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| Introduction

Engineering education research has shown that there are several factors that impact students’
attitudes and efficacy beliefs in engineering, which can tip the scales in the students’ decision or
ability to stay in engineering [1]. Gateway courses to advanced study in engineering, such as
Calculus II, have been historically perceived by students to be the most difficult [2]. Anecdotal
reasons for this could include the complexity of the calculus curriculum, the amount of
background knowledge needed to keep pace with learning, and lack of time for concept
exploration and engagement during class. Studies have shown that self-efficacy is more
predictive of mathematics performance than prior mathematics experiences and measures of
mathematics anxiety [3], [4].

Self-efficacy can be defined as an individual's belief in their innate ability to achieve goals, and
is based on both skill mastery and self-confidence [5], [6]. Self-efficacy has been shown to be an
important mediating factor involved in students’ achievement in coursework [7]. In addition to
self-efficacy, the classroom pedagogical setting plays a large role in students’ experiences and
performance. Historically, college-level calculus courses are often set within a traditional lecture
setting with teacher-centered instruction and minimal student engagement.

Implementing a “flipped classroom” approach to learning has been shown to improve learning
outcomes in STEM courses by increasing students’ self-efficacy and engagement and
maximizing learning [8], [9], [10]. Flipped classrooms generally involve empowering students to
initially learn content outside of class through streaming media, followed by extensive in-class
application of content with support from peers and instructional staff. Previous work on the
flipped classroom approach in undergraduate mathematics education, specifically in the calculus
sequence, has largely focused on performance differences on posttests between students in a
flipped classroom and their counterparts in traditional lectures [11], [12]. Some studies have also
focused on students’ and instructors’ perceptions of the flipped classroom approach [13].
Recognizing the need to look beyond performance differences, several researchers have started
to look at the important dimensions of self-regulation and self-efficacy in the flipped classroom.



For example, Sun, Xie, and Anderman [10] found that students achieved a higher level of
confidence in learning undergraduate mathematics in a flipped classroom setting compared to
their peers in a traditional learning setting. These effects were enhanced by collaboration with
other peers in the classroom.

Recognizing the importance that both self-efficacy and active learning methods play in learning
and persistence in STEM, we sought to explore students’ self-efficacy in a flipped undergraduate
gateway Calculus II classroom. Our study addressed two research questions: (1) How does the
self-efficacy of math/physical science students in a flipped Calculus II course change over the
course of one semester? and (2) What is the perception of math/physical science students
regarding the use of flipped teaching strategy in a Calculus II course? This paper outlines the
course design features, quantitative self-efficacy data collected from students over the course of a
term, and qualitative interview data from students in the course. Findings from this study can
help further research in understanding the classroom-related factors that can improve retention in
engineering programs.

II. Setting for Research

The research study took place in a Calculus II course for students pursuing a STEM major. The
course is called “Calculus II for Math and Physical Science Majors” and is referred to as “Math
152.” This section describes the structure of the course before and after the pedagogical changes.

Traditional Structure and Content

During the academic year, Math 152 is taught during both fall and spring semesters, in a large-
lecture format. Approximately 90 students meet in a lecture hall twice a week for an 80-minute
lecture. Each week, students also attend one 80-minute recitation (30 students) that is led by a
graduate Teaching Assistant (TA). The TA works in conjunction with the lecturer to provide
smaller group instruction: reviewing homework problems, reviewing concepts learned during
lecture, and assessing students on their mastery of the week’s lecture. During the summer, the
course is condensed into eight weeks, and the students are taught only by the instructor, three
times a week for approximately 150 minutes each meeting. The time students would have spent
in recitation becomes additional time in class for either lecturing, small group activities, and/or
assessment.

Regardless of the term, the course covers the same wide scope of content at the same level of
difficulty. The course begins with the fundamental concepts of integration by substitution, area,
and volume. Then the course rapidly progresses into a full unit on integration strategies. The
second unit is devoted to a full treatment of sequences and series. In this unit, students explore
many applications, including those related to Taylor Series and Geometric Series. The course
concludes with the calculus of polar, parametric, and complex coordinate systems.



Summer Student Population

For this particular summer session, 33% of students in Math 152 were engineers. The remaining
students had majors in a variety of mathematics, computer science, and physical science areas.
This is consistent with the typical makeup of a Math 152 section during the academic year.
During the 2018-2019 academic year, 32% of students who enrolled in Math 152 were
engineering majors.

