FLIPPING A FINANCIAL MATHEMATICS COURSE IN A HIGHER
EDUCATION INSTITUTION (HEI)

Ana Paula Lopes’, Filomena Soares?

" Polytechnic Institute of Porto (P.PORTO) /ISCAP — CICE / UIE (PORTUGAL)
2 polytechnic Institute of Porto (P.PORTO) / ESEIG (PORTUGAL)

Abstract

In the past few years, a new model for organizing the educational process in Higher Educational
Institutions (HEI) arose and has been attracting the attention of many researchers and educators all
over the world. This model, called “Flipped Classroom” or “Inverted Classroom”, is a pedagogical
inversion of the traditional teaching paradigm: the main actions of the teaching and learning process
that are used in classroom are now prepared by students previously before coming to class. As a
result, when students come into class they already know what is the main issue and more important
problems that will be under scope. Classroom is used to work on problems, advanced concepts, and
engage in collaborative learning. This implies a much more active role for students and a more
challenging mission for lecturers.

The purpose of this paper is to present a Financial Mathematics Course in Polytechnic of Porto (P.
Porto) that is using flipped classroom model as a pedagogical strategy. Moreover, it relates such
strategy with active learning practices and discusses its effectiveness, investigating how the flipping
affects student’s achievement and engagement in this course.
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1 INTRODUCTION

What is the model “Flipped Classroom”? This model, was developed by Jonathan Bergmann and
Aaron Sams in 2000 [1], who, at the time, were chemistry teachers, at Woodland Park High School in
Colorado, in an attempt to deal with visible levels of student nonattendance, began to record their
lessons and post them online, allowing students to access them outside the classroom, at anytime and
anywhere. This has led them to wonder whether class time was in fact the best mean for delivering
information to students at all; and so, Bergmann and Sams became dedicated to prerecording their
direct lessons for review outside the classroom, leaving class time for more significant learning
activities and enlarged focus on other difficult concepts [2]. Therefore the central idea comes from
reversing the traditional teaching paradigm, where the main phases of the teaching and learning
process such as classroom activities and homework are reversed. The flipped classroom is then
settled as a different course organization: where instructional content (e.g., pre-recorded video
lectures) is assigned as “homework” — analyzed before coming to class and in-class time is spent
working on problems, advancing concepts, and engaging in collaborative learning [3]. The flipped
classroom may contain a large array of out-of-class activities further than lectures, including readings,
homework, and supplemental videos. In-class activities differ widely, including activities such as role-
play, debates, quizzes, and group presentations, amongst others [4]. Thus, according to this
pedagogical teaching methodology, theoretical material can be provided through reading materials,
video lectures, online presentations, or any permutation of diverse information transfer methods and
“pre-studied” by students individually. Nevertheless, as offered video lectures look like more appealing
to the new generation of students, several instructors choose using online videos as an alternative of
reading materials when preparing students out of-classroom for in-class active learning.
Consequently, most of the time students count on video lectures recorded by their own lecturer or
downloaded from Internet sites, while exercises, assignments and discussing the main issues with the
lecturer are dedicated to classroom accomplishments. With all these important changes, instructors
have been forced to adapt fast to this reality, creating and developing an extensive variety of tools to
grab student’s attention and to motivate them to support the knowledge in their own learning process
enthusiastically. One of the most engaging resources is the use of video lectures, as we previously
point out. Through them instructors can provide multifaceted information and contents to students and,
if used creatively, videos can become a powerful technological tool in the global and self-enrolment
educational process [5]. Video lectures are different from other teaching and learning technologies as
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allowing the benefit of using visual perception - “that powerful but neglected sense” [6] - in new ways.
The image associated with movement can aid to see a process or realize how something works,
moves, or performs, which is much more complex to transmit with static images or text.

The main purpose of this paper is to present a Financial Mathematics Course in Polytechnic of Porto
(P. Porto) that used a flipped classroom model as a pedagogical teaching strategy. Furthermore, it
relates such strategy with active learning practices and discusses its success, studying how flipping
influences student’s achievement and engagement in this course.

