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Abstract:

During the pandemic and lockdown situations of the last few years, we transitioned to online, physical,
and hybrid education approaches at various times. We had difficulty teaching multiple calculus and
analytical geometry units online. In light of the current situation, a graphical user interface (GUI) teaching
tool has been developed to teach university students many plane curve modules through a flipped
classroom. With a few inputs and a single click as output, these executable spreadsheets can assist physics
and mathematics students in practising several principles of analytical geometry. Spreadsheets can readily
draw planes in three-dimensional geometry due to their widespread use. Some online vector GUIs present
the results; however, this GUI conveniently illustrates the plot. The well-designed user interface also
helps create new questions with answer keys and gives access to the teachers of physics and mathematics,
which can make online teaching very easy. The effectiveness of this GUI was checked through
Kolmogorov-Smirnov and Shapiro-Wilk tests, and a good agreement has been found in the results.

Keywords: Teaching through GUI; spreadsheet; analytical geometry; mathematics teaching; flipped
teaching.

Introduction process and must set their own learning pace
(Lai & Hwang, 2016). Because classroom time
The COVID-19 pandemic was not the first is not used to transmit knowledge to students
time we faced an issue in mathematics teaching. through lectures, the teacher can engage with
Disruptions in the educational process have students through other learning activities such as
occurred in several nations, prompting educators discussion, problem-solving, hands-on activities,
to employ various forms of remote teaching and and guidance. The flipped classroom concept is
learning via multiple channels (Chirinda et al., now used in many different disciplines like
2021). A variety of media and technologies have mathematics (Cevikbas & Kaiser, 2022), social
been used to produce hybrid forms of teaching, sciences (Jdaitawi et al., 2022), humanities
including e-learning (Ebner et al., 2020), mobile (Melliti, 2023), as well as in schools and
learning (Naciri et al., 2020), and flipped universities (Tang et al., 2023) worldwide. This
classrooms (Tang et al., 2023). In the modern technique has emerged as a popular instructional
era, flipped classrooms emerged as an essential model in which activities usually performed in
teaching tool and environment. In a flipped the school (e.g. content presentation) become
classroom, the teacher assists students rather home activities, and activities generally
than simply delivering information, while completed as homework become classroom
students take responsibility for their learning TCt_iVizt(iiz)(Bergmann & Sams, 2012; Sohrabi &
raj, .
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During the pandemic, many universities and
schools worldwide closed, leaving more than
90% of registered students (1.5 billion) without
an education (UNESCO, 2020). Borba (2021)
warned of the dangers of growing social
inequality in schools, noting that access is a
barrier to some schools and encourages even
more social inequality. Adopting new teaching
methods provided an opportunity to learn about
how human society was responding to crises.
Chan et al. (2021) addressed whether we should
document, depict, or explain the situation or
attempt to theorise or foresee how it would
unfold. The pandemic has significantly impacted
mathematics  teaching  worldwide, and
unprecedented scenarios requiring immediate
reactions must be handled (Chirinda et al.,
2021). The mathematics teaching agenda has
altered. Teachers and students must change the
traditional teaching and learning model
significantly, including working and studying
from home. We use digital technology to
provide classes and other teaching and learning
activities, as well as to communicate with our
students in remote areas of campus. Our new
reality is called a ‘new normal’ (Engelbrecht et
al., 2020).

