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ABSTRACT KEYWORDS

As part of a departmental reform project, a large University con- Flipped classroom;

verted a “Precalculus College Mathematics” lecture-based course pre-calculus; active learning;
for 97 students into an active learning flipped classroom for first- STEM

year engineering students. The curriculum was designed specifi-
cally to provide applications of pre-calculus in various engineer-
ing subjects. This paper outlines the course evolution, design
features, ongoing adjustments made to the course, and quan-
titative data from the common examination and course evalua-
tions to support the instructional design. The paper concludes
with a reflection on which aspects of the learning environment
helped facilitate successful learning and guidance for future
implementations of a large-scale flipped undergraduate mathe-
matics classroom.

1. INTRODUCTION

Active learning involves introducing activities in the classroom that actively engage
students in the process of learning [7, 16, 27] as opposed to the typical listening and
note-taking practices common to the lecture method [13]. Elements of active learn-
ing have been around for decades [27]. Active learning approaches have a proven
track record of increasing students’ confidence, enjoyment, and desire to continue
studies in mathematics [4, 10]. It was reported [11] that active learning “has been
shown to strengthen student learning and achievement in mathematics, to foster
students’ confidence in their ability to do mathematics... ” (p. 1), which provides
further support for the efficacy of active learning. In their meta-analysis of 225
studies, Freeman et al. [13] found that active learning approaches in STEM courses
increase students’ exam performance by at least half of a letter grade. Relatedly, com-
parable courses taught through the lecture approach had failure rates that were 55%
higher than that of their active learning counterparts [13]. More recently, significant
calls for reform in the mathematics education community have led to increased use

»

of active learning approaches in undergraduate mathematics courses [9]. Much of
this concern stems from high failure rates in gateway STEM lecture-based courses
[29] and many students in traditional lecture settings [8]. In the sections that follow,
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we draw on recommendations from the MAA’s Instructional Practices Guide [1] to
describe our large-scale active learning course transformation.

1.1. Flipped Classroom Pedagogy

Many mathematics educators have turned to the flipped classroom approach to
free up time to afford students more active learning opportunities during the class
time [20]. The flipped classroom’s primary purpose is to enhance learning through
a student-centered approach that incorporates independent learning outside the
classroom and collaborative learning inside the classroom [6, 7, 22]. The flipped
classroom approach has a long-standing history of being used as an active learn-
ing pedagogy, resulting in significant learning gains [21]. Whereas there is no exact
definition of a “flipped classroom,” many come to understand it as an inversion
of instruction and homework [18]. Most contemporary flipped classrooms rely on
pre-recorded video instruction outside of class meeting time, followed by some in-
class activities facilitated by an instructor [5]. The design of in-person activities and
curricular coherence between the at-home and in-person learning environments
have been of more recent importance to instructors as they continue to develop
successful flipped classrooms [32]. The flipped approach has been very successful
in undergraduate STEM courses with multiple studies reporting increases in stu-
dent achievement [2, 3, 31, 33]. The combination of independent learning outside
of class, followed by engaging activities in class with access to an expert and peers,
allows students to confront troublesome areas and practice them with support,
where they may not have been able to in a traditional lecture setting [6]. Provid-
ing students with access to high-quality problems, applications, and help during
the class time were the main drivers in choosing a flipped classroom format for this
course transformation. Also, we wanted to ensure all students were actively involved
in building a solid foundation of important prerequisite content before entering
higher levels of proof-based Calculus courses required for the engineering degree.

1.2. Academic Setting

The setting for this pre-calculus course transformation is a large public Univer-
sity in New Jersey with an undergraduate population of approximately 45,000
students. The Mathematics Department at this University started a “Precalculus
through Calculus 2” (P2C2) reform project aimed at increasing success and learn-
ing by expanding active learning practices across entry-level mathematics courses,
including two-semester and one-semester Pre-calculus courses, Calculus 1 and
2 for Life Sciences, and Calculus 1 and 2 for Math and Physical Sciences. This
committee comprised tenure track faculty, advisors, part-time lecturers, and depart-
ment administration and regularly convened to examine data, make programmatic
changes, and improve student placement and pathways into future courses. A key
program goal was to radically transform mathematics pedagogy across the gateway
courses by blending in active learning activities and stronger course coordination
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among courses with many sections, as they are among the most critical components
of a successful P2C2 program [4, 28]. Also, embedding more applications related
to students’ future studies within their mathematics courses (e.g., environmental
examples in Calculus 1 for Life Sciences, engineering applications in Pre-calculus
for Engineers, etc.) was an additional priority for the committee. This work required
additional outreach to other STEM departments, content from courses in other
departments, and time for the instructors to convert interdisciplinary content to
the appropriate level problem for their gateway students. This practice of embed-
ding engineering content into gateway courses has been shown to increase students’
learning and performance in calculus [24] and pre-calculus [5].

This paper will discuss the development of a large-scale flipped pre-calculus
course for first-year engineering students, focusing on the active learning strate-
gies and pre-calculus-based engineering applications that led to positive student
outcomes. In addition, the various structures that were implemented to support
learning in the flipped classroom will be explained.

2. PRE-CALCULUS FOR ENGINEERS COURSE DESIGN
2.1. Traditional Lecture-Based Pre-Calculus Structure

Precalculus College Mathematics (Math 115) is a one-semester pre-calculus course
that meets twice a week in a large lecture setting for 80 min serving approxi-
mately 100 students, and once a week for recitation for 80 min serving approxi-
mately 33 students each. Course content includes a thorough treatment of algebraic
expressions and equations, inequalities, functions, graphing, and function fami-
lies, including exponential, trigonometric, logarithmic, and rational. The course’s
adopted textbook is “Pre-Calculus, Mathematics for Calculus” by Stewart, Redlin,
and Watson. Students learn approximately two textbook sections per class in the
traditional lecture setting, with online homework to complete outside of class. In
recitation, students ask questions on their online homework and then take a weekly
quiz to assess their knowledge of the previous week’s concepts.