The summer term presents its own unique challenges to both the instructor and the students.
Many students who take Math 152 in the summer have taken it at least once before and were not
successful. A second group of students come from Math 135, which is Calculus I designed for
students who are not pursuing a STEM as a major. These students come into Math 152 missing
some necessary background in trigonometry, differentiation, and integration, and as a result have
to work harder to keep up the pace with the rest of the class. The remaining students in Math 152
are either transfer students or students who are trying to advance to Calculus III in the fall by
taking Calculus II in the summer session. Meeting three times a week for 150 minutes each class
and planning appropriate engaging activities is also difficult for the instructor. Given the wide
range of students’ backgrounds and twin demands of depth and scope of coverage of the
curriculum, teaching Math 152 as a flipped classroom seemed to be a viable pedagogical strategy
in which to offer all students increased opportunities for self-directed learning and instructor
feedback.

Flipped Classroom Structure

The flipped classroom instructional design employed in this course allowed for students to (1)
engage with multiple representations of mathematics, (2) ask their peers and instructor multiple
questions during class time, (3) engage in mathematical inquiry and self-directed learning
opportunities, and (4) create a space that promotes self-efficacy and confidence in mathematics.
For each class session students were asked to work through a series of instructional videos on the
topics at hand. Most in-person meeting sessions covered two textbook sections. Students
typically had approximately eight to ten videos to watch before coming to class. In most cases,
students had two or three days to complete this work during the condensed summer session. Each
video was 8 minutes long or less, adhering to research-based guidelines for flipped classroom
video length [14]. The videos used were chosen primarily for their approach: they outlined
theory, demonstrated it with visual applets, and then gave concrete examples for students to have
as references. Figure 1 shows an example of a video set on numerical integration.
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Figure 1. Portions of one instructional video on Simpson’s Rule. YouTube Channel
Mathispower4u

Students were encouraged to take notes during the videos. Once students watched all of the
videos for that section, they were encouraged to read the textbook sections corresponding to the
videos for additional examples. Upon arrival to each in-person class meeting, the first ten
minutes were devoted to a student-generated summary of the main points of the videos. During
this time, students also had the opportunity to ask clarifying questions if they did not already do
so via e-mail or in office hours. Following the first ten minutes, students took a brief ten minute
quiz consisting of two very basic questions that assessed a surface-level understanding of the
videos. The purpose of this quiz was to hold students accountable for watching each video set.
Following the quiz, students either went through a two-station rotation or three-station rotation,
depending on the activities planned for the class meeting. Two of the stations in both setups
included opportunities to work on the WebAssign online homework and to get enrichment and
challenge problems. Approximately half of the class sessions had two stations, whereas the other
half had three stations.

Workshop Station

On evenings when there were three rotations, the third was a “workshop” station. All students in
the Math 152 track complete workshops each week in an effort to develop effective problem-
solving strategies and written mathematical explanation skills. These problems often require



students to do additional research, connect graphs, tables, and equations, and provide supporting
details beyond merely solving a problem. In addition, the workshop problems force students to
be metacognitive in order to make personal connections to learning [15]. Students submitted
approximately one or two workshops each week to their instructor for a grade which drew on
both mathematical accuracy and written explanation. An example of a workshop on the topic of
average value is shown in Figure 2.

Problem statement Suppose that the outdoor temperature (in ° F) on a particular day
was approximated by the function

Tt
T(t) = 50 + 14sin (%)

where ¢ is time (in hours) after 9 AM.

a) Find the mazimum temperature Tiax, minimum temperature Tiin, and average tem-
perature

1 12
Taver = — T(t)dt
v =15 [, TO
on that day during the period between 9 AM and 9 PM.

b) Show that Thyer # %(:rmin + Tmax)- (This is the definition that the weather bureau uses
for “average temperature”.)

c¢) Show that if 7" is not given by the above formula, but rather 7'(¢) is a linear function of
t, then Tuver = %(Tinin + Timax). (Use either geometric reasoning or an integral.)

Figure 2. Station #3 workshop prompt example

As shown above, this problem involved students using integrals to find maximum and minimum
temperature for a certain day. Then, they had to test the claim that the average temperature could
not be calculated by simply averaging a maximum and minimum temperature, but rather by
calculating the value of an integral. Students were able to explore this in greater detail by
graphing the function, computing area under the curve, and also by looking up weather maps
online at their tables.