2 LITERATURE REVIEW

A review of the literature reveals that Flipped Classroom phenomenon resulted from the recent efforts
to improve student engagement. Also known as the “Inverted Classroom”, it has been defined by quite
a few authors as a procedure driven by technological innovations and the facility to share content
online ([7], [8], [9], [10], [11]). Many of these authors compare the flipped classroom model with the
traditional classroom setting and examining the potential benefits of this pedagogical technique and
show the results of their studies comparing the impact of a flipped classroom to that of a traditional
lecture. Some authors found that students in the flipped classroom scored significantly higher than
students in the traditional classroom ([7], [9], [11])- The flipped classroom calls for students to learn by
themselves at home using all the available and diverse learning resources, therefore basic course
content is given outside of class which allows students to study the material and apply the concepts to
several settings and enthusiastically participate in class for effective classroom discussions ([12], [13],
[14]). In a flipped model, the first step in knowledge transfer process can be readily accomplished by
the individual student out of the classroom, and thereby leaves class time to focus on more in-depth
and complex learning and skill sets [15]. The theoretical strong point of this new pedagogy seems to
be the combination of constructivist and behaviourist learning theories working together, in a constant
interaction [16].

One of the most common means of delivering instruction outside the classroom in a flipped classroom
format has been to require students to watch prerecorded video lectures or screencasts prior to
attending class [17]. Video lectures can present in a clear and striking way descriptions to articulate
tacit information and knowledge hard to describe through text [18]. Since the lecture is such a great
portion of a class (even within the flipped classroom), it seems rational to observe whether
prerecorded lectures have any impact, negative or positive, on learning. We can find in [19] a study
where “the effect of the use of videos for assessing the enhancement of students’ learning motivation”
is explored. Nowadays HEI are trying to get the best students and students search for the best
learning experiences, so flipped classroom and, in this sense, the use of video lectures may be a
particularly attractive tool to these students. HEI are faced with some important challenges, on one
hand, make engaging video lectures with a low budget and with high-quality and, on the other hand,
make video platforms more interactive for students, because this strategy according with [2], aligns
well with the flipped classroom, where “we don’t want to encourage passive viewership; we encourage
interactivity.” Even Harvard University, ever the academic benchmark, has succumbed to the allure of
the flipped classroom. One Harvard physics professor not only employed the flipped model but has
also developed an accompanying site entitled Learning Catalytics, which distributes free interactive
software for other instructors to use which facilitates student discussion and application of concepts
covered in lectures [20].

Some studies report that the flipped classroom has a lot of benefits for students and teachers. For
instance, [21] reported that students are able to make progress at their own pace. Moreover, doing
homework in class provides a good opportunity for teachers to feel students’ difficulties and to see
their own different learning styles. This allows teachers to easily modify lessons according to students’
needs within this model. Additionally, classroom time can be used more efficiently and creatively with
a flipped classroom since students have the chance to study themselves the content before class
sessions. In another recent study, two hundred science teachers applied the flipped classroom model
into their Science, Technology, Engineering and Mathematics (STEM) classrooms and found it had a
great impact on student learning [22].

Given the variety of approaches, flipped classrooms should be evaluated with regard to the individual
strategies used in creating the classroom flip, both for in-class and out-of-class activities, but there are
several problems. One of these evaluation difficulties in accessing the efficacy of flipped classrooms
lies in the vast differences in instructor implementation of the classroom “flip”. For instance, instructors
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might use a “partial” flip, in which only a portion of lectures reflect a flipped classroom approach [23],
which is not easily comparable with a total flipped procedure.

3 METHOD

At P. PORTO/ISCAP, having some background analytics experience, granted by Moodle platforms
and MatActiva Project ([24], [25], [26]), we have developed a Financial Mathematics Course that used
a flipped classroom model. MatActiva Project mission is to offer to ISCAP students a free, online tool,
which stores wide variety of instructional Math resources, including video lectures and hundreds of
exercises (all of them with a suggestion for the solution). It is a personalized learning platform in which
students can learn at their own pace through an entire Math subject. The sample of our study
consisted of 72 students enrolled in Financial Mathematics Course during the Winter 2015 semester
and 58 students during the Winter 2014 semester, in ISCAP. Student gender demographics consisted
of 59 male and 71 female students. The course entailed six subjects/sections (Simple Interest,
Compound Interest, Ordinary Annuities, Annuity Due, Loan Amortization and Bonds) throughout the
semester, and students were provided with flipped classroom model opportunities in four sections out
of these six. It means that, four sections were flipped and two sections were traditionally taught during
the semester, and flipped and non-flipped (traditional) sections were compared. Accessing the
MatActiva site www.matactiva.com (see Fig. 1) participants can access all the available sections in the
Financial Mathematics Course. In each section students can find video lectures, reading, forms and
sets of online exercises and online quizzes (all with solution), related with the topic.
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Figure 1 — Main page of Financial Mathematics (Calculo Financeiro) Course in Moodle platform