2.2. Pre-Calculus for Engineers Pedagogical Technique

As part of our P2C2 reform project, we redesigned Math 115 to make it more of an
active learning experience, with an equal focus on students’ procedural and concep-
tual fluency. We created a section strictly for 97 first-year engineering students to
begin to build their identities as engineers in an integrated format and have access
to parts of the engineering curriculum in the mathematics classroom as early as
possible. To bring the engineering curriculum to the mathematics classroom, fac-
ulty members from the School of Engineering identified areas where pre-calculus
content is part of various engineering concepts. Members of the School of Engi-
neering and the Mathematics P2C2 faculty met to lay out the vision for a flipped
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class that supported engineering students’ understanding of the mathematics nec-
essary for their future courses with time for engineering exploration. A highlight
of this collaboration was the development of engineering applications specifically
designed for pre-calculus students based on content provided by the School of
Engineering. The engineering applications were developed to cover a wide range
of engineering fields, such as mechanical, civil, chemical, and electrical, to give
students a survey of different applications. Finally, the pre-calculus for Engineers
instructor designed course materials, piloted them in a small summer session class
of 25 students and implemented them in the Fall 2019 semester. Based on the results
of midcourse and end-of-course instructor evaluations, ongoing adjustments were
made to the problems themselves and the workflow in lecture and recitation. The
flipped classroom design repurposed the same amount of time and class meetings as
the traditional version of the course into an active learning experience. Two 80 min
lectures turned into two 80 min active learning sessions led by an instructor and
four Undergraduate Learning Assistants (ULAs) whose purpose was to facilitate
student collaboration during class activities.

2.3. Undergraduate Learning Assistants (ULAs)

ULAs played an important role in the reformed active learning pre-calculus course.
ULAs are undergraduate students who apply to work in the classroom alongside
the instructor to facilitate group assignments and assist students with understand-
ing the content. ULAs receive formal training in pedagogy through a semester-long
pedagogy course offered by the Learning Centers. This 300-level pedagogy course
discusses the effectiveness of college teaching methods and instructional strate-
gies needed for peer educators to develop student-centered cooperative learning
environments alongside an instructor or graduate teaching assistant. Major course
topics include questioning techniques, learning theories, mental models, coopera-
tive learning, metacognition, activity design, and diversity, to name a few. To ensure
this training’s effectiveness, ULAs also observe actual classes and debrief with the
instructional team afterward to better understand how to implement active learn-
ing. Once ULAs begin their work in the course they are assigned, they meet weekly
with the instructor to plan and debrief on how the classes are going. During these
meetings, students apply what they learned in the pedagogy course to actual teach-
ing and learning while working with the instructor to improve class questioning,
activities, and overall learning. Research on the use of ULAs to support student
success indicates that students have seen dramatic increases in their achievement
after working with ULAs [25, 26].

2.4. Pre-Calculus for Engineers Instructional Structure and Facilities

The two weekly lectures were held in a large lecture hall with swivel seating that
allowed students to efficiently work with a partner or classmate next to, in front of,
or behind them. The class was divided into three smaller groups of approximately 33
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students each for recitation once a week for 80 min. Recitations were led by a Grad-
uate Teaching Assistant (GTA) and one ULA. The GTA in this particular course was
a Ph.D. candidate who was trained in pedagogy through various workshops and had
prior undergraduate teaching experience. The recitation was held in a designated
“Active Learning Classroom” with whiteboards and flexible group seating at round
tables.

2.5. Flipped Classroom Logistics and Tools Used

Drawing on research from successful flipped classroom designs [15] and active
learning in mathematics [19], the initial course structure allowed students to engage
with content at home, and content, peers, and the instructional team during class
time. First, students were given a video set to watch before coming to class. These
videos were typically 5-8 min each, with a typical video set consisting of approxi-
mately 6 or 7 videos. The videos were obtained from the Mathispower4u YouTube
channel for their clear explanations, visuals, and worked examples. These videos
also properly leveraged conceptual and procedural aspects of teaching mathe-
matics, which was important to the instructional team. Students then came to
class and engaged in a short five-minute review of main points with the instruc-
tor, followed by a one-question clicker quiz for attendance and video-watching
accountability. For approximately 40 min, students could individually choose if
they wanted to work on select WebAssign problems, engage with dynamic explo-
rations of ideas, or work on new, challenging problems similar to those on exams.
The WebAssign problems were online versions of the textbook homework prob-
lems given to students in all pre-calculus sections with supporting scaffolds. The
dynamic explorations were links to Desmos or GeoGebra activities where students
could use sliders to visualize the effects of changing parameters in functions. For
example, in one class, students could animate a Ferris wheel on GeoGebra and
see how a person’s height above ground changed as time passed could be mod-
eled by a trigonometric function. Last, the challenging problems were at the “exam
level” and required students to think critically and apply previously learned con-
tent to new content. For example, in a lesson on logarithmic functions, a more
challenging problem students could choose to work on was to find the inverse
of f(x) = log,x*. Once students realized they could not find the inverse of this
function since it was not one-to-one, they were challenged to think of a way to
modify the function to make it invertible, and what the corresponding new inverse
would be.