Figure 3 outlines the sequence of activities in both two-station and three-station rotations.



Two-station 10 min 10 min 60 min 60 min 10 min
class review/Q&A | online Station #1 | Station #2 | online quiz
quiz
Three-station | 10 min 10 min 40 min 40 min 40 min 10 min
class review/Q&A | online Station #1 | Station #2 | Station #3 online
quiz (workshop) | quiz

Figure 3. Class timeline (150 minutes)

Learning Assistant Classroom Support

An important part of the rotating station design was the availability of an undergraduate Learning
Assistant (LA) provided by the University. Undergraduate students who qualify to become an
LA have earned an A or B+ in the course they are an LA for, successfully completed a course in
pedagogy, and have the recommendation of their former instructor. LAs use their pedagogic
training to help the instructor facilitate discourse in the classroom to promote active engagement.
The LA for this course met with the instructor once a week for each week of the eight-week
course to plan, review main ideas of content, and strategize ways to help particular students
during class time. Two studies on LA-supported learning environments have shown that students
saw dramatic increases in their achievement after working with LAs [16], [17]. Additionally,
Van Dusen and Nissen [18] used a critical race theory lens to determine that LA-supported
environments decreased failure rates among students in gateway physics courses, particularly
among students who are traditionally underrepresented in physics courses. Research has also
shown that having an LA improves learning outcomes for faculty as they collaborate with the LA
[19].

In this course, during a two-station rotation, students spent approximately one hour working with
the LA, while another group sent one hour working with the instructor. After each station, the
groups switched. The LA’s primary role was to encourage students to peer teach and help one
another work through their online assignments housed on the WebAssign platform [20].
WebAssign offers students instant feedback on their answer submissions, along with a suite of
scaffolds to support their learning, which include hints and video tutorials. Each WebAssign set
consisted of 10-15 questions and allowed students five attempts to answer each question
correctly. The instructor provided more challenging problems for students who were looking to
explore engineering-related applications and also supplied small group instruction and further
scaffolding for students who needed more intensive support. All class sessions ended with



whole-group closure and an exit quiz, usually consisting of one or two problems that resembled
the station work for the class session. Our goal when designing the course was to go beyond the
mere inversion of homework and lecture associated with most flipped classrooms and instead
offer students more opportunities to work with one another and the instructional team.

Repeat the Cycle

This cycle repeated itself up until each exam review. Since students had no videos to watch
leading up to the exam review class, they instead worked on additional problems and generated
questions to ask during class. The actual exam review in-person class consisted of review games,
peer teaching opportunities on the wall whiteboards, and additional opportunities for small group
instruction by the LA and instructor. After each exam, students resumed the cycle by watching
videos to prepare for the next class meeting.

III.  Methods and Participants

The results of a start-of course demographic survey revealed interesting information about the
students, both personally and academically. The twenty-three students in the course came with a
wide variety of prior experiences; only 16% of students previously took a flipped class, 64% of
students reported taking a class with an LA before, and 56% reported having taken Math 152 in a
previous semester. When asked how interested students were in taking this course at the start of
the term, 48% agreed or strongly agreed they were really interested in taking the course, whereas
16% disagreed or strongly disagreed they were really interested in taking the course. The
remaining 36% were neutral.

The students were racially diverse; 56% of students were Asian, 32% White, 8% Black or
African American, and 4% identified as “Other.” Most students (80%) reported that English was
their first language. 67% of students in this course identified as male whereas 33% of students
identified as female. When asked what they were majoring in, 52% of students responded with
“engineering,” 12% with “computer science,” 4% with “physical science,” and the remaining
students were either statistics, economics, environmental science, or business majors.

In terms of academic achievement, GPAs varied greatly; 12% of students reported having a GPA
ranging from 3.51-4.0, 44% had from 3.01-3.5, 8% had from 2.51-3.00, 24% had from 2.01-2.5,
and the remaining 12% had from 1.51-2.0. Most students (72%) reported earning more than 31
credits prior to taking this course, while a small minority (24%) reported only earning between
13 and 30 credits. One student reported only earning 0-12 previous college credits.