Keeping in mind the above constraints of
teaching during and after COVID-19, the author
tried to incorporate MS Office as a teaching tool
for plane curves. Microsoft Office and
particularly Excel spreadsheets are familiar to
students and teachers from various areas who
know how to use them for data analysis.
Microsoft Office is a collection of valuable
programs, including Excel, where examples
from physics and other sciences can be
displayed. Excel can also create scenarios for
different mathematics and physics topics like 2D
and 3D vectors, projectile motion, simple
pendulums, numerical methods, and geometry of
other functions related to energy distribution
(Razzak & Uddin, 2023a, 2023b; Razzak et al.,
2022, 2023; Uddin et al., 2017, 2023).
Moreover, for time series analysis, DNA, and
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crystallography, scientists have designed a
variety of graphical user interfaces (GUIs)
(Randhawa et al., 2020; Rosadi, 2008; Toby,
2001). Usually, GUIs don’t need prior or
background knowledge other than the primary
operations of MS Office, unlike Python or
MATLAB, which require the proper knowledge
to function. Also, they are still not ubiquitous
compared to the MS Office suite. The teaching
and learning of multivariate calculus and
analytical geometry have changed dramatically
over the last two decades and the previous three
years. First, multivariate calculus and analytical
geometry have been recognised as valuable tools
for teaching and learning mathematical models
developing in various fields of science, such as
physics (Uddin et al., 2023), biomathematics
(Karabayev et al., 2021), engineering (Momox
& Alonso-Valerdi, 2023), and chemistry (Sarkar
et al., 2023). Second, in our modern era, the
advancement of digital technologies has
profoundly influenced and altered traditional
scientific inquiry methods. Third, as a result of
the abovementioned, more emphasis has been
placed in recent years on the transformation of
teaching and learning mathematical concepts
through educational approaches that enable
students to be actively engaged in their learning
process (Czocher, 2017). And lastly, during the
pandemic, the interaction between the teacher or
instructor and the students was reduced. Many
instructors faced that fourth issue due to the non-
availability of students in the class. While
teaching  multivariate calculus, analytical
geometry, and plane curves, there is a need for a
high or strong imagination while drawing any
nonlinear function. The article follows a ‘design
research’ approach with two phases: Phase 1
focused on developing the GUI tool for teaching
plane curves. Using a flipped classroom
approach, Phase 2 focused on testing the
effectiveness of the tool through formative
assessments. These results will also be tested
using statistical results. A question arises: is this
GUI made for the pandemic-specific period? Or
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is the idea to use it under normal conditions?
The author got the idea basically due to the
pandemic lockdown situation, but it has become
the need of the hour as well to open up studies,
moving them out of the classrooms and flipping
them to students’ houses. In response to the
research question, it is relevant to state that this
GUI is compatible with smartphones. Also, in
these lockdown-free conditions, teachers can
still use the GUIs and simulators for such
teaching courses (Agikgiil & Sad, 2021).

Theory and method

This article focuses on teaching mathematics
— particularly calculus and plane curves —
through the use of a GUI to help students master
the topic. The author has developed a GUI
program for students and instructors. The
targeted audience for this piece of work is
undergraduate-level students. The GUI program
in this article is based on plane curves, a
prerequisite course for calculus, analytical
geometry, and differential equations. The author
aimed at students from different backgrounds
and diverse acquired knowledge from their
schools and colleges in a classroom and
analysed that the ‘chalk-and-talk’ teaching
method is not enough to teach plane curves. The
first reason is the lack of back knowledge and
the scarcity of time to teach this course.
Describing a polar or plane curve question
requires approximately 20 or 25 minutes of a
regular 45-minute lecture. As a reflective
practitioner, | need time and innovative
techniques to teach this course, especially during
the pandemic. After high school or college,
students reach an ungraduated-level course with
diverse levels of academic knowledge and
backgrounds. In subcontinental and developed
countries, conventional chalk-and-talk teaching
methods are implemented for advanced
engineering or even hardcore mathematics-
related teaching. The curve function of two

variables is called a plane curve. The circle,
parabola, etc., are examples of plane curves. It
means a plane curve can either be open or
closed. Some unique curves are essential due to
their application and existence in science.
Science and mathematics students frequently use
the nature and behaviour of these curves. In this
section, some functions used in the GUI are
drawn through the spreadsheet. Details of a few
are given in the result of how they are plotted
(see Figures 1-7 in next section). These are
equations and polar curves made with this GUI
with a few applications, and their appearance
can be found in the video tutorial.1

Equation of cardioid

A cardioid is a closed curve in the polar
coordinate system. It is a heart-shaped curve
generated by tracing the path of a fixed point on
a circle as it rolls around another loop of the
same radius. Equation 1 is:

r=a* bcosl orr = a = bsind [Egn 1]

Here, values of a and b constitute inner loops
and outer loops; for the sin function, the vertical
line is the axis of symmetry, while for the cosine
function, the horizontal line is the axis of
symmetry.

The most important use of a cardioid polar
curve is a cardioid microphone. It picks up
sounds with strong gain from the front and sides
but poor from the back. Cardioid microphones
are so named because their directed sound
pickup is generally heart shaped.

Equation of rose

A rose curve is a polar-coordinated
sinusoidal curve. These curves have a flower
shape, and their loops are called petals. The
formulas that generate the graph of a rose are
given in Equation 2, where n is the number of
petals, which varies from even to odd:

r = acosnb or v = asinnf [Eqn 2]
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Equation of spiral

A spiral is a polar curve that generally loops
around a point while moving away from it. The
best known spiral is the Archimedes spiral. It is
the path of a point traveling uniformly on a
straight line in a plane, with the line revolving
evenly around one of its points. The formula that
generates the graph of Archimedes spiral is (see
Equation 3):

r=6where >0 [Eqgn 3]

Directions and signals in radar systems are
essential to these spirals.

