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Abstract

In this paper we present results from a study of the effects of active learning on students’
perception of mathematics through their engagement, satisfaction, and perceived performance
in the class. We use an active learning model, modified for underprepared STEM students, in
our redesigned calculus course and compare students’ responses to those of students in
traditionally taught sections of the same course. Our results show that introducing active
learning has positively changed students’ perspective on mathematics in gateway
mathematics courses. Students strongly agree that they are more engaged in the course and
that the structure of active learning facilitates discussion in the classroom. Moreover, as we
document student perceptions of learning and confirm the findings by disaggregating students’
exam performance both in an active learning and in a traditionally taught class, we find that the
assessment result conducted confirmed students’ perception of improved learning.
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With growing interest from government and businesses in hiring professionals in Science,
Technology, Engineering, and Mathematics (STEM), the need to train minority students with
strong mathematical and analytical skills to be competitive in today’s global economy has
increased. In the last decade, there has been widespread interest in determining how to
improve the retention, graduation, and success rates of students in the STEM fields. Graham,
Frederick, Byars-Winston, Hunter, and Handelsman (2013) have suggested that one reason
more institutions have not implemented (more) retention strategies in the STEM fields is that
it is unclear what policies or procedures would work.

Retention and success in various “gatekeeper” courses, such as pre-calculus and calculus, is
of primary importance for students in all STEM fields as well as many others. The failure
rates among underserved students in gatekeeper courses -- such as pre-calculus and calculus
-- are alarming (Twigg, 2005). This is especially the case for minority and underrepresented
students. Even among those students who complete specific courses, some fail to master the
core concepts and knowledge needed for follow-up courses (Schoenfeld, 1992).

As Twigg (2005) notes, “Indeed, 45 percent of African-American students and 39 percent of
Hispanic students, on average, leave four-year institutions within six years without earning
degrees, compared with 33 percent of white students and 26 percent of Asian-American
students.” Clearly, making significant improvement in gatekeeper courses can have major
impact on student success and retention. One of the reasons for these success rates for
students in the United States could be time actually spent studying, practicing, and
participating in the work required. Chickering and Gamson (1987) stated that a good practice
includes measuring the time students spent on task. The average US college student spends
less than one hour studying for each one hour spent in class, which is far below their peers in
other developed countries such as the UK (Gardiner, 1997).

2. Active Learning

One way to increase success in these areas could be through innovative teaching. Over the
last decade, significant changes have taken place in the way mathematics is taught in general
education mathematics courses. One of the prominent developments in this regard is the
development and the implementation of various “active learning” strategies. These strategies
and tactics appear in areas of broad interest and relevance to students in many disciplines in
STEM and beyond — such as business and accounting (Freeman & Eddy, 2014).

A variety of pedagogical techniques and strategies have been employed under the label of
“active learning.” Bonwell and Eison (1991) define active learning in the following way:

(1) Students are involved in more than listening

(2) Less emphasis is placed on transmitting information and more on developing
students’ skills
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(3) Students are involved in higher-order thinking (analysis, synthesis, evaluation)
(4) Students are engaged in activities (e.g. reading, discussing, writing)

(5) Greater emphasis is placed on students’ exploration of their own attitudes and
values

Research has shown that minority students tend to perform better in an active learning
environment as opposed to the more traditional lecture structures. (Eddy & Hogan, 2014;
Ross, 2014; Graham, Frederick, Byars-Winston, Hunter, & Handelsman, 2013; Edoh & Tang,
2007). Furthermore, our research has shown that students perform better when given a choice
between an active learning environment and a more traditional learning environment (Roop,
Edoh, & Kurepa, 2018). Other areas of active learning still remain to be explored, especially
within the context of minority and underrepresented groups.

3. Goals and Research Questions

The main goal of this paper is to analyze the effect that using active learning has on minority
and underrepresented students’ perception of mathematics. In particular, this study focuses on
a group of mathematically underprepared STEM students in a gateway calculus course.

We propose the following research questions.
1. Do students have greater engagement with active learning classes?
2. Do students have a greater sense of satisfaction with active learning?
3. Do students feel that they will perform better in active learning classes?

Specifically, we try to determine the effect active learning (ACL) in the classroom has on the
following three areas.