Survey

How does the self-efficacy of math/physical science students in a flipped Calculus II course
change over the course of one semester? To answer this research question, students were given
the 34-item “Mathematics Self-Efficacy Scale” (MSES) during the first class meeting as a pre-
survey and last class meeting as a post-survey [21]. The MSES was intended to measure
students’ beliefs regarding their ability to perform various math-related tasks and behaviors [21].
The MSES had two subscales, the “Mathematics Task Self-Efficacy” subscale and the “Math-
Related School Subjects” subscale. Items on the task subscale asked students to rate their
confidence on performing mathematics tasks such as, “How much confidence do you have that
you could successfully: Add two large numbers (e.g., 5379 + 62543) in your head” [21]. Items
on the subjects subscale asked students to rate their confidence on earning grades in certain
courses, such as, “How much confidence you have that you could complete the course with a
final grade of "A" or "B" in: Basic College Math” [21]. Each survey item had 10 possible
response options, that is 0 to 9, corresponding to “No Confidence at All” to “Complete
Confidence” on the scale (see Appendix A). Betz and Hackett [21] reported strong evidence for
the reliability of items within the MSES, including a Cronbach’s alpha value of .96 for the total
scale, and .92 for both the Tasks and Courses subscales of the MSES.

Interviews

What is the perception of math/physical science students regarding the use of flipped teaching
strategy in a Calculus II course? To answer this research question, twelve semi-structured
interviews [22] were conducted during the last week of class with a focus on gaining a deeper
understanding of students’ experiences in the flipped classroom. The research team adapted
questions from a previous study on students’ self-efficacy in calculus [23]. Students names were
neither provided nor were known to the interviewer. Each interview was 10-20 minutes long and
allowed students to reflect on their self-efficacy in mathematics (see Appendix B). Examples of
interview questions included, “How do you rate your confidence in math now? Why?”” and
“What could make you feel more comfortable about math?”’ [23]. All interviews were audio
recorded using a digital recorder, transcribed, and coded using open coding in order to look for
themes. After several passes of open coding, a frequency count was determined for all open
codes. Codes were collapsed into larger categories, such as “confidence,” “in-class activities,”
“feelings toward or about mathematics,” and “pre-college experiences.” After categories were
developed, interviewee statements were then categorized as either positive or negative and pre-
college or college. Interview statements were also marked for self-efficacy opportunities [24]
and the kinds of activities described.

IV. Results

Results are organized by data type as they pertain to each of the two research questions.



Survey Results

The pre-surveys and post-surveys were analyzed using a paired t-test, with the pre-survey and
post-survey each treated as separate populations. Quantitative data from the pre- and post-
surveys indicated changes in students’ self-reported self-efficacy from the start of the term to the
end of the term. The results showed a significant increase (¢ = .05) in students’ math-related
school subjects self-efficacy from a mean of 5.69 with a standard deviation of 1.44 to a mean of
6.25 with a standard deviation of 1.30 and was significant at the 0.05 confidence level. This
means that by the end of the course, there was a statistically significant increase in students’
reported level of confidence of completing a college-level course with an A or B, from that at the
start of the term. The results are summarized in Table 1.

Table 1

Students’ Reported Math Related School Subjects Self-Efficacy

Math-Related School Mean SD n t )
Subjects Self-Efficacy

Pre-Survey 5.69 1.44 23 2.5225 .0194

Post-Survey 6.25 1.30

The results also showed a statistically significant increase (@ = ./0) on the mathematics task
self-efficacy subscale, which increased from a mean of 6.62 with a standard deviation of 1.36 to
a mean of 6.99 with standard deviation of 1.56. An @ = .10 was used due to the small sample
size. This means that by the end of the course, there was a statistically significant increase in
students’ reported level of confidence of completing a given task, from that at the start of the
term. The results are summarized in Table 2.

Table 2

Students’ Reported Math Task Self-Efficacy

Math Task Self-Efficacy Mean SD n t )/
Pre-Survey 6.62 1.36 23 1.7648 0915
Post-Survey 6.99 1.56

Additionally, the results showed a statistically significant increase (a = .05)in students’ total
mathematics self-efficacy from a mean of 5.94 with a standard deviation of 1.16 to a mean of
6.42 with a standard deviation of 1.55 and was also significant at the 0.05 confidence level. This



means there was a significant increase in students’ overall self-reported mathematics self-
efficacy from the start of the term to the end of the term. The results are summarized in Table 3.