Students were encouraged to work on the activities of their choice in teams or
pairs. The swivel seats and tables in the large lecture hall allowed students to turn
in any direction to work with peers easily. During this time, the instructor and
four ULAs circulated the room, promoted collaboration, and scaffolded students’
questions. To promote collaboration, the teaching team encouraged students to
work with a nearby partner, use portable and virtual whiteboards to create a shared
problem-solving space, and ask one another questions if a ULA or the instructor
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was not immediately available. In terms of scaffolding, the teaching team used the
reflective toss approach to responding to student questions [30]. With the reflective
toss approach, the ULAs were trained to take the meaning of a student’s question or
statement and throw responsibility for elaboration back to the student. This action
leads students to make their thinking and reasoning more visible, which allows the
ULA to focus more on the source of difficulty. Another type of scaffolding used by
both the teaching team was metacognitive questioning [23]. This was a strategy used
to encourage students to explain their understanding and to realize their knowl-
edge limitations. The teaching team especially used connection questions to have
students describe how the problem at hand was similar and different from prob-
lems they previously solved, strategy questions to have students articulate which
strategies were appropriate for solving the problem and why, and reflection ques-
tions to have students describe whether the procedure and answers made sense
and why. The remaining class time was spent discussing an engineering applica-
tion that students would later solve in recitation until modifications were made due
to mid-course evaluations (addressed in a later section).

2.6. Recitation

This class’s recitations were held in an active learning classroom, equipped with wall
and personal whiteboards, group seating, and wall-mounted televisions. An active
learning classroom layout typically facilitates collaboration and students’ ability to
make their thinking visible on various surfaces. Students were given a handout of
more challenging problems from the previous two classes during recitations and
were encouraged to continue working on WebAssign if they did not finish it before
recitation. The purpose of the review problems was to give students practice solv-
ing problems that combined multiple concepts from multiple class meetings. For
example, in a recitation session on solving trigonometric equations, students were
given review problems that combined exponential equations with trigonometric
equations to expand their thinking. An example of such a problem given during
the trigonometry unit is shown in Figure 1. Students also took a weekly recitation
quiz and were given time to collaborate on engineering applications, as discussed
in greater detail in the next section.

2.7. Engineering Applications in Curriculum Design

In addition to the flipped classroom approach to teaching pre-calculus, the other
key component of our course design was the development of a set of engineering
applications used to develop students’ engineering interests while exposing them
to concrete examples of where mathematics can be found in various fields of engi-
neering. Faculty from various engineering departments sent over materials from
their courses, which were reviewed by mathematics department faculty, and fur-
ther refined and developed into exercises appropriate for a pre-calculus audience.
An example from the chemical engineering curriculum is shown in Figure 2.
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Math 115
7.4-7.5 Review Questions

2. Let f(x) :f and g(x) =pcoslx X

a. Evaluate f(cos(3m)).

b. Solve p =p'" ** exactly on the interval [0,27).

c. Let h(x)= logp(E(Lx)). Express h(x) as a simplified single trigonometric function. (Hint:

consider the laws of exponents).

Figure 1. Sample recitation review problem.

Example from Chemical Engineering Kinetics

A chemical reactor called a continuously stirred tank reactor (CSTR) is used to convert a reactant A into a
product P.

A-P
Not all of the reactant will react, and the fraction that reacts is referred to as the fractional conversion X.|

The flowrate of A entering the reactor is F,,, the volume of the reactor is V, and the rate of the chemical
reaction is r.

A0’

Their relationship is given by V = . (1)

The reaction is second order in the concentration of A, which means that the rate of reaction is
proportional to the square of the concentration, with a proportionality constant k. The negative sign
indicates that A is consumed in the reaction.

2
This relationship is givenby ¥ =— kKC 4~ . (2

The relationship between the concentration of A(C,) and the conversion (X) is given by
C, = C (1 — X) Where C,, is the concentration of A entering the reactor. (3)

Substituting equations (2) and (3) into (1), we obtain:

FoX

= ——— 4
kC? 4o(1-X)> @

If F,, C,, V,and k are known, we can solve for the expected conversion in the reactor (X) by rearranging
equation 4 into a quadratic equation. Solve for X in terms of these parameters.

Figure 2. Chemical engineering application.
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Figure 3. Traffic intersection engineering application (adapted from [14]).

This problem has students explore chemical reactions while learning how to set
up equations to model relationships in chemistry. What makes it challenging is that
students are asked to apply their knowledge of the quadratic formula to solve a
rather complicated quadratic equation, where one of the roots is extraneous in the
context of the problem. Pointing this out and discussing why one root is extraneous
gets students to think about reactants, products, and conversion factors in a new
way.

Another example of one of our more popular engineering applications is the
“Designing a Drawbridge” problem. The premise of the problem is that whereas no
cars should ever be on a drawbridge when it goes up, things happen, and engineers
need to be reasonably sure a car cannot slide off of the opened bridge. Given var-
ious trigonometric equations, students are asked to create a function to determine
the force of friction for any car on the drawbridge for a given set of bridge angles
and friction coefficients. Then, they have to test their equation using a variety of
materials for both wet and dry surfaces. This engineering application truly has stu-
dents think like engineers while also strengthening their fluency with trigonometric
equations.

We engaged students in conversations about traffic flow and designing inter-
sections when discussing similarities and proportions early in the course. The
engineering application in Figure 3 shows a problem where students were chal-
lenged to determine relevant speed limits, minimum sight distance needed for
imminent collision, and roadway distances.

