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Abstract

The University of Arkansas at Pine Bluff (UAPB) is the second oldest his-
torically black land-grant institution in the state of Arkansas and has been
producing well-qualified STEM scholars. However, STEM students at
UAPB are affected by Mathematics classes, especially College Algebra. The
purpose of this article is to share how the Department of Mathematics and
Computer Science (MCS) increased the passing rates of College Algebra
courses. MCS utilized three evidence-based (EB) instructional methods
(WebAssign, Peer-Led-Team-Learning and Julia computer programing)
and created a Co-Requisition College Algebra course to improve the pass-
ing rates of College Algebra courses. In addition, Math faculty received a
2-day faculty development training on EB instructional methods to proper-
ly and efficiently implement EB instructional methods. Through these ac-
tivities the passing rates of College Algebra courses have improved. In addi-
tion, students who are enrolled in EB instructional College Algebra classes
showed positive attitudes toward learning College Algebra according their
survey results.

Keywords

Evidence-Based Learning, Active Learning, College Algebra, Web Assign,
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1. Introduction

There is rising concern about America’s ability to maintain its competitive
position in the global economy due to lack of graduates with training and
expertise in Science, Technology, Engineering and Mathematics (STEM)

fields (2012), and one of the primary reasons students switch or drop out of
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STEM disciplines is Mathematics instruction (Chen, 2013). Furthermore,
according to a 2013 report by the United States Census Bureau, minority
STEM workforce is well below their expected percentage in the total STEM
workforce (Landivar, 2013). Studies also show that women, Blacks, and His-
panics are less likely to stay in STEM fields during college than male and
non-minority students (Aud, Fox, & Kewal Ramani, 2010; National Science
Board, 2007).

The University of Arkansas at Pine Bluff (UAPB) is the second oldest histori-
cally black land-grant institution in the state of Arkansas. UAPB has been work-
ing very hard to produce well-qualified STEM scholars and increase minority
STEM workforce. However, STEM students at UAPB are affected by Mathemat-
ics classes, especially College Algebra. College Algebra is one of major bottleneck
courses for many STEM students at UAPB, especially incoming first-generation
minority STEM students.

One of the main problems having low passing rates in College Algebra courses
at UAPB is that we mainly utilize lecture-based instructional methods. The
problem of lecture-based learning is a one-way communication, which treats
students as passive participants who are to take notes while sitting quietly and
who may ask questions only if time permits (Yuan, Williams, Yin, Fang, & Pang,
2011). Research has shown that this rigid learning method is not helpful for
most students in acquiring new knowledge (Hake, 1998; Benford, Brown, &
Cocking, 2000).

There have been numerous studies show that active-learning and other evi-
dence-based instructions improve students’ learning outcomes (Laursen, Hassi,
Kogan, & Weston, 2014; Ambrose, Bridges, DiPietro, Lovett, & Norman, 2010;
Prince & Felder, 2007) and research also has shown that evidence-based learning
methods in college mathematics may improve retention rates of STEM discip-
lines and attract more students to be in STEM fields, including minority stu-
dents (Ellis, Rasemussen, & Duncan, 2013; Watkins & Mazur, 2013; Kogan &
Laursen, 2014). We implement three evidence based (EB) instructional methods
to overcome our problems in College Algebra courses. Three EB instructional
methods that we utilized are web-based learning (WBL), project-based learning
(PBL), and peer-led-team learning (PLTL).

WBL is chosen because students are familiar with cloud service programs and
online learning technology and also WBL research studies show positive effects
on learning in general (Markham & Lenz, 2002; Hwang & Chang, 2011; Mayer,
2009; Yu, She, & Lee, 2010). The three most popular WBL tools that are utilized
at UAPB are Web Assign by Cengage, Connect Math by McGraw-Hill, and My
MathLab by Pearson. These three online tools all have very good user-friendly
resources for students and instructors. However, we chose WebAssign as our
WBL tool because of their price and service. Our students only need to purchase
one WebAssign code for all three algebra courses: Elementary Algebra, Interme-

diate Algebra and College Algebra. Since many of our students start with an
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Elementary Algebra class, WebAssign is the most cost-effective choice for our
students.