3.1 Engagement

ACL is known to engage students through active listening, reflecting, talking and reading. By
doing things on their own, students develop the habit of thinking about what they are doing
(Bonwell & Eison, 1991). When students learn the material on their own initially, it increases
their level of participation in the class. Distributed involvement throughout the course
improves the long-term retention of knowledge (Dunlosky, Rawson, Marsh, Nathan, &
Willingham, 2013). Creating an environment that focuses on mutual respect, a commitment
to learning, collaboration, and dignity for all promotes the engagement of all students. We
want to determine whether ACL increases student’s willingness to put forth effort to complete
the activities, increases interest and curiosity about the course subject, and whether it
improves communication/interactivity with the instructor and other students, making
collaboration with classmates easier.
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3.2 Satisfaction

ACL improves the classroom environment such that students perceive the class as a
community, thereby increasing their motivation and satisfaction. Students feel comfortable
taking risks in engaging in communication, thinking, and problem solving. There are
indications that individual or group-learning processes using active learning pedagogy
increase some types of student satisfaction (Ellis, 2004). We want to determine whether ACL
can be perceived to be successful in facilitating multiple types of learning activities, is
perceived to offer greater flexibility and time efficiency in studying, is perceived as
fun/exciting, and whether it is perceived as a comfortable learning environment.

3.3 Performance

The provision of an interdependent environment has been shown to be important for the
performance of under-represented minority students (Stephens, Fryberg, Markus, & Johnson,
2012). Requiring students to read course materials before class gives the instructor time to
develop students’ higher-order cognitive skills in class. Working through real-world problems
attempts to improve student performance (Carini, Kuh, & Klein, 2006). We want to determine
whether students see ACL as beneficial to their performance, does it appear to them to deepen
the learning and understanding of the course topics and concepts, and whether students
perceive that it improves their scores on assignments and exams.

4. Background and Methodology

North Carolina A & T State University is currently ranked as the number one HBCU in the
country by U.S. News & World Report. The University has a STEM focus and awards the
largest number of engineering and mathematics degrees to African American students in the
US. Therefore, NC A & T serves as an excellent location to conduct this research.

The redesigned course considered in this paper is a general education calculus course targeted
at students in Technology, Business, Agriculture and the Health Sciences. The overwhelming
majority of the students are from protected minority groups. Based on the specific needs of
our student population, the calculus for business and technology course (annual enrollment of
over 800) has been redesigned by implementing active learning techniques and the use of
additional technology as teaching tools. The main goal of this redesign is to improve student
success, retention, and attitudes towards learning.

The redesign of the Calculus for Business and Technology course follows that of the
Student-Centered Active Learning Environment with the Upside-down Pedagogies model,
which was developed by North Carolina State University. We have adopted the SCALE-UP
(Beichner, Saul, Abbott, Morse, Deardorff, Allain, Bonham, Dancy, & Risley, 2007) model for
the course. The main distinction between SCALE-UP and traditional active learning ideas is
the use of the active learning classroom, in which the classroom environment itself is altered
to facilitate active learning (Park & Choi, 2014). A workbook has been created for this course
(Edoh, Roop, Park, & Deeb, 2016) and published by Pearson Publishing. In addition, there
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are worksheets used during the interactive sessions. The questions on the worksheets are
designed to reinforce students’ understanding of the lecture materials.

Surveys are one of the most efficient ways to obtain the data needed to address the three
research questions stated above. Surveys provide a scalable and relatively efficient approach
for studying students’ responses to classroom instruction, motivation related to learning and
self-reflection. We developed and implemented a survey given to both an active learning
section and a traditional lecture section of the same course during the same term. In order to
compare students’ perception of learning and performance with the students’ class
performance we gave both sections the same test and analyzed the responses.

5. Results

Survey results are given below including information on responses to relevant questions and
two sets of diagrams.

Engagement with Traditional Engagement with Ag:}ive Learning
10% 10% 5%

20%

55% 8%

Figure 1. Perception of Engagement among Traditional and Active Learning Courses
5.1 Student Perception of Engagement

The overall mean of survey responses for questions related to the students’ perception of
engagement was 3.01 for traditional courses and 3.87 for active learning courses. The
statement “made me feel like part of the class” received the highest score of 3.41 among
traditional courses and the statement “increased my curiosity about the course subject”
received the lowest score of 2.63 among the traditional courses. The statement “increased my
willingness to put forth effort to complete the activities” received the highest score of 4.37
among the active learning courses and the statement “promoted connection with the instructor
through discussions” received the lowest score of 3.37 among the active learning courses.
Figure 1 displays the results in a pie chart with results beginning in the north and proceeding in
a counter clockwise fashion. The dark blue represents the number 5 — strongly agree, the light
blue represents the number 4 — agree, the teal represents the number 3 — neither agree nor
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disagree, the brown represents the number 2 — disagree, and finally the yellow represents 1 —
strongly disagree.