For some of the more challenging pre-calculus topics like double and half-angle
formulas, we have students work on problems where they have to manipulate
formulas to show how they can be rewritten in other equivalent ways. We also
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In engineering mechanics, the stress transformation equations for in-plane normal and shear
stresses are derived using equilibrium of forces along axes x’ and y'. The equations are:

(1) o, =0,cos?6 + o, sin? @ + (2sin 8 cos 6)
(2) o,' =0, sin? 6 + g, cos? § — 7(2sin 6 cos 6)
() 1’ = (o, — ;) sin B cos 6 + 7(cos?  — sin> F)

Show that equations (1), (2), and (3) can be written as:

Oy +0y 0x—0y
= +

Q) o, = > cos 260 + tsin 26
0y +0, 0x—0.
2) oy = xz LA xz Y cos26 — Tsin 26
0y — O
3) t'=—¥sin20+rc0520

Figure 4. Engineering application on stress transformations.

discuss multiple representations and approximations in engineering to bolster the
importance of the problem. An example problem from engineering mechanics is
shown in Figure 4.

Students had approximately 30 min to work on these problems in small groups
under the teaching team’s facilitation in a typical recitation. Since the recitation
classroom had round tables, there was greater ease of collaboration among students.
The GTA reviewed the solutions to these problems with students upon completion.

2.8. Additional Active Learning Strategies

The aforementioned problems, group collaboration, and flipped learning activities
were key active learning activities in our setup. We also turned assessment into a
more active and ongoing process with opportunities for metacognitive reflection.
In addition to the one-question quizzes in the lecture, all recitations ended with
a pencil-and-paper quiz, similar to those given in traditional lecture-based recita-
tions. These quizzes were more summative compared to the one-question quizzes
in the lecture. In recitations, students also completed exam wrappers [12, 21] after
each midterm to reflect on their preparation, the course itself, and future goals.
Students completed the exam wrappers on the learning management system, and
the instructor and GTA reviewed them, conferenced with individual students, and
made necessary course changes as needed. Figure 5 gives an example of the exam
wrapper used in Math 115 after the first exam. This metacognitive activity added
an additional layer of active learning to the course.

2.9. Course Coordination

During the same semester in which this flipped class was run, eight additional
sections of the course ran as traditional lectures. These lectures covered the same
content as the flipped course did and took similar midterms and the same final
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Question 1

Do you think that the problems on the exam fairly reflected the topics covered in class and recitation?

Yes
No

Question 2

Did the grader's , together with . provi i K

Yes
No

Question 3

What percentage of your preparation for the test was done alone? %

What percentage of your preparation for the test was done with one or more persons? %

Question 4

How much time did you spend reviewing with each of the following:
Reading class/video notes: minutes
Reworking old homework problems: minutes
Working additional problems: minutes
Reading the book: minutes

Question 5

Now that you have looked over your exam, estimate the percentage of points you lost due to each of the following:
9% from not understanding a concept
9% from not being careful (.., careless mistakes)
9% from not being able to formulate an approach to a problem

9% from other reasons (please specify: )

Question 6

Based on bove, what will i ing for the next test? For instance, will you change your study habits or try to sharpen particular skills? Please be specific.
Also, what can we do to help?

B/UA R LEEE@eXXins
B8 Bl e = - Tlaont - pa - K

Figure 5. Exam wrapper administered after the first exam.

examination, but students were responsible for completing the same WebAssign
problems outside of class. The lectures also met twice a week for 80 min each and
one 80-min recitation per week. During the traditional recitation, the students had
the opportunity to ask questions about their WebAssign problems. Students took
pencil/paper quizzes in the traditional recitations as well. The midterm exams were
somewhat coordinated using guidance from the course coordinator. Each instructor
had the autonomy to write his or her own non-cumulative, 80-minute exam, and
the coordinator looked at all of them and provided feedback to ensure all exams
were of comparable difficulty. The final exam was a common, cumulative, three-
hour exam for all students in all sections of Math 115. Students were given partial
credit according to a rubric for progress towards a correct solution on all exams.
Most questions on all exams were open-ended with partial credit and a hand-
ful of true/false or “select all that apply” questions. All exams had two parts: half
calculator, half non-calculator.

2.10. Changes Due to Mid-Course Evaluation

The mid-course evaluations and post-exam #1 reflections indicated that most stu-
dents (90%+) had positive things to say about the flipped classroom setup. The
students who had negative feelings were conferenced with individually so that the
instructional team could help them be more successful in the course. In confer-
encing with the students, the sources of their negative feelings came from previous
negative flipped classroom experiences in high school, difficulty keeping up with
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the workload, and trouble maintaining focus. This information allowed the instruc-
tor to intervene and work with the students to improve their approach to learning
in a flipped classroom. Of the recommendations made on both evaluations, the
two most common were (1) more teaching from the instructor and (2) more work
in recitation. As a result, the engineering applications were completely moved to
recitation, where students could have more time to explore the problems in a
smaller group setting. The instructor then used the last 20 min of the lecture time
to review “exam-type” problems or play a review game in whole-class format, such
as a Desmos Card Sort, Quizizz game, or Quizlet Live matching competition. All
class sessions ended with a short one-question quiz to hold students accountable
for staying in class and completing assignments.

3. EFFECTIVE PRACTICES

A few practices seemed to stand out in reflecting on why the flipped classroom setup
was positively received by students and resulted in more significant learning gains
than students’ gains in a lecture-based setting. The subsections below outline prac-
tices that we felt contributed to our students’ success and would recommend them
to faculty at similar institutions who want to offer a large-scale flipped course for a
specific audience. We note, where applicable, course evaluation data and students’
final exam performance data to support our claims.