We have developed a short survey in an attempt to find out how the flipped classroom model affected
ISCAP Financial Mathematics students’ training, understanding and their performance. The survey
was given at the end of the semester to analyze participants’ global thoughts about the use of the
flipped model in their classes. In particular, this survey was designed to try to discover in which way
the flipped classroom (including short video lectures and interactive online exercises) helped these
students. While some studies reveal a smaller improvement in Mathematics than in other subjects [26]
we feel that video-lectures available in MatActiva Project have an important role in the work of
prerequisites items, in which we feel (and know) the students have missed in their previous
“educational life”. The video materials available have been very successful and with a wide and strong
utilization from our students. We also have used the Learning Analytics tools provided by Moodle
platform for monitoring students’ progress in real time. This platform offers to the teacher/administrator
different analytical instruments with a wide range of information reports on the numerous activities
carried out by their students in a particular subject, which can be an important tool to improve, adapt

3636



and modify the subject in question [28]. Flipped instruction offers the opportunity to efficiently collect
data on improved subject learning [15].

One of the standard subjects for many HEI in any regular Financial Mathematics Course, is Financial
Mathematics. In this course students are expected to be familiar with certain mathematical skills from
high school or previous Mathematics courses. Nevertheless, generally speaking, there is a frequent
lack in what the needed basic skills is concerned. So, in many different moments, Financial
Mathematics lecturers use class sessions in order to review these background materials. The ideal
situation would be that students should fill in this gap by doing the suggested research/homework
before lectures, by reading related sections from a textbook in advance. Among new generation
students, sad to say, this is not a common practice any longer [29]. For all the reasons presented, we
decided to use the flipped classroom model in an attempt to improve students’ achievement in
Financial Mathematics course through changes in the way they prepare before attending class
sessions. We developed several video lectures (including some basic background material and a short
introduction to the lecture) for students to watch before coming to class at different times during the
semester and advised them to watch some particular educational videos from Khan Academy site.
Short tutorial video lectures allow students to move at their own pace, rewind to review portions, and
skip through sections they already understand, they might view multiple lectures of five to seven
minutes each. It was not a surprise when we realize that many students found watching a 10 minutes’
video easier than reading a textbook about the same subject. Online quizzes and activities were
combined to “test” what students have learned. Instantaneous quiz feedback and the ability to repeat
lecture segments helped them to clarify some “grey” points in their minds. Inside classroom, students
putted into practice what they have learned from the video lectures and many other resources they
previously came across, collaborating and creating meaningful work, developing some tasks through
several discussions with the instructors’ supervision and guidance. These quizzes can also enhance
learning because if students are “tested” prior to class, we have the additional opportunity to use
feedback from these tests to tailor the content addressed in class

4 RESULTS

We believe the flipped classroom model puts more of the responsibility for learning on the shoulders of
students while giving them bigger motivation to experiment and experience new challenges.

We will use the results of continuous assessment and final exam to try to measure the success of the
flipped classroom model. If there were significant changes in the course results from previous years or
the average course results are very different in relation to existing traditional classes then there might
be evidence of impact. Table 1 shows the relationship of results of the 2014/15 and the 2015/16 in the
traditional classroom group against flipped classroom group.

Table 1 - Gauging the success of flipped classroom against average pass rate

2014/2015 2015/2016
Flipped Classroom success 71.4% 90.,5%
rate
Average success rate across 49.2% 62.3%

Financial Mathematics course

Source: Own elaboration

We can observe, from Table 1, that the success rate for the flipped classroom version increased by
19,1 % from the starting point set in 2014/15. We can also notice that the success rate for the flipped
classroom is bigger than the success rate for the Financial Mathematics course. In order to more fully
understand the groups’ success rates, they need to be matched against the Financial Mathematics
Course average for each year. While both iterations of flipped classroom clearly outperform the
average success rate across the Financial Mathematics courses, the average success rate improved
by 13,1 % in 2015/16. From this we can see that there was a slight increase in overall performance in
the flipped classroom version in relation to successful students. We are very pleased about the flipped
classroom model results, and we plan to use it again next year 2016/17. The student success rate and
the numeric grades in the flipped class supplanted, in a perfectly visible way, those obtained by
students in the traditional class.
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Descriptive statistics revealed the diverse types of training students did before coming to face to face
sessions that utilized flipped classroom. Table 2 summarizes the frequency of students’ preparation
preferences.