5.2 Student Perception of Satisfaction

The overall mean of survey responses to the questions related to student perception of
satisfaction was 2.94 for traditional courses and 3.69 for active learning courses. The statement
“was an appropriate space in which to hold the course” received the highest score of 3.41
among traditional courses and the statement “facilitated interactive learning experiences”
received the lowest score of 2.59 among the traditional courses. The statement “made it easier
to collaborate with other students” received the highest score of 4.15 among the active learning
courses and the statement “was fun” received the lowest score of 3.19 among the active
learning courses. Figure 2 displays the results in a pie chart with results beginning in the north
and proceeding in a counter clockwise fashion. The same color-coding is used.

Satisfaction with Traditional Satisfaction with %5:“ Learning

10% 9% 8%

50%

Figure 2. Perception of Satisfaction among Traditional and Active Learning Courses

Performance with Traditional Performance with At‘:itive Learning
6% 9% %

6%

0y
37% 15%

57% 36%

Figure 3. Perception of Performance among Traditional and Active Learning Courses
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5.3 Student Perception of Their Performance

The overall mean of survey responses for questions related to student perception of their
performance was 2.97 for traditional courses and 3.92 for active learning courses. The
statement “had impact on my grade in this class” received the highest score of 3.19 among
traditional courses and the statement “helped me to do better on exams” received the lowest
score of 2.85 among the traditional courses. The statement “increased my willingness to put
forth effort to complete the activities” received the highest score of 4.19 among the active
learning courses and the statement “helped me to do better on exams” received the lowest score
of 3.70 among the active learning courses. Figure 3 displays the results in a pie chart with
results beginning in the north and proceeding in a counter clockwise fashion. The same
color-coding is used.

I I Traditional
35 |JActive Learning |

1 1 1
Engagement Satisfaction Performance

Figure 4. Bar Graph Showing the Average Survey Responses of Traditional and Active
Learning Courses Broken Down into the Categories of Engagement, Satisfaction, and
Performance

Therefore, as presented in Figure 4, the average survey responses for students in the
traditional and active learning courses show by comparison a clear indication that students
perceive active learning better in all three of the studied categories: student engagement,
satisfaction and performance. These results positively answer and summarize our previously
stated research questions 1, 2 and 3.

5.4 Verification of Increased Performance Using Common Scoring

In addition to the students’ perception that they perform better in an active learning class,
there is also evidence that they do, in fact, perform better. Identical exam questions were
given to courses with each teaching method and were classified as “basic” and “applied”
problems. Basic questions were designed to test the mastery of mathematical techniques and
concepts, while applied problems were more open-ended problems that tested student
understanding of the concepts and their ability to apply the learned techniques to real world
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problems. Figure 5 gives the results for the common questions. Each question was assessed
using a rubric with points assigned in the ranges 0-5. In the figure, a pie chart is used with the
scores beginning in the north and proceeding in a counter clockwise fashion.

Basic Questions with Traditional Basic Questions withséciive Learning

18%

43%

52%

Applied Questions with Active Learning

18%

18%

/ 65%
/s

. 4

. 2

/o

Figure 5. Pie Graphs Showing the Exam Scoring for Traditional (LEFT) versus Active
Learning (RIGHT) Courses Using Basic (TOP) and Applied (BOTTOM) Questions

32%

The results are broken down into three categories: dark blue represents a score of 4-5 on the
question, teal represents a score of 2-3 on the question, and finally, yellow represents a score of
0-1 on the question.

The results showed higher scores for those students in the active learning class. The top row
in Figure 5 compares question scores for questions categorized as basic questions. The
bottom row compares question scores for questions categorized as applied questions. We can
see from the results that there is a significant difference between the student’s performance
when it comes to basic questions — in this case finding derivatives and integrals, critical
points, or identifying the relative maximum and minimum using the first and second
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derivative test. Student performance on the basic, rote material seems to not be enhanced very
much by active learning methodologies. The large gain comes when examining students’
performance on so-called applied problems. These are more complex, word problems where
students have to use calculus to solve constrained optimization, related rates, or calculus
applications in business and finance. By disaggregating the kinds of problems scored, we can
clearly see the gain from the active learning classroom—the active discussion with other
students and the instructor leads to higher level reasoning, more connecting of concepts, and
improved critical thinking skills.

6. Conclusion

Our results show that introducing active learning has positively changed students’ perspective
of mathematics in gateway mathematics courses. Students strongly agree that the new course
design is beneficial for their learning. They strongly agree that the active learning course
structure facilitates interaction and discussion with fellow students. Students also strongly
agree that they are more engaged in the course and state their willingness to put forth effort to
complete the activities. The most important result that came from the survey is that students
strongly agree that their performance in the class as well as their learning and understanding
of the material has improved with active learning. By implementing common test questions
administered to both the active learning class and the traditional class, the assessment result
conducted confirmed students’ perception of improved learning.
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