3.1. Student Choice

Flipping the classroom and allowing students some “choice” during the lecture
helped them learn how to navigate the complexities of learning larger volumes
of material in the college setting. Some students wanted to work on the more
challenging problems in class, whereas others needed more remediation from the
instructional team. Since we did not force everyone to work on the same thing at
the same time, this was possible and highly effective. Students were forced to pri-
oritize what they needed the most help on and get that while in the classroom.
Students who were comfortable with procedures spent more time on conceptual
problems in class, and students who struggled with learning the targeted concepts
from the videos required additional support learning procedures during class time.
The degree of personalization allowed in learning in the flipped setting is an area
we continue to experiment with.

3.2. Aligning Assessment and Instruction

Having students work through released exam questions as they learned each topic
was a practice we encouraged as we wanted them to do the same thing in their
other classes. Many students typically postpone exam review until a few days before
the exam; in our course, by flipping the classroom, we could encourage early
and frequent exam preparation during class time under the instructional team’s
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Table 1. Common final exam data by section.

Section Mean N Std. Deviation
1 70.8012 82 18.64916
2 66.9224 85 22.19806
3 68.8765 81 21.07984
4 65.2208 77 26.38512
5 66.4605 76 20.89366
6 61.5763 80 26.82473
7 59.3517 58 23.68760
8 58.6463 41 21.81289
9k 79.0825 97 13.56441
Total 67.3414 677 2245017

Table 2. ANOVA test on common final exam performance.

SS df MS F p
Between groups 24,425.535 8 3,053.192 6.448 <.00001
Within groups 316,285.367 668 473.481
Total 340,710.902 676

guidance. The intentional backward-design of embedding “exam level” problems
across the course to prepare students to master course-learning outcomes proved
to be a successful practice amplified by the extra support offered in the flipped
classroom [34].

The effects of aligning assessment and instruction in this manner were seen
on exams, namely, the common final examination. We observed a gradual perfor-
mance increase over the three major exams, with the final exam median being the
highest among all three exam medians. Table 1 provides summative data on the
common cumulative final examination taken by all Math 115 students in the Fall
2019 semester, where “Section 9”x represents the flipped version of Math 115.

Looking at the flipped classroom compared to the other eight sections, the mean
exam score observed by the non-flipped eight sections was 65.3778, whereas the
mean score observed by the flipped section was 79.0825. A one-way ANOVA on
the mean common final exam results among all sections indicated a significant
difference in means across sections F(8, 668) = 6.448, p < .00001, as shown in
Table 2.

Post-hoc comparisons using the Tukey HSD test indicated that the mean score for
the flipped class, section #9 (M = 79.0825, SD = 13.56441) was significantly dif-
ferent from the results obtained in seven other lecture sections. Table 3 summarizes
the results of the Tukey HSD test.

In the spirit of reducing the D/F/W rate for the course, we also observed an
approximately 15% D/F/W rate for our course, which was significantly lower than
that of previous semesters. Approximately 56% of students earned a final grade of
“B” or higher. This accomplished one of our P2C2 goals of increasing students’
achievement in a gateway mathematics course and was consistent with research
findings on improving students’ achievement in STEM courses by using the flipped
classroom approach [31]. Table 4 provides a summary of students’ final grades.
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Table 3. Tukey HSD post-hoc comparisons.

Mean difference Significance 95% Cl Lower Bound 95% Cl Upper Bound

Sec. 9to Sec. 2 12.1601 p = .0056 2.1030 22.2172
Sec.9to Sec. 3 10.2060 p = .0492 0.0174 20.3946
Sec.9to Sec. 4 13.8617 p = .0011 3.5299 24.1935
Sec.9to Sec.5 12.6220 p = .0051 2.2524 22.9916
Sec.9to Sec. 6 17.5062 p < .0001 7.2830 27.7294
Sec.9to Sec. 7 19.7308 p < .0001 8.4951 30.9665
Sec.9to Sec. 8 20.4362 p < .0001 7.8268 33.0456

Table 4. Final course grades in flipped Math 115.

Letter A B+ B C+ C D F w
No. of students 18 22 16 18 10 7 7 1

Students’ perception of their performance was an item on the end-of-course
evaluation. Sixty students responded to this anonymous evaluation. A supplemen-
tal question provided for this specific section was, “Do you think you would have
received a lower, the same, or higher grade if you had been in a regular classroom?”
Of the 42 students who responded to the question, 52% of students responded to
this question with “higher,” 31% responded with “the same,” and 17% responded
with “lower.” Indeed, prior research [17] confirms that the increased flexibility and
creativity in teaching that comes with a flipped classroom improves students’ learn-
ing achievement and learning attitudes, which may have accounted for the observed
results.

3.3. Building a Supportive Learning Community

Having near-peer ULAs allowed for more support to help keep students on task,
answer questions, and offer program and college-level advice that sometimes
instructors cannot. Students felt very comfortable asking ULAs for help, which pos-
itively affected the classroom climate and led to a true learning culture. Having a
variety of support materials on the course learning management was also helpful;
students were able to access technology applets, released exam questions for each
lesson, homework scaffolds for when they were at home, and study outlines made
by the instructor. The ULAs reinforced how vital these support tools were, which
added another layer of credibility to the instructor’s recommendations.

The combination of learning supports and classroom design was highly rated
on the end-of-course evaluation. Table 5 shows the section-specific (N = 60)
and course-wide (N unknown, but 650 students max) averages for three questions
related to the classroom learning environment.

Based on this information, an overwhelming number of students seemed to
agree and strongly agree that the flipped classroom instructional design in pre-
calculus helped them learn a substantial amount of content. Having the ULAs
in the classroom shifted teachers’ and the students’ attitudes in a positive way,
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Table 5. Student instructional rating survey responses.