PBL is implemented because PBL helps students form a positive attitude to-
ward STEM disciplines (Midouser & Betzer, 2007; Catherine & Berry, 2008; Os-
borne, Simon, & Collins, 2003) and efficiently integrate and apply STEM know-
ledge to real world problems (Tseng, Chang, Lou, & Chen, 2013; George, 2003).
PBL is an inquiry-based instruction that consists of a learner-centered environ-
ment that focuses on students’ use of disciplinary concepts, tools, experiences,
and technologies to answer questions and solve real-world problems (Krajcik &
Blumenfeld, 2006; Markham, Larmer, & Ravitz, 2003). Since there are numerous
research articles showing how computer coding enhances learning mathematics
(Chen, 2016; Rabinovich, 2019), our PBL is focused in writing computer pro-
grams to solve mathematics problems. One of reasons why computer coding
helps students to learn mathematics is that coding helps students to break a
problem into small pieces and then reassemble the problem with step-by-step
coding to solve the problem. These processes make students think about the
problem deeply and logically instead of mimicking and memorizing steps (Tarr,
2019).

PLTL was originally designed and implemented for General Chemistry at the
City College of New York (Woodward, Gosser, & Weiner, 1993; Gosser, Roth,
Gafney, Kampmeier, Strozak, Varma-Nelson, Stanley, & Weiner, 1996). PLTL
has also been implemented in undergraduate mathematics and other STEM
courses and showed positive impact on students’ learning outcomes and a dras-
tic reduction in the failure rate for underrepresented minority students (Reisel,
Jablonski, Munson, & Hosseini, 2014; Merkel & Branial, 2015; Snyder, Sloane,
Dunk, & Wiles, 2016). We closely follow their models to enhance our students’
learning experience.

Although many studies show active/evidence-based methods are better learn-
ing tools than a traditional lecture, many instructors mainly utilize lecture-based
instructional methods. The main barriers for instructors in embracing new tech-
niques include the time required to find or create suitable active/evidence-based
teaching materials and the lack of trainings on how to effectively implement
supporting materials in their classroom (Gosser, Gracolice, Kampmeier, Roth,
Strozak, & Varma-Nelson, 2001; Lee, Blackwell, Drake, & Moran, 2014; Reisel,
Jablonski, Munson, & Hosseini, 2014). Active/evidence-based learning methods
cannot be successfully implemented, however, without properly training in-
structors. We plan to properly train our instructors with EB instructional me-

thods during the summer workshops.

2. Implementation Activities

We designed and implemented the following activities to properly adapt three
EB instructional methods. The goals of this study are to increase students’ pass-

ing rates in College Algebra courses and to enhance mathematics learning expe-
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rience. Dr. Harris, a lead researcher, mathematics instructors, PLTL leaders and

students from four College Algebra and one Co-Requisite College Algebra

classes participated in this study.

Activity 1: Hire, Train, and Mentor PLTL leaders

PLTL leaders were hired and trained according to two Peer-Led Team Learn-
ingbooks: A Guidebook (Gosser, Gracolice, Kampmeier, Roth, Strozak, & Var-
ma-Nelson, 2001), and A Handbook for Team Leaders (Roth, Goldstein, &
Mancus, 2001). Since choosing right PLTL leaders is very important part of this
implementation, Dr. Harris and College Algebra instructors were solely responsi-
ble for hiring, training, and mentoring PLTL leaders.

PLTL leaders were required to attend a mandatory 2-days workshop to receive
proper training. In addition, College Algebra instructors and PLTL leaders met
once a week to discuss group attendance, participation, and any concerns or
problems with their groups during the semester. One of PLTL leaders’ major du-
ties was contacting their PLTL participants via social media to remind them to
come to the study session. PLTL leaders conducted three surveys to their PLTL
group participants, first one in the beginning of the semester, second one during
the midterm, and third one in the end of the semester to collect data of the PLTL
participants’ experience.