Equation of hypocycloid

A hypocycloid is a curve traced by a point on
the circumference of a circle rolling internally
on the circumference of a fixed circle. The
formula to find a hypocycloid is (see Equations
4 and 5):

x = (a — b) cos6 + bcos (aT_b 9) [Eqn 4]
y = (a — b)sinf — bsin (aT_b 9) [Eqn 5]

In Figure 4, the ratio a/b on the left is 2 and

on the right, the ratio a/b is /2/3

Equation of cycloid

A cycloid is a polar curve formed by a point
on a circle’s circumference rolling down a
straight line. The polar equations of the cycloid
are (see Equations 6 and 7):

X =r(0 —sin 0) [Eqgn 6]

y=r(l—cos 0) [Egn 7]

Equation of gear

As shown in Figure 6, a gear is a spinning
circular machine part with cut teeth or, in the
case of a cogwheel or gearwheel, inserted teeth
that mesh with another toothed part to transmit
(convert) torque and speed. The basic principle
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behind gear operation is identical to the one
behind lever operation. A gear is also known
generally as a cog. Geared devices can adjust a
power source’s speed, torque, and direction. The
standard forms of the equations of a gear in the
polar coordinates system are (see Equations 8
and 9):

X =r cos(t) [Eqn 8]
y = rsin(t) [Egn 9]
In Equations 8 and 9,r = a%tanh[bsin(nt)]

Equation of a concave function

The standard form of a concave function is
(see Equations 10 and 11):

X = acos(—nt) + cosbt [Eqn 10]

y = asin(—nt) + sinbt [Eqn 11]

The most important thing is to give students a
visualisation of any plane curve, which has
become very easy through the use of a computer
program such as MS Excel. A slight change in
the curve can change the whole curve: cardioids
can become rose petals through just one input
change. The equation of a circle can generate a
gear; a student must be able to know that a
circular function can be converted into a gear
function using the same equation but with a
radius that is variable. Now, explaining these
functions in the class, as said earlier, can solve
hardly one question in the class. However,
flipping the same to the students can make the
work easy for the instructor and students. First,
they can visualise the difference between curves
during the hit and trail. Secondly, it will help
them internalise mastery of the topic. One point
here is worth mentioning: these programs cannot
be a substitute for classroom teaching. After the
flipped lesson, students will develop queries to
resolve during in-class sessions.
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FIGURE 1: Geometrical representation of a cardioid.
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FIGURE 4: Geometrical representation of a hypocycloid.
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After the formation of the GUI through the
MS Excel program, the instructor chose two
classes of 30 students each for the trial of the
effectiveness of the GUI; the instructor took two
similar courses in the same department but in
different shifts. In one of the classes, plane
curves were discussed at length, but the
guestions and activities were given as a flipped
class by sharing the MS Excel file with the
students. The other group was not assigned the
software, and the conventional chalk-and-talk
method of lecturing was followed. The classes

were taught by the instructor simultaneously.
The results and effectiveness of the program will
be discussed in the results and discussion
section.

Results and discussion

In this work, we made a GUI, as seen in
Figure 8: seven buttons appear on the screen
with different polar curves.

0 10 20 30 40 50 60 70

80
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FIGURE 5: Geometrical representation of a cycloid. FIGURE 6: Geometrical representation of a gear

Each curve is characterised by its parameters.
For example, the circle is the simplest close
polar curve, which has one parameter: its radius;
similarly, a cardioid has two parameters: radius
vector and line of symmetry. The same can be
seen for each curve above its corresponding
button on the spreadsheet. A single graph is used
for each button; when a new controller is
activated, it automatically clears the curve’s
contents and generates a new graph. This
program draws all the graphs mentioned in the
theory and method section. This GUI was
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developed because of the author’s difficulty
teaching plane curves to undergraduate students
from different backgrounds. So, from a student’s
perspective, this GUI can improve their
understanding as they can compare the same
type of plane curves with varying parameters in
no time. The author has given the whole class
the right to participate in his program to validate
this claim. There was a clear difference in
understanding of the concept after the
conventional teaching method in which one can
draw polar curves in
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FIGURE 7: Geometrical representation of a concave function.