Question Section All Sections
“The instructional methods encouraged student learning.” 4.74 4.01
“I learned a great deal in this course.” 4.44 3.94
“I rate the overall quality of the course as:” 4.51 3.77

focused on evidence-based teaching and learning in an environment with constant
support [25].

3.4. Promoting Open Communication

Reflection and goal-setting, as previously described, also allowed for more open
dialogue between the instructor and the students and served as a vehicle for course
feedback and actionable steps that could be taken to improve the learning experi-
ence. For example, the instructor was able to identify a handful of students early
on who expressed dissatisfaction or frustration with the flipped classroom model
in the exam wrapper early on and could intervene and help them move forward.
For example, one student had trouble with time management outside of class, and
another had a negative flipped classroom experience in high school. Having these
pointed conversations with students and offering them feedback to improve their
learning ability in a flipped classroom went a long way. Also, having feedback about
the course structure allowed for student voice and minor revisions to the course as
time went on.

Having two short quizzes during the in-person classes helped keep students in
the class for the whole time and greatly minimized attendance issues often present
in large lectures with no accountability system. On most evenings, at least 90% of
students were present in class for its entirety. This is not the case for traditional
lectures, where passive attendance is often encouraged.

Sample anonymous comments about course structure from the course evalu-
ation also support the efficacy of open communication in the flipped classroom.
Comments included:

e “Iloved how the class was so hands-on. It was hard to fall behind in this class
because there was always someone coming up to me during class asking if I needed
any help or if I was doing well.”

e “Iloved the flipped classroom setting, and it made it so much easier for me to
learn. I could do the notes at my own rate and I was responsible for it myself,
but at the same time I was able to get help in class about questions I was struggling
with.”

e “I like that during lecture we have opportunities to ask the Professor whatever
questions we might have and that he is able to explain it in an understandable

»

way.
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It should be noted that the students in the flipped section were all engineers. The
results could have been impacted by the fact that these students were already head-
ing toward a STEM-related field. However, most students who enter the School of
Engineering begin with Calculus 1 or Calculus 2 for Engineers or even Multivariable
Calculus; these students were placed into the lowest allowable mathematics course
for the engineering program.

4. FUTURE IMPLEMENTATIONS

Future iterations of this course design will continue to draw on the design prac-
tices discussed in the MAA Instructional Practices Guide [1], including designing
for equity, designing a flipped classroom that promotes reflective instruction, pro-
viding challenging mathematics problems, and aligning assessment to instruction
through backward design. Many of the classroom practices used within the course
design were thoroughly researched in the MAA Instructional Practices Guide [1],
including fostering student engagement (collaboration/peer instruction), selecting
appropriate tasks (engineering applications), formative and summative assessments
of learning (including exam wrappers), and effective use of technology (video
instruction, clicker quizzes, and real-time visual demonstrations). An improve-
ment for future implementation of the course is to take advantage of platforms that
track students’ video-watching. Using these platforms ensures a greater degree of
active learning on the students’ part outside of the classroom, more accountability
for learning over the “honor system” used in this implementation, and additional
opportunities for students to engage with the content via embedded questions.
Their responses to pre-class questions can also guide the start-of-class review
more effectively and efficiently by allowing the instructor to highlight common
misconceptions.

In reflecting on the very important roles of the ULAs, developing a pool of ULAs
who are experienced in taking flipped courses such as this one will be important
for staffing ULAs in this type of course in the future. These students will have a bet-
ter frame of reference for what it is like to be students in a flipped classroom and
can offer advice and strategies for students to be successful learners in the flipped
classroom. The ULAs in this particular implementation of the course were very
knowledgeable of active learning strategies and ways to increase cooperative learn-
ing opportunities but having ULAs who took a flipped course as this one would
allow for an additional connection with the students. With an increasing number of
classes moving to a fully online format, it might even be possible to repurpose some
of the time ULAs spend in class to offer additional short sessions outside of class
where they can coach students on how to learn mathematics in a flipped classroom.

In reflecting on the efficacy of the engineering applications, a future iteration of
the course could involve a deviation from the coordinated quizzes in the lecture
to place more value on the engineering applications. Replacing the time it takes to
implement a start and end-of-class quiz with time spent on working on and sub-
mitting the engineering application could serve two useful purposes: (1) to hold
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students accountable for working through all activities in the flipped classroom
and (2) to ensure students engage with the content at a higher level as expected
in a flipped classroom. This also has the added benefit of more significant student
investment in more challenging conceptual content since they will be earning some
type of participation score for submitting their work. Relatedly, these group-worthy
tasks rely on collaborative learning and peer instruction, as discussed in the MAA
Instructional Practices Guide [1]. In the future, these tasks could form the basis for
a newer kind of course assessment that is more project-based instead of traditional.

Disclosure Statement

No potential conflict of interest was reported by the author(s).

ORCID
John Kerrigan ‘2 http://orcid.org/0000-0003-3151-5368

REFERENCES

[1] Abell, M. L., L. Braddy, D. Ensley, L. Ludwig, and H. Soto. MAA instructional practices
guide: Guide to evidence-based instructional practives in undergraduate mathematics.
Mathematical Association of America. 2018. https://www.maa.org/sites/default/files/Instru
ctPracGuide_web.pdf.

[2] Adams, C.and A. Dove. 2018. Calculus students flipped out: The impact of flipped learning
on calculus students’ achievement and perceptions of learning. PRIMUS. 28(6): 600-615.
doi:10.1080/10511970.2017.1332701.

