traditional students who 

next took trigonometry. In fact, the average grade point value for redesign students was 2.71 

while traditional students had an average of 2.35. With 95% confidence, redesign students have 

an average grade point value that is between .25 and .48 grade points higher than traditional 

students in the trigonometry course. 

4. Conclusions and Implications 

 In my final chapter, I revisit the results from chapter 3 and connect them to findings from 

prior studies. I found that the results from WCSS were similar to past studies of placement 

exams and active learning. Then I present implications and suggestions for further research. 

4.1 Conclusions 

In answering my first research question about students’ ALEKS scores and their 

performance in the college algebra, I found that students who had higher ALEKS scores tended 

to do worse in college algebra courses at WCSS. Furthermore, students that could have tested out 

of college algebra, but took it anyway, received D, F, U or W grades at a significantly higher rate 
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than students that did not test out of college algebra. This finding is similar to an observation 

made by Ahlgren and Harper (2011) in their paper “Mathematics Placement at the University of 

Illinois,” found that in most classes, as the ALEKS scores increase the portion of students that 

pass also increases, except for students in the course titled Preparation for Calculus or PreCalc. 

In particular, students who could have placed in a higher math class but chose to take PreCalc 

anyway, did not achieve grades significantly better than their peers with lower ALEKS scores. 

Harper and Ahlgren suggested two possible reasons for this anomaly. Students that could have 

placed into a higher math courses may become bored or complacent in the beginning of the 

course and then fall behind as the course becomes more complex. Another possible reason that 

Harper and Ahlgren give for students with high ALEKS scores failing in larger numbers is that 

because PreCalc is the lowest credit-earning class offered by the University of Illinois, students 

are more inclined to cheat to get into PreCalc than other courses. 

Sadly, the University of Arizona also noticed a high rate of failure among students with 

higher ALEKS scores and discovered that cheating was most likely the cause of the higher 

ALEKS scores. In 2009, after some successful preliminary testing, the University of Arizona 

began utilizing the ALEKS test. That fall, the mathematics department noticed substantially 

higher placement scores for students intending to take college algebra than they had seen during 

the testing phase. Notably, some students were retaking the test soon after their first attempt and 

receiving significantly higher scores. The school felt that this was suspicious and began 

anonymously polling students about the ALEKS test. Many students admitted to cheating. After 

final grades were posted, the university observed that students that had retaken the ALEKS test 

and received substantially higher scores were receiving particularly low grades. Additionally, 
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instructors reported that many students seemed underprepared. As a result, the university began 

to proctor test retakes (Campus Technology News, n.d.). Although the cause of the large 

percentage of students with high ALEKS scores failing at NWSS is unknown, it seems clear that 

further research is necessary to fix the problem. It may be that students at WCSS are overly 

qualified for the course and becoming complacent. It could also be the case that students are 

using unsanctioned resources while taking the ALEKS test. Many factors could be causing 

students with higher ALEKS scores to earn D, F, U, or W grades at such a high rate. 

In answering my second research question about the comparison of students’ exam grade 

distributions in Pat’s redesigned and traditional versions of the college algebra course, I found 

that redesign students scored approximately 4 points higher on the midterm exam and 6 points 

higher on the final exam. This finding is consistent with the work done by Freeman and 

colleagues (2014) when they showed that students who participated in active learning classes 

performed approximately 6% better on tests than students in traditional class structures. 

While answering my third research question about D, F, U, or W rates in college algebra, 

I observed that redesign students were less likely to fail. This finding is also consistent with the 

findings of Freeman and colleagues (2014) when they showed in their meta-analysis that 

students in lecture styled courses are 1.5 times more likely to fail than students who participate in 

active learning courses. 

In answering my fourth and fifth research questions, I discovered that students that took a 

redesigned section of college algebra take an additional mathematics course at higher rate than 

traditional students, but redesign students are less likely to take a higher-level mathematics 

course as their next course than traditional students. However, students in the redesigned course 
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did achieve a higher average grade in the most commonly taken higher-level course, 

trigonometry. This is consistent with the work done by Laursen (2013) when she showed that 

inquiry-based learning students take more math courses than their non-inquiry based learning 

peers, and do as well or better than their peers. Interestingly, this study shows that it is not 

necessarily the case that inquiry-based learning students take more higher-level math courses 

than non-inquiry based learning students. 

4.2 Implications 

 There is still work to be done in improving student success in college algebra. It seems 

evident that further research needs to be done to determine the cause of high failure rates for 

students with high ALEKS scores. Specifically, an investigation into whether or not students are 

cheating on the ALEKS test could be particularly fruitful. Enforced mathematics placement tests 

are high stakes tests. Students that test into lower-level courses may have to delay graduating 

while they work on fulfilling mathematics requirements, all the while paying for additional 

courses.  

Interestingly, an internal document in the mathematics department at WCSS showed that 

the previous elective math placement test was as effective when it was unmonitored as it was 

when proctored. The finding in this internal document may be because students that take an 

unenforced math placement test have different motivations than students who are required to 

take a placement test. Whether or not students are cheating on the ALEKS test, the results of this 

study show that the current system for guiding students into classes needs some support. 

 Another result of this study is that redesign students at WCSS achieved comparable or 

better final grades, than those in traditional sections. This finding shows that students who spent 
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half of their class time interacting with peers instead of watching a teacher lecture performed just 

as well as students who spent the majority of their time listening to a lecture. This means that 

redesign students are able to get practice working in groups without any losses to their final 

grades. Many careers involve team work, and the redesign has the potential to give students 

experience for future jobs. This study also showed that, in one case, when an instructor teaches 

both a traditional course and a redesign course, the redesign students achieved higher scores than 

their traditional counterparts. This result is backed by a large scale meta-analysis done by 

Freeman and colleagues (2014). Further research should be done to determine if redesign 

students at WCSS consistently achieve higher scores on exams than traditional students.  

Since the observational nature of this study does not allow for causal statements, the next 

step is to first determine all issue that play a part in students’ success (or failure) in college 

algebra at a particular institution, as suggested by Bryk, Gomez, and Grunow (2011). Then, 

researchers could create a scientific experiment to more fully determine the relationship between 

redesign and traditional pass rates. In an effort to make causal statements, the study would need 

to be a randomized experiment. The traditional course would serve as the control group. All 

classes would need to have identical syllabi, exams, and grading procedures. To eliminate 

instructor biases, homework grading, tests grading and the assignment of final grades would 

either need to be completed by a computer, an outside party, or be de-identified and then 

redistributed randomly to instructors. Before randomly assigning students to instructors, blocking 

could be used to keep classes similar. For example, if there were eight redesign courses and eight 

traditional courses and 160 women, then ten women would be randomly assigned to each class. 

Since men and women might respond differently to active learning, blocking would make it so 
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that differences between redesign and traditional pass rates could not be attributed to gender. In 

addition to randomly assigning students to classes, instructors would also need to be randomly 

assigned to classes or alternately all instructors could be assigned to both a redesign course and a 

traditional course. One issue with this kind of scientific study is that it is not ethical to assign 

some subjects to a known treatment while leaving other subjects without a known treatment. In 

the case of college algebra and the redesign, there is an overwhelming and convincing body of 

research that shows that active learning is better for students. With that in mind, it may be 

unethical to assign some students to the redesign and some students to the traditional course. 
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