Table 3

Students’ Reported Total Math Self-Efficacy

Total Math Mean SD n t )
Self-Efficacy

Pre-Survey 6.18 1.29 23 2.3813 .0263
Post-Survey 6.64 1.36

Upon closer examination of the Math-Related School Subjects portion of the survey, one of the
most interesting results that surfaced was students’ reported change in calculus self-efficacy from
the start of the term to the end of the term. This was particularly important to the research team
as the course students were taking was a calculus course. All but one student reported a higher
level of calculus self-efficacy from the start of the term to the end of the term, while one student
reported no change. Pre-survey results indicated a class mean of 5.30 and standard deviation of
2.38, while post-survey results indicated a class mean of 7.04 and a standard deviation of 1.33. A
matched pairs two-tailed t-test produced a p-value of 0.0001 and #-value of 4.729. The results are
summarized in Table 4.

Table 4

Student’s Reported Calculus Self-Efficacy

Calculus Mean SD n t )
Self-Efficacy

Pre-Survey 5.30 2.38 23 4.729 <.001
Post-Survey 7.04 1.33

Interview Results

Based on the results of the coding, there were three major findings that demonstrated an increase
in confidence and perception that the classroom design was a good way to learn: (a) experiences
in previous math courses, particularly high school, impacted students’ perceptions of their self-
efficacy in math; (b) active learning increased students’ confidence in their ability to do math;
and (c) verbal persuasion (implicit encouragement from teachers) positively affected the learning
environment. In addition, through their reflections, several engineering students discussed how
self-efficacy related to their identities as engineers.



Experiences in previous mathematics courses. When asked to reflect on their prior
experiences in mathematics, we found that students often described how their previous
mathematics courses (namely those taken in high school) impacted their self-efficacy in
mathematics. Below are a few excerpts from the interviews:

One student favorably discussed a high school teacher who encouraged students to work out
problems on the board, and how that subsequently, positively affected the student’s self-efficacy:
“In high school, I had a teacher that would really just make you like, would put a question on the
board and you just have to answer it even if you have no idea how to do it, just like try. And a lot
of times like I would just look at the problem like I don’t know how to do that, but if I would like
even like try if I didn’t know, I ended up realizing I knew more than I thought.”

Another student positively described their positive interactive learning experiences in high
school Pre-Calculus: “My best math teacher would probably be in high school, for precalc
because she would make everything interactive, we would work in groups, like work together, be
able to ask questions when we needed to.”

Interestingly, a student who took the high-school equivalent of Calculus II also discussed how
taking this course affected their confidence in Calculus II: “7 took calculus BC in high school but
it was more of an after school setting and there my teacher I guess in under an hour he went
through I guess polar coordinates, and when I saw it on the board I was just blown, I just didn’t
know what was going on. And when I went back home I opened my books, I went through
YouTube videos, I just didn’t understand anything. Um, but then when I guess if you 're talking
about like me coming into this class and becoming more confident, I came to this class, I listened
to all the lecture videos and then I came to lecture, and talked to my professor, and he answered
all the questions that I had, and it was just having more practice with it is what helped me,
because before I just, in lecture, nah, everyone was asking questions...”

These testimonials support the research in that purposefully constructed engaging experiences,
also known as “active learning,” in and out of the classroom, affect self-efficacy, confidence,
and overall learning.

Experiences in the active learning - flipped classroom design. All students provided positive
feedback about the flipped classroom design and how it subsequently increased their self-
efficacy. Most students referred to the ability to ask questions during class time to be helpful to
their learning.

For example, one student said, ““I think the class structure, in general made me learn a lot
actually, ‘cause I've never done this flipped class before, and I actually really like how we get to



watch videos at home, and we do problems together in class ‘cause like before, this is my first
time taking math in college, like in high school like we just, we do it the other way around (...) [

’

Jjust think doing problems together is more helpful than lecturing in class.’

Another student echoed similar sentiments, and further discussed how active learning leads to
greater knowledge gains: “Because we do the problems in class. Lectures he sends a video to
watch, so we do that as well. And then so when we come back to class we know like what, what’s
happening. On the other, I took calc 2 last semester it’s every day is a new thing so you just go
there and you just learn, half the time you don’t know what’s going on so you 're gonna miss that.
And after you're gonna go on like YouTube to search it but you actually missed the main lecture,
because you don’t know what’s happening. Here, you watch videos so he’s gonna teach more

’

and do the problems so that way you just refresh it so that way you know more.’