PLTL leader hiring criteria that we used:

e Took College Algebra and Trigonometry or Pre-Calculus and Calculus I and
Calculus II and made at least a “B” or better in each class, to ensure PLTL
leaders’ content knowledge.

e Have a good and positive attitude toward evidence-based learning methods
and willingness to incorporate new learning methods.

e Have a positive reputation and attitude.

e  Work well with other students and have the willingness to help other students.

e Are responsible students and encourage other students to study hard and
come to PLTL study sessions.

e Summarized duties of PLTL leaders:

e Create PLTL groups (usually 6 or less students per group) with their assigned
faculty in their assigned faculty’s classroom during the first week of the
semester.

e Decide group names, where to meet, and when to meet (required to study at
least 6 hours per week).

e Meet with their assigned faculty for weekly study materials and to carry out
any instructions for the week.

e Create GroupMe for each PLTL group.

¢ Remind their PLTL groups to attend study sessions via a call and/or text.

e Encourage their PLTL groups to come to study sessions and fill out the
Google form timesheet for each PLTL study session. Google form contains
where they met, when they met, and how many hours they studied, who par-

ticipated, and any comments/incidents.
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e Bearole model to their PLTL groups.
e Report to their assigned faculty if there are any incidents or concerns.

Activity 2: Professional Workshop

Dr. Harris provided a 2-days in-house active learning instructional workshop
to mathematics instructors and PLTL leaders. Dr. Harris participated in active
learning instructional trainings previously through Arkansas Math Pathways
and Complete College for America and has extensive EB instructions expe-
riences.

We chose WebAssign since Cengage offered one WebAssign code that works
for three Algebra courses (Elementary, Intermediate, and College Algebra
courses). For example, when a student purchases a WebAssign code for their
Elementary Algebra course then the code works for other two math courses fol-
lowing semesters. For our department WebAssign was the most cost-effective
web-based learning tool.

We also liked WebAssign since WebAssign assignments enhanced students’
learning experiences. Students were able to utilize built-in resources, such as
practicing a different version of assignments before they attempted to do their
problems, watching short videos about the homework problems, and asking
questions to their instructor via WebAssign. More information about WebAs-
sign can be found here: https://www.webassign.net/how it works/.

Through the workshop mathematics instructors obtained the following We-
bAssign tools:

1) to create a class in WebAssign;

2) to use premade WebAssign assignments or build WebAssign assignments;

3) to upload worksheets or paper assignments;

4) to assign self-assessment tests to students’ accounts;

5) to access WebAssign premade lecture videos;

6) to set up a grade book and

7) to download premade PowerPoint lessons.

To utilize PLTL study session effectively and efficiently we first discussed
problems regards to College Algebra courses then we created or found materials
for PLTL sessions. For example, many students do not know how to factor. To

address remediation problems, we decided to utilize the KutaSoftware website

(https://www.kutasoftware.com/freeica.html) for various Elementary and Inter-
mediate Algebra worksheets. We also installed arithmetic and algebra games to
our iPads that purchased through NSF grant so students can learn basic algebra
and arithmetic skills while playing games. We have a math lab which is equipped
with math books, large tables and chairs, smartboard, and 30 iPads.

For PBL we chose Julia programming language to do the coding projects since
Julia is a high-level, high-performance, and easy to use and learn computer lan-
guage. Julia is also free and very math friendly. More information about Julia can

be found here: https://julialang.org/.
Dr. Harris showed how to download Julia software to our computers since we
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need to show our students how to download Julia software to their computers.
Mr. Stephen Harris, NCTR/FDA computer programmer, and Dr. Harris created
basic Julia tutorials and Dr. Harris gave basic Julia lessons to mathematics in-
structors and PLTL leaders. The tutorials covered Julia notebook, plots, expres-
sions, evaluations, function creation and execution, and using built-in Julia
functions and libraries. The Julia workshop materials that we used can be found
at Dr. Harris’ github account
(https://github.com/annaleeharris/Enhance-Minority-STEM-Majors-Mathemati
cs-Performance). These Julia projects are required assignments for EB instruc-
tional College Algebra classes.