[3] Albalawi, A. S. 2018. The effect of using flipped classroom in teaching calculus on students’
achievements at University of Tabuk. International Journal of Research in Education and
Science. 4(1): 198-207. doi:10.21890/ijres.383137.

[4] Apkarian, N., J. Bowers, M. E. O’Sullivan, and C. Rasmussen. 2018. A case study of change
in the teaching and learning of precalculus to calculus 2: What we are doing with what we
have. PRIMUS. 28(6): 528-549. doi:10.1080/10511970.2017.1388319.

[5] Bennett, R, M. Russell, and C. Rawn. 2013. Engineering introduction in pre-calculus
courses. In ASEE Annual Conference and Exposition Proceedings. 30, doi:10.18260/1-2—
19526.

[6] Bergmann, J. and A. Sams. 2012. Flip Your Classroom: Reach Every Student in Every Class
Every Day. Alexandria, VA: ASCD.

[7] Bishop, J. and M. Verleger. 2013. The flipped classroom: A survey of the research. In ASEE
Annual Conference and Exposition Proceedings. 30: 1-18. doi:10.18260/1-2-22585.

[8] Bonwell, C. C. and J. A. Eison. 1991. Active Learning: Creating Excitement in the Classroom.
ASHE-ERIC Higher Education Report No. 1. Washington, DC: The George Washington
University School of Education.

[9] Bressoud, D. 2015. Insights from the MAA national study of college calculus. The Mathe-
matics Teacher. 109(3): 179-185.

[10] Bressoud, D. M., M. P. Carlson, V. Mesa, and C. Rasmussen. 2013. The calculus stu-
dent: insights from the Mathematical Association of America national study. International
Journal of Mathematical Education in Science and Technology. 44(5): 685-698.

[11] CBMS.2016. Active Learning in Post-Secondary Mathematics Education. https://www.cbm
sweb.org/wp-content/uploads/2016/07/active_learning_statement.pdf.


http://orcid.org/0000-0003-3151-5368
https://www.maa.org/sites/default/files/InstructPracGuide_web.pdf
https://doi.org/10.1080/10511970.2017.1332701
https://doi.org/10.21890/ijres.383137
https://doi.org/10.1080/10511970.2017.1388319
https://doi.org/10.18260/1-2{\T1\textendash }19526
https://doi.org/10.18260/1-2{\T1\textendash }22585
https://www.cbmsweb.org/wp-content/uploads/2016/07/active_learning_statement.pdf

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

(24]

[25]

[26]

(27]

(28]

PRIMUS (&) 17

Cmu.edu. 2020. Exam Reflection Sheet. https://www.cmu.edu/teaching/designteach/teach/
examwrappers/examwrappers-docs/MathExamWrapper.pdf.

Freeman, S., S. L. Eddy, M. McDonough, M. K. Smith, N. Okoroafor, H. Jordt, and M.
P. Wenderoth. 2014. Active learning increases student performance in science, engineer-
ing, and mathematics. Proceedings of the National Academy of Sciences. 11: 8410-8415.
doi:10.1073/pnas.1319030111.

Garber, N. J. and L. A. Hoel. 2009. Traffic and Highway Engineering. Boston, MA: Cengage
Learning.

Guo, P.],,]. Kim, and R. Rubin. 2014. How video production affects student engagement: An
empirical study of MOOC videos. In Proceedings of the First ACM Conference on Learning
@ Scale Conference, pp. 41-50. doi:10.1145/2556325.2566239.

Hake, R. R. 1998. Interactive-engagement versus traditional methods: A six-thousand-
student survey of mechanics test data for introductory physics courses. American Journal
of Physics. 66: 64-74. doi:10.1119/1.18809.

Herreid, C., N. Schiller, K. Herreid, and C. Wright. 2014. Case study: A chat with the survey
monkey: case studies and the flipped classroom. Journal of College Science Teaching. 44(1):
62-66. doi:10.2505/4/jcst14_044_01_75.

Lage, M. J., G. J. Platt, and M. Treglia. 2000. Inverting the classroom: A gateway to creat-
ing an inclusive learning environment. The Journal of Economic Education. 11(31): 30-43.
doi:10.1080/00220480009596759.

Laursen, S. L. and C. Rasmussen. 2019. I on the prize: Inquiry approaches in undergraduate
mathematics. International Journal of Research in Undergraduate Mathematics Education.
5(1): 129-146. doi:10.1007/s40753-019-00085-6.

Lo, C. K., K. E. Hew, and G. Chen. 2017. Toward a set of design principles for mathematics
flipped classrooms: A synthesis of research in mathematics education. Educational Research
Review. 22: 50-73. doi:10.1016/j.edurev.2017.08.002.

Lovett, M. C. 2013. Make exams worth more than the grade. In M. Kaplan, N. Silver, D.
LaVague-Manty, and D. Meizlish (Eds.), Using Reflection and Metacognition to Improve
Student Learning: Across the Disciplines, Across the Academy, pp. 18-52. Sterling, VA: Stylus.
Maciejewski, W. 2016. Flipping the calculus classroom: an evaluative study. Teaching
Mathematics and its Applications. 35(4): 187-201. doi:10.1093/teamat/hrv019.

Mevarech, Z. and B. Kramarski. 2003. The effects of metacognitive training versus worked-
out examples on students’ mathematical reasoning. British Journal of Educational Psychol-
ogy. 73: 449-471. doi:10.1348/000709903322591181.