Another student described active learning in terms of being able to get help from the
instructional team: “I understand the material so much better, able to ask the questions, like I
feel comfortable asking the questions because we re interacting with the professor, and the LA
the entire time, like it’s not just for like two minutes if you approach them at the end of class or
everything, so it’s definitely a lot better for me.”

A fourth student felt active learning in the flipped classroom was a viable way to teach all levels
of Calculus: “Like I feel a lot more confident with it, and like, this is like, how I wish like all of
the calcs were taught, but I think it’s mostly because if I don’t understand something, like if I go
to other people, or the professors, they re not always there like office hours, I can’t always make
them, everything like that. So I didn’t really have that time or that availability to go during those
times, during their office hours, so it’s kind of harder now and like watching YouTube videos can
only do so much...”

These testimonials support the research in that empowering students to engage in active learning
experiences inside the classroom with instructor support positively affects self-efficacy,
confidence, and the ability to ask for feedback.

Experiences with verbal persuasion. Last, students reflected on the implicit encouragement
offered by the instructional team and how that helped them navigate the Calculus II flipped
classroom.

One student said, “Having a teacher right in front of you and if you have a question, I think the
only thing that’s, that’s the barrier in that situation is the student being scared to ask a question.
But being in an environment where you re encouraged to ask questions that’s much more

helpful.



But here, we re actually coming to class and we 're not just listening to him, we re actually
asking questions. And so that’s the difference, not just listening to someone talking about a topic
but you know having more interaction.”

Another student talked about getting help in a smaller group format, and how that promoted
understanding: “I think that increased my confidence, because I know that then like I understood
my question, the subjects that pertained to the topics in my question, I knew I understood those
very well because I had the opportunity for ten minutes to just talk about those with other people,
Jjust work about that problem instead of like focusing on all those topics at once like having a
whole sheet of questions in front of me that like was probably gonna stress me out if I see like
twenty questions as opposed to one that I could just like fully understand.”

These shared perspectives from students, coupled with the previous findings of the importance of
active learning and previous mathematics courses, suggest that positive verbal persuasion also
helped support positive students’ self-efficacy in Calculus II.

Experiences with engineering reflections. Several students discussed their experiences learning
Calculus II by describing the impact it has had on their future careers in STEM fields.

When two students in a focus group were asked if their self-confidence improved since the start
of class, one said, “It definitely increased ‘cause at the same time we learned calc 2 [the
instructor] also taught us how the calc 2 can connect with applications. Outside applications
and he actually showed it in class. And that’s the reason you know you will be using all that stuff
in your career that you will be choosing.”

The other student said, “Same thing I think it has increased for me too because usually like I'm
used to teachers that just say alright this is your problem, do it, figure it out. So, and also it is
better for me ‘cause of civil engineering I will be working hands on especially with that like
buildings, houses, bridges anything that will just help me out. So more confidence the better I’ll
do.”

In a similar fashion, in another group, a student described the impact flipped learning had on his
ability to complete tasks outside of class: “As an engineer like some math is actually interesting,
like actually building something, you re actually putting stuff together, like for example like um [
built a treehouse, yeah, I'm currently building a treehouse like it’s almost done, but like getting
the wood, measurements and all that stuff so like we can like figure out what to do, that like was
something I was interested in, like I didn’t mind doing it, it wasn’t boring.”

Another student felt that the active learning opportunities available in the flipped classroom
allowed her to build up confidence to be successful in future mathematics courses:

“Because I know I'm good at math and like most people they can’t even get to like this level of
math but like here like I'm still able to hold my own. Like I think I hold my own, like I think I'm



able to do the problems and everything that but I'll be continuing further as an engineer into
further maths. So if [ can’t do this I can’t move forward. But I can do this so I know I can move
forward.”