The Project 1 was geared toward writing short Julia functions using College
Algebra algebraic formulas. This Julia project was developed to help students to
learn basic Julia function syntax and procedures. This project required students
to utilize distance, circle, slope, midpoint, perpendicular, and parallel formulas
and basic math concepts to solve given problems.

The Project 2 was created to apply College Algebra concepts to real world
problems so students can see the importance of College Algebra and how their
obtained new knowledge can better serve them. This project is a hands-on

project that students need to research from a reputable car rating website to find:

Julia Project

Given two points as the endpoints of a diameter of a circle: (1, y1) and (2, y2), create Julia function(s) to do the
following:

1) Find the center of the circle (equivalent to midpoint): (#, #) where h = leﬂ’ and k = &;’2
2) Find the radius of the circle (use Pythagorean Theorem): 72 = (y; — y2)? + (z1 — 232)?

3) Find a circle equation: (z — h)? + (y — k)2 = r?

4) Find the slope of the given diameter: m = :: :::

5) Find the equation of the perpendicular bisector of the given diameter (hint: perpendicular means its slope is _71 ):

(y—m) = ?(m — 1)

6) Find end points of the second diameter

Answer to #1 problem
Insert the given two points, (1,y1) and (Z2, y2), as inputs for the function “find_center". (Note: h = % andk = y‘:—y’)

In [1]: #Insert given two points, (x1, yl) and (x2, y2), as inputs for the function "find c
enter"

# Answer to #1 question

function find center(x1,yl,x2,y2)

h = (x1+x2)/2 # h is x-center
k = (yl+y2)/2 # k is y-center
return( (h, k))
end
Out[1l]: find_center (generic function with 1 method)

Project 1. College Algebra content specific Julia project.
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In [1]:

In [2]:

In [3]:

Create functions to find the best car for money and gas mileage

Choose a webstie such as Consumer Report, Edmund, Kelly Blue Book to choose top three recommended cars in a same
catagory and make a recommendaiton using calculation results.

For example, according to the Consumer Reports the top three midsized cars are the following:

1. 2019 Subaru Legacy: purchase price: $22,852, city mileage per galon: 26 mpg
2. 2019 Toyota Camry: purchase price: $22,639, city mileage per galon: 32 mpg
3. 2019 Kia Optima: purchase price: $18,900, city mileage per galon: 28 mpg

Create functions to calculate the best car for the money for the above three cars or choose any three cars of your
choice in a same catagory. When you create any function use camel case which starts with a lowe case letter. For
example, carTotalCost.

# define structure of car
struct Car

name: :String

price: :Real

mpg: :Real
end

# Define some cars.
legacy = Car("Legacy", 22_852, 26)

camry = Car("Camry", 22_639, 32)
optima = Car("Optima", 18 900, 28)

allCars = [legacy, camry, optima];

# create a function to calculate a cost per mile

function costPerMile(car, costGasPerGal)

Project 2. College Algebra application Julia project.

1) three most recommended cars in a same car category;
2) their recommended car price and

3) local gas price per gallon.

After students find all three information, they have to determine which is the
best car for the car price and gas millage. Students are required to write Julia
functions to validate their answer.

Activity 3: Weekly Meetings

Dr. Harris, mathematics instructors and PLTL leaders met weekly to improve
their implementations and share information. During these meetings we shared
any problems, concerns, incidents, or successful implementation stories. PLTL
leaders reported their PLTL study session attendance and discussed worksheets
that they have completed. Monthly surveys regarding PLTL study session and

PLTL leaders’ opinions were collected using a Google Form.

3. Results and Discussions

College Algebra students overall liked EB instructions and the survey results
showed positive feedback (see Google survey results in the Figure 1 and Figure
2; we used a linear scale: 1, strongly disagree; 5, strongly agree). The survey was

given three times during the semester and College Algebra students responded
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| like how my College Algebra class is formatted better than my previous math class |_|:]

186 responses

80

68 (36.6%)
60

61 (32.8%)

40 41 (22%)

20

Figure 1. College Algebra active learning instructions overall survey results.