Table 2 - Students’ preparation types in flipped classroom

Watching Watching Reading Reading Doing
flipped % other % the % other % online %
video videos textbook texts exercises
2015/16 63 87,5 34 47,2 25 34,7 45 62,5 70 97,2
2014/15 49 84,5 28 48,3 39 67,2 25 43,1 50 86,2

Source: Own elaboration

Analyzing these data, it is clear that most of the students preferred video lectures and doing online
exercises for training more often than all available written resources. The high number of students that
are doing online exercises can, possibly, be explained due to the fact that a Question Pool was
created from the ground up, grouped into categories and subcategories, on Financial Mathematics
Course content. The combination of questions in each category is randomized and it generates a huge
number of different tests that students can solve online, wherever they are and at a time that suits
them. The tests allow multiple attempts, providing automatically quantitative results and each attempt
is corrected immediately. For each wrong answer the feedback is presented with a suggested step by
step solution, in order to help students to understand what went "wrong” with their answer, providing
and promoting self-assessment and skill development.

A large number of participating students (86,9%) stated that video lectures helped them understand
the concepts studied in Financial Mathematics (see Table 3). No students indicated any negative
thoughts about flipped classroom video lectures.

Table 3 — Video lectures and students’ preparation

The video lectures helped me understand the concepts studied in

Financial Mathematics Number Percentage
Strongly agree 62 47,7%
Agree 51 39,2%
Neither agree nor disagree 17 13,1%
Disagree 0 0%
Strongly disagree 0 0%

Source: Own elaboration

It is amazing that in answering the question “Online exercises helped me gain solid knowledge and
skills in Financial Mathematics”, the majority of students (97,7%) indicated that online exercises with
solution step by step helped them perform better. Only 2,3% of the participants were neutral about the
benefits of the online exercises in the flipped classroom, in terms of providing them better performance
(see Table 4).

Table 4 — Online exercises and students’ performance

Online exercises helped me gain solid knowledge and skills in Financial

Mathematics Number Percentage
Strongly agree 08 75.4%
Agree 29 22,3%
Neither agree nor disagree 3 2,3%
Disagree 0 0%
Strongly disagree 0 0%

Source: Own elaboration

3638



Before finishing this section, we present (Table 5) the global feedback results about flipped classroom
preferences. In this same survey, to the question about the student’s preferences in relation to the
flipped classroom, 66% prefer a flipped classroom. 23,8% of the participants were neutral about the
preferences related with the flipped classroom and 10% of the participants prefer the traditional
classroom.

Table 5 — Students’ preferences

I'd prefer a flipped classroom course over a traditional classroom course Number Percentage
Strongly agree 49 37,6%
Agree 37 28,4%
Neither agree nor disagree 31 23,8%
Disagree 13 10%
Strongly disagree 0 0%

Source: Own elaboration

5 CONCLUSION

The flipped classroom is a promising teaching-learning procedure, that can take advantage of all the
recent and available technological developments which shouldn’'t be underestimated, an innovative
pedagogical approach that focuses on learner-centered instruction. The main purpose of this paper
was to investigate how the incorporation of the flipped classroom model into a Financial Mathematics
class, in Institute of Accounting and Administration of Porto (ISCAP), affected students’ class training,
learning, and achievement. In agreement with other studies on flipped classrooms ([14], [15], [16]), we
set up that students in the flipped classroom preferred watching video lectures than reading textbooks
about the issue they are studying. We also found that for student is very important the opportunity of
doing online exercises and have access to their solutions (explained step by step). This study also
shown that flipped classroom model caused an increase in student achievement in Financial
Mathematics Course.

The integration of the flipped classroom into the educational process leads to an increase of students’
motivation and interest for studying Financial Mathematics. Furthermore, it has a positive impact on
students’ determination and autonomy due to the fact that students take on responsibility for their own
learning.

We asked students their opinion on their experiences in the flipped classroom and they wrote, “The
video tutorials allowed for class time to be much more efficiently used, and the quizzes due before
class provided a good incentive to stay on program”; “I liked the way that we watch video lectures at
home and do the online exercises and then got to work on problems in class so that we had a chance
to practice the material with professor there”. Such positive evaluations, encourages us to continue
with this project.

Finally, the flipped classroom increases students’ responsibility for their own learning. They become
more self-directed and motivated than in a traditional classroom environment. Students have to learn
how to manage their time working with the online course, developing self-study and autonomous
learning skills, their role in the learning process is changed, making them active participants of the
educational process.
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