One student felt more supported in a flipped classroom and described the struggles she has had
as a female in engineering: “I feel like this is just coming from my background as a woman in
STEM but I do feel like really heavy, unhealthy competition whenever I'm taking a math course
and stuff like that, or any engineering course, being in a room full of engineers I hate looking
around and I hate that like, I don’t know, like the air in that sort of field. And like I know that
there’s always going to be competition in every field, even if [ went for an art major, but um yeah
no I just, I do feel a lot of anxiety that I can’t be as good as everyone else and I don’t think I'm
like a good engineer even though I’'m not really an engineer, I'm a major in engineering. Like |
can always change it, it’s just like I feel like math hold me to a high standard that I don’t hold
myself to because I don’t think I can do it.”

These comments specific to engineering helped us to further understand the relationship between
the course design and students’ self-efficacy in mathematics, specifically, how they felt they
could perform in their current course and in future courses.

V. Discussion

Self-efficacy is an important dimension to consider when designing an undergraduate
mathematics classroom learning environment. The kinds of classroom activities in this study
seemed to have an impact on students’ perceptions of their self-efficacy; multimedia learning,
followed by collaborative in-class work with instructor feedback, proved to significantly increase
students’ perceptions of their self-efficacy, particularly in Calculus II. These experiences can
affect students’ persistence in engineering and other STEM subjects. In this study, we also found
that students’ previous experiences with math courses impacted their perception of their self-
efficacy. Bandura’s work [25] supports this idea, as he found that individuals tend to attribute
their self-efficacy to past experiences and how those experiences impacted them. When students
reflect on their exposure, or lack of exposure to mathematics courses, it in turn impacts their
mathematics self-efficacy [7]. Having positive experiences in mathematics will lead to a more
positive self-efficacy. As a result, providing different opportunities for increasing self-efficacy is
important for students who enter a course with low self-efficacy, particularly early STEM
courses that are part of an engineering curriculum like calculus, physics, and chemistry. Not
surprisingly, we also found students were aware of their confidence in math. Discussing and
addressing that directly in class may help students with their feelings toward math. Future work
in this area will include a closer look at students’ learning outcomes and how they correlate with
self-efficacy measures and feedback from interviews.
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Appendix A
Mathematics Self-Efficacy Scale

All of the MSES items are scored on a ten point Likert scale from 0 to 9:

No Confidence at All Very Little Confidence Some Confidence Much Confidence Complete Confidence

0 123 45 67 89

Part I. How much confidence do you have that you could successfully:

7. Calculate recipe quantities for a dinner for 3 when the original recipe is for 12 people.
12. Compute your income taxes for the year.

18. Figure out how much lumber you need to buy in order to build a set of bookshelves.

Part II. Rate the following college courses according to how much confidence you have that
you could complete the course with a final grade of “A” or “B.”

27. Geometry

33. Advanced Calculus

Note: The five sample MSES items are reprinted under license from the copyright holder, Mind
Garden, Inc.



Appendix B

Focus Group Interview Protocol

The purpose of this interview is to understand how different classroom environments might
affect someone’s confidence in their ability to do math. Thus, I would like to ask you a few
questions about how you feel about different math classes, math teachers, and just math. This is a
semi-structured interview meaning that I have a list of 5 main questions that I will ask you and
that everyone being interviewed will be/has been asked. However, depending on your responses,
I may ask follow up questions or ask you to elaborate on your responses. Sometimes, [ may
repeat back things that you said in my own words to make sure that I understand what you mean.
If I do that and what I say does not reflect what you mean, please, inform me. This interview is
voluntary and you can choose to stop participating at any time. Just let me know and I will stop
recording. I will also let you know before I start recording. Do you have any questions? Are you
ready to start? Okay, I am going to hit record now as soon as I hit record, I will ask you again if I
have your permission to record in order to have it on record.

1. Tell me a story that explains something about the type of student you are in math. In other
words, share with me something that happened to you that involves this subject and perhaps your
parents, teachers, or friends.

a. How did this impact your mastery of math classes?

2. Describe the best teacher you’ve had in math. What made her (or him) so good?

3. Think about how math makes you feel. You probably haven’t been asked to think about that
before. When you are given a math test, how does that make you feel? How do you feel when

you are given a math assignment?

4. Earlier you rated your math ability on a scale of 0 to 9. How would you rate your confidence
in math now? Why?

5. What could make you feel more confident about yourself in math?

Adapted from: Monterrosa, C. E. (2015). Latino and African American Students’ Self-Efficacy in
AP Calculus Courses (Doctoral dissertation).