I like how my Co-Req College Algebra class is formatted better than my previous math class @

12 responses

6 (50%)

3 (25%) 3 (25%)

0 (?%) 0 (?%)

1 2 3 4 5

Figure 2. Co-Requisite College Algebra active learning instruction overall survey results.

185 responses and Co-Requisite College Algebra students gave 12 responses.
Since this semester is the first time offering a Co-Requisite College Algebra class,
the class was small. A few sample questions and responses are given below.

We utilized Cengage WebAssign as our web-based learning tool and created
departmental standardized assignments in WebAssign; so, every College Alge-
bra instructor will have the same resources. However, we ran into some prob-
lems since some students could/would not purchase the WebAssign code.
WebAssign was a great tool for students who purchased an access code since it
has a step-by-step guided solution, similar practice problems, videos, mul-
tiple-try-to-solve given problems, and a self-assessment tool. Students who
could/would not purchase an access code were not able to fully utilize WebAs-
sign tools to enhance their learning. For these students, instructors uploaded a
printed copy of WebAssign homework assignments to Blackboard; so, they
could turn in their work on paper.

The Google survey results reflect how students think about the WebAssign.
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Students who did not purchase WebAssign code usually gave a “3” for being
neutral or no opinion (see the Figure 3 and Figure 4; we used a linear scale: 1,
strongly disagree; 5, strongly agree).

We hired, trained and mentored PLTL leaders. PLTL leaders did a wonderful
job helping students and worked as coaches to inspire their peers. They used so-
cial media to contact their group members to come to PLTL study sessions. The
Google survey results showed College Algebra students liked their PLTL leaders
and PLTL study sessions (see the Figures 5-7; we used a linear scale: 1, strongly
disagree; 5, strongly agree).

We felt that having a 2-days workshop was efficient for learning WebAssign
and were able to efficiently and effectively use WebAssign for our classes. How-
ever, utilizing Julia in class with students was harder than we anticipated. The
Julia survey results showed mixed feedback (see the Figure 8 and Figure 9)
STEM students wanted to use more Julia in their classwork but non-STEM stu-
dents were overwhelmed with Julia projects. Fortunately, computer science ma-
jor PLTL leaders were able to help students with Julia projects and they also

| like web-based learning (WebAssign) in my College Algebra class LD

186 responses

60

40

20

57 (30.6%)

38 (20.4%) 37 (19.9%)

30 (16.1%)
24 (12.9%)

Figure 3. College Algebra class WebAssign survey results.

| like a web-based learning (WebAssign) in my Co-Req College Algebra class @

12 responses

4 (33.3%) 4 (33.3%) 4 (33.3%)

0 ((‘)%) 0 ((‘)%)

1 2

Figure 4. Co-Requisite College Algebra class WebAssign survey results.
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| like Peer-Led-Team-Learning (PLTL) workshop in my College Algebra class |_|:]

186 responses

100

87 (46.8%)

75
50

25

8 (4.3%)

10 (5.4%)

Figure 5. College Algebra class PLTL study session survey results.

| like my PLTL leader in my College Algebra class

186 responses

150
100 107 (57.5%)
50
5 (2.‘7%) 10 (5.4%)
0
1 2 3 4 5

Figure 6. College Algebra class PLTL leader survey results.

PLTL workshop helped me to learn math better

186 responses
100
75
50

41 (22%)
25

5 (2.7%)

Figure 7. College Algebra class PLTL study session helped learning math survey results.
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I like Julia coding (project-based learning) in my Co-Req College Algebra class ||_j

12 responses

E)

3 (25%)

1 (8.3%) 1(8.3%) 1 (8.3%)

Figure 8. Co-Requisite College Algebra Julia coding survey results (1, strongly disagree and 5, strongly
agree).

Julia coding helped me to learn math better

12 responses

6 (50%)

3 (25%)

1(8:3%) 0 ((?%)

1 2 3 4 5

Figure 9. Co-Requisite College Algebra Julia coding and learning math survey results (1, strongly disagree
and 5, strongly agree).

came to our classroom to help our students.