Neubert, J., D. Worley, and N. Kaabouch. 2011. Using undergraduate mentors to deliver
engineering content to calculus for increased persistence in engineering. In ASEE Annual
Conference and Exposition Proceedings. 28, d0i:10.18260/1-2-18972.

Otero, V. K. 2015. Nationally scaled model for leveraging course transformation with
physics teacher preparation: The Colorado learning assistant model. In E. Brewe and C.
Sandifer (Eds), Recruiting and Educating Future Physics Teachers: Case Studies and Effective
Practices, pp. 107-115. College Park, MD: American Physical Society.

Pollock, S. J. 2009. Longitudinal study of student conceptual understanding in elec-
tricity and magnetism. Physical Review Special Topics - Physics Education Research. 5:
20110-20110. doi:10.1103/physrevstper.5.020110.

Prince, M. 2004. Does active learning work? A review of the research. Journal of Engineering
Education. 93(3): 223-231. doi:10.1002/j.2168-9830.2004.tb00809.x.

Rasmussen, C., N. Apkarian, J. E. Hagman, E. Johnson, S. Larsen, and D. Bressoud.
2019. Characteristics of precalculus through calculus 2 programs: Insights from a
national census survey. Journal for Research in Mathematics Education. 50(1): 98-111.
doi:10.5951/jresematheduc.50.1.0098.


https://www.cmu.edu/teaching/designteach/teach/examwrappers/examwrappers-docs/MathExamWrapper.pdf
https://doi.org/10.1073/pnas.1319030111
https://doi.org/10.1145/2556325.2566239
https://doi.org/10.1119/1.18809
https://doi.org/10.2505/4/jcst14_044_01_75
https://doi.org/10.1080/00220480009596759
https://doi.org/10.1007/s40753-019-00085-6
https://doi.org/10.1016/j.edurev.2017.08.002
https://doi.org/10.1093/teamat/hrv019
https://doi.org/10.1348/000709903322591181
https://doi.org/10.1103/physrevstper.5.020110
https://doi.org/10.1002/j.2168-9830.2004.tb00809.x
https://doi.org/10.5951/jresematheduc.50.1.0098

18 J. KERRIGAN AND L. PRENDERGAST

[29] Ryan, M. D. and S. A. Reid. 2016. Impact of the flipped classroom on student perfor-
mance and retention: a parallel controlled study in general chemistry. Journal of Chemical
Education. 93(1): 13-23. doi:10.1021/acs.jchemed.5b00717.

[30] Schoenfeld, A. H.1998. Toward a theory of teaching-in-context. Issues in Education. 4: 1-94.
doi:10.1016/s1080-9724(99)80076-7.

[31] Sun,Z., K. Xie, and L. Anderman. 2018. The role of self-regulated learning in students’ suc-
cess in flipped undergraduate math courses. The Internet and Higher Education. 36: 41-53.
doi:10.1016/j.iheduc.2017.09.003.

[32] Tague, J. and J. Czocher. 2016. A theoretical approach to ensuring instructional and
curricular coherence in the flipped classroom model of a differential equations course.
International Journal of Research in Undergraduate Mathematics Education. 2(2): 223-245.
doi:10.1007/s40753-016-0028-z.

[33] Wasserman, N. H., C. Quint, S. Norris, and T. Carr. 2017. Exploring flipped classroom
instruction in calculus III. International Journal of Science and Mathematics Education.
15(3): 545-568. d0i:10.1007/s10763-015-9704-8.

[34] Wiggins, G. and J. McTighe. 2000. Understanding by Design. Alexandria, VA: ASCD.

BIOGRAPHICAL SKETCHES

Dr. John Kerrigan is a part-time lecturer in the Department of Mathematics and the Graduate
School of Education. In the Mathematics Department, Dr. Kerrigan has taught a wide range of
undergraduate mathematics courses and is heavily involved in flipped classroom reform, course
transformations, and the use of active learning strategies and learning spaces. Dr. Kerrigan also
serves as a member of the P2C2 Committee and Rutgers University Active Learning Community.

Lydia Prendergast serves as the Assistant Dean for Academic Services at the Rutgers School of
Engineering. Her interests include active learning in STEM, course transformations, and faculty
development. Lydia collaborates with numerous STEM faculty and departments to ensure high-
quality, equitable learning experiences for the students she oversees.


https://doi.org/10.1021/acs.jchemed.5b00717
https://doi.org/10.1016/s1080-9724(99)80076-7
https://doi.org/10.1016/j.iheduc.2017.09.003
https://doi.org/10.1007/s40753-016-0028-z
https://doi.org/10.1007/s10763-015-9704-8

	1. INTRODUCTION
	1.1. Flipped Classroom Pedagogy
	1.2. Academic Setting

	2. PRE-CALCULUS FOR ENGINEERS COURSE DESIGN
	2.1. Traditional Lecture-Based Pre-Calculus Structure
	2.2. Pre-Calculus for Engineers Pedagogical Technique
	2.3. Undergraduate Learning Assistants (ULAs)
	2.4. Pre-Calculus for Engineers Instructional Structure and Facilities
	2.5. Flipped Classroom Logistics and Tools Used
	2.6. Recitation
	2.7. Engineering Applications in Curriculum Design
	2.8. Additional Active Learning Strategies
	2.9. Course Coordination
	2.10. Changes Due to Mid-Course Evaluation

	3. EFFECTIVE PRACTICES
	3.1. Student Choice
	3.2. Aligning Assessment and Instruction
	3.3. Building a Supportive Learning Community
	3.4. Promoting Open Communication

	4. FUTURE IMPLEMENTATIONS
	Disclosure Statement
	ORCID
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [493.483 703.304]
>> setpagedevice