Class compared to the method of giving them
the program for self-understanding. The idea is
to make GUIs and give access rights to students
in class. If a student uses the GUI on their laptop
and computer system and analyses its backend
coding, it can improve their computer and
mathematical skills. Students can use GUIs to
learn by changing the values of the parameters
and dependent variables. This GUI is beneficial
not only for students but also for teachers and
instructors teaching mathematics at the same
level. Teachers can give different questions with
different values of parameters to have diversity
in the question papers. As a trial method, the
author has tried the same. Providing the whole
class with further questions, values of dependent
parameters were encrypted by the last digits of
their seat or roll numbers. This could help make
different questions in a class quiz, and checking
such questions was easy through this
spreadsheet.

It was also found that students could
differentiate between plane curves after the trial

use of the program. Many students in the class
who used chalk-and-talk methods before this
program failed to cope with the concept.
Secondly, the code of this program is also of
great importance for those interested in learning
programming. It is also worth mentioning that
when you examine the programming of
mathematical functions, it also increases the
ability to think ahead. Many students who
understood the coding of the program are now
planning to make new GUIs for concepts like 3D
geometry and geometry of different functions.

This programming tool is also used as a
model for research in mathematics; details of its
effectiveness are very encouraging. The flipped
classroom has provided better results, as shown
in Figure 9. The course title was Analytical
Geometry. These results are also available on the
university website. On the horizontal axis, the
range of marks is 0-100; passing marks are 45 in
the semester system of the varsity. The vertical
axis shows the number of students.
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FIGURE 8: Screenshot of the graphical user interfaces (GUI) program for polar curves.
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FIGURE 9: A comparison of the student results for the course ‘Analytical
Geometry’ when delivered in two classes, one with software and one without.

I

Group of students Kolmogorov-Smirnov Shapiro-Wilk
Statistic p-value Statistic p -value

Teaching without GUI 0.087 0.200* 0.977 0.672

Teaching with GUI 0.12 0.200* 0.956 0.186

GUI, graphical user interfaces.
*, p-value significant at 5%.

To check for any statistically significant
difference between the two groups of students,
the author used an independent sample t-test. For
the t-test, a normal distribution must be
followed. Therefore, the author checked the
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data’s normality using Kolmogorov-Smirnov
and Shapiro-Wilk tests, as shown in Table 1.
According to the findings, both data sets are
normal at a 5% level of significance based on
Kolmogorov-Smirnov: 0.087 without GUI and
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0.120 with GUI. Similarly, the Shapiro-Wilk test
was performed without GUI (0.977) and with
GUI (0.956). Furthermore, the results of both
groups of students, that is, with and without

teaching using the GUI, are found to be
statistically significant (t-value = -3.225, p-
value < 0.01) based on an independent sample t-
test, as shown in Table 2.

Students group

Levene’s test for equality Independent
of variances samples test
F-value p-value t statistic p-values
Equal variances assumed 0.004 0.952 -3.225 0.002
Equal variances are not =3.225 0.002
assumed
TABLE 2: Groups comparison.

TABLE 3: Statistics.
Group data Mean Standard deviation Standard error mean
Teaching without GUI 60.0588 13.88250 2.38083
Teaching with GUI 70.8235 13.64145 2.33949

GUI, graphical user interfaces.

The results show that the students who
learned with the GUI software (70.823 + 13.641)
had better results than those who did not use the
GUI software (60.05 + 13.882), as shown in
Table 3.

Conclusion

Teaching such material as plane curves
online during a pandemic has become difficult.
Students need a lot of practice to understand the
concept completely. A GUI may help students
learn these concepts; keeping this idea in mind, a
spreadsheet GUI was developed for a flipped
classroom, with seven different buttons for
seven different plane curves: the curves can be
drawn by pressing the corresponding button. The
change in the behaviour of the plane curves can
be studied through GUI by varying its
parameters on the spreadsheet. This is beneficial
for both students and teachers. First, they don’t
have to search the GUI of plane curves
randomly, and they can save time by plugging in
values and playing with polar and plane curves
by changing the parameters. Second, they can

also improve their programming skills by
developing new programs using a GUI. For this
purpose, codes can be made available. Analysis
of polar functions is accessible by the placement
of all functions on a single screen. The authors
plan to work extensively on other GUIs with
related ideas such as arc length, area between
two curves, and volumes of revolution. These
GUls, used in flipped classrooms, can make
teaching calculus and analytical geometry
difficult because of the content and time
required to deliver a typical lecture. Flipped
classroom lectures can also be made for
multivariate calculus and ordinary differential
equations. The program’s effectiveness was also
checked by implementing it in two random
classes. Results show a promising trend where
the GUI was used virtually compared with the
one where lectures were delivered by the
conventional chalk-and-talk method. The results
also favoured the use of the GUI in learning, as
shown by the descriptive statistics and the
independent sample t-test.
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