Two math faculty piloted two College Algebra courses: one EB instructional
method and one traditional method. They gave the exact same assignments,
chapter exams, and the final exam to both of their classes and used the same
percentages for each category of their gradebook. Each of four College Algebra
classes had between 25 to 30 students and one Co-Requisite College Algebra
class had 7 students. The difference between EB and traditional classes was that
in the EB class, students had an option to attend PLTL study sessions and stu-
dents were encouraged to use a Julia notebook instead of a calculator. The re-
sults showed that students in the EB instructional classes performed better than
students in the traditional classes. Their p-value shows that these two different
instructional methods have a statistically significant difference (see the Table 1).

The Co-Requisite College Algebra course was implemented in the EB
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Table 1. College algebra and co-requisite college algebra classes’ passing rates.

Active Learning Traditional

Instructor Method Passing Rate Method Passing Rate P-Value
Faculty 1 58.33% 25.00% 0.0001
Faculty 2 66.67% 58.33% 0.0359
Faculty 3 100.00%

method only and had an 100% passing rate. Co-Requisite College Algebra stu-
dents had the same College Algebra WebAssign assignments, chapter exams,

and final exam as regular College Algebra classes.

4. Conclusion

Active learning instructions impacted students’ learning in positive ways and
increased the passing rates of College Algebra courses having same College Al-
gebra assignments and exams improved fairness and integrity of the course. Ac-
tive learning instructional workshop helped instructors to be better prepared to
teach their courses and improved their self-esteem. However, there were some
problems that we need to address, and we plan to revise our implementation ac-
tivities in our future studies. We plan to carry out more active learning imple-
mentations to fully understand the effects of the active learning instructions and
share the updates in a near future.

Here are the listed problems with our EB implementations and proposed solu-
tions to the listed problems:

WebAssign: We utilized Cengage WebAssign as their cyber/web-based learn-
ing tool and created departmental standardized assignments in WebAssign so
every College Algebra instructor will have the same resources. WebAssign was a
great tool for students who purchased an access code since it has a step-by-step
guided solution, similar practice problems, videos, multiple-try-to-solve given
problems, and a self-assessment tool. Students who could/would not purchase an
access code were not able to fully utilize WebAssign tools to enhance their learn-
ing. For these students, instructors uploaded a printed copy of WebAssign home-
work assignments to Blackboard; so, they could turn in their work on paper.

Proposed Solution: We addressed the issue of students’ unable to purchase a
WebAssign access code to our administrators. We are seeking a permission to
charge a fee of WebAssign access code to students’ accounts which allowed stu-
dents’ financial aid to cover this fee like any other fees that are charged by
UAPB.

Peer-led-team learning (PLTL): We hired, trained and mentored PLTL lead-
ers. PLTL leaders did a wonderful job helping students and worked as coaches to
inspire their peers. They used social media to contact their group members to
come to PLTL workshops. They were required to come to a weekly meeting to
share their progress and problems if there were any.

Problem: PLTL leaders who are Computer Science majors did not have any
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problem helping their peers with Julia coding but other PLTL leaders were not
able to properly take this challenge.

Proposed Solutions: We plan to provide intensive Julia programing language
training during the Summer workshop. PLTL leaders will also learn their duties
and the activities that they need to carry out in the PLTL workshops 13.

Project-based learning (PBL): Julia project encouraged students to deeply
think about the given math problems. If Julia project is implemented correctly,
students can break the given mathematics problems into smaller pieces and
write Julia functions to solve these mathematics problems.

Problem: The two-day professional workshop was a good start to know about
Julia coding, but it was hardly enough time to master and implement in our
College Algebra classes. College Algebra students, mathematics instructors, and
most of PLTL leaders were not able to properly utilize Julia.

Proposed Solution: Dr. Harris plans to give a 10-days long summer workshop
about Julia coding to mathematics instructors and PLTL leaders. In this work-
shop each participant will learn basics of Julia coding and also analyze Julia pro-
grams we used in College Algebra classes last semester. The goal of this work-
shop is that each workshop participant can comfortably use and write Julia cod-

ing for their given mathematics problems and is able to implement Julia projects

properly.
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